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fractions, such as vacuumgas oil or residues may be 5 catal ytically
cracked to lighter and nore val uabl e products. The product of catalytic
cracking is conventionally recovered apd the products fractionated into
various fractions such as |ight gases;, naphtha, including |ight and heavy
gasoline; distillate fractions, such as heating oil and diesel fuel; |ube
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substanti al anmounts of sulfur, for exanple, those wth nore that 500 ppm
sul fur, are hydrotreated with conventional hydrotreating catalysts under
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(DBT) and their alkylated homologs. The suifur in aromatic sulfur-containing ring
compounds will be herein referred to as “thiophenic suifur”.

- Where a petroleum fraction is being catalytically cracked and contains sulfur,
the products of cata!ytic cracking usually contain sulfur impurities which normally
require removal, usually by hydrotreating, in order to comply with the relevant product
specifications. Such hydrotreating can be done either before or after catalytic

20 cracking. '

Conventionally, feeds with substantial amounts of sulfur, for example, those
with more that 500 ppm sulfur, are hydrotreated with cbnventiona! hydrotreating
catalysts under conventional conditions, thereby changing the form of most of the

25 sulfurin the feed to hydrogen sulfide. The hydrogen sulfide is then removed by amine
absorption, stripping or related technigues. Unfortunately, these techniques often
leave some traces of sulfur'in the feed, including thiophenic sulfur, which are the most
difficult types to convert.

30 The ease of sulfur removal from petroleum and its products is dependent upon
the type of sulfur-containing compound. Mercaptans are relatively easy to remove,
‘whereas aromatic compounds such as thiophenes are more difficult to remove. Of the




30 The ease of sulfur renoval frompetroleumand its products is depeEﬂeiﬂWN 2004
upon the type of sulfur-containing conpound. Mercaptans are relatively

~easy to renove, whereas aromatic conpounds such as thiophenes are nore
difficult to remove. O the 7 JUN 20 7 JUN 2004 2 thiophenic sulfur
conpounds, the alkyl substituted di bénhzothi ophenes are particularly

resis Q rodesul furi zati drotreating any of the sul fur

cont ah(?%nf‘? ﬁ%’?“l cﬁ?énWH'ﬁ? ﬁ?ﬁ ?I?‘VlrFL{%@tLﬂ@@thqn&f’ﬂ"‘@ﬂﬂﬂeﬁla{g pegtipgariysuch as
di esefesisight toddPedesuifufdafdd.on in the aromatic content thereof, and
therefore an increase in the cetane nunber of diesel fuel. Wile

hydrotreating reacts hydrogen with the sulfur containing nolecules in

any. oper at U CWRrHHE ADY.srdhe, iy ARG Re Hackods eich BEF e dnllsienc” """

hysdr dgrsilingl eergen elicky %Wlé%ﬁel\/\téufbds@ rédilctigh uﬁﬂ'ned&%nﬁétﬁ: cdrtéiRthéreof,
cont ami | ecyl es contain nitrogen, and these conponents undergo
hydr Cﬂfécﬂ&\alr%{né)ﬁl apiiRsreage Mananam@@@i diesehfusl.o¥lel ﬁWﬂJle\gn

Unf |1
as 3?’%?‘}3?’?“?%‘“’?%‘??1{?'&'%5 suiffr EfapATiRedes R REE i PINSROR RS e i Tl one
of i memsyesslichaghydiogen satfldeoas V\pthem@umﬁera’ﬂ'wmﬂd:ﬂl maowhydﬂe]gdﬂw ithea Of

cet ape nhunber of di esel fuel

d
e AT R R ot o A SRR L o v
munbefomtarﬁhsancm@éme%sﬁﬂam ﬁﬁf'o?@ﬁ £0d tﬁ&s%S@dmﬁ&ﬁédatE%HH a maximm sul fur

content of 05 wt % However I S expected to propose new di esel
f uel @GMQQ'E@QQ’@’(@”Z‘O g manney analbge@s@ aydredesylfurizatiaf0 Lnfdtnately;

o s PNt B iybroodf ey s SAHLE RybidchRing S AT AioPrstE GBI P hed new
di es aspep:auy fdudag invore, seMere bpérating donditivnsfofincreased terhper@tas @ndfdgie! s
pressure. Typically, as the degree of desulfurization increases, the cetane number of
15 the diesel fuel increases; however this increase is generally slight, usually from 1-3
nunﬁbers.

The current specification for diesel fuel permits a maximum sulfur content of
0.05 wi%. However, the EPA is expected to propose new diesel fuet specifications
20  that will become effective in 2004. The new specification is likely to require further
~ reduction of sulfur content in diesel fuels to below 50 ppmw. Recently, the European
Union published new diesel specifications, which limit the sulfur content in diese! fuels
to a maximum of 350 ppmw after the year 2000, and to 50 ppmw maximum after the
year 2004. in addition, the specifications may require an increase in the cetane value
- 25 of diesel fuels to 58 in the year 2005, and a reduction in the polyaromatics content.

Hyd,_rotrea'ting can be effective in reducing the level of sulfur to moderate levels,
e.g. 500ppm, without a severe degradation of the desired product. However, to
achieve the levels of desulfurization that will be required by the new regulations,
30  almost all suifur compounds will need to be removed, even those that are difficult to
remove such as DBTs. These refractory suifur compounds can be removed by |




to a maxi nrum of 350 ppnw after the year 2000, and to 50 ppmw maxi num "5f7t‘éuN 2004
the year 2004. In addition, the specifications may require an increase in
the cetane value 25 of diesel fuels to 58 in the year 2005, and a reduction

in the polyaromatics content. Hydrotreating can be effective in reducing
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molecules over the same noble metal catalyst or any other conventional hydrotreating
15 catalyst.

in a preferred embodiment, the lighter fraction of effluent from the hydrdtreating
process is first separated from the heavier fraction of effluent before the heavier
fraction is contacted with the hydrodearomatizatidn catalyst. in another preferred
20 embodiment, the H,S and NH; produced by the hydrotreating step are removed
before the effluent is contacted with said hydrodearomatization catalyst. In a further
preferred embodiment, the H,S and NH; are removed from the effluent, along with the

lighter fraction, before the heavier fraction is contacted with the hydrodearomatization
catalyst.

25

The support for the hydrodearomatization catalyst can be selected from the
group consisting of gamma-AL;0s, zeolite beta, USY, ZSM-12, mordent, TiO,, ZSM-
48, MCM-41, S0, Zr0,, R.ALOs, 6-Al;05, SAPOs, MEAPOs, AIPO,s, ora
combination thereof. The noble metal catalyst of the dearomatization catalyst can be
30 selected from the group consisting of platinum, pailadium, ruthenium, rhodium, fridium,
osmium, rheniuin, or a combination thereof. Platinum is preferred.




before the effluent is contacted with- said hydrodearonmatization catal yst.
In a further preferred enbodi nent, the H2S and NH3 are renoved fromthe ]
effluent, along with the lighter fraction, before the heavier fracteqndil 20¥
contacted with the hydrodearomati zation catalyst. 25 The support for the
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hydrodesulfurization catalyst being separate extrudates. which are mixed. Another

15 schematic is with the hydrodearomatization catalyst and the hydrodesulfurization
cataiyst and the metal of the hydrodesulfurization catalyst are co-incorporated. The
schematic can also be any combination thereof.

Process conditions wiil vary based upon the properties of the effluent feed
20 . .

Hou:rever, the preferred operating conditions generally include a temperature of 550 -
800°F, a pressure of 200 — 1100 psig, an LHSV of 0.5 — 10 hr!

, and a H, recycl
of 300 — 2500 SCFB. 2 fecycie rate




catal yst and the netal of the hydrodesul furization catalyst are
co-incorporated. The schematic can also be any conbination thereof.27 JUN 2004
Process conditions will vary based upon the properties of the effluent

feed. 20 However, the preferred operating conditions generally include a
tenperature of 550 - 800'F, a pressure of 200 - 1100 psig, an LHSV of 0.5

10 hr'', and 'a H2 recycle rate of 3 -- 2500 SCFB. ~:r ? 7 JUN 2004 4A

In yet another aspect of the present invention there is a method of
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15 product with a reduced sulfur content.

Thus, the present invention provides a method of removing sulfur from a

hydrocarbon feed at a lower temperature and pressure, and with lower capital _'

investment.
20

Figqre 1is a graph derhonstrating the relative concentration of sulfur

compounds plotted as a function of boiling range for LGO at different
hydrodesulfurization conversions.

25

30



- 20. Figure 9 is a graph denonstrating the relative concentration of skiFdUN 2004
conpounds plotted as a function of boiling range for LG at different
hydr odesul furi zati on conversions. 25 30 7 JUN 2004 5 Figure 2 is a graph
denonstrating the rel ative percentagegof sulfur conpounds plotted as a_
function of nolecular weight for différent hydrodesul furization

conver si on 5 Fjgure 3.is a schematic of .a process configuration, which
i ncl udes i f%’&ja%@ gw&ﬁ%ﬂ?wfﬁmﬁbs rgiRgvRIneIantRee plsuWitr compounds er
hydr ol ' ' gnﬁqmt' FRRR L.gurati on of the
[ nven?i on, ﬁ?g@&ﬁ\rﬁ?ﬁgggci@[ﬁfers aggpgiﬁé{?ltﬁgtal on. uﬁ%’gﬂre 5is a
schengPN¥ersons. pr ocess configuration of the invention, which includes

i nterstage stripping and both a hydrodearonatization catalyst and a

hydr odesul furi zation catalyst in the second reactor. 15 Figure 6 is a

schemati c Pigure (¥ igCeScherRdtid GRY Eﬁdc‘é@s%nﬂ atiBy aRhicA thelMiChtersagbudes
Interstage.distillation and both a hydrodearomati zati on catal yst "and a

hydr o8eR3RHAR 0} SlzPAnd MHa fipem theveffiventafterfiydretseating. Figure 7 is a
schematic of a process configuration used in the Exanple, which 20

i ncl udes a _plati num containing hydrodearomatization catalyst. In accordance
with the pFigsead is avanheratic of Ppocess cosfigurationl efitednvdritdn; amutal  of

sul fu{nﬁﬁ.ﬁ%ggﬁﬁt%dgtafgé%tﬁla{}gg_r ocarbon feed. Unlike conventi onal
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10
Figure 5 is a schematic of a process configuration of the invention, which
include_s interstage stripping and both a hydrodearomatization catalyst and a
hydrodesulfurization catalyst in the second reactor.
15 Figure 6 is a schematic of a process configuration of the invention, which

includes interstage distillation and both a hydrodearomatization catalyst and a
hydrodesulfurization catalyst in the second reactor.

Figure 7 is a schematic of a process configuration used in the Example, which
20 includes a platinum-containing hydrodearomatization catalyst.

In accordance with the present invention, a process is provided for the removal
of sulfur compounds from a hydrocarbon feed. Unlike conventional desulfurization
methods which rely on extreme process conditions or unique combinations of

25 feedstock, catalyst volume, and pressure; the process of the invention relies upon the
ability to process the petroleum at an increased reactor volume through the selective
rlh_ydrogenation and removal of polyaromatic sulfur compounds which impede the

desulfurization process.

30 ~ The feedstock can generally be described as high boiling point feeds of
petroleumn origin.. In general, the feeds will have a boiling point range of about 350°F
- to about 750°F (about 175°C to about 400°C), preferably about 400°F to about 700°F




met hods which rely on extrene process conditions or unique conbi natlons8 UN 200k

25 feedstock, catalyst volume, and pressure; the process of the inventT
relies upon t he ability to process the petroleum at an increased reactor
vol ume through the selective hydrogen@tion and renoval of polyaromatic

sul fur onpounds whi ch i npede the desul furization process. 30 The feedstock
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15
In the first step of the process, the feed is hydrotreated under conventional
methods to convert nitrogen and sulfur containing compounds to gaseous
ammonia and hydrogen sulfide. At this stage, hydrocracking is minimized, but partial
hydrogenation of polycyclic aromatics proceeds, together with a limited degree of
20 conversion to lower boiling (343" C, 650°F) products. The catalyst used in this stage
may be a conventional hydrotreatmg catalyst. Catalysts of this type are relatively
immune to poisoning by the nitrogenous and suifurous impurities in the feedstock and
generally comprise a non-noble metal component supported on an amorphous,
porous carrier such as silica, alumina, titania, silica-alumina or silica-magnesia.
25  Because extensive cracking is not desired in this stage of the process, the acidic
functionality of the carrier should be relatively fow. |

The metal component of the hydrotreating catalyst may be a single metal from
Groups VIA and VIlIA of the Periodic Table such as nickel, cobatt, chromium,
30 vanadium, molybdenum, tungsten, or a combination of metais such as nickel-
molybdenum, cobali-nickel-molybdenum, cobait-molybdenum, nickel-tungsten or
mckel-tungsten-t:tamum Generally, the metal component will be selected for good
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8 TABLE 1 Relative Rate of Hydrodesul furization ReactantStructureFirsgs sun.-200k
Order Relative Rate Constant Thi okol R-SH5000 Di sul fi desRSSR5000 -7 ‘
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4, 6-Tri benzot hi opheneos01100 =7 JUN 2004 (a) R refers to any hydrocarbon

G oup attached to the sulfur atom 5 10 (b) B.C Gates, J.R Katzer, and

G C. A Schuit, "Chenistry of Catal y¥ABLEMr ocesses,” McgrawHi Il (1979) and

H. Topsoe, B. S. C aus gqﬂg ¢ .ot reating Catalysis:
Sci ence _and Technol oqy.eREl pri n‘g%*r:e ?E%@@f‘.s)&%‘”g%'% Table 1, the rate of
reactfivity of hydrodesul furization is | ow for DHIFirsOOPIerReElatia’ {! gul arly

4, 6- di get hyl . di benzot hi ophene,.. The boiling rangel of substituted and
non-sﬁ%%med DBT is 530 -| SHHeturen; o Rate Constant

Thiokol R-SH 5000

Disulfides RSSR 5000

Suifides RSR 5000

Thiophene 5000
L3

Benzothiophene r@ 2900
S

Dibenzothiophene (DBT) 220

Cwe)

4,6-Dimethyl 22

dibenzothiophene OO

4 6-Tribenzothiophene 1100

O
o




boiling range is shown in Fig. 1. As the percent desul furization incr &BggN 2oL
the relative percentage of DBTs increase. Fig. 2 displays the sane trend

for a heavier VGO feed. The higher nol ecul ar species are desul furized nore
readily than the DBTs, which 15 indicagtes the difficulty of desul furizing
these sterically hindered species. To " ncrease the rate of desul furization

of a hydrocarbon source containing the sterically hindered species, the

focus nust be shifted fromthe conventional process of direct

desul f uri(@pt i on. RTBRIPUHIHIRIcaitdh Grous BitdchBd kPR eARGStdMme rate of 20
desul furization by increasing the reactivity of the polyaromatic sul fur

conpounds, including DBTs, remaining in the effluent after the

hydr ot regb) ng stBiC. Gdiss, r AREKStzer, BRAE.EW. BYhGf "éﬂb‘r‘uﬁﬁrﬁﬂ@?ﬂﬁﬁs i's increased
by hydrogenati ng_one or ,,rwrgﬁre of ,Lhe aromatic rings, ‘thereby shifting the
redctivity upward FPSIRST Maaray-HihE 988) 3ng-drkepsee. B @ Flausen@pd s to t hat
of sulfides. 25 Kagesh “HgdotbitiHg mawisma&c@@m%e%gsﬁﬁ%ﬁ%a& [%gbé)he
effluent after the hydrotreating nainly consists of s, and Ts have
t he sl owest desul furization rate, DBTs are the primary concern. The

typi cal deshs showndh Tablg ¢agkiate of refécﬁvity\%bftrfﬁthdAeéaﬁEr&aion%IQ lcgh ¥orfhB T IUN

2004 10 At a pressure | ess than 800 psi a conventi ona ase neta

cat al yMPRYRds, Pagicuiarbhd Sdimethy dibsnzothiaphene.hi gher pressures, e.g. 1200
- RO00 psig, one of the aromatic rings can be hydrogenated in the presence
of a base netal catalyst as 5 follows: 10 However, it is undesirable to
operate at Buwhoking eargeobsshstitutednttid hansubdircted BB Pis $3®- g8@iR athigost s
associ.ated w th the equi nt. The process of the

boiling range is shown in'Fig. 1. As the percent desuifurization increases, the relative

percentage of DBTs increase. Fig. 2 displays the same trend for a heavier VGO feed.

The higher molecular species are desulfurized more readily than the DBTs, which

15 indicates the difficulty of desulfurizing these sterically hindered species.

To increase the rate of desulfurization of a hydrocarbon source containing the
sterically hindered species, the focus must be shifted from the conventional process of
direct desulfurization. The process of the invention increases the rate of

20 desuilfurization by increasing the reactivity of the polyaromatic sulfur compounds,
including DBTs, remaining in the effluent after the hydrotreating step. The rate of
reactivity of these compounds is increased by hydrogenating one or more of the
aromatic rings, thereby shifting the reactivity upward from that of the polyaromatic
sulfur compounds to that of sulfides. |

25 .

Since the suifur containing compounds remaining in the effluent after the
hydrotreating mainily consists of DBTs, and DBTs have the slowest desuifurization
rate, DBTs are the primary concern. The typicail desulfurization reaction of 4,6~
dimethyl DBT is: .

30 : ' )]

O — 0Q




i nvention al.lows for the desired reactions to occur at nuch | ower &7 JUN 2004

pressures. A process of the invention, shown in equation 3, and a ;
conventional route, shown in equation 4, are as follows: 15 20 kl forward
k I reverse Noble Metal k I lorward 6 | reverse Base Metal k-p Al of the
rate constants of the process of the rnvention are approximately 25 equal
and about 250 tinmes |arger than the constant rate of the base catalyst in a
conventional hydrotreating reactor. Thus, after the hydrocarbon feed has

been hydr opg S%ré%uréh‘ésseth&h%@tp dg"Wnrﬁdé?Eon\Pe BAYYbdd r?ﬁ%iéi%ﬁ?élg%tﬁ HM g

pol yaromatic sul fur compounds an ractio Uent is
cont at&astioniis ﬁxtaerneb'l %Omtpdlh!gmltpaessurgs hg.dr V202:~@000i psid,i anve ofcthkeal yst on a

suppo e u her Y. ressure and reaction conditions
suffi %rltog'r%}%[rinqjs %thgﬁioo @ttﬂ e§q Qfsa {’ﬂ%e Rsitalcatalsi s sul f ur
canpofoiidws: and t her eby produce a product with a reduced sulfur content. It

Is preferred that the hydrotreatnent process be perforned in a first
reaction 5 vessel and the effluent fromthe hydrot reat ment step cé&ih be

contacted with the rod romatlzatlon cat al in a second reaction
n [(appr opriat e w@s feed and under
appropriate process on%| (Yons, 1t is e to have a reactor schene

vessel . However, wi f(t
where the hydrotreating catal yst and

10 However, it is undesirable to operate at such severe pressure conditions
because of the capital costs associated with the equipment. The process of the
invention allows for the desired reactions to occur at much lower pressures. A
process of the invention, shown in equation 3, and a conventional route, shown in
equation 4, are as follows:

15 (1)

kl torward I\'z k3 forward
© S @ ky reverse qs_«Q Q_Q k3 reverse
Noble Metal
2
20 k forward -0 (V)
© S © K| reversc ﬂ
Base Metal ‘

All of the rate constants of the process of the invention are approximately
25 equal and about 250 times larger than the constant rate of the base catalyst in a
conventional hydrotreating reactor. |

Thus, after the hydrocarbon feed has been hydrotreated, the effluent includes
a heavy fraction containing polyaromatic sulfur compounds and a lighter fraction.
30 The effluent is contacted with a noble metal containing hydrodearomatization
catalyst on a support under super—atmqspheric hydrogen pressure and reaction




‘hydrodearonati zation catalyst are contained within the same reactor. 17 gUN o

the hydrotreating stage, the nitrogen and sulfur inpurities are converted

to ammonia and hydrogen sulfide. At the sane tine, the polycyclic

aromatics are partially hydr ogenat ed, t o form napht henes and

hydroaromatlcs I's knowmn that ammobnia and hydrogen sul fide can poison a
Therefore, in a preferred enbodi nent, the anmoni a

_2‘33' ﬁﬁm@mc & ?#Ft?v igat tajfg'dfmﬁﬁ}%at haéhpﬂﬂémafqﬂt%ﬁtvlyagpraa%ﬁw@m i onal
| nt erftfcﬁﬁﬁ &?d%a"a B'tﬂére%ér%ﬁ?tﬁee é?b?proc B with 4 F‘é&.{c‘%ﬁ%uﬁg b&ﬁ’t‘ 9 or

di stillation, ore t uen eeds to the no cont ai ni ng
hydrodearonatlzatlon catalyst. (See fig. 3.) The |nterstage separation 20

H2 NH3 d, i ght . _£.0.,, f th
cf T huent LDVt iR thr. AP BRaBadht rrcessoon yaromenn BLaMe s6RGIon
catsal wedssel éh@tr&e@m&éhﬁr@hﬁtﬁéh Qﬁbtf@trheﬁt stEPQ:aH%% Eoladleld aktetheepar at ed

along with a Ilight fraction of the effluen Thi's separation can be
per f orfivsodraPMptizatien satalust iva gesend reaation veshels Hawawvert with aal | ows t he

hi gh 07 to b eparately

cont achasoRat W B AGH Recand BROSK sl oBa T Becss it RS T chown i n

Fi gur q:ossm‘rem haghn réaatot somemé whereftiié hpdriotreatihg Batalysd@nappr oxi matel y 330
can then be reconbined with the

rtua free of  sul fur
pr oceg%i&o EFWBW@?'ZB@‘?’F Pﬁfel'%&ﬁg%cwtaa@e’twm@rﬂm A8ME TRAIOGr e cont ai ni ng 50
ppig sul fur or less. ,o0 Because the lighter fraction of effluent is renoved,
the addition of a distillation colum enables a nuch smaller second
reactor to |béhQ|§E‘dlfQMeﬁﬁﬂ§ﬁtages;ﬂe&:hﬁﬁogeomtbsulimg impuaritiErses rer sonvedrdttb e

15 bbby BRHRIIE AL i BHELAETRASRI SR ek uammniog”
may beattkllyi mdirogenated to form naphthenes and hydroaromatics. It is known that
ammonia and hydrogen suifide can poison a noble metal catalyst.
15
Therefore, in a preferred embodiment, the ammonia and hydrogen sulfide are
removed from the effluent by a conventional interstage separation process, such as
interstage stripping or distillation, before the effluent proceeds to the noble metal
containing hydrodearomatization catalyst. (See fig. 3.) The interstage separation
20 removes H,S, NH3 and light gases, e.g., C4-C, hydrocarbons, from the effluent
before the effluent proceeds to the hydredearomatization catalyst.

In a separate preferred method, the H2S and NH; are separated along with a

fight fraction of the effluent. This separation can be performed during interstage

25 distillation. This separation allows the high boiling point product of approximately 530 -

| 750°F to be separately contacted with the hydrodearomatization catalyst. A schematic
is shown in Figure 4. The light fraction, i.e. effluent boiling from approximately 330 -
550°F, which is virtually free of sulfur, can then be recombined with the processed
higher boiling range product yielding a mixture containing 50 f)pm sulfur or less.

30 Because the lighter fraction of effluent is removed, the addition of a distillation column
enables a much smaller second reactor fo be used with more specific operatihg
parameters when the heavier effluent is contacted with the hydrodearomatization




out in order to control..the effluent tenperature and to control the &7 JUN 2004

catal yst tenperature in the hydrodearomatization stage. s The use of a
nobl e nmetal hydrodearonatization catalyst allows for very controllable
hydr ogenati on of aromatics at |ower t erature or pressure conditions.
Due to easier, and hence faster, desulTurization of the partially

hydr o d gl yar.o Il c.sul fur conpaunds,,including DBTs, the

equi | ?% H}H}%%aasr?y‘gﬁéé'gﬂﬁtleir%ﬁgers 'F%*&X@O%%Hﬁﬁn%%mym&ﬂon even
at | osuphesasr & comtrs ehe aiuenPtdnipRiafire! | Oftal Q%(@é ed.
This allows for virtually conpl et?%&ﬁl%ﬁ@%@?ﬁﬁ% ?ﬂa'ryga%ﬁ%% bl e

met al '%@&Wé@@ﬂf@ﬁ'ﬁ@ébﬂ@ﬁtaﬂﬁ. ef ficient hydrogenation. The reaction rates

for hydrogenation to hydrodesul furization is high for noble netal
catal ysts. The 15 noble netal catal yst can be selected fromthe group

consi sti ng Tie péeadf amwbleaietal tydrodedrobl2eRhtion cafafdt Ulows Fdrqjellgfﬂ osm um

rheni y II gfl nu Egl | adium or other conbinations thereof. Platinumis

pr ef e??r%ﬁj?a e hyqraRenaton,of aomatics atdewet tamaperature aupressure sondiionsr t han

that g | ; I I talyst can be
Diie tb@asieheind'REh&: FlR&Y dE?ﬁlﬁJr}é%tﬂﬁp 0%%?% pgrt%@ h?d{ﬁﬁéﬁg[?glz y

supported by any known support materia er y ort materi al

i s sebdparematicriuliunsogmawpds cinsiuslinghDBTTs, treeequikirdd of thehydrogehstion USY,
ZSM : i€, 1102, 7ZSM A48 MM 41, SIiQ2, ZrQ2, r) -- Al203, a -

A 209 =Bl B B o NIl ol Ble thlt e arhaf biw,pipspire, whese GbBAGEPG super i or
suppdhydrbgeration is ey faited aTRisallBwSforWirkkkiyt Dnfsidt deMASSEE ion function

than thejr 25 al um na-based counter parts. However, sensitivity to nitrogen
poi sdRAHEEdan be higher with zeolites so support selection is strongly
dependent on feed conposition. Two frequently enployed supports are

alum na (especially the gamma phase) and anorphous S102/ A1203. .30 Process
condi ti ons & metaloatalystsvianhaddumpiistir sffici@nbhpdrogehativh. CRihv@ rettiondi | | vary

g SZ reg?’lré%ggr W&ro%réﬂgﬁ&tl 'S ﬁygrfodtegglﬁ?rflzfalt#)%r}g hfig%e%r n't}'%Y\éer\ﬁeeEél c%paelysF%Q.etrﬁgr ed
15 nobie metal catalyst can be selected from the group consisting of platinum, palladium,
ruthenium, rhodium, iridium, osmium, rhenium, platinum/palladium, or other
combinations thereof. Platinum is preferred. Platinum has a relative rate constant four

times greater than that of the other noble metatl catalysts.

20 The noble metal catalyst can be supported by any known support material.
Preferably, the support material is selected from the group consisting of gamma-AlLQs,
zeclite beta, USY, ZSM-12, mordenite, TiO,, ZSM-48, MCM-41, SiO,, ZrO;, n ~ Al,Oa,
d - Ai03, SAPOs, MEAPOs, AlIPO,s. Zeolite catalysts are a potentially superior
support because they generate a more sulfur tolerant hydrogenation function than their

25 alumina-based counter parts. However, sensitivity to nitrogen poisoning can be higher
with zeolites so support selection is strongiy dependent on feed composition. Two
frequently employed supports are alumina (especially the gamma phase) and
amorphous SiO2/AlLOa.

30 Process conditions during contact with the hydrodearomatization catalyst will
vary based upon the properties of the efﬂuent feed. However, the preferred operating




13 cénditions general ly include a temperature of 550 - 800F, a pressur®@foUN 2004
200 - 1100 psig, an LHSV of 0.5 -10hr", and a H2 recycle rate of 300 -

2500 SCFB. One potential limtation to using a zeolite based netal catal yst
occurs with the 5 operating conditiggs. Wth this type of catalyst, the
tenperature should renmain bel ow 600F~ Above this point, hydrocracking can
occur; beglow this pojnt generally hydrogenation occurs. The operating

t em&%@@%ﬁ%@ﬁbwgﬁg‘eﬂ t%B%%"“G’Q(ﬂf 30 -t§0°F za pressereiof 200 y HAO been

substdig i ah Lus\estged o ' {%’% - AH synthesis to very

hi gh ‘fﬁr?éarremor K S%?Alg%'ggf gpﬁ?“ﬁﬁryg e?gngfﬁdrgalét#r%b;%&?%h, silicon to
enrichnment via ammoni um hexafl uorosilicate, back titrations with al kali

netal cati te..Jdn a preferred enpodi ment, the nethod of the invention
fur ther 1 nd TRREnTa it %{Swgea;@gﬁtﬁi%eﬁmew satelyshogeursmithigRt wi t h
hysir aspesatingicoaditions) Vathahisstype biatkystaRditbmpRadtuReShdid remain below

hydrogsaﬁ;fgri zation cat alc?st can be ‘an extra assurance that the partially
sat ur -pBPo¥e Hhigprint hiydroeraskingandecans below thissdirtgereeally The

hydr il ' C entlenal .and wl | .y, contain
a rn::?\glﬁ %%%'P é?ﬁ?ﬁ& ' a%%ééél?ét@g%n@&?#ﬂge ﬁ%ﬁ%&é‘&‘iﬂ rqbzc’é'temqké%myst can
be i zeblitéeatidity bae been sobstahtiaereduaee iy cdhviRtiondl infsinss ehg iivekes. The

hydr deﬁ\{?o tizati gﬂ’lﬁ'at altl%zt and EEJS “h%drodesul furization catalyst wll
usualPY)PIESONELY gD rageniosk SiQ=/Ai0s satie hvdsethgrmakdgaluminationosiican

I gRClepticEMRhfivial Adnidifu |1iRSteC i LG, the
hydrodearonati?a?igon czg? mgﬁﬁgﬁgmﬁgﬁf ggg’éﬁﬁ%tﬁ?@kﬁgﬁ&ﬁcaggfgﬁdngan be
conbPied in two separate layers, or in nultiple alternating layers. In a
preferred enbodi nent, the effluent fromthe hydrotreating step can be first
contacted by the hydrodearomatization catal yst, followed by the

hydr odesul fnua prsfeired esaiadliment, th&ingsthed of the Avesiimirher Fiddy the use of

bot hcgn a%liXS ta? leiarét ?hesﬁggvr;(dfré&%cnt c?{ efﬁ‘fnét%rwith hydrodesulfurization catalyst. The
15 additionai bed of hydrodesulfurization catalyst can be an extra assurance that the
partially saturated polyaromatic sulfur compounds will be desulfurized. The
hydrodesulfurization catalyst can be conventional and will usually contain a metal,

preferably a base metal.

20 The hydrodesulfurization cataiyst can be included in the method of the
invention in various schematics. The hydrodearomatization catalyst and the
hydrodesulfurization catalyst will usuaily be contained together in a second reactor
separate from the reactor containing thé hydrotreating catalyst. |

25 - In one schematic, the hydrodearomatization catalyst .and hydrodesulfurization
catalyst can be combined in two separate layers, or in multiple alternating layers. Ina
pré_ferred embodiment, the effluent from the hydrotreating step can be first contacted
by the hydrodearomatization catalyst, followed by the hydrodeéuifurization catalyst.
Figure 5 is a schematic showing the use of both catalysts in a secbnd reactor after

30 interstage stripping. Figure 6 is a schematic showing the use of both catalysts after
interstage distillation. | '




30 interstage stripping. Figure.6 is a schematic showi ng the use of b@&TRJUN 2004
catalysts after .interstage distillation. 14 The hydrodearomati zati on

catal yst and hydrodesul furization catalyst can be two separate extrudes

which are mxed. It is preferred thaysthe two extrudates be of simlar
cross-sectional size and length. Al so, the hydrodearomatization catal yst

and the h | | | yst ,can be a.singl e extrudate in which
t he nobl e ﬁ%ﬁ%&#@h@%é@%%&&gﬁéw%XETQ?%SH%% lop cARIYSERANBR) of the
hydr bwdeephfateiextiudes whitihssniad It ROpichaPs PR R wdBxiRidRbs BBSfOf the
schemati cs described are al so possible. The nethod of the iInvention was

t est SR GaBS-geFYnal sizeandhigagt Alsgatheohydrodeaomalization satélyshend bl ends
vvithrl,éﬂ,rg@@s 2R J 0 LLro content and

t he ;r oma?i c pgprhglent agecagér]gsﬁgs %%ai%ﬁﬁgﬂgl%uégﬁdb "@H@h&lﬁ 'g‘ﬁﬂe;s'h aF‘?or t he
cyicl thehydredegepmatizatiopngataiysit anchinetai(d) dftienHydriBdesdfiizaden 2afd < wre cont ent
of ‘]:69,%8 B &I ecnd 2 had a fs Iqu_' coq.t ent of 1584 ppm A high activity

Ni cker- 9’§ f%’a o RPINARONS? atF'9§1° Fatics desgakpdiare 3lso pppsitle.| 5 cat al yst .
Commercially avail able catal ysts and suitable for this service are

catal ysts known as KF-840, KF-841, KF-843, KF-846 and KF-848 avail able from
Akzo- Nobel The miathad of the ingentigmwaa testeniongvo differsdd blebis tF@rudedbl 200, C- 411

d £ j ; PN t al - HC-H .. HC K, HC.P d HG-R
e [eitbos, ahd Aol it LE0, R CHRNEET, oifia Bliissrtent fec 312
HRC- aAltregeRiROMER anddthiecdrbmalio percantdge ees fisted iy Thble0? fot dahnadmd ¥nfir om
Procat al yse for .Eng}l ehal’d; TK-451, TK-525, TK-551, and TK-555 avail abl e
fronfq[li’i'%fiyc ? R ascell eypporents of cachbignyl. Brendsbiad asylfarcrentehi | abl e

[ r oM SUOThh AL CBIEALT Had & SHNUPBORENFLF 1634 B | per formance  from ot her
ppliers. 25 The process conditions enpl oyed were:
A high activity Nickel-Moly hydrotreating catalyst was empioyed as the first
15 catalyst. Commercially availabie catalysts and suitable for this service are catalysts
known as KF-840, KF-841, KF-843, KF-846 and KF-848 available from Akzo-Nobel:
'DN-110, DN-120, DN-140, DN-180, DN-190, DN-190+, DN-200, C-411 and C-424
available from Criteriqn Catalysts; HC-H, HC-K, HC-P and HC-R available from UOP:
HR-346, HR-348, HR-360, HPC-50, HPC-80, HPC-312, HPC-416, HPC-40B available
20 from AcreonCatalysts or alternately from Procatalyse or Englehard; TK-451; TK-525,
TK-551, and TK-555 available from Haldor Topsoe; CR-565, CR-535, CR-599, CR-
526, and CR-522 available from Crosfield Catalysts or catalysts of similar performance
from other suppliers.

25 The process conditions employed were:
- Liquid Hourly Space Velocity, Voi./hr. Vol. 1.7
Hydrogen Circulation, SCF/B 1000 - 2000
‘Reactor inlet Hydrogen Partial Pressure, psia 800

30 Weighted Average Reactor Bed Temperature 600 - 650




Li quid Hourly Space Velocity, Vol./hr. Vol. 1.7 Hydrogen G rcul ati On,g?JUN 203'%'
SCF/ B 1000 - 2000 Reactor Inlet Hydrogen Partial Pressure, psia 800 30

Wi ght ed Average Reactor Bed Tenperature 600 - 650 7 JUN 200 15 The sul fur
contents are listed in Table 2 for ea bl end and for the cycle and gas

oi | conponents of each blend after the hydrotreating (HDT) step. Through

The sul fur et SantiERl BRal TahELr Al tisindrorshe crele and fur

cont ergas\ol bbmpbhenis! cfredzhblemN AR NnRG YRR a@ﬁ? r-mﬁ ﬁor I'so
si gni fl!ly%@aﬁtg!g .reduced, The renaining glgl fuer C n(t al SSY li n]qu‘%&ayarormt I C

sul fur the,ilfur captentipf Blendl t was redusedfroma1806020 299, fThe Solfdrent |

P ok TSR 2 Bt e 98815098 T80 S0t BerebRuiliBune tenssras
CCﬁ/B@D%BM&ﬂDOlGHIDJ@&DVBMQ@IEQ&%ﬁéﬂiﬁé&ﬁé@%@&é&ﬂ?’?ﬁe remainin

HDTZQ%[QI% %& '11n18814z}140[12113180 Cat 3111540359916354 Tabl e 3 l\?t rogen
Cont ent® $ mainly polyaromatic sulfur compounds, which are difficuit to remove.

Table 2

Sulfur Content, ppm
Feed | Blend | Blend | Blend | Blend | Blend Blend | Blend i Blend [ Blend | Slend

Stocks 1 1 1 1 1 2 2 2 2 2
+10% 1 +20% | +20% | +20% +10% | +20% | 2+20 | 2+20
LCO | LCO | CGO | VBGO LCO | LCcO % %
CGO | VBGO

| Feed | 13000 | 11700 | 10000 | 10900 | 11500 | 1584 1646 1730 | 2158 | 2360

HDT | 298 | 604 | 360 | 301 188 | 144 [ 140 | 127 T3 30
PrCat | 31 115 | 40 35 ) 5 7 6 35 ]

Tabl_e 3

Nitrogen Content, ppm
Feed | Blend | Blend | Blend | Blend | Blend | Blend | Blend | Blend | Biend | Blend

Stocks 1 1 1 1 1 2 2 2 2 2
+10% | +20% | +20% | +20% +10% | +20% | 2+20 | 2+20

LCO | LCO | CGO | VBGO LCO | LCO % %

CGO | VBGO

Feed 225 309 359 400 408 114 165 212 286 285

HDT | 18 | 42 | 36 | 34 | 18 | 3 [ 2 | 3 | 357 T %
PiCat | >1 | 64 | 32 2 T3 | 14 710 | 13 2 7




FeedBl endBl endBl endBl endBl endBl endBl endBl endBl endBl end St ocks11111222&7 JUN 2004
+10%+20%+20%+20%+10%+209%2+202+20 LCOLCOCGOVBGOLCOLCOB0 CGOVBGO .
Feed225309359400408114165212286285 HDT18423634183826263739

Pt Cat >16. 4221. 31.4101.42'/4 . 7 JUN %%04 16

FeedBl endBl endBl endBl endBl endBl endBl endBl endBl endBl end St ocks1111122222
+109%+20%+209%+20%+10%+-2092+202+20 LWB@.CO_C@/% CEOVBGEO
Feed32364332302025332322 HDT273540 57332321 Mat 19323223211823262318 s

The effluent fromthe hydrotreatigmagewas then contacted with a
hydrg%arnm:n‘l7nfl on.catalyst A schepmatic of the nethod is provided in

Fi g. [ 7.2FhieBlerd drRiensh | &isad i [ Blerd [ Rlenda] Blend d fenidsT &endf] Perd | missdquppor t ed
| ar ge Siﬁ’ﬁ'ﬁe zdol it e1 The prgcess ¢onditjons ilnchuded A tlenper at uy e jof
appr pxi matiel y 70QF4an % bEPS of 400 nsig gess. condi tijons
enpl pyed flor the % oagoa/rc @/ nt ?é)ﬁ reacti@ﬁf ys?@j ?9;\ 21’30qui d hourly
spacg Vel gcity, [VEfO/ hrt CO/gl 8G9 HYyBEBgen C fckl@t| €O $CF%. 7P0 % 1500
CGO | VvBGO

“Feed 32 36 43 32 30 20 25 33 23 22

HDT 27 35 40 27 25 22 57 33 23 21
PtCat 19 32 32 23 21 18 23 26 23 18

5 The effluent from the hydrotreating step was then contacted with a
hydrodearomatization catalyst. A schematic of the method is provided in Fig. 7. The
hydrodearomatization catalyst consisted of platinum supported large pore zeolite.

The process conditions inciuded a temperature of approximately 700°F and a
10 - pressure of 400 psig. Process conditions employed for the hydrodearomatization
reaction system were:

Liquid hourly space Velocity, vol./hr, Vol ‘ 1.5
| Hydrogen Circulation, SCF/ 700 — 1500
15 Reactor inlet hydrogen Partial Pressure, psia 650

Weighted Average Reactor Bed Temperature, °F 660 —~ 720

Table 2 shows the severe desuifurization achieved by the method of the

invention. Table 3 shows similar severe hydrodenitrogenation achieved in this

20  catalyst system. After the effluent from the hydrotreating step is contacted by the
hydrodearomatization catalyst, the sulfur content is reduced in Biend 1 from 299 ppm
to 31 ppm. The suifur content in Blend 2 was reduced from 144 ppm in the effluent of
the hydrotreating step to9 ppm. This shows the extraordinary ability for the method of
the invention to desulfurize the effluent produced by hydrotreating a hydrocarbon

25 feedstock, even though the sulfur containing compounds that are normally difficult to




i sReactor Inlet hydrogen Partial Pressure, psia650 Wighted Average REBZUJUN 2004

Bed Tenperature, OF660 - 720 Table 2 shows the severe desul furization
achieved by. the nethod of the invention. Table 3 shows simlar severe
hydr odeni t r ogenati on achi eved in thi 31720 catal yst system After the
effluent fromthe hydrotreating step i's contacted by the

hydr odear i zation catal yst, the sulfur content is reduced in Blend 1
from g%&ggﬁ&af’@e éfP‘BWﬁlto aramatics corvRreinn/Sseturatiemaviichvisneteduced from 144
PPM i RetBssaly FetRiedWr nddasaM/dioP HIRS b} ‘ | Ws the

ext raor di nar y)ﬁ ability for the net ho[ﬁ@%)?@ﬂ%%ér?@ﬁ/%n I g@%rgﬁgééﬂgﬁ ize the
ef f | uéaturgiienimaydalpwhipdsasne cases hecatselobufaborabRbedulistiimedr, even t hough

the s : LNL0g ounds that .are_nornmally difficult to Table 4
Ar o maF %gd}é}g &Prgaacbgh%Nh%’g’gﬂ"#%ssﬁ St/ ation of suifyr contriging @nd nikpeRmt i cs
convecentallisgringsiprodeedstrapliily.s not necessarily required or necessary for

HDS or HDS in this case. Overall aromatics saturation may be lowin sone
cases because of unfavorable equilibriumfor saturation reactions.

Nonet hel es j (el nd nitr n 5 cqntaining

rings pr oczgﬁg'a&g%ﬁﬂege h%&%?gbwﬁs%ﬂp %@r‘fvﬁ*aﬁg{ﬁgpﬂeggﬁﬁ\gﬁéﬁw%@%& € are

pr eseptaferred rmhastimentshef thiainventiehe those skifeadh tRaLR wifl rédIReitA¥eENt i on, those
changes and nodifications may be made

skil | inthe art.wll realize that ! »
¢ her o5t T Pipifelipnd Riavis rrati trereie wihout departing from the Spir o
10 theinvention, and it is intended to claim all such changes and modifications as fali
within the scope of the invention.




io the invention, and it is intended to claimall such changes and

modi fications as fall within the scope of the invention. ?JUN 200 'S78JUN 2004
Clainms 1. A nethod of renoving sulfur froman effluent produced by

hydr odesul furi zing a hydrocarbon feed, said effluent having a heavy
fraction boiling in 5 the range of about 5300 to 750F contai ni ng

pol yaromati c sul fur conpounds conpri signg sterically hindered

di benzot hi ophenes and a lighter fraction which boils in the range of about
330 to 550F, said nethod conprisingCkléparating the lighter fraction of the
effluent fromthe heavier fraction of the effluent and subjecting the heavy
fraction contalnlng the sterically hindered di benzothi ophenes to

hydr odear omat i zat i DA epdB reraeving 9w from aneflveat nfedusged &Bnt ai ni ng

hydr odeah@ireddsa Ay epl%ld%déﬁionQ‘Qe@ sadRARIcht VIR I?éélg?fract%h rEBﬁiH@W Ic

hydr o en ressure and reaction condjtions sufficlent hydr ogenat e at

| east &TERRP HRPPHE 30t o 1RO pontainlig erlvaromaie sviby ﬁpraawmé§0@ﬁ@ﬁmg
desul f ur swr.ﬁmlyhh@erdamm@@tﬁ@bﬁawd@@nm@rngﬁm fréct@bl hfiibh LERSTRQAHE fihga Bel

r econbi ni ter fraction wt t he dr odear onat.i zed, desul furized
[ ool T onabg 33 504 Sai o i salnadns o s iR bae 5 | A
net hod aeffloerdifiog the hebaenfraktibmofuhe efftudid Snasdbjditidg Iﬂﬁeﬂﬁbawdaftbﬁnahe f f I

n . of the e uent is

hydr ot t ef the h f t

ot act oBO P RS YRR Eiepu BHRPR AErSA R ven i ide BBt R hccor di ng
to cl@i nwith annomllaim:éiaItdmetasm]gmdtodegromdnmtuohmdra@dem sgwpporiatndensupat al yst

conpr ' Seﬁtnﬂv\gﬂérﬁaﬂy&ogﬁgﬁe@g%t ﬁ ré%c(t\’sn g(l)nu long suf?‘ mer’% tgﬁycprgéjen%i:eceﬂr ding to

claiml1l In e
least one ring of the sterically hindered dibenzothiophenes and desulfurizing the
hydrogenated polyaromatic sulfur compounds and recombining the lighter fraction with
the hydrodearomatized, desulfurized fraction to produce a product with a reduced sulfur

15 content.

2. A method according to claim 1 in which H,S and NH; produced by the
hydrotreating step are removed before the heavy fraction of the effluent is contacted with
the hydrodearomatization catalyst.

20
3. A method according to claim 1 in which the support for the

hydrodearomatization catalyst comprises alumina or amorphous silica-alumina.

4, A method according to claim 1 in which the noble metal of the
25  dearomatization catalyst comprises platinum, palladium or combinations of platinum and

palladium,

5. A method according to claim 1 in which the hydrogenated polyaromatic
sulfur compounds are desulfurized by hydrodesulfurization of the heavy fraction of the
30  effluent in the presence of a hydrodesulfurization catalyst after the hydrodearomatization
step.



25 dearomati zati on catal yst conprises platinum palladiumor conbinations

of platinumand palladium 5. A nethod according to claim1l in whichethgyy 2004
hydr ogenat ed pol yaromatic sul fur conpounds are desul furized by

hydr odesul furi zati on of the heavy fraction of the 30 effluent in the

presence of a hydrodesul furization catalyst after the hydrodearonmatization
step. - 7 JUN 2004 19 6. A nethod acgording to claim5 in which the

hydr odesul furi zati on catal yst used in the hydrodesul furization which is
carried out after Amethgdrcsasinodeekein §in whick thephydwdapiivgzation catalyet net al

hydr odes ysddin ity drfes @ful- ¥R witchlis cérﬁlﬁﬁbh%e@%%ﬁ%ogg%@ﬁggﬁbﬁ‘sﬁg' n which

the sterically hi'ndered dibenzothiophens conpris I ophens havi ng
a first GPARISCE@REee Hietal hydrodemduriaation ea8alyiyr odesul furi zation | ess than
200. 8. A nmethod according to claim7 in which the sterically hindered 10

di bengot hi oph;nes AC\O ri ses 4, 6-di nethyl di benzothi ophene.
. method according to claim 17n which the sterically hindered

dibenzothiophens comprises dibenzothiophens having a first order reaction rate constant
for hyrodesulfurization less than 200.

8. A method according to claim 7 in which the sterically hindered
10 dibenzothiophenes comprises 4,6-dimethy! dibenzothiophene.



