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(87) Abstract

This invention provides an integrated process for converting a hydrocarbon feedstock having components boiling above about 100
°C into steam cracked products, which process comprises passing said feedstock to a hydrotreating zone to effect substantially complete
decomposition of organic sulfur and/or nitrogen compounds, passing the product from said hydrotreating zone to an aromatics saturation
zone, and subsequently passing the product from said aromatics saturation zone to a steam cracking zone, and recovering therefrom hydrogen
and C)-C4 hydrocarbons, steam cracked naphtha, steam cracked gas oils and steam cracked tar therefrom, wherein the amount of steam
cracked gas oil produced is reduced by at least 30 percent, and the amount of steam cracked tar produced is reduced by at least about 40
percent, basis the starting hydrocarbon feedstock which has not been subjected to hydrotreating and aromatics saturation.
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HYDROCARBON CONVERSION PROCESS

This application claims the benefit of the filing of
U.S. Provisional Patent Applications No. 60/027,859, filed

August 15, 1996 and 60/034,612 relating to the hydrocarbon
conversion process.

Field of the Invention

This invention relates to a process for upgrading

‘hydrocarbon feedstocks for subsequent use in steam cracking. In
particular, this invention describes a process for upgrading

hydrocarbon feedstocks for wuse in steam cracking by the
application of successive hydrotreating and hydrogenation of the
unsaturated and/or aromatic species found therein, and the
resultant yield increase of hydrogen, C,;~C, hydrocarbons and
steam cracked naphtha, and the concomitant decrease in the yield
of steam cracked gas oil and steam cracked tar, upon steam

cracking of the hydrotreated and hydrogenated hydrocarbon
feedstocks.

Background of the Invention

Steam cracking is a process widely known in the
petrochemical art. The primary intent of the process is the
production of C,-C, hydrocarbons, particularly ethylene,
Propylene, and butadiene, by thermal cracking of hydrocarbon
feedstocks in the presence of steam at elevated temperatures.
The steam cracking process in general has been well described in
the publication entitled "Manufacturing Ethylene" by §S. B.
Zdonik et. al, 0il and Gas Journal Reprints 1966 - 1970.
Typical liquid feedstocks for conventional steam crackers are
straight run (virgin) and hydrotreated straight run (virgin)
feedstocks ranging from light naphthas to vacuum gas oils.
Gaseous feedstocks such as ethane, propane and butane are also
commonly processed in the steam cracker.

The selection of a feedstock for processing in the
steam cracker is a function of several criteria including: (i)

1
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availability of the feedstock, (ii) cost of the feedstock and
(iii) the yield slate derived by steam cracking of that
feedstock. Feedstock availability and cost are predominantly a
function of global supply and demand issues. On the other hand,
the yield slate derived by steam cracking of a given feedstock
is a function of the chemical characteristics of that feedstock.
In general, the yield of high value C,;-C, hydrocarbons,

particularly ethylene, propylene and butadiene, is greatest when

the steam cracker feedstocks are gaseous feedstocks such as
ethane, propane and butane. The yield of high value steam
cracked naphtha and low value steam cracked gas o0il and steam
cracked tar upon steam cracking of a straight run (virgin) or
hydrotreated straight run (virgin) feedstocks increases as the
boiling range of the feedstock increases. Thus, the steam
cracking of liquid feedstocks such as naphthas, gas oils and
vacuum gas oils generally results in a greater proportion of low
value steam cracked products, i.e., steam cracked gas o0il (SCGO)
and steam cracked tar (SCT). In addition, steam cracking
facilities where naphthas and gas oils are processed require
additional capital infrastructure in order to process the large
volume of liquid co-products resulting from steam cracking of
those feedstocks.

What is more, the yield of the 1least desirable
products of steam cracking, steam cracked gas oil and steam
cracked tar, are generally even higher when low quality hydrogen
deficient cracked feedstocks such as thermally cracked naphtha,
thermally cracked gas o0il, catalytically cracked naphtha,
catalytically cracked gas o0il, coker naphthas and coker gas o0il
are processed. The significantly increased yield of low value
steam cracked gas oil and steam cracked tar products relative to
production of high value C,~C, hydroca.rbon products obtained when
processing the low quality hydrogen:deficient cracked feedstocks

is such that these feedstocks are rarely processed in steam
crackers.
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- Catalytic hydiodesuifurization (sulfur removal),
nydrodenictrification (nitrcgen removal) and hyvdrogenation
(olefins, diolefins and aromatics saturzation) are well
known in the petroleum refining art. Hydrodesulfurization,
hydrodenitrification and partial hydrogenation have been

.applied to upgrading fsedstocks for steam cracking as

described bty Zimmermann in U.S. Pateat No. 4,819,757. This
two stage approach employed base metal, bi-metallic
cstalysts on beth non-acidie (alumina) and acidic (zeolite)
supports. _ o ' _

Minderhoud et. al., U,S. Patent WN¢., 4,960,505,
described an approach for upgrading of kerossne and fuel
oil feedstocks by £first pre—-treating the feedstock to
effect hydrodesulfurization and hydrcdenitrification o
yield a  licuid product wizh sulfur and nitrogen
contaminants at levels of less than 1,C00 and 50 ppm wt.,
respectively. Thereafter, the low impurity hydrocarbon
stream was subjected to hydzogenation to yield a high
cetane number fuel oil produet. -

Raymond, U.S. Patent No. 3,513,217, desczibed a
brocess for producing olefinic-hydrocarbdns wniéh comprise
the steps of: (a) treating a hydrocarbon charge stock
containing aromatic hydrocarbons, in contact with a
catalytic composite conteining & hydrogenation metaliic
cemponent, and at conditions selectea to satuzate aromatic
hydrocarbons; (b) separating the resulting treated effluent
to provide a hydrogen-rich gaseous phase and a liquid
phaée} (c) recycling said gaseous phase, at least in part,
t0 combine with said charge stock; (d) subjecting said
liquid phase to thermal cxackiég at conditioﬁs selected to
convert a greater proportion of éaid liquid phése into
lower boiling hydrocarbons; (e) removing a hydrocarben

3 S9BAXLY 6.DOC




10

15

20

25

D ewww & aww

stream substantially free of  hexane and heavier
hydrocarbons frem the thermally-cracked product effluent;
and, (f) separating said stream into a hydrogen-rich
gaseous phase, recycling and gaseous phase to combine with
said charge stock, and recovering olefimic hydrocarbons
from the remainder of said strean. ' |
Winquist et. al., U.S. Patent No. 5,391,291,
described an appzoach for upgrading of kerosene, fuel oil,-
and vacuum gas o0il feedstocks by first pre-treating the
feedstock to effect hydrcdesulfurization and
hydredenitrification, and thereatter hydrogenation c¢f the
resultant liquid hydrocarbon fraction to vyield a high
cetane number fuel oii product, |
It has been found that the present invention
which compriges Successive hydrotreating and hydrogénat;on
steps fcllowed by a steam cracking step results in
significant yield improvements for hydrogen, Ci=Cq
hydrocarbens and steam cracked naphtha when applied o
straight run (virgin) féedstocks; and results in high
yields of hydrégen, C;-C. hydrocarbons and asteam cracked
naphtha and reduced yields of steam cracked gas oil and
steam cracked tar when applied to low quality, hydrogen
deficient, cracked feedstocks such as thermally cracked
naphtha, thermally cracked kerosené, thermally cracked gas
oll, catalytically cracked naphtha, catalyrically cracked

kerosene,

Ja _ 388AK174.DOC
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catalytically cracked gas oil, coker naphthas, coker kerosene,
coker gas oil, steam cracked naphthas and steam cracked gas .
oils. The ability of this process to treat low quality hydrogen
deficient cracked feedstocks, such as steam cracked gas oil,
permits these heretofore undesirable feedstocks to be recycled
to extinction through the combined feedstock upgrading and steam
cracking system.

It has further been found that hydrogen, C,;-C,
hydrocarbons and steam cracked naphtha can be produced in higher
quantities in a process in which the effluent from at least one
hydrotreating zone containing at 1least one hydrotreating

. catalyst is passed to an aromatics saturation zone containing an

aromatics saturation catalyst, and the effluent from the
aromatics saturation zone is then passed to a steam cracking
zone. The effluents from the steam cracking zone are then
passed to one or more fractionating zones in which the effluents
are separated into a fraction comprising hydrogen and C,~C,
hydrocarbons, a steam cracked naphtha fraction, a steam cracked
gas oil fraction and a steam cracked tar fraction. The process
of the present invention results in improved yields of the high
value steam cracked products, i.e., ¢C~C, hydrocarbons,
particularly ethylene, propylene, and butadiene, and 'steam
cracked naphtha, particularly isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,
and reduced yields of steam cracked gas oil and steam cracked
tar.
Summary of the Invention

This invention provides an integrated process for
converting a hydrocarbon feedstock having components boiling
above 100°C into steam cracked products comprising hydrogen, C;-
C, hydrocarbons, steam cracked naphtha (boiling from C; to
220°C), steam cracked gas oil (boiling from 220°C to 275°C) and
steam cracked tar (boiling above 275°C).



10

15

20

25

30

WO 98/06794 PCT/US97/14416

The process of the present invention therefore
comprises: (i) passing the hydrocarbon feedstock through at
least one hydrotreating zone wherein said feedstock is contacted
at an elevated temperature and pressure with a hydrogen source
‘and at least one hydrotreating catalyst to effect substantially
complete conversion of oi:'ganic sulfur and/or nitrogen compounds
contained therein to H,S and NH;, respectively; (ii) passing the
product from said hydrotreating zone to a product separation
zone to remove gases and, ‘if desired, 1light hydrocarbon
fractions; (iii) passing the product from said product
separation zone to an aromatics saturation zone wherein said
product from said separation 2zone is contacted at elevated
temperature and pressure with a hydrogen source and at least one
aromatics saturation catalyst; (iv) passing the product from
said aromatics saturation zone to a product separation zone to
remove gases and, if desired, light hydrocarbon fractions and
thereafter; (v) passing the product from said separation zone to
a steam cracking zone and thereafter; (vi) passing the product
from said steam cracking zone to one or more product separation
zones to separate the product into a fraction comprising
hydrogen and C,-C; hydrocarbons, a steam cracked naphtha
fraction, a steam cracked gas oil fraction and a steam cracked
tar fraction, wherein the yields of ethylene and propylene and
butadiene in the H, and C;-C, hydrocarbons fraction are each
increased by at least about 2.5 percent, relative to the yields
obtained when either untreated or hydrotreated feedstock is
subjected to said steam cracking and prodizct separation, the
yield of isoprene and cis-pentadiene and trans-pentadiene and
cyclopentadiene and methylcyclopentadiene and benzene in the
steam cracked naphtha fraction are each increased by at least
about 15 percent, relative ¢to v’ihen either untreated or
hydrotreated feedstock is subjectedl_ to said steam cracking and
product separation, the yield of steam cracked gas oil is
reduced by at least about 30 percent, relative to when either
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untreated or hydrotreated feedstock is subjected to said steam
cracking and product separation, and the yield of steam cracked
tar is reduced by at least about 40 percent, relative to when
either untreated or hydrotreated feedstock is subjected to said

steam cracking and product separation.

Brief Description of the Drawings _

Figure 1 illustrates one embodiment of the present
process wherein a hydrogen containing gas stream is admixed with
the hydrocarbon feedstock and passed to one hydrotreating zZone
employing at least one hydrotreating catalyst. The operating
conditions of the hydrotreating zone are adjusted to achieve
substantially completed desulfurization and denitrification of
the hydrocarbon feedstock.

Figure 2 illustrates a second embodiment of the
hydrotreating zone shown in Figure 1 wherein a hydrogen
containing gas stream is admixed with the hydrocarbon feedstock
and passed, in series flow, to two hydrotreating zones employing
two different hydrotreating catalysts contained within two
different reactors.

Figure 3 illustrates a third embodiment of the
hydrotreating 2zone shown in Figure 1 wherein a hydrogen
containing gas stream is admixed with the hydrocarbon feedstock

and passed to two hydrotreating zones employing two different

hydrotreating catalysts contained within two different reactors
with an intervening product separation zone.
Description of the Preferred Embodiments

As used in this specification, the term "C,~-C,.
hydrocarbons" refers to methane, ethane, ethylene, acetylene,
propane, propylene, propadiene, methylacetylene, butane,
isobutane, isobutylene, butene-1, cis-butene-2, trans-butene-2,
butadiene, and C,~acetylenes. As useci in this specification, the
term "steam cracked naphtha" refers-to products boiling between
C; and 220°C, including isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene.
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The hydrocarbon feedstock in the process of the
present invention typically comprises a hydrocarbon fraction
having a major proportion, i.e., greater than about 95 percent,
of its components boiling above about 100°C, preferably above
about 150°C or higher. Suitable feedstocks of this type include
straight run (virgin) naphtha, cracked naphthas (e.q.
catalytically cracked, steam cracked, and coker naphthas and the
like), straight run (virgin) kerosene, cracked kerosenes (e.g.
catalytically cracked, steam cracked, and coker kerosenes and
the like), straight run (virgin) gas oils (e.g. atmospheric and
vacuum gas o0il and the like), cracked gas oils (e.g. coker and
catalytically cracked light and heavy gas oils, steam cracked
gas oils and the like) visbreaker o0il, deasphalted o0il, thermal
cracker cycle o0il, synthetic gas o0ils and coal 1liquids.
Normally the feedstock will have an extended boiling range,
e.g., up to 650°C or higher, but may be of more limited ranges
with certain feedstocks. 1In general, the feedstocks will have
a boiling range between about 150°C and about 650°C.

In the hydrotreating zone, the hydrocarbon feedstock
and a hydrogen .source are contacted with at 1least one
hydrotreating catalyst to effect substantially complete
decomposition of organic sulfur and/or nitrogen compounds in the
feedstock, i.e., organic sulfur levels below about 100 parts per
million, preferably below about 50 parts per million, and more
preferably below about 25 parts per million, and organic
nitrogen levels below about 15 parts per million, preferably
below about 5 parts per million, and more preferably below about
3 parts per million. The source of hydrogen will typically be
hydrogen-containing mixtures of gases which normally contain
about 70 volunie percent to about 100 volumé percent hydrogen.
The catalyst will <typically be 6ne or more conventional
hydrotreating catalysts having one or more Group VIB and/or
Group VIII (Periodic Table of the Elements) metal compounds
supported on an amorphous carrier such as alumina, silica-
alumina, silica, zirconia or titania. Examples of such metals

7
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comprise nickel, cobalt, molybdenum and tungsten. The
hydrotreating catalyst is preferably an oxide and/or sulfide of
a Group VIII metal, preferably cobalt or nickel, mixed with an
oxide and/or a sulfide of a Group VIB metal, preferably
molybdenum or tungsten, supported on alumina or silica-alumina.

‘The catalysts are preferably in sulfided form.

In a preferred embodiment, the hydrotreating zone
contains at least two hydrotreating catalysts in a stacked bed
or layered arrangement. ‘When a stacked bed ~“catalyst
configuration is utilized, the first hydrotreating catalyst"
typically comprises one or more Group VIB and/or Group VIII

‘metal compounds supported on an amorphous carrier such as

alumina, silica-alumina, silica, zirconia or titania. Examples
of such metals comprise nickel, cobalt, molybdenum and tungsten.

‘The first hydrotreating catalyst is preferably an oxide and/or

sulfide of a Group VIII metal, preferably cobalt or nickel,
mixed with an oxide and/or a sulfide of a Group VIB metal,
preferably molybdenum or tungsten, supported on alumina or
silica~alumina. The second hydrotreating catalyst typically
comprises one or more Group VIB and/or Group VIII metal
components supported on an acidic porous support. From Group
VIB, molybdenum, tungsten and mixtures thereof are preferred.
From Group VIII, cobalt, nickel and mixtures thereof are
preferred. Preferably, both Group VIB and Group VIII metals are
pPresent. In a particularly preferred embodiment, the
hydrotreating component of the second hydrotreating catalyst is
nickel and/or cobalt combined with tungsten and/or molybdenum
with nickel/tungsten or nickel/molybdenum being particularly
preférred. With respect to the second hydrotreating catalyst,

the Group VIB and Group VIII metals are supported on an acidic

carrier, such as, for example, silica—-alumina, or a large pore
molecular sieve, i.e. zeolites such-as zeolite Y, particuiarly,
ultrastable 2zeolite Y (zeolite USY), or other dealuminated
zeolite Y. Mixtures of the porous amorphous inorganic oxide
carriers and the molecular sieves can also be used. Typically,

8
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20 Dar to azcut 102 har) . Liquidé hourly 3szace veleocizias (LHSV)
will zZypically be in the range of from =about 9.1 £o about 1€,
prefexazly from akour (.8 & about 5 woalumes o©f liguid
nydrocarbeon per hour per volume of catalvs:s, and aydrogen €9
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15 2. 000 sra=dard cucic feet cf hyvdrogen per FLkarrel ¢ fes
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sucstancially complecte desulfurization and denitrilicaticn,
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preferably kelow akout 2% parts per million, and ozganic
2. nictxogen levels below about 15 parts per millicn, preferably

beilcw about S parts per miillion, anéd more preferabiy belcow
aobcut 3 parts per millionm.

Alternatively, the hydrotreating step may ke carried
sut utilizing two or mere hydrotreating zeres. For example, in
0 one embodimen=, the hydrotreating step can be carried out in

“he manner descriped below in which two zones, a first

nycérotreazing zone and a second hydrotreating zcne, are used.
In tha first nhydrctreating zone, the hydrocarbon
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bar to asout 102 bar). Liguid hourly space velocitias (LHSV)
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SCF/BBL (from akout 0.17 to about 0.8 m /1), most preferakbly
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acout 0.53 m’/l). These conditions are adjusted to achiave the
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raduce the organic¢ sulfur level to below about S00 parts ger
milliion, preferzbly below abcut 200 parts per million, and the
organic nitrogen level to below about 50 parts per million,
oreferably telow about 25 parts per millicn.

The product from the first hydrotreating zone may

then, ortionally, Ybe passed to a means whereby ammenia an

hydrogen sulfide are removed from the hydrocarbon product by

nvencional means. The nydrocarbon product frcocm the £irst
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Tywically, it i3 desirable cthat: the nvdrotrsated sroduct
ontainzd from the hydrotreating zone or zonss have an organic
1fur level below about 100 parts ver millien, prefsrably
low ebcout 5S¢ parts per miilion, and mecre preferably below

and an organic nitrcgen level selow
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5 p2r nillicn, preferapvly below about
million zand mere preferakly belew akout 3 parts per million.

It is understood that tne severity of the cgrerating conditions

(2 Y
f
Q.

i3 decrzased as the volume ¢ the ¢k and/ocxr the level of

. nizrogen and sullur contaminants to the secend hydxotreating

W

-zone is decreased. For example, *f product gases, including H;S
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and NE; {ammon:a;, and, opticnally, light hydrocarkon I[racticns

ara removed afrer zhe first hvdérotreating
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zone, then the temperature in the second hydrotreating zone will
be lower, or alternatively, the LHSV in the second hydrotreating
zone will be higher.

The catalysts typically utilized in the second
hydrotreating zone comprise an active metals component supported
on an acidic porous support. The active metal component, *"the
hydrotreating component", of the second hydrotreating catalyst
is selected from a Group VIB and/or a Group VIII metal
component. From Group VIB, molybdenum, tungsten and mixtures
thereof are preferred. From Group VIXII, cobalt, nickel and
mixtures thereof are preferred. Preferably, both Group VIB and
Group VIII metals are present. In a particularly preferred
embodiment, the hydrotreating component is nickel and/or cobalt
combined with tungsten and/or molybdenum with nickel/tungsten or
nickel/molybdenum being particularly preferred. The components
are typically present in the sulfide form.

The Group VIB and Group VIII metals are supported on
an acidic carrier. Two main classes of carriers known in the
art are typically utilized: (a) silica=-alumina, and (b) the
large pore molecular sieves, i.e. zeolites such as Zeolite Y,
Mordenite, Zeolite Beta and the li);e. Mixtures of the porous
amorphous inorganic oxide carriers and the molecular sieves are
also used. The term %“silica-alumina" refers to non-zeolitic
aluminosilicates.

The most preferred support comprises a zeolite Y,
preferably a dealuminated zeolite Y such as an ultrastable
zeolite Y (zeolite USY). The ultrastable zeolites used herein
are well known to those skilled in the art. They are also
exemplified in U.S. Patent Nos. 3,293,192 and 3,449,070, the
teachings of which are incorporated herein by reference. They
are generally prepared from sodium zeolite Y by dealumination.

The zeolite is composited-with a binder selected from
alumina, silica, silica~alumina and mixtures thereof.
Preferably the binder is alumina, preferably a gamma alumina

12
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binder or a precursor therets, such as an alumina aydregel,
luminum trihydroxide, alurwinum sxyvhydrexidse or gssudoblenmice.
The Gocup Vid/Group VIII second nycdrctrazcing

catalysts ar=s pLeFM'ublv sulfided mprior to sz
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nydrctreating zone. Typically, the catalysts are suli:iced kj
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heating the catalysts to elevated tamperatures (e.g., 200-400:Ci
in the presence of hydrcgen and suliur or a suliur-centaining

mate -lal.
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s ssturacien zcna, nowever, the liquid hyd

Tz the aromatics saturation zcne, the product Izem
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aromaktics sa':ﬁra:ion catalyst. The operating cond
aromatics saturaticn zore gecerally inciuce a temrparature
between about 20Q00¢C and about 370°C, preferably becween about
25 250°C and ebowuc 330oC, and most »nrafiszrably ketwsen about 278

and about 350:C, zand

1]

gressure i the range of from about 407
psig to =z=bout 3,000 psiz (from akout 27 bar =5 akcut 204 bar),
preferably in the range of from about 400 psig to abkourn 1,500

ig {from about 27 bar to abecut 102 bazx), more gr

m
N\
d
o
|
s
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5

30 the range of from about 400 psig two abkout 1,000C psig (Zrom
-about 27 bar to zbout €& bar) and most preferably in tie range
of from about 400 psig to about 6090 psig (from about Z7 zar to

abouz 41 bar). Space velocities tectween about 2.1 and about

)

f2rably between 0.3 z2nd z and most

It

4, pre

(

10 volumes of 1igquid hnvdrocarbon per hour per velune of
3% "catalyst can ke applis
' 2

efara_bly betwesr 1 d

o

Hydreogen/faedsteck raticos hetween



trihydroxi.de
0xyhydrcx2.de
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apout 2,000 ané akout 15,000 SCF/BBL (about 0.35 to about 2.67

m/1}, preferakly between about 3,000 and abcut 10,029
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CFT/ZBL ‘abou- .53 to about 1.78 m’/l), and most praferably

petween aboutr 4,200 and about 8,027 SCTF/EBL (apcut 2.71 to

1)

spout 1.42 m's/Ll), can pe suitably applied. It should be ncted

that the rempsrature to ks appliad is dependent on the nature

0F the feadstock te ze satuzated and the volume ¢f feedstock
c

s saturation zone. ™vpically, a
s

cemperacuy will he chosen wnich zlliows substancial
hydrogenatict. of he hydrogenaczable Compenancs in “he
fecedstcck, . &., st ieast awncut 7C0% of the tcial amount cf
cemponents tc be hwdr rogenated. It is prefexable to caryy cut
cromatice saruration under cendicions which allow at least 30%
conversicn oy nvdrogenation of the hwdreogeratable componants.
with grea-er tha SC% converslom by aydrcgenaticn  hsing
rvarticularly grefarred 3 & propexr choice oI tamperature and

cressur2 for tas azcmatics saturatical zoéne, moxe chan 35y of
ch2e hydrogenaszable components can de hydrogenated wichour
causzing s:bstantial simulitaneous molesilar weight redusticn due
o hydragenolysis ¢f carcon - cerken single bonds. Generally,
aromatics saturzzion is preferably »performad at zeiatively low

camperacures whizh faver the hvdrogenation 2quiiibrium wihile

simultaenecusly minimizing undesiraple Telecular welizsht
reduction raacrions due to carben - carcon cend scissicn.

Aromatics saturaticn catalysts suitcable
inventicn nave keen described by Minderhcad =2t. al. in U.S.
Wingquier et. al. in U.S. Pat

€
s of wnich are incorxporacted herein by

Tha aromatics saturation catalysts typically uzed in

zhe aromatics saturation (hydrogenaticn) zome of the present

process somprise <one 0¥ fere Group VIII nckle metal

hydrogenacion cermfonents suppor ted on an amorphous support s

as alumirna. silica-alumina, silica, rtitenia or zirconia, oY
a crystalline SUpvor:c such as

es, aluminorhospih silicoaluminophcspnates 2r

a
S. LArge gcre zeolites such as Zeolite Y,
e
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are preferred aluminosilicates. Catalysts which contain a
crystalline support are generally formed with an amorphous
binder such as alumina, silica, or silica-alumina, with
preference being given to the use of alumina. In particular,
the aromatics saturation catalysts are preferably based on or
supported on certain modified Y-type zeolites having a unit cell
size between 24.18 and 24.35A. The modified Y-type materials
also typically have an SiO,/Al,0, molar ratio of at least about
25, preferably about 35:1 and more preferably, about 50:1.

AThe Group VIII noble metals suitable for use in the
aromatics saturation catalyst comprise ruthenium, rhodium,
palladium, osmium, iridium, platinum and mixtures thereof. Very
good results have been obtained with combinations of platinum
and palladium. The use of aromatics saturation catalysts
containing both platinum and palladium is preferred since such
catalysts allow relatively low hydrogenation temperatures. The
Group VIII noble metals are suitably applied in amounts between
about 0.05 percent by weight and about 3 ‘percent by weight,
basis the carrier or support material. Preferably, the amounts
of noble metals used are in the range between about 0.2 percent
by weight and about 2 percent by weight, basis the support
material. When two noble metals are utilized, the amount of the
two metals normally ranges between about 0.5 percent by weight
and about 3 percent by weight, basis the support material. When
platinum and palladium are used as the noble metals, normally a
platinum/palladium molar ratio of 0.25-0.75 is typically
utilized. '

After the starting hydrocarbon feed has been subjected
to a hydrotreating step and an aromatics saturation step, the
hydrocarbon product from the aromatics saturation zone is then
passed to a steam cracking (pyrolysis) zone. Prior to being
sent to the steam cracking zone;: however, if desired, the
hydrocarbon product from the aromatics saturation zone may be

15
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passed tc a fraccicnating zeore for removal cf product gases.

In the steam cracking zone, the product Irem :tze

arometics saturaticn zene and steam are heated wo cracking

TeTperaturas. The operating condi tions ofF
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zcne rnormally irnclude a coil outlet temperature greater than

about 700¢C, ir particular Tetween abou:z 700eC and 925°C, zand
creferably GLetween about 750¢C and about 800-C, with steam
present 2t & st=zam te hydrocarben weight ratic in the rangz of

from akouz ¢.1:%1 ts azmpcut 2.0:1. The coil outlet pressure in
(@}

e
0 »sig to abcut 73 gwsig (acour (O bDar co about S Car
5C psig

;.-
te}
T
Q
)
&
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c
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preferacly in :the rauge of from avout C psi
fezout (€ Zar to apout 4 bar). The residence time Zcr the
cracking reacticn is tvpically in tha réarge of from abcuc T.01
second o ebout 3 secords and preferably i the range of from
abcutn 2.1 second :c abcut 1 second.

Af-er <hs starting hydrocarbon £fced has Ceen
ted to a ﬂ\cvotLea;-nﬁ step, an arcmatics saturation
s=er, and a steam cracking stew, tha effluent frocm the steam

crackine =ztep mxay be sent to one or more fracticnating zcnes

wherein the ef#fluent is sepzrated intc a fraction comprising
hydrogen and {:-Cy hyérocarbens, a steam cracked napntha
fracticn poiling from Cs te abour 220¢C, a steam cracked gas cil

re

fraction boiling in trne range of frcm abeut 220¢C to abcut 2

and & steam cracked tar fraction heiling above about 273:C. Trhe

amount oI the undesirakle steam cracked precducts, i.e., steam
crackad gas o1l and stz cracksd tar, octained utilizing the
process o tle prasaent invention is guite low. The vield ot

steam cracked gas oil is reduced by at least about 30 percent,
relative o that cbtain
]

d when either untreaced or nydrotraatecd

n

feedstock is  subjzcted to  steam cracking ané product

0
seraratiocn, and the vield of steam cracked tar is readuced by at
least about 40 percent. relartive ts that obtained when either

untreated or
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hydrotreated feedstock is subjected to steam cracking and
product separation.

The pi:ocess according to the present invention may be
carried out in any suitable equipment. The various
hydrotreatirig and saturation zones in the present invention
typically cdmprise;dne or more vertical reactors containing at
least one catalyst bed and are equipped with a means of
injecting a hydrogen source into the reactors. A fixed bed
hydrotreating and aromatics saturation reactor system wherein
the feedstock is passed over one or more stationary beds of
catalyst in each zone is particularly preferred.

The ranges and limitations provided in the instant
specification and ~claims are those which are believed to
particularly A point out and distinctly claim the instant
invention. It is, however, understood that other ranges and
limitations that perform substantially the same function in
substantially the same manner to obtain the same or
substantially the same result are intended to be within the
scope of the instant invention as defined by the instant
specification and claims.

Detailed Description of the Drawings

For a more detailed description of the invention,
reference is made to the attached drawings, Figures 1, 2 and 3,
which are simplified flow sheets illustrating particular
embodiments of the invention. .

In Figure 1, hydrogen via 1line 1, hydrocarbon
feedstock via line 2 and, optionally, recycled steam cracked
naphtha via line 18 and/or steam cracked gas oil via line 19 are
passed into hydrotreating zone 3. The hydrotreating catalyst 4
in the hydrotreating zone 3 typically comprises one or more
Group VIB and/or Group VIII metal "compounds supported on an
amorphous carrier such as alumina, silica-alumina, silica,
zirconia or titania. In one embodiment, hydrotreating zone 3
may also contain a second hydrotreating catalyst in addition to
hydrotreating catalyst 4. In this embodiment, the second

17



hydrotrearing catalyst tyoically comprises one or more Group

VIR and or Group VIII metal compounds sSupporied On &n acidic
DOrous Support. Freferaply, the two hydrotreating catalysts

are arranced in a stacked hed cor layered coniiguration with

3 nydrotreating catalyst 4 bein cn  tep  and the second
hydrotreating catalyst ceing on bottom

liydrotreating zone 3 is typically cperated &=z

temperatures in the range of frcm about 20CeC tc abeub S59¢C,

praierakcly frem acout 2568 o about 500:C The pressur=2 in the
L0 hydrstreating zone is gensrally in tne2 range of frem about 480
psig to about 3,007 psig (akout 27 par foc ascut 204 par),

creferaply frsm adbcut 400 p3sig o about

per to apout 102 bar). Liguid nourly space vyelocities (LEIV)

[
W

£
creferacly £from ebout 0.3 to 2kout I volunss cf

hydrcecarben per hour rer volume of catalyst, and aydrcgen o
OLL ratics will be in zhe renge ¢©I from abocuz 500 o abcut
12,000 standaxZ cunic FTest of hycrogen ger bparrel of feed
\SC¥/BBL) (from akout 0.0892 to ebout 2.0 standard cubic meters
22 per liter {m'/L)). preferably from akbout 1,0{C to abcut 3,000
SCr/BBL  (from about (.17 to abou:z 0.3%9 m/l), most preferably
from azcut 2,000 zo abecut 2,000 SCF/B3L (Zzem anout .33 &2
absut 0.53 m’/1). I is Jdesirakle in hydrotreating zone 3 td

raduca zha organic sulivr level to below zbout 100 tarts per

23 millien, p arably belcw about 50 parts per million, and mere
greferacly rslow about 2% parts per million, and the orgenic
nitrcgen leva: to below arcout 15 parts per million, preaferzbly

below abkout § parts per million, and more preferasiy below

about 3 parts per millicer.

one 3 is

~

30 The total effluent Zrom the hydrotreating
withdrawn via l:zne 5 and passed through 2 separator 6§ whare

gaseous nroducis i.e. hvdregen, ammonia and hydrogen sulfide

are remcved through line 7. Optionally, = lignt hydrccarbon
Iracticn meay a2lso be removed before the liquid nydrocarkon
33 stream is wichdrawn from the separator & wvia line 8. The

liquid hydrocarpon stream in line &8 and nydrogen via line & are
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then passed in:io aromatics saturacticn zone 1C.
The aromatics saturation catalyst 11 ctypically used

in rthe aromacics saturazion zcne 10 ci the present process
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comprises one or more Group VIII novle metal hydrogenation
componencs supported on an amorphous cor crystalline suprors:.

Aromaciscs saturacion zone 1C 1s typically operated at

cemperarures ketween abkout 200C and about 270eC, preferably

5 serween about 250¢C and about 3500C, and most preferakly between

about 275¢C and about 250eC, and a pressure in the range of Zrom

about 400 psig to about 3,000 psig (from akout 27 kar to adout

224 bar), prefsrably in the range of from asout 400 psig to
abous 1,300 psig (from about 27 bar t©o about 102 bar), more
19 praferablyv in the range of from about 400 psig to akout 1,000

-

psig (from about 27 kar tc about €8 bar), and most prefesrably
ia the rarnge of from abcut 400 psig to about 500 psig [(from
about 27 bar to abour 41 par). Liguid hourly space velocities

in the aromatics saturation zome are typically in the range of

-
wl

from about 0.1 to about 12 volumes of liquid hydrocarbon per
(S

hour per wvelume of catalyst, preferably IZrom abcut C.S te about

(92

ard mcre preferably frxom cbout 1 to about I,

Hycrogen/ fsedstock rct os between abcut 2,000 and aceut 15, 30C
SCF/BBL (about 0.35 to abeout 2.587 m'/l), preferably bhetwasn
3,060 and about 10,500 SCF/BBL {abecut 0.53 tc about 1.78

o' /1), and most preferably between abouz 4,000 and about 5,000

)
(o4}
fu
s
(@]
[
T

c7/B3L  (about 0.71 to abouz 1.42 m'/l), =an be suitably
1ed. Generally, a tamperature will be chosen which allows
tantial hydrogenation oI the hvdrogenatable components in
25 the feedstock, i.e., at least about 70% ¢ the total amount of
components to be hydrogenated. It is preferable to carry out
’ arcmatics saturaticn under ccnditions which alleow at least 30%
conversion Yy hydrogenation of the hydrogenatable ccomponents,
with greater cthan 90% conversion by hydrogenation being

30 parciculariy preferred.
The tctal effluent from the aromatics saturation zone
10 is withdrawn via line 12. If desired, the prcduct frem
aromatics saturation zcne 10 may be passed to a separator whare
gasecus products i.e. hydrogen, ammcnia and hydrcgen sulZide,
387 and a iight hydrocarbon £fractiorn can ke remcved. The product
from the avomatics saturation zome in line 12 and steam via

19
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line 13 are then cassed inko steam cracking zone 14.
In steam cracking zone 14. the produc: IZrcm the

2yoratics saturation zone and steam are heated to ¢racking
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cemperatures. The operating ccnditions of the steam cracking
zone normally include a coil outlet cemperature greatar than
akbouz 79CeC, in particular between apout 700C and 9$2%°C, and

oreferacly betwsen about 750°C and about 9C0°C, wizh steam

S praszent at a steam to nydrocarcen weight ratio in the range of
from aboue J.1:%1 To about 2.0:1. The ccil outlet pressure in

r
the steam cracking zone is ctypically in the range of from abcut
0 psig =S¢ about 75 gpsig {about O Ttar <o about 3 kar),
sreferably ir the range cf from abeuz O psig tc abcut S0 psig

i The residence time ZIor the
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cracking reactizn is typically in ths range of frem abouz 0.01
second to about 5 seconds and preferzkly in the range of Zzom

about 2.1 second to akout 1 seccnd.

The zotal effluent from the steam cracking zone 14 is
1S witnérawn via line 15 and passed to fractionation zone L& where

a fraction comprising hydrogen and (;-C; hydérecarbons are
removed tarcugh line 17, sTeam cracked naphtha (beiling katweesn
Cs and 220°C) iz reroved cthrough line 15, steam cracked gas oll

Loiling in the rang= o°of from about 220:C to zbout 275eC 1is
e
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rreams ramoved via line 138 and
~ine 15 may cpticnally recycled to line 2 hydrocarbon feedstock
2o the nydyrotrseating zcne 3), and steam cracxked tar =ociling
above azout 273°C is removed thrsugh line 2C.

In Figure 2, the hydrotreating porticn of the precess

23 {nydrectreating zone 3 in Figurs 1} is carried ocub using twe
. hydrotrearing zones, i.e., first hydrocreating zone 21 and
second hydrozreating zcne 24. The first hydrotreating cacalyst
22 in first nhydrotreating zone 21 will typically comprise one
Or mcxe CGroup VIB =a2nd/er Group VIII metal cempounds supported
30 et an amorphous carrier suck as alumina, silica-alumina,

silica, zirconia cr titania.

()

First nvdrotreating zone 21 1s generally operated at
temperatures in the range of from akout 2000C tc akout 550,
£rom akout 250eC to about 500e¢C, and more treferably

275°C to about 4250C. The pressure in the first
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nydrotrearcing zone is generally in zhe range of Irom about 400
9sig rto about 3,090 psig (about 27 bar to about 204 bar!,

oraferably from about 400 psig to arout 1,500 psig (abecut 27
Bar ce abous 102 nar). Ligquid hourly space velocizies (LESV)

ypically be in the range of Zrom about 0.2 to abou
preferably from about 0.5 ©o zbout 1 velumes of 1

hydrecarbon per hour per veiume of catalyst, and nydrogen t©o
0Ll vatios will ke in the range of from cbhout S0) to about

~pic feet of hydrcgen per barrel of Zeed

10,30 szandard ¢

13CF/2BL) (frcm abkout 0.389 to sbout 2.0 standard cubic meters
ser liz2r im'/lj;, preferably frem aboutn 1,000 te about 5,003
SCF/BBL (from arcuc 0.17 to abous 0.89 m'/l), mos: cr=ferakbiy
from abcut 2,008 to about 3,000 SCF/EBL (from about 0.33 to
about £.3% m’/l). These conditions are ad-uszed to achisve che
desired degyee of cdesulfurization and dezicrificatior.
Tvoically, 1t is desiradle in the first Zrvdrotreazing cone to

reduce the organic sulfiar level to below zbsuc 200 parts per

mzllicn, preferakly telcw azcut 200 partcs per milliorn, and the
organic nicrogen level to »helow about 372 parcs per =milliion,
preferacly below abcut 28 parts per million.

The %total effluent fzom fizst hydrctrearing zone -2

centacted with  s=eond hyvdrotrsezing catzalyst 28 Seccnsd
nycrotreafing catalyst 27 typically comprises one or mor2 Group

VIR and/cy a Group VIII metals

In second nydrotrearning zone 24, the totail 2:ifluent
trem IZirst rnydrotreating zone 1  is contacted with seccend
tydrctreating catalysz 25 at temperature in the range of from
zbout 200~ tc about £509C, preferably frem abou:- 2850¢C tc about
S00<C, and more prefaranly, from apout 275¢C to about 42%5¢C, &
liguid hourly space welecity (LHESV) of about 0.1 to about 10
volumes of liguid hydrocarbon per hour per volume of catalys:,
preferably ebcut 2.7 to about 5, and a cotal prassure witain
the range c¢f akouc 400 psig te abeus 3,300 psig (about 27 bar

t> about 204 bkar), preferably froem about 400 psig te abouc
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1,000 to 3,000 SCF/BBL {(frem about 0.17 to akout C.E89 m'/1l), and

most creferably Ffrom about 2,000 to 3,000 SCF/EBL (from afpout

0.35 to about 0.33 m/1). These conditiens are adjusted to
achieve substantially complete desulfurization and
5 denitrificazicn. Topically, it is desiraple in the second

hydrotreating zeone to reduce the organic sulfur level to below

about 10C parts per million, preferabdly belcw abou:t 20 parts

per millicn, and most preferably bcelow zbout 25 parts per

rillion, and the organic nitrecgen lavel rtc telow abcut 15 parts

‘LG per nillilon, prefsrably below arout 3 parts per million and
rost prefsrably telow about 3 parts per millicn.

The cotal 2ffivent from the second nvdrctreating zone

24 is withdrawn via l1line £ and passec ¢ separator € where

gaseous produchts, 1.2. hydroegen, armmonia and hydregern sulf:icde

via lins 7. Qptionzliy, a light hydrocarhen

Ht
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racticn mav alsd> be removed Lkefore the preduct frem seccnd
hydrotreating zzne 24 i1s passes via Lline 8 To the aromatics
saturation zZzne 10.

3, trhe nydrotreaning vortnicn <f the process

vy

T e
20 {rydrotrsating zone 3 in Figure 1) 13 carried out us
hydrotreating zones, i.e., £first nydrotreating zcne 21 wrich
contains first  nydrotreating catalyst 22, aand  secocndé
hvdrotreating zone 24 which <contains second hydrxetreating

catalyst 23, as 1in Figura 2, with a serarator 2¢ retween the

25 twos hydrotreating zones.

In this embodiment, the total eiffluent frem the first
. hy&rotreating zone 2. which centains the Zirst hydrotreating

catalyst 22 is withdrawn via line 2 and passed to separator 26

z
J
0
iy
(0
[T
o)
wn
®

ous prcducts, i.e. hydrogen, ammonia and hydrogen
30 sulfide are removed through line 27. Cptionally, a light
' hydrocarbon fraction may be removed befcre tha product from the
first hydrotreating zone is withdrawn f£rom the separator 26 via
line 28. The liquid hYdrocarbon stream in line 28 ic then
vassed to the second hydrctreating zone 24 which contains the

33 second hyvdrctrsating cataiyst 25.
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The tota. erffiuent from the seccnd hydrctreating zone
24 ig rpen withdrawn via line I and passed ¢ separater 6 where

gazecus uvroducts i.2. nydrogen, ammenia and hydzogen sulfide
are removed wvia line 7. Cptionelly, 2 lignt hydrccarbon
fracticn may also e removed beforza the prodiuct from seccnd

hydrcoreatin passad wvia 1line 8 to trhs aromatics

lﬁ
§

O
a
1]
N
'.l
m

saturation zene 172,

‘(.

The invercion will now pe dzscribed by the Eollcwing

examples wnicnh arzs illustrative and are nact incendsd Lo 2e
conztrued 25 liniting the asceze of the invention.

- s .

Zllustrative Bxbodiment 1

Examp_e 1 and Comparative Example 1-3 oelow were ealn

1o, Cemparative

hich has oDeen scbjected =

4 commercial alumina supported nickel/molybdenun

cetalyst {1/20% trilobej, availadis under thae name oI T-411
from Critericn Catalvys:t Company, was ussd a2 the Zfilrst

hydrotreating catalys: (catalyst A} while a cemmercial
protetype hydroprocessing catalyst (178" cylinder), available

under the name of HC-10 from Linde AG was used as tne second

“hy rotreating catalyst (cazalyst B}.

The catalysts A and 3 were operatasd 1in  the
hydrotreating zcne as & "stacked bed" wherein the feedstock &nd

hydrogern were contaccad with catalyst A firsc and thereafter

wWwith cazelyst B; the vclume ratio of the catalysts (A:B) in ths

hydrctreating zone was 2:1. The fez=d stock was hydrotreated at
370eC (7036eF), &CC psig (41 bar) total unit pressure, sn cverall
LESVY of 0.33 hr* and a hydzogen flow rate cf 2,900 SCF/BEL
(0.52 mi/Ll).

23
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Hydrotreating of the AGO feed consumad 530 SCF/BBL

0.093 m'’/1l; <f nvérogen and rvesulted in the dSrocuction of 2.9

percent by welght of light gases (methane, ethane, propane end

puzane) and 10.5 percent by weight of ligquid hydrocarben
Cs and 150C ({30CeF).

Aft=r hydrotreacing, the hydrocarbon rproduct was

wn
o
O
b-
._J
(C(
o
1]
a
2,
[{J
{D
151

‘distilled =0 remove the liquid hydrocarbon fracsion beoiling

The distillsd hydrctreated ZIfeed was fthen passed ©o
10 —he aromatics sacturation zone where 1t was contacted with
nydrogen and a commercial zeelite supported giatinum  anc
1ladium z2romatics saturation catalyst (catalys: C), awvailakle
ynder the name oF 2-704C from Zeolyst Incernationatl. The
aromatics saturation zone was operatad at 3i3eC (€J0¢F), €20
zsig (41 Dbar) total unit cvressurxe, LHSV of 1.2 nr and a
avdrogen flow rate of 5,3CG0 SCF/BBL (0.85 ='/1).

95
wy

remakbics satura d
AGC feed consumed 420 SCFP/BBL (J.2€4 m’/l) hydreogen ard resulted
in the productiscn of 0.4 gexcenc by welght ¢f light gases
2C imethane, ethane, propane and butane) and 5.8 percent oy welght
of liguid hydrccarkon boiling becween Cs and 150<C (3
After arcmatizs saturation, the ayd&rocarbon  oroduct

tililed to remove the liquid hvdérocarton fracticn boiling

=
i)
L]
{L
rl
th
(3 l

oelow 188¢C  (2650F) . Tollowing aromatics saturation, the
t

[
W
[a
'.‘
(1]

tiiled saturatzd AGO had the properties shown in Table 1.

The diszilled saturated AGO was then passed to the

steam <ZJracking zon2 wrere it was contacted with steam at a

ct

tamperature cf 775 to 780¢C, a pressure cf 10 to 13 psig (J3.68
ar to 1 bar), and a stzam to hydrocarxkon weight ratio cI

C:L o 0.45:%2. The residence time in the steam cracker was

[¥9]
{ =2

3

.4 tec 0.6 seconds. The steam cracked product was thsn sent tc
fracti onat-ng zecne tc quantify ctotal hydrogen (Ez) and Ci -Cs
hydrocarberis, steam cracked napatha (SCN). steam cracked gas
211l (SCGC), and steam
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cracked tar (SCT). The steam cracking results are presented in
Table 3 below.
Comparative Example 1-A

A 100% Atmospheric Gas 0il (AGO) feed was treated in
the same manner as Example 1 above except that the AGO feed was
not subjected to aromatics saturation prior to steam cracking.
Following hydrotreating, the distilled hydrotreated AGO has the
properties listed in Table 1 below. The steamAcracking results
are presented in Table 3 below.

TABLE 1

Properties of AGO Feed, Distilled Hydrotreated
AGO (Comp. Ex. 1-A) and Distilled Saturated AGO (Ex. 1)

Distilled Distilled
AGO Hydrotreated Saturated
Feed AGO AGO
(1-A) (Ex. 1)
wt. & C 85.92 86.54 85.76
wt. $ H 12.69 13.54 14.34
wt. & S 1.188 <1 ppm -nil-
Ppm wt. N 212 <l ppm -nil-
Density, g/cw’ 0.8773 0.8428 0.8213
@ 15°c
Simulated Distillation, D-2887 (ASTM), °C
IBP 216 173 181
5% 258 212 200
10% 274 231 211
30% 306 286 261
50% 325 312 298
70% 343 333 323
. 90% 369 363 355
95% 384 379 369
FBP 434 429 416

The untreated AGO, the distilled hydrotreated AGO of
Comparative Example 1-A, and the distilled saturated AGO of
Example 1 were analyzed by GC-MS in order to determine the
structural types of the hydrocarbons present. These results are
shown in Table 2 below. As can be seen in Table 2 below, the
process of the present invention (Example 1) is effective at
reducing the aromatic content of hydrocarbon feed streams with
a concomitant rise in the quantity of both
paraffins/isoparaffins and naphthenes.
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Molecular Structural Types Observed in AGO Feed,
Distilled Hydrotreated AGO (Comp. Ex. 1-A), and
Distilled Saturated AGO (Ex. 1)

Distilled Distilled
Relative Abundance of AGO Hydrotreated Saturated
Various Molecular Feed AGO AGO
Types, Vol. % (1-3) (Ex. 1)
Paraffins/Isoparaffins 24.62 29.03 31.84
Naphthenes 41.64 45.76 64.13 -
Aromatics . 33.73 25.22 4.03

TABLE 3

Laboratory Steam Cracking Yields for Gaseous Products,
Naphtha, Gas 0il, and Tar

Distilled Distilled
Product Yield wt. % Hydrotreated Saturated
Based on Feedstock AGO AGO
(1-2) (Ex. 1)
Total H, and C,-C, Hydrocarbons 57.72 64.75
Total Others C; and Greater 42.28 35.25
SCN, C4=220°C (430°F) 23.26 27.50
SCGO, 220-275°C (430-525°F) 7.13 3.22
SCT, 275°C (526°F) and Above 11.88 4.52
Total 100.00 100.00
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TABLE 3 - Cont'd

Laboratory Steam Cracking Yields for Gaseous Products,
Naphtha, Gas 0il, and Tar

Distilled Distilled

Product Yield, wt. % Hydrotreated Saturated
Based on Feedstock ' AGO AGO

(1-A) (Ex. 1)
Selected Gaseous Products
Hydrogen : » 0.52 0.55
Methane 9.18 10.33
Ethane 3.98 4.27
Ethylene 19.14 21.75
Acetylene 0.11 0.15
Propane 0.59 0.64
Propylene 13.91 15.12
Propadiene & Methylacetylene 0.25 0.32
Butane & Isobutane 0.14 0.16
Isobutylene . 2.14 2.42
Butene-1 2.30 2.67
Butadiene-1,3 4.22 5.02
Butene-2 (cis & trans) 1.25 1.36
C, acetylenes 0.00 0.02
Selected Liquid Products
Isoprene 0.88 1.20
Pentadiene (cis & trans) 0.70 0.93
Cyclopentadiene 1.51 1.89
Methylcyclopentadiene 0.86 1.08
Benzene 4.26 6.17

As can be seen in Table 3 above, the yield of each of
the particularly valuable steam cracked mono- and diolefin
products in the AHZ and C,-C, hydrocarbons fraction, i.e.,
ethylene, propylene, and butadiene, is increased by at least
about 8 percent; the yield of each of the valuable steam cracked
diolefin and aromatic products in the steam cracked naphtha
fraction, i.e., isoprene, cis-pentadiene, trans-pentadiene,
cyclopentadiene, methylcyclopentadiene, and benzene, is
increased by at least about 25 percent; the yield of the low
value steam cracked gas o0il producf is decreased by about 54
percent and the yield of the low value steam cracked tar product
is decreased by about 62 percent when the process of the present

27
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invention comprising hydrctreatin

g, Aaromatics saturation and
steam cracking (Zxample 1) is utilized relative to the yields
obtained when the feed is subjectad to hydrccrezsting only priox

t> steam cracking (Comparative ZExample 1-3) .

W

Illustrative Embodiment 2

lcw were each

-~

Example 2 and Comparactive Example 2-A be

carried out using a hydrctreated 100% Heavy Atmospheric Gas 01l
(HT-HAGO, feedszock having tihe properties shown in Table 4

below, and Comparative Examples 2-B and 2-C were carried ouc

19 using a 100% Heavy Atmoscheric Gas 01l (RACGC) fesdstock having
the properties shown in Takle 4 below. Example ¢ illusctrates

the process cf the present invention. Ccmparaczve =Zxarnple 2-2
<

illustrzres HAGC which has Leen subjected to hydrotrzztin

steam cracking. cemparazive

,_.
W
u
fu
(

o

To
es unitraa<ed EAGC which has Dreen staeam cracked.
Ceaparative Example 2-C illustratss HAGO wihichk  ha

s
zubjected to nydrotreating using & szacked bed of twe

.
20 steam crackin

The following example dascribes thie prccess using -he
crxibad abgove to nwvdrzsgygenakte € catalyst) A

a es
otreated 100% Heavy Atmcspheric Gaz 0Jil rfeadstock (¥T-

[ )
(9]}
ke
G
o K

2 ccmrmercial zeolits supported platinum and palladium

cataiys:z. awvailable under the name of 2-704C Zrcm Zeolysc

wonal, was used as the aromatics saturation catalyst

The already hydrotreated feed KHT—HAGO) and nycdragen

G
(]

were passed to the aromatics saturation zone and coritacted with
catalyst C. The aromatics saturation zone was operatad at 30C<C
(373eF), 600 psig (41 bar) cotal unit pressure, an LHSYV of
ané a hvdrogen flow rats of 5,000 SCF/SBL (0.45 m’/%) .

35 Aromatics saturzaticn of the ET-HAGO feed cernsumned 320

2 Y ] ' g
0.09 m/1) hydrcgen and resulted in. the production of
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1.4 rercentc by weioht C): J.l 1T ases (metha.,.-_ , ethane, proyane
pk_._\.er‘ Y 14 g 9
eareer 1€ by ‘ﬂ'eigh:. of qul.)ij h\(\.‘roca_rbon

(V8]

and obucare) and 13.
boiling betwes=n C: and 150¢C [(Z00¢F).

afier aromatics saturaticn, the hydrocarbon product

5 was Sistilled to remove thes liquid nvdrocarben frac:ticn boiling
Below 18Zel  (3650F) . Follewing aromati<s saturation, che

distiliad =zaturated HT-HAGO had the prepert:iss shown in Table

Thae distilled saturated HT-HAGD was then passed te
16 che steam cracking 2one whers it was contacted wich steam at

bar tc 1.7 taxl, and a stsam o hvdrecearbon weight ratic of
3.3:1 to U.45:1. The residence time in the steam cracker was
0.4 to 0.6 seconds. The steam cracked prcduct was then sent to
5 a fractionating zcrne ko quantify total hydregen (H:) ancd C(-C:
hvdrocartons sTRam crackéd naphtha (SC¥) ., steam cracked gas

oil (SCGQO), and steam cracked zar (SCT). The s+team cracking

rasults are prezented in Table § kelow.
e

Comparziive Examole Z-2

20 The hydrctreated 100% Heavy Atmosprneric Gas 2il! {HT-
HAGY: Zeed of IZxamcle 2 above was treated in the same manner as
set forth in Zxample 2 asbove, except that the RT-HAGS was not
sucijected to aromatics satura:zion. The steam cracking results

23 Comparative =Ixample 2-B

An uncreated 100% Heavy Atmosnharic Gas 0Ll (HAGO)
1

- feed was st2am cracked using the procadure set forth in Exampls
2 above. The steam cracking results are presentec in Table 6§

below.

33 Comparative Example 2-iC i
Trhe untreated 100% Heavy Atmospheric Gas 0il (HAGQ!
feed of Comparative Example 2-B above was hydrotreatad using
two hydrotreating catalysts in a stacked bed system as fcllows.
A commercial alumina supperted nickel/molybdenum
3S catalyst, availlakle under the name of Kr-7%6 £from Akzo

Chemicals




Tmc., .3.A., was used as the £first hydrotreating catalyst
(catalyst A) whils a commercial zeolite nickel/tungsrten
catalyst, available under the name of 2-763 <fIrom Zeolyst
Internartional, was used as the second hydrctreating catalyst

5§  (catalyst 3).
Catalvsts A and B catalysts were operated as a
"“stacked bed" wherein the ¥AGC and hydrogen contacted catalyst

A first ané thereafrer catalyst B, wich the volume ratio of the

cactalysts {A:3) ceing 1l:i. The HAGO was hydrotreatad at 160¢C

i0 {6750F), 585 psig (39.8 bhar) total unit gressure, an cverall
LASY of 9.3 1r- and & nydrogen ZIZiow rate of 2,000 SCF/BBL
(0.53 m'/Ll) |
The nydrotreatsd product was trhen steam cracked using
the procedurse set ferth in Example 2 abcve. The steam cracking
15 ~esults are prasented in Taple 6 belew. '

TABLZE 4
Jropertiss ¢f HASC Feed (Comp. Ex. 2-3), RT-HAGC (Comp. Ex. 2-A)
dyvdrosreatad HAGC (Comp. Ex. 2-C) and CZistilled Saturated
ET-HAGC (Ex. 2)
. Diszilled
EAGT Yydrotreated 3aturatec
Feed HT-HAGC HAGO HT-4AG0
(2-3) (2-A) (2=0C) , (Zx. 2}
wt., % H 12.76 13.31 131.47 14..%
pmowt. 3 12,400 8 3l -ni:-
’rR wt. N 426 <1 1 -rnil-
Density, G/cm’ 0.8773 0.8283 0,8242 0.8285%
@ 1SoC
Simulacted Discillaticn, 2-2887 (ASTM), <«
N IBF 39 41 37 162
=% 200 112 99 19¢
10% : 238 146 124 209
30% 304 255 200 272
50% 341 316 251 31s
70% 374 374 337 353
590% 421 483 388 412
95% 443 489 413 43¢
TBP 491 4396 4835 488
HT-HAGO {Comparative Hxampie 2-A7A), HAGO “—eed
(Comparative Zxample 2-3), hydrotreated HAGO (Comparakisv
20 Example 2-C) and distilled saturated HT-HAGO (Example 2) were

anaiyzed Ty GC-MSE in ordar to determine the structural tyces oI

3C
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the hydrocarbons present. These results are shown in Table §
below. The results clearly show that the process of the present
invention (Example 2) is effective at reducing the aromatic
content of hydrocarbon feed streams with a concomitant rise in
the quantity of both paraffins/isoparaffins and naphthenes.

TABLE 5

Molecular Structural Types Observed in HAGO, HT-HAGO,
Hydrotreated BAGO and Distilled Saturated HT-HAGO

Distilled
Relative Abundance of Hydrotreated Saturated
Various Molecular HAGO HT-HAGO HAGO HT-HAGO
Types, Vol. % (2-B) (2-1n) (2-C) (Ex. 2)
Paraffins/Isoparaffins 27.69 25.99 28.70 29.07
Naphthenes 38.87 46.16 41.29 67.25
Aromatics 33.46 27.84 30.00 3.67
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TABLE 6 )

Laboratory Steam Cracking Yields for Gaseous Products,
Naphtha, Gas 0il, and Tar

"HAGO HT-HAGO Hydrotreated Distilled

Product Yield, wt. % (2-B) (2-2) HAGO Saturated
Based on Feedstock (2-C) HT-HAGO
. (Ex. 2)
Total H, and C,~C, 48.73 59.75 52.66 64.76
Hydrocarbons
Total Others, Cs and Greater 51.27 40.25 47.34 35.24
SCN, C,-220°C (430°F) 23.54 22.34 29.50 28.18
SCGO, 220-275°C(430-525°F) 4.83 5.80 6.06 2.69
SCT, 275°C (526°F) and Above 22.90 12.12 11.78 4.37
Total 100.0 100.00 100.0 100.0

Selected Gaseous Products

Hydrogen 0.39 0.52 0.46 0.55
Methane 7.64 9.80 8.02 10.21
Ethane i 4.03 4.24 3.91 4.44
Ethylene 14.39 20.08 16.54 21.25
Acetylene 0.06 0.15 0.07 0.16
Propane 0.72 0.64 0.62 0.66
Propylene ) 12.06 14.21 12.80 15.19
Propadiene & Methylacetylene 0.18 0.18 0.18 0.30
Butane & Isobutane 0.13 0.10 0.16 0.16
Isobutylene 1.88 1.98 2.16 2,35
Butene-1 2.21 2.13 2.72 2,73
Butadiene-1,3 3.32 4.54 - 3.74 5.36
Butene-2 (cis & trans) 1.25 1.11 1.27 1.38
C, acetylenes 0.01 0.07 0.01 0.03
Selected Liquid Products

Isoprene 0.89 0.83 .08 1.29
Pentadiene (cis & trans) 0.74 0.47 0.95 1.01
Cyclopentadiene 1.19 1.40 1.48 2.14
Methylcyclopentadiene 0.81 0.74 1.06 1.20
Benzene 3.35 4.23 3.88 6.14

As can be seen in Table 6 above, the yield of each of
the particularly valuable steam cracked mono- and diolefin
products in the H, and C;~-C, hydrocarbons fraction, i.e.,
ethylene, propylene, and butadiene, is  increased by at least
about 18 percent, the yield of each of the valuable steanm
cracked diolefin and aromatic products in the steam cracked
naphtha fraction, i.e., isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,
is increased by at least about 6 percent, the yield of the low
value steam cracked gas o0il product is decreased by about 55
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percent, and the yield of the low value steam cracked tar
product is decreased by about 62 percent when the process of the
present invention comprising hydrotreating, aromatics saturation
and steam cracking (Example 2) is utilized relative to the
yields obtained when the feed is subjected to hydrotreafing only
prior to steam cracking (Comparative Example 2-C).

Similarly, as can be seen in Table 6 above, the yield
of each of the particularly valuable steam cracked mono- and
diolefin products in the H, and C,~C, hydrocarbons fractions,
i.e., ethylene, propylene, and butadiene, is increased at leas{:
about 5 percent, the yield of each of the valuable steam cracked
diolefin and aromatic products in the steam cracked naphtha
fraction, i.e., isoprene, cis-pentadiene, trans-pentadiene,
cyclopentadiene, methylcyclopentadiene, and benzene, is
increased by at least about 45 percent, the yield of the low
value steam cracked gas oil product is decreased by about 53
percent and the yield of the low value steam cracked tar product
is decreased by about 63 percent when the process of the present
invention comprising hydrotreating, aromatics saturation and
steam cracking (Example 2) is utilized relative to the yields
obtained when the feed is subjected to hydrotreating only prior
to steam cracking (Comparative Example 2-A).

It can also be seen in Table 6 above that the yield of
each of the particularly valuable steam cracked mono- and
diolefin products in the H, and C,-C, hydrocarbons fraction, i.e.,
ethylene, propylene, and butadiene, is increased by at least
about 26.0 percent, ‘the yield of each of the valuable steam
cracked diolefin and aromatic products in the steam cracked
naphtha fraction, i.e., isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,
is increased by at least about 36 percent, the yield of the low
value steam cracked gas oil produéi: is decreased by about 44
percent and the yield of the low value steam cracked tar product
is decreased by about 80 percent when the process of the present
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invention comprisinb hydrotreating, aromatics saturation and steam cracking
(Example 2) is utilised relative to the yields obtained when the feed alone is
subjected to steam cracking (Comparative Example 2-B).

lllustrative Embodiment 3

Example 3, Comparative Example 3-B and Comparative Example 3-A below
were each carried out using a 100% Catalytically Cracked Naphtha (CCN) feedstock
having the properties shown in Table 7 below. Example 3 illustrates the process of
the present invention. Comparative Example 3-A is illustrative of untreated CCN.
Comparative Example 3-B illustrates CCN which has been subjected to hydrotreating
only prior to steam cracking.

Example 3

EXample 3 describes the process of the present invention using a 100%
Catalytically Cracked Naphtha (CCN) feed.

A commercial alumina supported nickel/molybdenum catalyst (1/20” trilobe),
available under the name of C-411 from Criterion Catalysi Company, was used as
the first hydrotreating catalyst (catalyst A) while a commercial prototype
hydroprocessing catalyst (1/8” cylinder), available under the name of HC-10 from
Linde AG was used as the second hydrotreating catalyst (catalyst B).

The catalysts A and B were operated in the hydrotreating zone as a “stacked
bed” wherein. the feedstock and hydrogen were contacted with catalyst A first and
thereafter with catalyst B; the volume ratio of the catalysts (A:B) in the hydrotreating
zone was 2:1. The feed stock was hydrotreated at 370°C (700°F), 600 psig (41 bar)
total unit pressure, an overall LHSV of 0.33 hr' and a hydrogen flow rate of 2,900
SCF/BBL (0.52 m*/1).

Hydrotreating of the CCN feed consumed 860 SCF/BBL (0.15 m’l) of
hydrogen and resulted in the production of 0.9 percent by weight of light gases

(methane, ethane, propane and butane) and 2.5




in

30

.,;‘1£AAOF £.zcc

cent bv weight of

£5C [300¢F) .

The hvdrctreated CTl

iiquid hydrocarbon boiling between C: and

wa&s then zassed tc the aromatics

with

saturaticn zone wiere it was contacted nydrogan and a
commercial zeolite supported platinum and palladium arcmatics
saturation catalyst (catalysc C), available under the name of
Z~704C from Zeolyst Incernational. The aromatics sacuration
Zone was cperazed at sC (FC0»F), 500 psic (41 bar) ctotal unit
pressure, LHSV o 1.% art and a 'hydr gen flow rate oI 5,0C0
SCF/BBL (C.5% m'/1). '

Aromatics curation ©of the =zydrotrzactsd CCN fzed
consumed 1320 SCF/3BL (0.23 m'/l) rvdérogen ard resuited in ta
procduction of 1.5 percent by weight of light gases (methane,
ethane, propane and butane) and 5.4 percent by weight cf liguid

hyérocarton boiling between Cs and 1352C  (280°F) . FollowiAg
aromatics saturaticn, the saturated CCN had <the properties
snewr in Table 7

The  saturated CCON was then passed to the soeam
cracking zone where it was concacted with  steam at - &
temperature of 750 Cto 203¢C, a3 pressure of between 13.0 to ZU.:3
Tsig (1.22 rar tc 1.35 kar), and a szeam L0 aydroecarbcn weignt
ratic ¢f (Q.%:1 =tc 0.45:1 The residence sime' in the steam

cracker was to Q.

5 szcends. The siears cracked product was

“hen sent tc a fracticnating zone to cquantiiy tczal hydérogen
(Hy) ané C; -C4) hydrocarbons, steam cracked nachtha (SCN),
steam cracked gas oil {SCGC), and steam cracked tar (SCT! Te
steam cracking rasults are presencted. in Table 5 below.
Comparative Example 3-2

A LC0C% Catalytically Crackeé Naphtna (TCN) feed wes
treatad in the same marner as set forth in FExample 3 abcve,
except that it was not subjected to hydrctreating or o

aromatics saturation.

in Table 9 relow.

The steam cracking results are presented

35




g

35a

“comprises/comprising” when used in this specification is taken to specify the
presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers, steps,

components or groups thereof.




10

15

20

25

30

WO 98/06794 PCT/US97/14416

Comparative Example 3-B

A 100% catalytically Cracked Naphtha (CCN) feed was
treated in the same manner as set forth in Example 3 above,
except that it was not subjected to aromatics saturation. The.
steam cracking results are presented in Table 9 below.

TABLE 7

Properties of CCN Feed (Comp. Ex. 3-A), Hydrotreated
CCN (Comp. Ex. 3-B) and Saturated CCN (Ex. 3)

CCN Hydrotreated Saturated

Feed CCN CCN
(3-4) (3-B) (Ex. 3)

wt. § C 89.15 88.31 86.02
wt. $ H 10.31 11.78 13.94
ppm wt. S 4,130 2 -nil-
ppm wt. N 217 <1 -nil-
Density, g/cm? 0.9071 0.8714 0.8208
@15°C
Simulated Distillation, D-2887 (ASTM), °C
IBP 189 75 72
5% 202 161 134
10% 205 183 158
30% 212 204 186
50% 221 212 198
70% 230 223 208
90% 236 235 226
95% 242 244 233
FBP 376 341 280

CCN Feed (Comparative Example 3-A), the hydrotreated
CCN (Comparative Example 3-B) and the saturated CCN (Example 3)
were analyzed by GC-MS in order to determine the structural
types of the hydrocarbons present. These results are shown in
Table 8 below. As can be seen in Table 8, the process of the
present invention (Example 3) is effective at reducing the
aromatic content of hydrocarbon feed streams with a concomitant

rise in the quantity of both paraffins/isoparaffins and
naphthenes. -
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Molecular Structural Types Observed in CCN Feed (Comp. Ex.
3-B) and Saturated CCN (Ex. 3)

3-A), Hydrotreated CCN (Comp. Ex.

Relative Abundance of CCN Hydrotreated Saturated

Various Molecular Feed CCN CCN

Types, Vol. & (3=-a) (3~B) (Ex. 3)

Paraffins/Isoparaffins 7.97 10.92 10.43

Naphthenes 5.19 26.79 88.39

Aromatics 86.83 62.27 1.18
TABLE 9

Laboratory Steam Cracking Yields for Gaseous Products
Naphtha, Gas 0il, and Tar

Product Yield wt. % CCN Hydrotreated Saturated
Based on Feedstock Feed CCN CCN
(3-3) (3-B) (Ex. 3)
Total H, and C,-C, Hydrocarbons 27.67 33.32 54.05
Total Others C; and Greater 72.33 66.68 45.95
SCN, C,—-220°C (430°F) 40.85 35.79 34.96
SCGO, 220-275°C(430-525°F) 7.75 12.00 3.38
SCT, 275°C (526°F) and Above 23.73 18.89 7.61
Total 100.00 100.00 100.00
Selected Gaseous Products
Hydrogen 0.65 0.74 0.79
Methane 8.03 9.58 12.9
Ethane 1.91 2.66 3.76
Ethylene 9.09 10.81 16.76
Acetylene 0.08 0.09 0.20
Propane 0.07 0.07 0.15
Propylene 4.79 5.81 10.77
Propadiene & Methylacetylene 0.08 0.08 0.21
Butane & Isobutane 0.03 0.02 0.05
Isobutylene 0.87 0.91 2.00
Butene-1 0.25 0.27 1.02
Butadiene-1,3 1.28 1.53 3.80
Butene-2 (cis & trans) 0.32 0.43 1.17
C, acetylenes 0.00 0.00 0.03
Selected Liquid Products
Isoprene 0.00 0.35 0.91
Pentadiene (cis & trans) 0.13 0.15 0.48
Cyclopentadiene 0.49 0.80 1.75
methylcyclopentadiene 0.10 0.00 0.76
Benzene 2.79 4.03 9.10

As can be seen in Table 9 above, the yield of each of

the particularly valuable steam cracked mono-

products in the H, and C,~-C,

ethylene, propylene, and butadiene,
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about 55.0 percent, the yield of each of the valuable steam
cracked diolefin and aromatic products in the steam cracked
naphtha fraction, i.e., 'isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,
is increased by at least about 118 percent, the yield of the low
value steam cracked gas o0il product is decreased by about 71
percent and the yield of the low value steam cracked tar product
is decreased by about 59 percent when the process of the present
invention comprising hydrotreating, aromatics saturation and
steam cracking (Example 3) is utilized relative to the yields
obtained when the feed is subjected to hydrotreating only prior
to steam cracking (Comparative Example 3-B). V

Similarly, it can be seen in Table 9 above that the
yield of each of the particularly valuable steam cracked mono-
and diolefin products in the H, and C,-C, hydrocarbons fraction,
i.e., ethylene, propylene, and butadiene, is increased by at
least about 84 percent, the yield of each of the valuable stean
cracked diolefin and aromatic products in the steam cracked
naphtha fraction, 1i.e., isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methylcyclopentadiene, and benzene,
is increased by at least about 226 percent, the yield of the low
value steam cracked gas oil product is decreased by about 56
percent and the yield of the low value steam cracked tar product
is decreased by about 67 percent when the process of the present
invention comprising hydrotreating, ‘aromatics saturation and
steam cracking (Example 3) is utilized relative to the yields
obtained when the feed alone is subjected to steam cracking
(Comparative Example 3-3).
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WHAT IS CLAIMED 1IS:

1. An integrated process for converting a hydrocarbon

feedstock having components boiling above 100°C into

steam cracked products, which process includes:

a)

b)

c)

dy

hydrotreating said hydrocarbon feedstock in
the presence of a hydrogen source and a first
hYdrotreating catalyst and a second
hydrotréating catalyst at an elevated
temperature ‘and pressure to effect
substantially complete decomposition of
organic sulfur and/or nitrogen compounds
contained in said hydrocarbon feedstock to

provide a product,

treating said product atAan elévated pressure
and a temperature in the range of from 200°C to
370°C with a hydrogen source and an aromatics
saturation catalyst including one or more Group
VIII noble metal hydrogenation components on a
support selected from the group consisting of
an amorphous support, a zeolitic support, and
mixtures thereof, to provide an at least 80%

hydrogenated product,

steam cracking said hydrogenated product with

steam at temperatures greater than 700°C, and

recovering hydrogen and C;-Cq hydrocarbons,
steam cracked naphtha, steam cracked gas oil
and steam cracked tar therefrom, wherein the

amount of steam cracked tar produced is
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reduced by at least 40 percent, basis the
starting hydrocarbon feedstock which has not
been subjected to hydrotreating and aromatics

saturation.

2. The process of claim 1 wherein said hydrocarbon
feedstock has components boiling in the range of
from 150°C to 650°C.

3. The process of claim 1 or claim 2 wherein said
first hydrotreating catalyst and/or said second

10 hydrotreating catalyst includes a éomponent
selected from the group consisting of Group VIB

metals, oxides, sulfides, Group VIII metals,

oxides, sulfides and mixtures thereof, supported on

I;‘E. an amorphous carrier.

3:3::2 15 4. The * process of claim 1 or claim 2 wherein said
:::'E': first hydrotreating catalyst includes a component
‘ - selected from the group consisting of Group VIB

metals, oxides, sulfides, -Group VIII metals,
oxides, sulfides and mixtures thereof, supported on
20 an amorphous carrier, and said second hydrotreating
catalyst includes a Group VIB component selected

from the group consisting of tungsten, molybdenum

-_;-- - and mixtures thereof, a Group VIII component
R selected from the group consisting of nickel,
) 25 cobalt and mixtures thereof, and a carrier selected

from the group consisting of amorphous silica-
alumina and molecular sieves having a pore diameter
greater than about six angstroms admixed with an
inorganic oxide binder selected from the group’
30 consisting of alumina, silica, silica-alumina and

mixtures thereof.
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S. The process of any one of the preceding claims wherein said first
hydrotreating catalyst and said second hydrotreating catalyst are arranged in

a stacked bed configuration.

6. The process of any one of the preceding claims wherein said hydrotreating
occurs at a temperature ranging from 200°C to 550°C and a pressure ranging

from 400 psig (27 bar) to 3,000 psig (204 bar).

7. The process of any one of the preceding claims wherein said aromatics
saturation catalyst includes one or more Group Vil noble metal(s) supported
on a zeolitic support including a modified Y-type zeolite having a unit cell size
between 24.18 and 24.35A and a SiO,/Al,O, molar ratio of at least 25.

8. The process of claim 7 wherein said aromatics saturation catalyst is supported
O ) on a zeolitic support including a modified Y-type zeolite having a unit cell size
: between 24.18 and 24.35A and a SiO,/Al,0, molar ratio in the range of from
HR 35:1 to 50:1. |

9. The process of claim 8 wherein said Group VIl noble metal is selected from

the group consisting of palladium and mixtures of platinum and palladium.

10. The process of claim 1 wherein said aromatics saturation occurs at a
temperature ranging from 250°C to 350°C and a pressure ranging from 400
©ot psig (27 bar) to 1,500 psig (102 bar).
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11.

The process of any one of the precéding claims
wherein said hydrotreating occurs .in a first
hydrotreating zone which contains said first
hydrotreating catalyst and in a second
hydrotreating zone which contains said second

hydrotreating catalyst.
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