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(57) Abrege(suite)/Abstract(continued):
processes Is the selective treating of cat naphthas to remove gums instead of undercutting the overall naphtha pool by lowering the

end outpoints of the cat naphtha fraction. This maximizes the amount of refinery cat naphtha that can be directed to the gasoline
blending pool while eliminating existing processing problems In hydrodesulfurization units. The processes disclosed herein have

the additional benefit of minimizing octane losses In the increased naphtha pool volume.
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(57) Abstract: This invention provides methods for multi-stage hydroprocessing treatment of FCC naphthas for improving the over -
all production quantity of naphtha boiling-range materials during naphtha production for low sulfur gasolines. Of particular benefit
of the present processes 1s the selective treating of cat naphthas to remove gums mstead of undercutting the overall naphtha pool by
lowering the end outpoints of the cat naphtha fraction. This maximizes the amount of refinery cat naphtha that can be directed to the
gasoline blending pool while eliminating existing processing problems in hydrodesulfurization units. The processes disclosed herein
have the additional benefit of minimizing octane losses in the increased naphtha pool volume.
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PRETREATMENT OF FOOU NAPHTHAS AND SELECTIVE
HYDROTEEATING

FIELD OF THE INVENTION

G001} This invention provides methods for multi-stage bydroprocessing
treatmment of FOU (or “cat”) naphthas for improving the overall production
quantity of naphtha botling-range materials during naphtha production for low

sulfur gasolines.

BACKGROUND OF THE INVENTION

{30021 An mportant process (o the overall gasoline production m the world 18
the refining Fhuid Catalvtic Cracking (“FCOC) related processes. FOCs utilize
very small particulate catalysts which are raised to very high temperatures and
subsequently Hiuidized. These Hludized particies contact high molecular weight
petroleum feeds and catalvtically “crack™ these larger hydrocarbon molecules to
fower boiling products wihich are more valuable products. Most FOU processes
contact heavy feed ous (such as vacuum gas ouls, atmospheric gas oils, and often
petroleum resids) with the fluidized catalysts typically with the goal to maximize

naphtha production volumes.

{3003} In the FCU process these low-value, high botling pomt hydrocarbon
teedstocks are catalytically converted mnto more valuable products by contacting
the feeds with fluidized catalyst particies w the process. In modern “short contact
time” fhudized catalviic cracking (FCU) units, the hydrocarbon feedstocks arg
typically contacted with the fluidized catalyst particies in the riser section of the
FOU reactor. The contacting between feed and catalyst 1s controlied according 1o
the type of product desired. In catalytic cracking of the feed, reactor condifions

such as temperature and contact time are controiled to maximize the products
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desired, such as naphthas, and mminize the formation of less desirable products

such as light gases and coke.

3004]  The FOCC naphthas derived {rom such processes are very vaiuable
products as they are used as a component 1in final gasoline production. FOC
naphthas can often account {or about 30% or more of the overall “gasoline
blending feedstock” n a refinery. Additionaily FOCU naphthas typically have a
relatively high octane value as compared to “straight run” naphthas that are
typically produced by a refinery’s crude unit. This high octane value of the FCL
naphthas is mn large part due to the hmgh olelin content of the FCC naphthas. As
such, maximizing the total of production of FOC naphthas suitable for gasoline

blending 1s of significant imporiance {o any commercial refimery.

138005]  However, due to environmental regulations imposed within the last 10
to 15 years, most commercial gasolings have to meet a very low sudfur content
specttication of less than 30 ppmw sultur. Most FCC paphthas cannot meet this
iow sultur specification and must further undergo some type of
hvdrodesulfunization processing i order o meet these low sultur specifications.
Au example of a preferred naphtha hydrodesulfurization processes 1s the
SCANFINING® process which is licensed by the ExxonMobil Corporation.
These processes utilize specialized catalysts and processes targeting
desulturization of naphthas to meet low sultur gasoline specifications while

retaimning high octane values m the desulfurized naphtha products.

130061  However, a problem exasts in the art that problems can be experienced
in many naphtha hydrodesulfurnization processes due to equipment pluggage,
catalyst bed pluggage and cataiyst deactivation especially when treating cat
naphthas. Typically, most cat naphthas are required to be sent tor further catalytic
hvdrodesulfunization. This 15 due to their high sulfur content (usually well above

100 ppmw sultur).



CA 02853924 2014-04-29
WO 2013/066660 PCT/US2012/061406

60471  However, due to pluggage problems in the naphtha
hydrodesulturization ("HIDS”) reactors and associated equipment when operating
with certam {(not ali} cat naphthas, a present practice 18 to make a highter boiling
point end cuts on the cat naphtha fraction. That is, mstead of making a full cut cat
naphtha (say to a full 450°F, end point distillation), the refiner may, for instance,
make a boiling point cat naphtha fractionation end cut at 400°F. While this may
help alleviate the problems in the naphtha HIDS reactor units, this presents a
sigritficant cut in the refinery’s overall FOU gasoline production. n this case,
these “cut” gasoline fractions typically have 10 be sent to lower value kerosene or
distiilate fuel products. This action results in a siguificant negative economic

imnpact to the refinery.

{30081 What 15 needed m the mdustry 18 a low ¢cost, 1ow capital process for
pretreating and hydrodesuifunizing FOC “cat” naphthas in order to ehiminate these
plugeing problems or the alternative disadvantiaged process of downgrading
portions of the cat naphtha pool to lower value products. What 18 needed 15 a
process tor solving these probiems while still obtaining a high-volume,

low-suliur, and high-octane naphtha biendstock pool for gasoline production.

SUMMARY OF THE INVENTION

{0091 A first mam embodiment of the mvention relates to a process for
selectively prefreating and desulturizing a catalviicaily cracked naphtha

feedstream, Comprising:

— contacting, m a pretreater reactor, the naphtha feedstream and a first
hvdrogen-contaimimg treat gas with a pretreater catalyst comprising an
alumina-containing support and at least one Column 6 metal and at least
one Columm 8, 9 or 10 metal, wherein the gum content of the

hvdrocarbon stream s at least Smg/100mi, and the conditions within the
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pretreater reactor are about 100 to 1000 psig and about 300 to 400°F, and

the first hydrogen-containing treat gas rate 1s about 300 to 1000 SCH/B;

— retrieving a pretreater product stream from the prefreater reactor wherein
the pretreater product stream has a gum content of less than 20% of the

gum content of the naphtha feedstream;
— heating the pretreater product stream:

— contacting, in a first naphtha hydrodesulturization reactor, the pretreater
product stream and g second hydrogen-contamnmg treat gas with a first
naphtha hydrodesulfurization catalyst comprising at ieast one Column 6
metal and at least one Column &, 9 or 10 metal, wherein the conditions
within the first naphtha hvdrodesulfurization reactor are about 100 to
1000 psig and about 400 to 750°F, and the second hydrogen-containing
treat gas rate is about 1000 to 4000 SCH/B; and

— retrieving a first naphtha hydrodesulfurization product stream from the

first naphtha hydrodesulfurization reactor;

wherein the first naphtha hydrodesulfurization product stream has a lower

suifur content than the naphtha feedstream.

13818]  Iu avother embodiment, the process described w the first mamn

cmibodiment further comprises:
— coohing the first naphtha hydrodesuifurization product stream;

- sending the cooled first naphtha hydrodesultunization product stream 1o a
product separator and removing at least a portion of the hydrogen and
H,b» as a product separator overbead gas and removing a separator hquid
product stream comprising hydrocarbon components boiing i the range

of 83} 1o 450°F;
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- heating the separator hguid product stream;

- sending the heated separator hiquid product stream 1o a product stripper
wherein the hieated separator liguid product stream contacts a series of
mternal fractionating devices selected from distillation trays, packing and

grids;
- TEMovVIng a stripper overhead gas from the product stripper;

— separating the stripper overhead gas mnto an overhead recewver offgas
comprising H,S and ethane and an LP{ higuid stream comprising O3, Cy,

and Cs hydrocarbons;

- removing a desulfurized naphtha product stream from the product

stripper;

— sending at ieast a portion of the desulfurized naphtha product stream {o

gasoline blending; and

— hieating at least a portion of the desulfunized naphtha product stream and

returning it to the product stripper.

13811} Iu another embodiment, the process above further comprises:
- goohmg the second naphtha hydrodesulturization product stream;

— sending the cooled first naphtha hvdrodesulfunzation product stream to a
product separator and removing at least a portion of the hyvdrogen and
H»S as a product separator overhead gas and removing a separator hqud
product stream comprising hydrocarbon components boiling 1n the range

of 80 to 450°F;

- heating the separator hiquud product stream;
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- sending the heated separator Liquid product stream o a product stripper
wherein the hieated separator liguid product stream contacts a series of
imternal fractionating devices selected from distilation trays, packing and

orids;
- removing a stripper overhead gas from the product stripper;

- separating the stripper overhead gas mto an overhead receiver offgas

comprising H,d and ethane and an LPG biguid stream comprising U3, Oy,

(42

and (s hydrocarbons;

—removing a desulfurized naphtha product stream from the product

stripper;

— sending at icast a portion of the desulfurized naphtha product stream {o

oasoline blending; and

— hieating at least a portion of the desulfunized naphtha product stream and

returning it to the product siripper.

130127 A second maw embodiment of the mvention relates to a process for
selectively pretreating and desulfurizing a cataiyticaily cracked naphtha

feedstream, comprismg:

— contacting, i a pretreater reactor, the naphtha feedstream and a first
bydrogen-contaiming treat gas with a pretreater catalyst comprising an
alumina-containing support and at ieast one Column 6 metal and at least
one Column &, 9 or 10 metal, wherem the gum content of the
byvdrocarbon stream is at least Smg/100mi, and the conditions within the
pretreater reactor are about 100 to 1000 psig and about 300 to 400°F, and

the first hydrogen-contaiming treat gas rate 1s about 300 to 1000 SCHF/B;
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- vetrieving a pretreater product stream {rom the pretreater reactor wherein
the pretreater product stream has a gum content of less than 20% of the

oum content of the naphtha feedstreanmy;
— heating the pretreater product stream;

— contacting, i a first naphtha hydrodesulfurization reactor, the pretreater
product stream and a second hydrogen-contaimning treat gas with a first
naphtha hydrodesuliurization catalyst comprising at ieast one Column 6
metal and at least one Column 8, 9 or 10 metal, wherein the conditions
within the first naphtha hydrodesulfunzation reactor are about 100 to
1000 psig and about 400 to 750°F, and the second hydrogen-containing

treat gas rate 1s about 1000 to 4000 SCE/B;

— retrieving a first naphtha hydrodesulturization product stream trom the
first naphtha hydrodesulfunization reactor wherein the tirst naphtha
hvdrodesuliurization product stream has a lower sulfur content than the

naphtha feedstream;

—removing at least a portion of the hydrogen and Hyd {rom the {irst
naphtha hydrodesuliurization product stream there by producing an

interstage hiquid stream;

- contacting, i a napitha conversion reactor, the mierstage hiquid stream
and a third hydrogen-containing treat gas with a naphtha conversion
catalyst comprising an alumina-containing support and an acidic zeolite
with a pore size from about 5 to 7A, wherein the conditions within the
naphtha conversion reactor are about 300 to 1500 psig and about 300 to
ROOVF, and the third hydrogen-containing treat gas rate is about 500 to

4000 SCHF/B: and

- retrieving a naphtha conversion product stream from the naphtha

CONVErsion reactor;
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wherein the naphtha conversion product stream has a higher oletin content

than the first naphtha hydrodesulturization product streani.

{3013 In more preferred embodiments of the processes above, the prefreater
product stream has a gum content of less than 10% of the gum content of the
naphtha feedstream. In other preterred embodiments, more than 70% of the
clefing present in the naphtha feedsiream are retamed in the pretreater product

STrCaI.

{3014}  In other preferred embodiments, the naphtha feedstream 1s a full-cut
naphtha boiling substantially in the range of about 80 to 450°F. In other preferred
embodiments, the naphtha teedstream 15 g heavy cat naphtha boiling substantially
in the range of about 250 to 450°F. In vet other preferred embodiments, a light cat
naphtha stream, boiling substantially in the range of about 80 to 250°F, is added to
the pretreater product stream prior to entering the first naphtha

hydrodesulfurization reactor.

BRIFF DESCRIPTION OF THE FIGURED

13815  FMIGURE 1 1s g simphified schematic of a first mamn preferred
embodiment of the selective naphtha pretreatment and hydrodesuliurization
process of the present mvention which utilizes a selective naphtha pretreater and a

selective naphtha bydrodesuifurization reactor.

13016]  FIOURE 2 15 a simplified schematic of g second main preferred
embodiment of the selective naphtha pretreatment and hydrodesuliurization
process of the present mvention which utilizes a sciective naphtha pretreater and

two selective naphtha hydrodesuifurization reactors.

168177 FIGURE 3 15 a simplified schematic of a third main preterred

embodiment ot the selective naphtha pretreatment and hydrodesuiturization



CA 02853924 2014-04-29

WO 2013/066660 PCT/US2012/061406
S

process of the present wvention which utilizes a selective naphtha pretreater, a

naphtha hydrodesulturization reactor and a naphtha conversion reactor.

13018]  FIGURE 4 15 g table showing the process conditions and process resuits

from the pilot plant testing performed m example heremn.

DETAILED DESCRIPTION OF PREFEREED EMBODIMENTS

G0E9]  As noted, due to strict envirgnmental regulations imposed gasohine
sultur content to less than 30 ppmw sulfur, most FUC naphthas cannot meet this
low sultur specification and must further undergo some type of naphtha
hydrodesulfurization processimg in order o meet these low sulfur specifications.
However, some naphtha hyvdrodesuliurization processes experience pluggage and
catalyst deactivation probliems when treating cat naphtha range materiais,
particularly when signtficant amounts of heavy cat naphthas ("HUNS™) are
ieluded m the feed composition. Typically, cart naphthas are reguared to be sent
for turther cataiytic hydrodesuliurization. 'This 1s due to thew high sulfur content
(usually above about 100 ppmw sulfur). A cat naphtha (or “full cut” cat naphtha)
stream boils substantially in the range of about 80 to 450°F. Sometimes the cap
naphtha can be turther separated into a heavy cat naphtha ("HUN") and a hight cat
naphtha ("LUNT). HONs typically boil substantiaily i the range of about 200 to
450°F, while LCNs typically boil substantially in the range of about 80 to 250°F.
Simtlar to heavy cat naphthas, light cat naphtha {ractions can aiso be sent for
turther hydrodesulturization processes dependimg upon the sulfur content of the

LLON stream.

13020  However, due to pluggage problems 1o the naphtha
hydrodesulfurization ("HDS”) reactors and associated equipment when operating
with certain (not all) cat naphthas, the present practice 18 to make a highter boiling

point end cut on the cart naphtha. That 1s, mnstead of making a full cut cat naphtha
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(say to a full 450°F, end point distillation), the refiner may, for instance, make a
boiling point cat naphtha fractionation end cut at 400°F. While this may help
alleviate the problems 1 the naphtha HDS reactor units, this presents a signiticant
cut in the overall FCU gasoline production. In this case, these “cut” gasoline
fractions typically have to be sent {0 lower value Kerosene or distillate fuel

products. This has a sigmdicant negative economic impact to the refinery.

3621} It bhas been discovered that many modern FOCU naphtha streams have
high amounts of gum and/or gum precursor contents. The gum content can be
very high, oiten 25 or more milligrams (mg) of gum per 100 milliliters {(mi} of
naphtha, as measured by ASTM bdtandard D381-09. The gum content in the FOC
naphthas may be becoming a greater factor as the raw crude {eedstiocks are
becoming more challenged, i.e., higher asphait contents, higher high molecular
weight suifur and nitrogen heteroatom contents, €ic., as are beng experienced m
the more lunited crude supphies from the Middie East, Africa and South America,
as well as from more non-conventional crudes derived from shale and tar sands.
These gum and/or gum precursor contents i the FCL naphthas are believed to be
a root cause of the significant problems in the naphtha hydrodesuifurization units,
causing reactor catalyst bed pluggage, pre-heat train exchanger piuggage, high

reactor pressure drops, deactivation of catalysts, and unit shutdowns.

{30221 In the immvention herein is provided a process tor treating a cat naphtha
to remove these fouling components and then treating the resulting naphtha mm a
hydrodesuifunzation process to remove sufur i an amount necessary o meet
current low sulfur gasoline specifications while retaining a high olefin content
{(octane) 1n the final naphtha product. The present mvention has many benefits as
will be described m more detail below. The first being that the gum content of the
cat naphtha 1s reduced significantly and the associated problems in the naphtha
hydrodesulfurization stages {such as pluggage and catalyst deactivation) are

chminated or at least significantly minumnized. This present invention has the
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additional benefit of being able {0 maintain essentially the entire “tull-cut” FCC
cat naphtha i the gasoline pool (1.e., not requiring the reliner to make
unnecessary fractionation cuts on the FOU naphtha) which has very signidicant
positive ramifications on the refinery economics. Additionally, as will be shown,
the mvention of the present process solves these problems and provides these

cconomic benefits with minimal loss of octane 1 the FCU naphtha.

130231 A schematic of a first main preterred embodiment of the present
invention is shown in Figure 1. Here, naphtha feed 1 1s combined with a
hyvdrogen-contaming treat gas 5, and sent to g pretreater reactor 18, 'The naphtha
feed can be a full range naphtha feed (substantially botling mn the range of 80 {o
450"F). However, in an alternate embodiment, a light cat naphtha fraction
(substantially boiling in the range of 80 to 250°F) is separated from a heavy cat
naphtha fraction (substantially boiling in the range of 200 to 450°F) and only the
heavy cat naphtha 1s sent to pretreater reactor 18 and at least a portion of the light
cat naphtha 1s added to the pretreater product stream 28 for further processing

according to the embodunents of the present wnvention.

130241  In the pretreating reactor, the naphtha feed and hydrogen are contacted
with a pretreater catalyst bed 18 under conditions sutficient to convert at ieast g
portion of the of the naphtha feed wmio a pretreater product stream 28, Preterably,
the conditions within the pretreater reactor are about 100 to 1000 psig and about
300 to 400°F, and more preferably about 450 to 650 psig and about 300 1o 400°F.
Even more preferably, the conditions within the pretreater reactor are about 300 1o
600 psig and about 325 to 375°F. In preferred embodiments, the liguid hourly
space velocity is about 2 to 8 hr™', and even more preferably about 4 to 6 hr™'. In
other preferred embodiments, the hvdrogen-contaming treat gas rate 1s about 300
to 1000 standard cubic feet/barrel of naphtha feed (BCEH/ B}, and even more
preferably about 450 to 800 SCH/B.
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1 3825] The pretreater catalyst 15 18 preterably a supported catalyst
comprising at least one Column 6 metal (under the current IUPAC notation of the
Periodic Table of Blements wheremn the columus are denoted | through 18} and at
ieast one Column 8, 9 or 10 metal (under the current IUPAC notation}. The
catalyst preterably contains an alumina support, while the support may
alternatively be an alumina-siiica support. More preferably, the support contains
at least 85 wt% alumina based on the weight of the support. In preferred
cmbodiments of the pretreater catalysi, the Column 6 metal 15 seiected from Mo
and W, and the Group Column §, 9 or 10 metal 1s selected from Co and Ni. Most
preferably, the pretreater catalyst is comprised of Mo and Ni. In an alternative
cembodiment, the pretreater catalyst 1s comprised of active impregnated metals
consisting essentially of Mo and Ni. Most preferably, the pretreater catalyst 18 in

the sulfided condifion.

1382617  The processes described herein are particularly beneficial when utilized
with cat naphthas that have high gum contents as measured by ASTM diandard
13381-09, It should be noted that “gum contents” as used herem mean the
“washed gum content” per ASTM bdtandard D381-09 unless otherwise explicitly
noted. Preferably, the gum content of the naphtha feed 15 at least 5 mulligrams
(mg} of gum per 100 muliihiters (mi) of naphtha. BEven more preferably, the
processes herein are especially effective when the gum conient of the naphtha
feed 15 at feast 25 mulligrams (mg) of gum per 100 malliliters (ml) of naphtha; and
even more preferably when the gum countent of the naphtha feed 1s at least 35

mitligrams (mg}) of gum per 100 mulliliters (mi) of naphtha.

G827}  The processes herein are aiso particularly beneficial when the suitur
content of the cat naphtha to the pretreater reactor 1s at least 100 ppmw sulfur,
nmiore preferably at least SO0 ppmw sulfur; even more preterably at least 1000

ppmw sultur and even more preterably at least 3000 ppmw sulfur based on the

weight of the cat naphtha feed to the pretreater reactor.
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133281  Keturniug to the embodiment m Figure 1, i the pretreater reactor 16
the naphtha feed 1 and hydrogen-~-contaming treat gas 8 are contacted with the
pretreater catalyst 18 at conditions as described above and reswlting in a pretreater
product stream 28. Here, as will be described more fully in the Examples herein,
the resulting pretreater product stream 28 has a considerably lower gum content
than the naphtha feed 1. Preterably, the pretreater product stream 28 has a gum
content of less than 20%, more preferably less than 10% and even more preterably
iess than 5%, of the gum content of the naphtha feed . In the most preferred
embodiments, the gum content of the pretreater product stream 28 1s less than 10
muhigrams (mg) of gum per 100 muliliters (mi) of naphtha, more preferably less
than 5 mulligrams (mg) of gum per 100 malliliters (mi) of naphtha less than 2.5

mitligrams {(mg} of gum per 100 nuilthiters {(mi) of naphtha.

{30291 1t 1s important to note that the process conditions and catalysts within
the pretreater reactor 18 are designed herein such that significant desuliurization
of the naphtha feed does not occur in the pretreater reacior 18, As noted prior,
preferably, the pressure within the pretreater reactor 18 only about 450 {0 650 psig
and only about 300 to 400°F. In preferable embodiments, hydrogen treat gas
purity 1s at ieast 83 mol% and the bydrogen partial pressure 18 from about 350 {0
00 psia. Under the combination of reactor parameters specitied heremn, the suifur
removal from the naphtha feed 1 1s kept very low and the naphtha material 10ss n
the pretreater reactor 1s very low. This 18 very important as the present process
can etfectively convert a high gum content cat naphtha feed mnto a pretreated feed
for turther naphtha desullurization at aimost no naphtha volume loss. In preferred
emboduments of the processes herein, the pretreater product stream 28 retains at
ieast 95 wt%, more preferably at least 100 wit¥% of the amount of naphtha weight
boiling point materials (hydrocarbons boiling in the range of 80 to 450"F) in the
naphtha feed 1. Addifionally, m preferred emboduments herein, the sulfur content,
by wts, of the naphtha weight boiling point materials maternial (hydrocarbons

boiling in the range of 80 to 450°F) in the pretreater product stream 28 (i.e., those
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naphtha materials that are not converted to highter products, such as Ha S, or
heavier products) i1s at least 80%, more preferably, at least 90% of the sulfur
content, by wt%, of the naphtha weight botling point materials matenal

(hydrocarbons boiling 1n the range of 80 to 450°F) in the naphtha feed 1.

383081  As noted prior, it 1s of significant importance that the processes for
naphtha desulfurization keep the amount of olefin saturation as low as possible.
As will be noted 1n the data in the Examples, the processes of the present

invention exhibit unexpectedly low olefin saturation, as measured by the Bromine

mvention reswit m g pretreater product stream 20 wherein more than 70%, even
more preterably more than 80%, and most preferably more than 85% of the
olefins that were present in the naphtha feed 1 are retamed n the pretreater

product stream 28 (1.¢., not converted o other species).

130311 Continumng with Figure 1, in the present invention the pretreater product
stream 28 which 1s now compatibie with further napihtha desuliurization processes
1$ sent to a naphtha hydrodesulurization reactor 25 which contaimns a naphtha
hydrodesuiturization catalyst 3¢, Herein, when there are more than one naphitha
hydrodesulfurization reactors, this reactor may be aliernatively be designated as
the first {or first stage) naphtha hydrodesulturization reactor. As noted prior, one
benefit of the speciic pretreater reactor 10 conditions and catalysts, the pretreater
reactor can be run under very low temperature conditions. Not only 1s this
favorable to the kinetics of the present mvention, but aiso saves energy. As such,
a heat exchanger 35 {(or more suitably a series of heat exchangers) 1s utitlized to
raise the temperature of the pretreater product stream 28 betore it enters the
naphtha hydrodesuliurization reactor 25, This heat exchanger can be of any
conventional means for heating a fluid, mchuding, but not limited to fired heaters,

fluid heat transter exchangers, or combinations thereol.
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138321  Although vot shown i Figure 1, a separator vessel may be placed n the
circuit between the pretreater reactor 18 and the naphtha hydrodesulfurization
reactor 25 to remove light gases from the pretreater product stream 28; however,
this ts generally not required due to the very low (substantially non-existent)
iosses w the naphtha boiling range materals, as noted prior, experienced in the

pretreater reaction processes herein.

{30331 In a Girst preferred embodiment, the reaction conditions in the naphtha
hydrodesuliurization reactor 23 are such that the pretreater product stream 28 1S
substantiaily m the vapor phase either prior to contacting the naphtha
hydrodesuifurization catalyst 38 or after contacting the naphtha
hydrodesuifurization catalyst. 'The reaction conditions m the naphtha
hydrodesulfurization reactor 25 include 100 to 1000 psig and 400 to 750°F, more
preferably 300 to 600 psig and 400 to 750°F, with a first naphtha HDS reactor
treat gas 48 rate of about 1000 to 4000 SCH/B. In preterred embodiments, a first
naphtha HDS reactor mnterbed quench 45 15 utilized. Preferably, the first naphtha
HDS reactor treat gas 44 and the first naphtha HDS reactor interbed guench 45

contain at ieast 75 molY, more preferably at least 85 moi’% hvdrogen.

138347  Preferably, the naphtha hydrodesulfurization catalyst 38 1s g catalyst
selective for removing suifur while minimizing oletin saturation (1.¢., olefin
iossesy. In a preferred embodiment, the naphtha hydrodesulfurization catalyst 38
is comprised of at least one Column 6 metal and at least one Column &, Y or 10
Most preterably, the naphtha hyvdrodesulturization catalyst 38 1s comprised of Mo
and Co. Preferably, these active metals are incorporated on a support which 1s
comprised of alumina. Preferably, the support matenal 1s at least 85 wite
alumina, more preferably at least 95 wts alumina based on the total weight of the
support material. In another preferred embodiment, the support is comprised of

silica.
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13835]  Returning to Figure 1, a first naphtha hydrodesulturization product
stream 34 1s recovered from the naphtha hydrodesulfurization reactor 28, Here,
the naphtha weight boiling pomt matertals material {hydrocarbons boiling mn the
range of 80 to 450°F) in the first naphtha hydrodesulfurization product stream 45
are substantially lower 1n sultur content than the pretreater product stream 26 1o
the naphtha hydrodesuliurization reactor 25, In preferred emboduments the sulfur
content, by weight %% of naphtha, m the {irst naphtha hydrodesulfurization product
stream 58 1s less than 20%, more preferably less than 10% and even more
preferably less than 5% of the sulfur content m the pretreater product stream 26,
Preferably, the sulfur content in the first naphtha hydrodesulfurization product
stream 54 1s less than 100 ppmw sultur, more preferably less than 50 ppmw

sulfur, and most preferably less than 30 ppmw sulfur,

13836}  In the current embodument illustrated in Figure 1, the first naphtha
hydrodesuifurization product stream 58 1s cooled in heat exchanger 82 (or more
preferably a senies of heat exchangers denoted by element 32) and sent to a
product separator 33. Here, the product separator 33 15 maintained at a high
pressure, preferably at least 73%, more preferably at least 83% of the absolute
pressure from the outlet of the naphtha hydrodesulfurization reactor 28, The
temperature of the product separator 35 1s preferably lowered to less than about
300F, more preferably less than about 250°F. Here, a separator vapor product
stream 68 1s removed which contains most of the Hpd product present i the first
naphitha hvdrodesulfurization product stream 38. While the separator vapor
product stream 68 may contain some hight hydrocarbous (fypically some methane
and/or ethane}, most of the hydrocarbons are removed from the product separator

33 via a separator higuid product stream 63.

1308371 The separator liquid product stream 65 1s then sent to a product stripper
75. In the embodiment shown m Figure 1, aithough not required, n this

configuration the separator hquud product stream 63 15 utibized to heat at least g
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portion of the first naphtha bydrodesultunization product streanm 538 in heat

exchanger 82.

{3038]  In the product stripper 78, the highter hydrocarbon componenis are
separated from the naphtha product compounents of the separator hiquid product
stream 63, In the product stripper 73, a stripper overhead gas 88 18 removed and
passed through heat exchanger(s) 85 which cool the siripper overhead gas 88 10
the stripper overhead receiver 88, In the stripper overhead recerver 96 an
overhead receiver offgas 93 1s removed which contains mostly HyS and light
hyvdrocarbons such as methane and ethane. Most of the (5, 4, and s light plant

gas {(L.P{) products are removed via the LPG hguid stream 106,

{3038 The product stripper 73 preferably contams internal distiliation travs,
packing, and/or grids {o assist in separating the stripper overhead gas 88 from the
desulturized naphtha product stream 114, In preferred embodiments, the
desulturized naphtha product stream 118 contains most, if not substantially ail, of
the naphtha boiling point range material (boiling from 80 to 450°F). The
desulfunzed naphtha product stream 118 can be sent for gasohine biending, and 18
an especially usetul component 1w high octane, ulira~-iow sultur specification
oasolings. In a preferred embodiment, at least a portion of the desulfurized
naphtha product stream 118 18 heat via heat exchanger(s} 115 and recveied back to

the product stripper 735.

{3048]  The process results 1 a freated naphtha product meeting ulira-low
sutfur specification while retainimg a very high amount of the olefin content of the
naphtha feed to the process. The processes herem also resuwdt m a very high
retention of overall naphtha volume (1.e., very low conversion of naphtha teed to
non-naphtha products). Preferably the desulturized naphtha product stream 11§
contains at least 80 with, more preferably at igast 95 wit of the amount of
naphtha weight botling point materials (hydrocarbons boiling w1 the range of 80 to

450°F) that were present in the original naphtha feed 1.
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13841} Additionally, i the preterred embodiments herein, the desulfurized
naphtha product stream 118 contains less than 100 ppmw sultur, more preferably
tess than S0 ppmw sulfur, and most preferably less than 30 ppmw sulfur, In the
preferred embodiments, the desulfurized naphtha product stream 118 contamns
more than 70%, even more preferably more than 80%, and most preferably more
than 85% of the olefins that were present in the original naphtha feed 1 whiie

maintauwing the ultra~-low sultur levels described herein.

138427  Digure 2 tllustrates a simplitied second main preferred embodiment of
the present invention. Here, elements | through 36 and 32 through 115 are
essentially the same as described m the first preferred embodiment described m
the context of Figure 1. However, here in Figure 2, the first naphtha
hyvdrodesulfunzation product stream 58 15 sent to an mierstage high pressure
separator 268, Here, an interstage offgas 285 contaming a portion of the
hydrogen and H»yS present in the first naphtha hydrodesuliurization product
stream 58 1s removed from the process and an interstage hquid stream 218 1s
contacted with a second naphtha HIS reactor treat gas 215 which 1s sent to a
second naphtha hydrodesulfunization reactor 228, Here, the stream 1s contacted
with a second naphtha hydrodesulfunzation catalyst 235 and a second naphtha
hydrodesulfurization product stream 233 1s removed from second naphtha
hydrodesuliurization reactor. In this embodunent, the catalyst composition and
conditions in the second naphtha hydrodesulfurization reactor 22§ are similar to
as described above for the first naphtha hyvdrodesulfurization reactor 23, Here, an

optional second naphtha HD®S reactor mterbed quench 2384 may also be utilized.

130431 This second preferred embodiment of Figure 2 18 particularly desired in
ieu of the first preferred embodiment of Figure 1 particularly when very low
sultur specifications on the final naphtha desulfurized naphtha product stream 118
need to be met; particularly when the required sulfur content of the naphtha

desulfurized naphtha product stream 118 1s below 30 ppmw sulfur or more
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preferably below 30 ppmw sulfur. In this second preferred embodiment, 1t 1s
preferred that the first naphtha hydrodesulfunzation reactor 25 be run at less
severe conditions than n the smgle reactor embodument of Figure 1 and that the
sulfur content of the first naphtha hydrodesulfunzation product stream 58 at least

100 ppmw sulfur, more preterably at least 500 ppmw sulfur.

13844}  Iigure 3 tllustrates g stmplified third mam preterred embodiment of the
present mvention. In this embodiment of Figure 3, elements 1 through 28, 35, and
52 through 115 are essentially the same as described 1n the first preferred
cmbodunent described in the context of Figure 1 and second preferred
embodiment described in the context of Figure 2 and will not be repeated here for
the sake of brevity. in this thud preferred embodiment as tiustrated in Figure 3,
the pretreater product stream 28 which, which properties have been described in
preferred embodunents | and 2 above 18 now compatible with further naphtha
desulfurization processes 15 sent to a first naphtha hydrodesulfurization reactor

360 which contains a first naphtha hydrodesulturization catalyst 385,

13045]  In this thard mam preferred embodiment, the reaction conditions in the
first naphtha hydrodesulturization reactor 388 are such that the pretreater product
stream 24 is substantially two~-phase (vapor and hguid) etther prior {o contacting
the tirst naphtha hydrodesulturization catalyst 385 or after contacting the first
naphitha hydrodesulfurization catalyst. The reaction condifions i the first naphtha
hydrodesulfurization reactor 30¢ include 300 to 1500 psig and 400 to 750°F with
a first naphtha HDS reactor treat gas 310 rate of about 1000 to 4000 SCH/B. In
preferred embodiments, a first naphtha HIDS reactor interbed gquench 31818
utilized. Preferably, the first naphtha HDS reactor treat gas 318 and the first
naphtha B reactor interbed quench 318 contam at least 735 mol%, more

preferably at least 83 molY hydrogen.

{3346]  The tirst naphtha hydrodesulfunzation catalyst 385 may be a

conventional hydrotreating (desulturization) catalyst, in g preferred embodiment,
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the first naphtha hydrodesulfurization catalyst 383 15 comprised of at least one
Column 6 metal and at least one Column &, 9 or 10 metal {under the current
HUPAC designation of the Periodic Table of Elements). More preferably, the first
naphtha hydrodesuliurization catalyst 385 1s comprised of at least one Column 6
metal selected from Mo and W and at least one Column §, 9 or 10 metal selected
from Co and Ni. Preferably, these active metals are meorporated on a support
which 1s comprised of alumina. Preferably, the support material is at least 85 wth
alumina, more preferably at least 95 wit% alumina based on the total weight of the
support matenal. In another preferred embodiment, the support 1s comprised of

silica.

138047}  Returmng to Figure 3, g tirst naphtha hydrodesuifurization product
stream 320 s recovered from the first naphtha hydrodesulturization reactor 364,
Here, the naphtha weight botling point matenals material (hydrocarbons boiling in
the range of 80 to 450°F) in the first naphtha hydrodesulfurization product stream
3286 are substantially lower in sulfur content than the pretreater product siream 26
to the nvaphtha hydrodesulfurization reactor 388, In preterred embodiments the
sulfur content, by weight % ol naphtha, 1n the first naphtha hydrodesulfunization
product stream 328 15 less than 20%, more preferably iess than 10% and even
niore preferably less than 5% of the sulfur content in the pretreater product stream
28. Preferably, the sultur content wn the first naphtha hydrodesuliurization
product stream 320 15 less than 100 ppmw sullur, more preferably less than 50

ppimw sulfur, and most preferably less than 30 ppmw suliur.

{3048]  In the current preferred embodiment 1liustrated in Figure 3, the first
naphtha hydrodesulturization product stream 328 1s sent to an mierstage high
pressure separator 325, Here, an mterstage offgas 330 contaming a portion of the
hydrogen and H, S present 1n the first naphtha hydrodesulfurization product
stream 328 18 removed {rom the process and an mterstage hquid stream 335 18

contacted with g first naphitha conversion reactor treat gas 3486 which 1s sentto a
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{irst naphtha conversion reactor 345 where the stream 1s contacted with a first
naphtha conversion catalyst 3584 and a tirst naphtha conversion product stream
335 1s removed from first naphtha conversion reactor. Herem, when there 18 only
oue naphtha conversion reactor, this reactor first naphtha conversion reactor 345

may be alternatively be referred to as sumply “the naphtha conversion reactor” .

13849)  In this thard preferred embodument tliustrated in Figure 3, the first
napiitha conversion reactor 345 conditions mcehude 300 to 1506 psig and 300 to
ROO'F with a first naphtha conversion reactor treat gas 348 rate of about 500 to
4000 SCEF/B. In preferred embodiments, a {irst naphtha conversion reactor
iterbed quench 368 15 utithized. Preferably, the first naphtha conversion reactor
treat gas 348 and the first naphtha conversion reactor mterbed quench 366 contain

at least 7> molYs, more preterably at least 85 molY hydrogen.

{30561 In this embodiment of Figure 3, the first naphtha conversion catalyst
330 15 comprised of a support contamnmg alumma. Alumina and alumina-silica
supports are preferred. Preferably, the support contains at east 85 wie alumina
based on the weight of the support. Here, the first naphtha conversion catalyst
350 is further comprised of acidic zeolite with a pore size from about 5 to 7A.

The zeolite 15 preferably Z5M-5. The first naphtha conversion catalyst 358
preferably has a surface area of at ieast 50 lefg., more preferably at least 160 m%’g,
and most preferably at least 120 m™/g. Optionally, the first naphtha conversion
catalyst 358 may be turther comprised of at least one Column 6 metal and at least
oue Column &, 9 or 10 metal {under the current IUPAC designation of the
Pertodic Table of Elements). More preferably, the {irst naphtha conversion
catalyst 358 15 comprised of at least one Column 6 metal seiected from Mo and W
and the at least one Column &, @ or 10 metal selected from Co, N1, Ptand Pd. Ina
preferred embodiment, the at least one Column 6 metal 18 selected from Mo and
W and the at least one Column 8, 9 or 10 metal 1s selected {rom Ni. In another

preferred embodiment, the at least one Column 6 metal seiected from W and at
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ieast one Column 8, 9 or 10 metal selected from Ni. In another preferred
cmibodiment, the first naphtha conversion cataiyst 358 may be comprised of at

teast one Column 10 metal selected from Pt and Pd.

{3051 In thas third preferred embodiment, the olein content of the treated
naphtha material in the first naphtha conversion reactor 345 s significantly
inereased. In a preferred embodiment, the olefins content of the first naphtha
conversion product stream 355 15 at least 105%, and more preferably at least
110% of the olefn content of the first naphtha hydrodesulfurization product

stream 32463,

{30521 Additionally or alternatively, the present invention can be described

according to one or more of the following embodiments.

130531  Embodiment 1. A process for selectively pretreating and desulfurizing
a catalytically cracked naphtha feedstream, comprising: contacting, in a pretreater
reactor, the naphtha feedstream and a first hydrogen-containing treat gas with a
prefreater catalyst comprising an ahumma-contaming support and at ieast one
Columun 6 metal and at least one Column 8, 9 or 10 metal, wherein the gum
content of the hvdrocarbon stream 1s at {east Smyg/100mi, and the conditions
within the pretreater reactor are about 100 to 1000 psig and about 300 to 400°F,
and the first hydrogen-containing ireat gas rate 1s about 300 to 1000 SCHF/B;
refrieving a pretreater product stream from the pretreater reactor wherein the
prefreater product stream has a gum content of less than 20% of the gum content
of the naphtha feedstream; heating the pretreater product stream; contacting, in a
first naphtha hydrodesulfurization reactor, the pretreater product stream and a
second hydrogen-contaiming treat gas with a first naphtha hydrodesulfurization
catalyst comprising at least one Column 6 metal and at least one Column &, 9 or
10 metal, wherem the conditions within the first naphtha hyvdrodesulfunzation
reactor are about 100 to 1000 psig and about 400 to 750°F, and the second

hydrogen-contamming treat gas rate 18 about 1000 to 4000 SCH/B; and retnieving a
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{irst naphtha hydrodesulfurization product stream from the first naphtha
hydrodesuifurization reactor; wherein the first naphtha hydrodesulfurization

product stream has a lower sulfur content than the naphtha feedstream.

3854} EBEmbodiment 2. The process of embodiment 1, further comprising:
cooling the first naphtha hydrodesulfurization product stream; sending the cooled
first naphtha hydrodesulturization product stream to a product separator and
removing at ieast a portion of the hydrogen and H,S as a product separator
overhead gas and removing a separator Liquid product stream comprising
hydrocarbon components boiling in the range of 80 to 450°F; heating the separator
fquid product stream: sending the heated separator hquud product stream (o a
product stripper wherein the heated separator liguid product stream contacis a
series of miernal fractionating devices selected from distillation trays, packmg and
grids, remoeving a stripper overhead gas from the product stripper; separating the
stripper overhead gas into an overhead receiver otigas comprising H»S and ethane
and an LPG hguid stream comprising C4, €4, and {5 hydrocarbons; removing a
desulfurized naphtha product stream from the product stripper; sending at ieast a
portion of the desulturized naphtha product stream to gasoline blending; and
heating at least a portion of the desulturized naphtha product stream and returning

it fo the product stripper.

{3355]  Embodiment 3. The process of embodiment |, further comprising:
removing at least a portion of the hydrogen and H,S from the first naphtha
hvdrodesulfurization product stream there by producing an interstage hguid
streaim; contacting, in a second naphtha hvdrodesulfurization reactor, the
interstage lquid stream and a third hydrogen-contaimng treat gas with a second
naphtha hydrodesulfunization catalyst comprisig at least one Column 6 metal and
at ieast one CUolumn 8, 9 or 10 metal, wherein the conditions within the second
naphtha hydrodesulturization reactor are about 100 to 1000 psig and about 400 to

750F, and the second hvdrogen-containing treat gas rate is about 1000 to 4000
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SCE/B; and retrieving a second naphtha hydrodesulfurization product stream {rom
the second naphtha hydrodesulfurization reactor; wherein the second naphtha
hydrodesuifurization product stream has a lower sulfur content than the first

naphtha hydrodesulfurization product stream.

138567 bEmbodiment 4. The process of embodunent 3, further comprising:
cooling the second naphtha hydrodesulfurization product siream; sending the
cooled first naphtha hvdrodesulfunzation product stream to a product separator
and removing at least a portion of the hydrogen and H, 8 as a product separator
gverhead gas and removing a separator Hguid product stréeam Comprising
hydrocarbon components boiling in the range of 80 to 450°F; heating the separator
lguid product stream; sending the heated separator hiquid product stream to a
product siripper wheremn the heated separator higuid product stream contacts a
sertes of mternal fractionating devices seiected from distitlation trays, packing and
orids; removing a stripper overhead gas from the product stripper; separating the
stripper overhead gas into an overhead recetver offgas comprising H,S and ethane
and an LPG hquid stream comprising {5, Uy, and {5 hydrocarbons; renioving a
desulfurized naphtha product stream from the product siripper; sending at least a
portion of the deswlfurized naphtha product stream to gasoline blending; and
heating at least a portion of the desulfurized naphtha product stream and refurning

it o the product siripper.

G087 bmbodiment 5. The process of embodiment 1, further comprising:
removing at least a portion of the hydrogen and H, S from the first naphtha
hydrodesulfurization product stream there by producing an aterstage hiquid
stream; contacting, 10 a naphtha conversion reactor, the mterstage liquid stream
and a third hydrogen-contammg treat gas with a naphtha conversion catalyst
COMPrising an alumina-contawing support and an acidic zeolite with a pore size
from about 5 to 7A, wherein the conditions within the naphtha conversion reactor

are about 300 to 1500 psig and 300 to 800°F, and the third hydrogen-containing
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freat gas rate 1s about 500 to 4000 SCEH/B; and retrieving a naphtha conversion
product stream from the naphtha conversion reacior; wherein the naphtha
conversion product stream has a higher olefin content than the first naphtha

hydrodesulfurization product stream.

138538] Embodiment 6. The process of embodunent 5, further comprising:
cooling the naphtha conversion product streamy; sending the cooled naphtha
conversion product stream 1o a product separator and removing at least a portion
ot the hydrogen and H, N as a product separator overhead gas and removing a
separator iquud product stream comprising hydrocarbon components bouing m
the range of 80 to 450°F; heating the separator liguid product stream; sending the
heated separator higuid product stream o a product stripper wherein the heated
separator hquud product stream contacts a series of imnternal fractionating devices
selected from distillation trays, packing and gnids; removing a stripper overhead
oas from the product stripper; separating the siripper overhead gas into an
gverhead receiver offgas comprising H,bd and ethane and an LP{ higuid stream
comprising {3, Uy, and {5 hydrocarbons; removing a desulfurized naphtha
product stream from the product stripper; sending at least a portion of the
desulturized naphtha product stream to gaschine blending; and heating at least a

portion of the desuliurized naphtha product stream and returning it to the product

stripper.

G859  bmbodiment /. The process of any of embodiments 3-4, wherein the
sulfur content of the naphtha feedstream is at least 300 ppmw, the sultur content
of the first naphtha hvdrodesuifurization product stream 1s at least 100 ppmw, and
the sultur content of the second naphtha hydrodesuifurization product stream is

iess than 30 ppmw.

10368  Embodiment 8. The process of any of embodiments 5-6, wherein the
olefin content of the naphtha conversion product stream 1s at least 3% greater than

the olelin content of the first naphtha hydrodesulturization product stream.
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138611 Embodiment 9. The process of any of embodiments 5-6 and X, wheremn
the naphtha conversion catalyst s comprised of at least one Column 6 metal
selected from Mo and W and at least one Column 8, 9 or 10 metal selecied from

Co, Ni, Pt and Pd.

13862] Ebmbodiment 10, The process of any of embodunents 3-6 and 8§,
whereimn the naphtha conversion catalyst 18 comprised of at {east one Column 10

metal selected from Pt and Pd.

{38637  EBEmbodiment 11, The process of any of embodiments 5-6 and 8-1{,
: : . 2
wherein the naphtha conversion catalyst has a surface area of at least 50 m7/g and

comprises £5M-5,

138647 bEmbodiment 12, The process of any of emboduments 1-6 and 8-11,
wherein the sulfur content of the nvaphtha teedstream i1s at ieast 500 ppmw, and the
sulfur content ot the first naphtha hydrodesuliurization product stream 1s less than

100 ppmw.

138657  Embodiment 13, The process of any previous embodiment, wherein the
pretreater product stream has a gum content of less than 109% of the gum content

of the naphtha feedstream.

10066] bEmbpodiment 14, The process of any previous embodiment, wherein the
naphtha feedstream ts a full-cut naphtha botling substantially n the range of about

80 to 450°F.

{30671  bDmbodiment 15, The process of any of embodiments 1-13, wherein the
naphtha feedstream i1s a heavy cat naphtha boiling substantially 1 the range of

ahout 250 to 450°F.
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13868] Embodiment 16, The process of any previous embodiment, whereimn a
light cat naphtha stream, boiling substantially in the range of about 80 to 250°F, is
added to the pretreater product stream prior to entering the first naphtha

hydrodesulfurization reactor.

38691  bEmbodiment 17, The process of any previous embodiment, wheremn
more than 70% of the olelins present in the naphtha feedstream are retained m the

pretreater product stream.

{3070 Embodiment 18, The process of any previous embodiment, wherein the
at lcast one Column 6 metal of the pretreater catalyst 1s W and the at least one

Column &, 9 or 10 metal of the pretreater catalyst 1 Ni.

138711 Embodiment 19, The process of any previous embodiment, wherein the
sultur content, by wtY, of the naphtha-weight boing pomnt components
(hvdrocarbons boiling in the range of 80 to 450°F) of the pretreater product stream
1s at least 80% of the sulfur content, by wit, of the naphtha-weight boithing pomnt
components (hydrocarbons boiling in the range of 80 to 450°F) of the naphtha

feedsiream.

00721 bBEmbodiment 20, The process of any previous embodiment, wherein the
first hydrogen-containing treat gas stream and the second hydrogen-contauing

treat gas stream contain at least 85 mol% hydrogen.

{30731 BEmbodiment 21. The process of any previous embodiment, wherein the
naphtha feedstream has a gum content of at least 25mg/100ml and the pretreater

product stream has a gum content of less than Smg/ 1 00ml.

130741  Embodiment 22. The process of any previous embodiment, wheremn the

prefreater product stream retains at least 95 wi% of the naphtha weight boiling
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point materials (hydrocarbons boiling in the range of 80 to 450°F) present in the

naphtha feedstream.

{3075 The principles and modes of operation of this mvention have been
described above with reference {0 various exemplary and preferred embodiments.
As understood by those of skill i the art, the overall invention, as defined by the

claims, encompasses other preferred embodiments not specifically enumerated

herein.
FEXAMPLE

130761 A puot plant was developed for testing the concept of the preireater

reactor circutt described heren.

{8771 Anuptiow reactor design was used to ensure complete catalyst wetting
and ensure plug tlow throughout the reactor. The reactor has an internal diameter
of approximateiy 0.824 mches and an overall availabie bed height of about 407,
The bottom (inlet) of the reactor bed contaned approximately 2.57 height of §/14
(particie size range from 0.046 to 0.093 inches) tabular alumina (nerty. On top of
this placed approximately 23.57 height of a muxture of 30cc of §/14 tabular
alumina (inert) and 50cc of a KF-841" catalyst which is an alumina supported
NiW manufactured by Albemarle”. On top of this was placed approximately
03.6257 height of 8/14 tabular aluniina (nert). The tabular aluniina 18 an mext
material and was used as catalyst support for the catalyst bed as well as within the
catalyst bed to ensure complete and untform contact of the feed with the active
catalyst 11 the plant scale reactor. 'The catalyst was sulfide prior to ruming the
process testing. A total of four {(4) thermocouples were placed at varying

elevations with the active reactor bed.
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130781  The testing covered the following range of conditions:

Temperature = 325 to 375°F (163 10 191°0)

Treat gas rate = 600 SCF/B (101 Nm”/m”)

Pressure = 530 psig (30 barg)

LHSV =20 6 hr™

{3079)  The pilot plant feed was a heavy cat naphtha, which contained a high
tevel of gums (40 me/100 mi). Naphtha feeds with more than 5 mg/ 100 ml
ASTM gums are considered to have a significant propensity for causmg fouling

hydrodesuliurzation reactor catalyst beds and associated equipment,

{30801  The conditions and resulis from the testing are shown i Figure 4.

The test was run for 16 days with product samples taken and analyzed at Bays 4,
2,8, 13, and 16 with the product compositional results of the naphtha feed as
well as the Higuid reaction products obtained shown 1 the table in Figure 4.
Significant feed gum removal was observed throughout the pilot plant run. The
naphtha feed to the process m this Exampie contained 39.5mg/ 100 mi gums,
whitle the total liquid naphtha product retrieved from the process had less than
2.5 mg/ 100 mi gums under all tested process conditions. This demonstrates that

¥
-1

mild conditions were sufficient for significant gum removal (about 325 {0 350°F,

7

. : ‘1 v vee<s T . : :
330 psig, and 4 hr ™ LHSV ) with the processes described heren.

G081} Importantly, it should also be noted from the data in Figure 4 that the
olefin countent {(as shown by the Bromine #) remained very high. At the lower
severity {reactor temperature of 3257F), over 85% of the feed olefins were

retaimed m the product. In all cases measured, over 70% of the olefins were

retained in the product.

{3082} 1t 1s noted that there was experienced a rapid reactor pressure drop

puildup starting on Day 14 and on Day 16 the test run terminated. However,
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subsequent analyses confirmed that the high reactor bed delta pressures were
due primartly to corrosion products in the miet filter and inlet of the catalyst bed
and are believed to be associated primartdy with corrosion products from the
equipment {high wron content i the residue) and not a result of the process itself
or from any signiticant amount of the gums bewng deposited wn the tilter and
reactor system. 'The reactor catalyst was discharged and the catalyvst was found

to be {ree flowing with only a small amount of black residue found at the reactor

iniet, underneath the catalyst bed support.
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i A process for selectively pretreating and desulfunizing a

catalytically cracked naphtha feedstream, comprising:

— contacting, in a pretreater reactor, the naphtha feedstream and a first
hydrogen-contaiming treat gas with a pretreater catalyst comprising an aluming-
containing support and at {east one Column 6 metal and at least one Column &, 9
or 10 metal, wherein the gum content of the hydrocarbon siream 1s at least
omg/100m, and the conditions within the pretreater reactor are about 100 to 1000
psig and about 300 to 400°F, and the first hydrogen-containing treat gas rate is

about 300 to 1000 SCF/B:

— retrieving a pretreater product stream from the pretreater reactor wherein
the pretreater product stream has a gum content of less than 20% of the gum

content of the naphtha feedstrean;
— heating the pretreater product stream;

— contacting, in a first naphtha hydrodesulturization reactor, the pretreater
product stream and a second hydrogen-containing freat gas with a first naphtha
hydrodesuliurization catalyst comprising at least one Column 6 metal and at least
one Column &, 9 or 10 metal, wherein the conditions within the first naphtha
hydrodesulfurization reactor are about 100 to 1000 nsig and about 400 to 750°F,
and the second hydrogen~contaming treat gas rate 1s about 1000 to 4000 SCH/B;

and

— retrieving a first naphtha hydrodesulfurization product stream from the
first naphtha hydrodesulfurization reactor; wheremn the first naphtha
hydrodesuifurization product stream has a lower sulfur content than the naphtha

teedstream.
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.

The process of claim 1, further comprising:

- goohimg the first naphtha hydrodesuifurization product stream; sending
the cooled first naphtha hydrodesuliurization product stream o a product
separator and removing at least a portion of the hyvdrogen and H,5 as a product
separator overhead gas and removing a separator bguid product stream

comprising hydrocarbon components boiling in the range of 80 0 450°F;
- heating the separator liquid product stream;

- sending the heated separator liguid product stream {o a product stripper
wherein the heated separator Liquid product stream contacts a series of mniernal

fractionating devices selected from distiliation trays, packing and grids;
— removing a sinpper overhead gas {rom the product stripper;

— separating the stripper overhead gas mnto an overhead recerver oftgas
comprising H»» and ethane and an LP( hguid stream comprising (s, Uy, and €

hvdrocarbons;

- removing a desulfurized naphtha product stream from the product

stripper;

- sending at least a portion of the desulturized naphtha product stream {o

gasoline biending: and

- heating at least a portion of the desuifurized naphtha product stream and

returning it to the product stripper.

3. The process of claim 1, further comprising:

—removing at feast a portion ¢of the hydrogen and H-b» from the first
naphtha hydrodesulfurization product stream there by producing an interstage

lguid stream;
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- contacting, w a second naphtha hydrodesulfurization reactor, the
interstage liquid stream and a third hydrogen-containing treat gas with a second
napiitha hydrodesulfurization catalyst comprising at ieast one Column 6 metal and
at least one Column 8, 9 or 10 metal, wheremn the conditions within the second
naphtha hydrodesulfunzation reactor are about 100 to 1000 psig and about 400 to
750°F, and the second hvdrogen-containing treat gas rate is about 1000 to 4000

SCH/ B and

- retrieving a second naphtha hydrodesulfurization product stream from the

second naphtha hydrodesuifurization reactor;

wherein the second naphtha hydrodesulfurization product stream has a

tower sulfur content than the first naphtha hydrodesuliurization product stream.

4. The process of claim 3, further comprising:
— cooling the second naphtha hvdrodesulturization product stream;

— sending the cooled first naphtha hydrodesulfurization product stream io a
product separator and removing at least a portion of the hydrogen and HrS as a
product separator overbiead gas and removing a separator liguid product stream

comprising hydrocarbon components boiling in the range of 80 to 450°F;
— heating the separator higuid product siream;

- seuding the heated separator liquud product stream {o a product stripper
wherein the heated separator liquid product stream contacts a series of internal

fractionating devices selected from distillation trays, packing and grids:
— removing a stripper overhead gas from the product stripper;

— separating the stripper overhead gas imto an overhead receiver offgas
comprising HoS and ethane and an LP{ hauid stream comprising 4, Oy, and s

hydrocarbons;
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- vemoving a desulfurized naphtha product stream from the product
stripper: sending at least a portion of the desulfunized naphtha product stream to

gasoline blending; and

— hieating at least a portion of the desulfunzed naphtha product stream and

returning it to the product stripper.

3. The process of claim 1, further comprising:

- removing at least a portion of the hydrogen and H,S from the first
naphtha hydrodesulfurization product stream there by producing an interstage

fguad stream;

— contacting, in a haphtha conversion reactor, the interstage iguid stream
and a third hydrogen-contammmg treat gas with a naphtha conversion catalyst
comprisig an alumma-contaming support and an acidic zeolite with a pore size
from about 5 to 7A, wherein the conditions within the naphtha conversion reactor
are about 300 to 1500 psig and 300 to 800°F, and the third hydrogen-containing

treat gas rate 1s about 500 to 4000 SCF/B; and

- retrieving a naphtha conversion product stream from the naphtha
conversion reactor; wherein the naphtha conversion product stream has a higher

olefin content than the first naphtha hydrodesulfunization product stream.

0. The process of ¢claim 5, further comprising:
— ¢coohimg the naphtha conversion product stream;

— sending the cooled naphtha conversion product stream o a product
separator and removing at feast a portion of the hvdrogen and H,S as a product
separator overhead gas and removing a separator liguid product stream

comprising hydrocarbon components boiling in the range of 80 to 450°F;

-
7

— heating the separator hiquid product stream;
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- sending the heated separator Liquid product stream o a product stripper
wherein the heated separator liquid product stream contacts a series of internal

fractionating devices selected from distillation trays, packing and grids:
— removing a stripper overhead gas from the product stripper;

— separating the stripper overhead gas into an overhead recetver offgas
comprising H, S and ethane and an LPG hguid stream comprising O3, Cy, and Cs

hydrocarbons;

- removing a desulfurized naphtha product stream from the product

stripper;

- seuding at least 3 portion of the desulfurized naphtha product stream 1o

gasohine blending; and

— heating at least a portion of the desulfurized naphtha product stream and

returning 1t to the product stripper.

g

The process of any of claums 3-4, wheren the sulur content of the
naphtha feedstream 1s at least S00 ppmw, the sultur content of the first naphtha
hydrodesulturization product stream 1s at least 100 ppmw, and the sulfur content

of the second naphtha hydrodesulfurization product stream 1s less than 30 ppmw.

3. The process of any of clauns 3-6, wherem the olefin content of the
naphtha conversion product stream 1s at least 5% greater than the oletin content of

the first naphtha hydrodesulturization product stream.

G, The process of any of claims 5-6 and &, wherein the napiitha
conversion catalyst is comprised of at least one Column 6 metal selected from Mo

and W and at least one Column &, 9 or 10 metal selected trom Co, N1, Pt and Pd.
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{3,  The process of any of claims 3-6 and 8, wherein the naphtha
conversion catalyst 1s comprised of at least one Column 10 metal selected from Pt

and Pd.

i1, The process of any of claims 5-6 and 8-10, wherein the naphtha

conversion catalyst has a surtace area of at least S0 m™/g and comprises Z5M-3.

12, The process of any of claims 1-6 and 8-11, wherein the sultur
content of the naphtha feedstream 1s at icast SO0 ppmw, and the sultur content of

the first naphtha hydrodesulfunization product stream 1s less than 100 ppmw.

13, The process of any previous claim, wherein the pretreater product
stream has a gum content of less than 10% of the gum content of the naphtha

feedstrean.

{4, The process of any previous claim, wherem the paphtha feedstream

is a full-cut naphtha boiling substantially in the range of about 80 to 450°F.

. =y

15, The process of any of claims 1-13, whereim the naphtha feedstream

is a heavy cat naphtha boiling substantially in the range of about 250 to 450°F.

16.  'The process of any previous claim, wherein a hight cat naphtha
stream, boiling substantially in the range of about 80 to 250°F, is added to the
pretreater product stream prior to entering the first naphtha hydrodesuliurization

reacior.

17.  'The process of any previous claim, wherein more than 70% of the
oletins present w the naphtha feedstream are retained m the pretreater product

streani.
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18, The process of any previous claum, wheremn the at least one Column
6 metal of the pretreater catalyst 1s W and the at least one Column &, 9 or 10 metal

of the pretreater catalyst 1s N,

19, The process of any previous claim, wherein the sultur content, by
wt%s, of the naphtha-weight boiling powmt components (hydrocarbons boiling
the range of 80 to 450°F) of the pretreater product stream is at least 80% of the
sulfur content, by wiYs, of the naphtha-weight bouing point components

(hydrocarbons boiling in the range of 80 to 450°F) of the naphtha feedstream.

20, The process of any previous claim, wherewn the first hydrogen-
containng treat gas stream and the second hydrogen-containng treat gas stream

contain at least 85 mol% hydrogen.

21, The process of any previous claim, wherein the naphtha feedstream
has a gum content of at least 25mg/100ml and the pretreater product stream has a

gum content of iess than dmg/H00ml.

22, The process of any previous claim, wherem the pretreater product
stream retamns at ieast 93 wi% of the naphtha weight botling point materials
(hydrocarbons boiling in the range of 80 to 450°F) present in the naphtha

_'

feedstreani.
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