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compounds will be herein referred to as “thiophenic sulfur”.

Where a petroleum fraction is being catalytically cracked and contains sulfur,
the products of catalytic 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 conventional hydrotreating
catalysts under conventional conditions, thereby changing the form of most of the

25 sulfur in the feed to hydrogen sulfide. The hydrogen sulfide is then removed by amine
absorption, stripping or related techniques. 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
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s the diesel fuel increases; however this increase is generally slight, usually from 1-3

numbers.

The current specification for diesel fuel permits a maximum sulfur content of
0.05 wt%. However, the EPA is expected to propose new diesel fuel 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 diesel 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.

Hydrotreating 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 sulfur compounds will need to be removed, even those that are difficult to

remove such as DBTs. These refractory sulfur compounds can be removed by
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15  catalyst.

In a preferred embodiment, the lighter fraction of effluent from the hydrotreating
process is first separated from the heavier fraction of effluent before the heavier
fraction is contacted with the hydrodearomatization catalyst. In another preferred

20 embodiment, the H,S and NH3; 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 NH3 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,O3, zeolite beta, USY, ZSM-12, mordent, TiO,, ZSM-
48, MCM-41, SiO,, ZrO,, n.Al,Os3, 6-Al,03, SAPOs, MEAPOSs, AIPOys, or a
combination thereof. The noble metal catalyst of the dearomatization catalyst can be

30 selected from the group consisting of platinum, palladium, ruthenium, rhodium, iridium,

osmium, rhenium, or a combination thereof. Platinum is preferred.



catal yst. 25 The support for the hydrodearomatization catal yst can be
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dear omati zation cat al yst can be 30 selected fromthe group consisting of
pl ati num pall adi um ruthenium rhodtum iridium osmum rhenium or a
conbi nation thereof. Platinumis preferred. WO 01/42396 PCT/ US00/ 33406 4
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15 schematic is with the hydrodearomatization catalyst and the hydrodesulfurization
catalyst and the metal of the hydrodesulfurization catalyst are co-incorporated. The

schematic can also be any combination thereof.

Process conditions will vary based upon the properties of the effluent feed.
20 However, 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; recycle rate
of 300 — 2500 SCFB.

Thus, the present invention provides a method of removing sulfur from a
25  hydrocarbon feed at a lower temperature and pressure, and with lower capital

investment.

Figure 1 is a graph demonstrating the relative concentration of sulfur
compounds plotted as a function of boiling range for LGO at different

30  hydrodesulfurization conversions.
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I NnClyAGSIsidHser st age separation of H2S and NH3 fromthe effluent after
hydrotreating. Figure 4 is a schematic of a process configuration of the
I nvention, which includes interstage distillation. 10 Figure 5 is a
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schematic of a process configuration of the invention, which includes
I nterstage distillation and both a hydrodearonmati zati on catal yst and a

hydr odes . i Zzat ' e : r | bS a
cenenmt i & e B SEnGRBE BPa rfaes o RERAISTRERRInEHEA Bl 5
i nclinoietesainpdratageudistitation. ni ng hydr odear omati zati on catal yst. In accordance
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Figure 5 is a schematic of a process configuration of the invention, which
includes 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
hydrogenation and removal of polyaromatic sulfur compounds which impede the

desulfurization process.

30 The feedstock can generally be described as high boiling point feeds of
petroleum 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
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of lighter distillate products, such as kerosene.

In the first step of the process, the feed is hydrotreated under conventional
methods in a 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 hydrotreating catalyst. Catalysts of this type are relatively
immune to poisoning by the nitrogenous and sulfurous 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 low.

The metal component of the hydrotreating catalyst may be a single metal from
Groups VIA and VIIIA of the Periodic Table such as nickel, cobalt, chromium,
30 vanadium, molybdenum, tungsten, or a combination of metals such as nickel-
molybdenum, cobalt-nickel-molybdenum, cobalt-molybdenum, nickel-tungsten or

nickel-tungsten-titanium. Generally, the metal component will be selected for good
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WO 01/ 42396 PCT/ US00/ 33406 8 TABLE 1 Rel ative Rate of Hydrodesul furization
First Oydsph8bati ve Reactant Structure Rate Constant THerakdbstzeH 5000
Di sul fi des RSSR 5000 Sulfides RSR 5000 Thi ophene 5000 S Benzot hi ophene

, X0 2900 FS Di benzot hi ophene (DBT) 07:0 220 S 4,6-D nmethyl 22

di benzot hi ophene "S 4, 6-Tri benzot hi ophene 1100 O S O WO 01/ 42396
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sul fur atom (b) B.C. Gates, J.R Katzer, and G C. A Schuit, "Chem stry of
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10 The boiling range of substituted and non-substituted DBT is 530 - 750F.

This beid hpséange is shown in Fig. 1. As the percent degqlfdepszei on
i ncreases, the relative percentage of DBTs increase. Fig. 2 displays the

sane trend for a heavier VGO feed. The hi gher nol ecul ar species are

desul furized nore readily than the DBTs, which 15 indicates the difficulty
of desulfurizing these sterically hi$hder ed species. To increase the rate of
desul furi zation of a hydrocarbon source containing the sterically hindered
species, the focus nust be shifted fromthe conventional process of direct
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desul fu on by incr Ing the reactivity o e polyaromatic sul fur
conpounds, including DBTs, remaining in the effluent after the
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t he sl owest desul furization rate, DBTs are the primary concern. The
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convwpmpsurils, basiultyad Gcdihadthiptdibémicihiopheagi on is extrenely slow At

hi gher pressures, e.g. 1200 - 2000 psig, one of the aromatic rings can be
I8ydrogenated in the presence of a base netal catalyst as 5 foll ows:

The boiling range of substituted and non-substituted DBT is 530 - 750°F. This
boiling range is shown in Fig. 1. As the percent desulfurization 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 desulfurization 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 sulfur containing compounds remaining in the effluent after the
hydrotreating mainly consists of DBTs, and DBTs have the slowest desulfurization

rate, DBTs are the primary concern. The typical desulfurization reaction of 4,6-

o — 9Q



(1) S DO S 10 However, it is undesirable to operate at such severe
pressurgooinshesi ons because of the capital costs associ géprisiidshost Ne
eqU|pnent e process of the invention allows for the desired reactions
to occur at nmuch | ower pressures. A process of the invention, shown in
equation 3, and a conventional route, shown in equation 4, are as follows:
15 (111) kI forward k-, k3 forwar® rs 9 OO -0 O- Okl reverse k3
reverse Noble Metal 20 k1l forward (IV) O S Ok 1 reverse O O Base Meta

Al'l of the rate constants of the process of the invention are approxi mately
25 equal ,and about 250, .ti r. than th st ant te e base

cat al'yet AT RIESRU/BRT MATPOR PRI 2 Sty PEate asometd ekt

hy dr&saiohas e&ﬁeﬁné»;a&ohﬁem hag%pbrés%?éls d 1200 Lo pdig] stesf the heavy
fraction containing polyaromtic sul fur conpounds and a lighter fraction.
30 armmati¢ rings can deduyiirageratediin the pressnscemitaabassmedalgatglyst as
hydﬁgpearonatlzatlon catal yst on a support under super-atnospheric

hyd pressure and reaction WO 01/ 42396 PCTI USOQ 33406 11 conditions
suff|C|ent to hydrogenate at |east one ring of the polyaromatic suilfur
conpounds, and thereby produce a product with a reduced sulfur content. It

is preferred that treat nent e perforned in a first
reaction S -— S

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)

ky forward k3 forward
Owe — = O-Q
S l\] reverse k3 TEVerse
Noble Metal

(IV)

o0 = 9Q

Ky reverse
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-atmospheric hydrogen pressure and reaction



5 vessel and the effluent fromthe hydrotreatnent step can be contacted

W t h tha,oﬁ?/‘ﬁgﬁdearonatization catalyst in a second reactlcgiiSi65864 -
However, w an appropriate hydrocarbon feed and under appropriate

process conditions, it is possible to have a reactor schene where the
hydrotreati ng catal yst and hydrodearomatization catal yst are contai ned
within the sanme reactor. 10 In the h@/drotreating stage, the nitrogen and
sul fur inpurities are converted to amonia and hydrogen sul fide. At the
sanﬁzoﬂdhienstsnﬁiqﬁ@ttyodeir@gmaierm iezst ane ringpof theldojydrpohadigeswdfued to form
napht henes and droaromatics. 1t is kpown that ni nd hydr ogen

sul CPRPURAS BN &Rer: M%PQU%?@O@%‘{%&"’@%?.rquc%él?]gq'tgcroé‘?eri?tn a grefgrred
enbodi ment, the ammoni a and hydrogen sulfide are renoved fromthe effluent

by a conventional interstage separation process, such as _interstage
st ri ppi ndt isrprefestad that then hydiotreatmeniprocess batpaifaraesds & trst FRawionl e net al

t ai ni d tizati | fig. i
S BB Y SHGBLORBLAR R el g BBl By T 4021000
f r omybhieRirbia@iphtion earilgstima sicbhtesictiuroesssds. Howdver yith adear omat i zat i on

catal'yst. In a separate preferred nmethod, the H2S and NH3 are separated
al orappidrriate hydregarben deed and sindenappianrigéa pProcassSoRERNS: itéh can be

: A Tstillati .y :
n o onarrs i ahf arhfienEienr ufivBube Biaieatl COBBRARY' b0 Separacely
contyateibatbinatizhgomydidgr aire wdhtatedd aithrethal seahe rédactohematic is shown in

Figure 4. The light fraction, i.e. effluent boiling fromapproxi mtely 330
10 550F, which is virtually free of sulfur, can then be reconbined with the

processed, 4l ﬂpgéog%ihb%%géqﬂgtﬁ%%ndisﬁlfgli R it X @neeREAIt§ Ng 50

ppm sul fur “or use ter traction of effluent is renoved,
t he amatdibhiacema hydrogjest sulfide.i Ahtheosamma tinesdbé emhyecyrlic Aresmali¢searesecond

neaeataIb A e B P renhITs g RATP B Riar Lokt (et |

ammonia and hydrogen sulfide can poison a noble metal catalyst.

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-C4 hydrocarbons, from the effluent

before the effluent proceeds to the hydrodearomatization catalyst.

In a separate preferred method, the H,S and NHj3 are separated along with a

light 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 ppm sulfur or less.

30 Because the lighter fraction of effluent is removed, the addition of a distillation column
enables a much smaller second reactor to be used with more specific operating

parameters when the heavier effluent is contacted with the hydrodearomatization



WO 01/ 42396 PCT/ USOQO 33406 12 catalyst. In the case with no interstage

strippi Qg ofhs¥e09en quenching may be carried out in ordeerigkessshs ol the
ef fl uent tenperature and to control the catalyst tenperature 1n the

hydr odear omati zati on stage. 5 The use of a noble netal hydrodearomati zation
catalyst allows for very controll al;fl e hydrogenation of aromatics at | ower
tenperature or pressure conditions. 2pue’ to easi er, and hence faster,

desul furization of the partially hydrogenated polyaronmatic sul fur
conpalatyis, In the caenyitDBDsinteramgegifippingi bydwgentpienchinggeastbiecearriedact i on

[ hed t d | et | o WD i.libri

ny UGB EPE I FantilRe Sy e By B0d S BB B et o 2
desy Wﬁﬁba@é}o,ﬁéﬁz_aﬁ@ﬁtgtég@. Nobl e metal catal ysts can acconplish
efficient” hydrogenation. The reaction rates for hydrogenation to

hydr odesul furization is high for noble netal catalysts. The 15 noble netal

S e £R0BE o RS A RBGBIHRGEREH SHR%: AP, 0%, 2

Put heni u smum r um or other

compbRmbliae hybrigeektioRlofiarometics aplovferiterperdlusd bnpradsase sonditians.ve rate
constant four tines greater than that of the other noble netal catalysts.

20 D tagsiernandihepge dastsr, dasyiipazatignet thepaiabnhydesgnatathport materi al .

Pre - Liaknl - i st i ng of
Canb B ARt S ARG SUGArbRETS R IA Bt et 1o o

Si OZzackiofds pﬂs??d\m&d camplefidBEenSAPCw, prEAREs whardeqailibAewl fot e cat al yst s
are a potenti al superi or_support because the enerate a nore, sul fur

too| BV‘&'?QQGH?H?%Q%%%%QHF%nE?'?@ﬁIOW‘f' AT vRially C?ﬁklpdg@rﬁ‘?%bfg%%@rbd{mter parts.
Howgy&firegSeNSi tivity to nitrogen poi soning can be higher wth zeolites so
suppofrt selection is strongly dependent on feed conposition. Two frequently
enpl oyed supports are alum na (especially the gamma phase) and anor phous

S 02/ A 20l%'oble metal catalysts can accomplish efficient hydrogenation. The reaction
rates for hydrogenation to hydrodesulfurization is high for noble metal catalysts. The

15 noble 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 metal 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-Al,Og,
zeolite beta, USY, ZSM-12, mordenite, TiO,, ZSM-48, MCM-41, SiO;, ZrO, n — Al,Os,
d - Al,Os3, SAPOs, MEAPOs, AlIPOys. 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 strongly dependent on feed composition. Two
frequently employed supports are alumina (especially the gamma phase) and

amorphous SiO2/Al;,03.

30 Process conditions during contact with the hydrodearomatization catalyst will

vary based upon the properties of the effluent feed. However, the preferred operating



30 Process conditions during contact with the hydrodearomatization catal yst

Wil | d upon the properties of the effluent feeggr/HoWRYRs the
pr ef er\r&gg)étl)/gz’e%?gti ng WO 01/ 42396 PCT/ USOQ 33406 13 condielftl: ons general ly

include a tenperature of 550 - 800F, a pressure of 200 - 1100 psig, an
LHSV of 0.5 - 10hr 1, and a H2 recycle rate of 300 - 2500 SCFB. One
potential limtation to using a zedBite based netal catal yst occurs with
the 5 operating conditions. Wth this type of catalyst, the tenperature
sheohditivesmjenebalyoinclugeGrtentperaturetif 5001 8A0°FhadressureldfiPOcan 188cur ; bel ow

t hi s. poi nt nerally, ..hydrogengtion pccurs e ' tenperature can
be P& ’éwgédg§d§6256683"¥faPﬂéﬂq%53WFQ¥ ?f%?&@'ﬁ%gﬁ%sgﬁﬂgubstantiaIIy
reduced by conventional neans, e.g. direct synthesis to very high
framewor k Si 02/ Al 203 rati o, hydrothernmal dealum nation, silicon io

enr i chnefneypeteniialdimitationdeafding ageoliieckased metad qatalyst ocnwes WithHheal kal i

netal cations,.. etcCuyd ferr i t i nvention
iRt S, Cuie BR8Pl ke ot SBRkT b e i t
hy dsoggs Uhbbvé #aS ibeiht Ciaydrby&icking€an dccur; BEdint ihispbinbgdnefally

hydr odesul furi zati on_catal yst can be an extra assurance that the Rgrtial |y

ﬁ athydeaganationyaocyrfat 16e Spefatingclemnaratise gan bepextgadad above &P0°mifd
DAY _ - i B Ca
Y EBESAiL b beR <EBRRINKaNy FaLRY SSPRIRRHUERE] nRBRs e d, dlfeLR LY Poot “ean

be syntHasited very tHigh frabfesbrifSiObA L O ratiot hedrotimevealideaturariations sitson The
hydr odear omati zati on catal yst and th hydr odesul furj zati on catal yst w ||
Qs @AFCHMeat a@n@ramﬂmumd&e«aﬁéprq%'%t%i@&#&'tfaé@ew'th efgaﬁﬂa@él FAUHISt he
re%%or containing the hydrotreating catalyst. 25 In one schematic, the
hydr odear omat i zati on catal yst and hydrodesul furization catalyst can be
conbined in two separate layers, or in nultiple alternating layers. In a

Egﬁ{ g(r:{ gg'l g rFT)t?g eirrrganetﬁnbg(g]i?neer}ct}c gh%e%tetrfordoé? thgei‘n\pélnqlro%tfru?tﬁteir Prgzluséeesp can be first
contacting at least the heavy fraction of effluent with hydrodesulfurization catalyst. The

15 additional 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 catalyst can be included in the method of the
invention in various schematics. The hydrodearomatization catalyst and the
hydrodesulfurization catalyst will usually be contained together in a second reactor

separate from the reactor containing the hydrotreating catalyst.

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

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

interstage distillation.



by the hydrodearonati zati on catal yst, followed by the hydrodesul furization

catal ysfyoo1sb@yre 5 is a schematic showing the use of bopsreaferdsyts in a
second reactor after 30 interstage stripping. Figure 6 is a schematic

showi ng the use of both catalysts after interstage distillation. WO
01/ 42396 PCT/ USOQ 33406 14 The hydrodearomati zati on catal yst and
hydr odesul furi zati on catal yst can two separate extrudes which are

mxed. It is preferred that the two extrudates be of simlar
cr 0Ss- seEEhecbwdm@ezr@rrmdatt@mgatalysma@d h)tdﬁ@dﬂe@dmﬁlaémrmﬁatalﬂtoaarbetat al yst

© hivn sEpariE AR WHiRE e BeEL R BlrS R MafuB RO SafiieEBR RrL) of the
hy @frﬁﬂkﬁsd#bé%béﬁémél BifAaAd Ystgtiar Alsde; ehé h¥afdwmmdtlzﬁmmcatatysoaad of the
schemati cs descri bed are al so BOSSI ble. The nethod of the inventjon was

t edhebydiodesylfaizatianesatalysberi befa eingleeegrudate dewbicicios, n%htg ”tfﬁél of bl onds
5% %'E%l‘l\?@ ﬁzét%qpca % ygt é HTnH‘ét?gg?BF@re h J?Sdé |f?1r,"zg and t he

percen age are r eac bIen he cycl e

OI lcodncoporated. umbimatibas of treasthdrhatick d&(ﬂ'lbédlarbéails@psuitlblﬁ content of
13000 ppm Blend 2 had a sul fur content of 1584 ppm A high activity
Ni ckel -Mbly hydrotreating catal yst was enpl oyed as the first 1is catalyst.

Commer ci I I R I re

oot ol yat ShenetBu At iRl Bt bh I8l gL bRNGsEALoRTS, bl e

fr tﬁasnd%taccksl\lalndlthetrlhlteddmmtDNCQCI;GD\Iame/B(EN 1B%: smrmmrm\ttﬂs;m DN- 200,

C- 411 and C-.424 allablefrom iterion ta HC- H, HC-K,  HC P and
oo FiEa ppd i BRSPS TAgE Bl SR SHb e S B eI BNt e 312,

HP¢s ARG, cyHI%Cb.ﬂQBgay%nlc%m;for%% bPERAS bRAICABBhY St $aPh st iPEOAeRt Bf f r om

Procat al yse or Engl ehard; TK-451, TK-525, TK-551, and TK-555 avail abl e

f r d306RIppon. Bipwbe;hadra 56IByr @RIGESf BR4599N. CR- 526, and CR-522 avail abl e
fromCrosfield Catal ysts or catalysts of simlar performance from other
suppliers.

A high activity Nickel-Moly hydrotreating catalyst was employed as the first

i15 catalyst. Commercially available 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 Criterion Catalysts; HC-H, HC-K, HC-P and HC-R available from UOP;
HR-346, HR-348, HR-360, HPC-50, HPC-60, 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 availabie from Crosfield Catalysts or catalysts of similar performance

from other suppliers.

25 The process conditions employed were:
Liquid Hourly Space Velocity, Vol./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



25 The process conditions enployed were: Liquid Hourly Space Vel ocity,

Vol . /' hr swoY®l/42396 7 Hydrogen Circul ation, SCF/ B 1000 - 20Grtd%as8i4E | nl et
Hydrogen Partial Pressure, psia 800 30 Wi ghted Average Reactor Bed
Tenperature 600 - 650 WO 01/42396 PCTI USOQO 33406 15 The sul fur contents
are listed in Table 2 for each bl enﬁ and for the cycle and gas oil
conponents of each blend after the 9drotreati ng (HDT) step. Through
hydrotreating the sulfur content of Blend 1 was reduced from 13000 to 299.
The sul f uFhe syligreeentgntsparenisted imtabled tos @achdnend aadifer thecycimandul f ur
con t .kl i - B al so

Si gpgg io&l\é&ﬁm&}e&gﬁggésggﬁé&rog%@%ﬁb%gmﬂgu ut 'rncg\g@nl?gr%se}{ha%ﬁ&gé@ol yaromati c

sul hydroteatiagnbs sulfbi ednteneofiBfdndcuivastreduesirem 13000 & 290SulThersuBiant ent ,
pm Feed Bl end Bl end Bl end Bl end Bl end Bl end Bl end Bl end Bl end Bl end

gt o&Rratent of Blend2 was redpiced from dpes 40,1440 0bhexeuffur nentertouiihvn sie blepds | co

roagTAME RS B V55D Ve s Sinedhy i P el o o 151
115 sdBurBdorfaias InéinBbpdlyafidndiibsalfld caMmpaowrgisn wlict ard diffpquth tbeechadBeend Bl end
Bl end Bl end Bl end Bl end Bl end Bl end Bl end Bl end

Table 2
Sulfur Content, ppm

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

HDT 299 604 360 301 188 144 140 121 131 80
PtCat 31 115 40 35 9 9 1 6 35 4

10
Table 3
Nitrogen Content, ppm

Feed | Blend | Blend | Blend | Blend | Blend | Blend | Blend | Blend | Blend | 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 38 26 26 37 39
PtCat >1 6.4 2 2 1.3 14 10 1.4 2 Va




Stocks 1111122222 +10% +20% +20% +20% +10% +20% 2+20 2+20 LCO
LCO YRFR1e60 LCO % % CGO VBGO Feed 225 309 359 400 deBukddssiee 212 286
285 HDT 18 42 36 34 18 38 26 26 37 39 PtCat >1 6.4 2 2 1.3 1.4 10 1.4 2
% WD 01/ 42396 PCT/USOQO 33406 16 Table 4 Aromatic % Feed Bl end Bl end

Bl end Bl end Blend Blend Blend Blend Blend Blend Stocks 1 111122222
+10% +20% +20% +20% +10% +20% 2+20 ¥¥20 LCO LCO CGO VBGO LCO LCO % % CGO
VBGO 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 Tablest The ef fluent fromthe hydrotreating
step was then contacted with a §¥dr0(iiea,,r omati zation catalyst. A schematic
of the nethod is provided in Fi Torp hé’ hydr odear omat i zati on cat al yst
COISkest el BRhd Al BERUBI&GdPPBIEhed Biafd¢ gende] Breal [t Blend | MBrenar DB@2aS |condi ti ons
I n¢lgydad a { enperat yre of appr axi mat ely, 700F 2and a2i O |prgsspr off 400 psig.
Process conditlions enployed for{ the hydrodearondti zation  rpactign system
wert e: Ligui d hottO% | s38%e| V&0%qi t30% yol . / hy *103l| 1205 | Ryt oget?0Ci|r cul ati on,

SCF/ 700| - 1500.co | LcO | CGO | VBGO LCO | LCO % %
CGO | VBGO
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 included a temperature of approximately 700°F and a
10 pressure of 400 psig. Process conditions employed for the hydrodearomatization

reaction system were:

Liguid 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 desulfurization 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 Blend 1 from 299 ppm
to 31 ppm. The sulfur content in Biend 2 was reduced from 144 ppm in the effluent of
the hydrotreating step to 9 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



15 Reactor Inlet hydrogen Partial Pressure, psia 650 Wi ghted Average

React or wBeglsbsygper ature, |F 660 - 720 Table 2 shows the $e¥YRisBo/33406

desul furi zation achi eved by the nethod of the invention. Table 3 shows
simlar severe hydrodenitrogenation achieved in this 20 catal yst system
After the effluent fromthe hydrotr,g;tting step is contacted by the

hydr odear omati zati on catal yst, the Sulfur content is reduced in Blend 1
from 299 p%_m to 31 ppm The sulfur content in Blend 2 was reduced from 144
pprrémovae Teble dsmowsttotal psompatics cpavensiag/sateration, whighhs Mti s shows t he

extraordinar Ll fnat:Re i ti furize the
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DS : i i rall aromatics saturation may be | ow in sone

g:asgg%ﬁﬁ%s@%ﬁ%ﬁ?i@%@%ﬁ@' equilibriumfor saturation reactions.

Nonet hel ess, saturation of sulfur containing and nitrogen 5 containing

rings proceeds rapidly. Thus, while there have been descri pe at are
present | y N8l Walg dhe's e peen gegs: whaheEResRPLY gf*ﬁ?‘f?éjjﬁoﬂ?/‘ae & on, those
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0 W thout departing fromthe spirit of 1o the invention, and it is
i nt ehdeges andlnaodifichtiorsunhy tleamgde thattowdihbutdepanisgdeorhdhé spint ohi n t he
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5 sul fur conpounds and a lighter fraction, said nethod conprising

cont act Ggottf3Ses €f f 1 uent with a noble nmetal containi ng hygaaa@asNEat i zation
catal yst on a support under super-atnospheric hydrogen pressure and

reaction conditions sufficient to hydrogenate at |east one ring of said
pol yaromati c sul fur conpounds and tﬂér eby produce a product with a reduced
sul fur content. 10 2. A nethod as de8cribed in Caiml wherein said |ighter
fraction of effluent 1is separated fromsaid heavier fraction of effluent,
and Gaings heavi er fraction is contacted with said hydrodearonati zation
catalyst. is 3. A nmethod as described in Caim1l wherein H2S and NH3
produced by the hydrotreating step are renoved before the effluent is

cont act edi wi t i sdtHod Y depdeing Ul Trah an effiaitysbduced By ﬁ?(dlhﬁlféaﬁﬁﬂ
described in Claim3 wherein the H2S and NH3 are 20 renoved fromthe

ef f laleydrogabeg fredhsaidefflugmithaving adheayy fraséipa centaleingalyarpniatisct i on i s
: . CacH . . ® ed
S b Faehlds o B RE BT AR PR G P o BRI 08, 2 he o

n sal d® sUppori I's se € group consisting of

gameffiusiit With 2 @obld metaitantdibivig KGlvbd@aromutitaitibh &atalyst@Pasuppbit48, MCM 41,
Si02, Zr02, O Al 203, a-A1203, SAPGCs, MEAPGs, Al POMs, or a_ conbination
t heGEr SEPEAatTROSRNErNISNYEegen pERPSURE éﬂgirﬁ?@'%é‘?'éq“ﬂo%saﬁﬂﬁ'ﬁ@é‘ltéo nmet al

cat ' f IS bl i | adi um
N e b L L A

ot hgrodusta paddwuctawittherediiced/€ulflir/ctdd&@. PCT/ USOCQ' 33406 19 7. A nethod as
described in Caiml further conprising contacting at |east said heavy

Wraction of effluent with a netal containing hydrodesul furization catal yst.

8. A nethod an ArsRbH BRAsRribb@iNT ik ¢ WHdieihsidMgRler iaicBoR 3% effitRING! -
is separated from said heavier fraction of effluent, and said heavier fraction is

contacted with said hydrodearomatization catalyst.

15 3. A method as described in Claim 1 wherein H,S and NH; produced by
the hydrotreating step are removed before the effluent is contacted with said

hydrodearomatization catalyst.

4. A method as described in Ciaim 3 wherein the H,S and NH3 are
20 removed from the effluent along with the lighter fraction, before the heavier fraction is

contacted with said hydrodearomatization catalyst.

5. A method as described in Claim 1 wherein said support is selected from
the group consisting of gamma-Al,O3, zeolite beta, USY, ZSM-12, mordenite TiO,,
25 ZSM-48, MCM-41, SiO;, ZrO,, n-Al,03, 8-Al,03, SAPOs, MEAPOs, AlIPOss, or a

combination thereof.

6. A method as described in Ciaim 1 wherein said noble metal catalyst is
selected from the group consisting of platinum, palladium, ruthenium, rhodium,

30 iridium, osmium, rhenium, platinum/palladium or other combinations thereof.



5 9. Anethod as described in CGaim7 wherein the hydrodearomatization

cat al ys{yqanf.dugdr odesul furi zati on catal ysts are arrangedpifRRbdissaed €act i on
vessel 1n a schematic selected fromthe group consisting of: 10 (a) said

hydr odear omat i zati on catal yst and said hydrodesul furization catalyst
conbined in two separate layers or in nultiple alternating |ayers, (b) said
hydr odear omati zati on catal yst and d& d hydr odesul furi zation catalyst are
separate_extrudates which are mxed, and 15 (c) said hydrodearonati zation
cat al yst 7and édanethgtias descilibes inzGkairor fusthesicosprising eordpatipneatieastidate i n

S R P Wy A B b

conbi nation thereof. 10. A nethod as described in Cdaim1l wherein the
reaction conditions include a tenP_erature of 550 - 800F, a pressure of 200

- 1100 p8ig, Anuethas\agpdesgied im@lan'7 whatein themetahis abasa @etal. 300 - 2500
SCFB. 25
9. A method as described in Claim 7 wherein the hydrodearomatization
catalyst and hydrodesulfurization catalysts are arranged within a reaction vessel in a

schematic selected from the group consisting of:

10 (@) said hydrodearomatization catalyst and said hydrodesulfurization

catalyst combined in two separate layers or in multiple alternating layers,

(b) said hydrodearomatization catalyst and said hydrodesulfurization

catalyst are separate extrudates which are mixed, and

(c) said hydrodearomatization catalyst and said hydrodesulfurization
catalyst are a single extrudate in which the noble metal of the hydrodearomatization

catalyst and the metal of the hydrodesulfurization catalyst are co-incorporated,
20 or a combination thereof.

10. A method as described in Claim 1 wherein the reaction conditions
include a temperature of 550 - 800°F, a pressure of 200 — 1100 psig, and LHSV of
0.5—10 hr', and a H; recycle rate of 300 — 2500 SCFB.

25



