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BO LI NG RANCGE FEEDS FI ELD OF THE | NVENTI ON [ 0001] The

w0 p@vasis3t nvention relates to a process for upPCEHUS2V08/010407
of hydrocarbon m xtures boiling within the diesel
range. More particularly, the instant invention
relates to a process to produce |ow sul fur diesel
products through hydrodesul furization of |ow nitrogen
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reduce the sul fur and mgpgmtent of notor
fuels, in particular direset, to meet current
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i npl emented in the United States Europe and Japan.
0@0?@ t NEREInRBINt Pt Rl 1R Ttes 10 a podRE® RSEShrhdiak dfhe
sul | evel in diesel fuels be reduced to Dbel ow 0. 005
hywlro€arboh fruixtureh ibodifg tvithén thegdiestlirange. nh&oxgqaalmd:ldarly, the
thi s maxi mum sul fur | evel. Therefore, met hods

lﬂ?@!?lblfb’@éﬁop relatesd amfocs*ﬁs()wpﬁlgcq: W§Hlfﬂn fileéP]eB@ldUCtS
f
op it o0 83 m iaR By ieSeE B I 8 fecasgrams.

utilizing high activity hydrodesul furization
BAGIGGROENT) OFOBHEHN¥ENTIONCh of these nethods has
certai n drawbacks. For exanpl e, whil e both the sul fur
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level. Therefore, many methods have been proposed for producing low sulfur

diesel fuels such as, for example, using high pressure reactors, feed undercutting,

reducing run lengths, and utilizing high activity hydrodesulfurization catalysts.

[0003] However, each of these methods has certain drawbacks. For
example, while both the sulfur and aromatics content of diesel boiling range
feedstreams from which diesel motor fuels are derived can be reduced to a
satisfactory level through the use of catalytic treatments, the catalytic treatments
are severely impeded by nitrogen-containing compounds present in the
feedstream. Further, conventional hydrodesulfurization catalysts are typically
not efficient at removing sulfur from compounds where the sulfur atom is
sterically hindered such as those sulfur atoms in multi-ring aromatic sulfur

compounds.



conmpounds. [ 0004] U.S. Published Patent Application

2005/ 0029162 descri bes nethods for desul furization of
woapboba3f eedst ocks having a boiling range froP€B085008/010407

(100C) to 4500F (232C). The nmethods include optionally

contacting a naphtha feedstpglg with an acidic materi al

to renove nitrogen conpounds, contacting at |east a

portion of the resulting stream under

Oi SQRRY | 100, gondj ti ons W t ' hayvi
0B8}2" +a7 S PRRLGERLPAREL heREBatbh doFrBRBLT gPHIR fAnoas
o] SLERHTAUSH A1 AR RN, Moy bAoA OB e
(10PChto 4POTEQB20CH) aThe raythadsindlade sprivhalth cappeting atmaphtha
at |east partially involve converting straight chain
feedsioélnsvithamadidisaiatarial te remeve nitrogenpeompoerils, ggntacting at

L e
s FEAF VR 4 o PLESBAE T pb AR BR R

seRscitivealevalfufizaticioh A€ 10t 4 poRsIHb Ntheydro BBt R dRtream.
paraffin. [0005] U. S. Published Patent Application

TOoEINBRProdocaaswlheswith hmprortdoetand,dry a mechanism which
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a mechani sm whi ch appears to at |east partially

[0003P! Ve G@&NPeblished PhieAt ApplichabR 200810023 190%fo describes
branched ol efins. [0006] U’'S. Published Patent

méghoids dat desul R01%ati00 23 nhphtldhefeedstbelss hatihgasbdibing range from
esul furization of naphtha feedstocks having_ a boiling
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contacting at least a portion of the resulting stream under hydroisomerization
conditions with a zeolite, and then performing a selective desulfurization on at
least a portion of the hydroisomerized stream. The methods also produce
gasoline with improved octane by a mechanism which appears to at least

partially involve converting straight chain olefins into branched olefins.

[0006] U.S. Published Patent Application 2005/0023191 describes methods
for desuifurization of naphtha feedstocks having a boiling range from 50°F
(10°C) to 450°F (232°C). The methods include optionally contacting a naphtha
feedstock with an acidic material to remove nitrogen compounds, and then
contacting the feedstock with a supported catalyst including at least one medium

pore zeolite, at least one Group VI metal, and at least one Group VIII metal.



feedstock with an acidic material to renove nitrogen

conpounds, and then contacting the feedstock with a
wGeupposIser catal yst including at | east one nmedPCMURINE010407

zeolite, at |east one Group VI netal, and at | east one

Goup VIII netal.The nethodssproduce gasoline wth
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nment, the invention is directed to a process
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[0010] In an embodiment, the invention is directed to a process for

producing low sulfur diesel product streams that includes contacting a diesel
boiling range feedstream containing organically bound sulfur molecules and
nitrogen-containing compounds with a material in a contacting stage operated
under conditions effective at removing at least a portion of said nitrogen-
containing compounds in said diesel boiling range feedstream. This produces at
least a contacting stage effluent comprising at least a diesel boiling range
effluent containing organically bound sulfur molecules and having a reduced
amount of nitrogen-containing compounds. At least a portion of said contacting
stage effluent is then contacted in a first reaction stage and, in the presence of a
hydrogen-containing treat gas, in a second reaction stage. The first reaction
stage is operated under conditions effective at isomerizing at least a portion of

said organically bound sulfur molecules with a first catalyst comprising at least



stage effluent is then contacted in a first reaction
stage and, in the presence of a hydrogen-containing

WO e@®an33§as, in a second reaction stage. The fiPGL/US2008/010407
reaction stage is operated under conditions effective
at isonerizing at |east a poption of said organically
bound sul fur nolecules with a first catal yst
conprising at | eastone solid acidic conponent having
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thereby producing at |east a contacting, stage effluent
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operated under conditions effective at
stage operated under conditions effective at removing at least a
portion of said nitrogen-containing compounds in said
feedstream thereby producing at least a contacting stage
effluent containing organically bound sulfur molecules and

having a reduced amount of nitrogen-containing compounds;

b) contacting at least a portion of said contacting stage efﬂuen‘t in
a first reaction stage operated under conditions effective at
isomerizing at least a portion of said organically bound sulfur
molecules with a first catalyst comprising at least one solid
acidic component having an alpha value in the range of about 1
to about 50 thereby producing at least a first reaction stage

effluent; and



i somerizing at |least a portion of said organically
bound sul fur nolecules with a first catal yst
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an al pha value in the range of about 1 to about 50
thereby producing at |east asfirst reaction stage
ef fluent; andc) contacting, In the presence of
hydr ogen-containing treat gas, at |east a portion of
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"hard" sul f produding abRasta tesulfirived diest]iboiling eigechroduct
al kyl -substituted di benzot hi ophene conpounds. This is
acconpl i shedtrbymy enovi ng ni trogen conpounds fromthe
feedstream which enhances the perfornance of
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hydrodesulfurization processes. In particular, removal of nitrogen enhances the
abiiity of the subsequent processes to remove “hard” sulfur, such as sulfur
contained in compounds like hindered alkyl-substituted dibenzothiophenes. The
invention provides a particular advantage for sulfur removal, as it has been
unexpectedly found that removal of nitrogen aids both isomerization of hard

sulfur species and removal of hard sulfur species.

[0014] The types of “hard” sulfur species in gasoline or naphtha feedstocks
are quite different from the “hard” sulfur species in diesel feedstocks (and other
feedstocks with a higher boiling range). Naphtha feedstocks typically have
boiling points below 500°F. In such feedstocks, the more difficult to remove
sulfur species are various types of thiophenes, including unhindered and
hindered alkyl-substituted thiophenes. In a journal article published in Industrial
Engineering and Chemical Research (Vol. 36, pp 1519 — 1523, 1997), Hatanaka,

et al., demonstrated that in the hydrodesulfurization of catalytically cracked



are quite different fromthe "hard" sul fur species in

di esel feedstocks (and other feedstocks with a higher
whiiosg32 ange) . Napht ha feedstocks typical |y PeE/ES2008/010407

boi Il i ng poi nts bel ow 5000F. In such feedstocks, the

nore difficult to renove sul pur species are various

types of thiophenes, including unhindered and hi ndered

al kyl -substituted thiophenes. In a journal article
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[0015] Diesel feedstocks, which typically include
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di benzot hi ophenes are desulfurized via a dir
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mentioned above. By contrast, hindered dibenzothiophenes require a two-step

pathway for sulfur removal that includess hydrogenation of an aromatic ring
followed by the C-S bond hydrogenolysis. At low and moderate pressures, the
hydrogenation step is the rate limiting step for hindered dibenzothiophene HDS.

[0016] In this invention, it has been found that the rate of deep
desulfurization for gas oils, and other feedstocks containing 600°F+ boiling
range compounds, can be improved by isomerizing hindered alkyl-substituted
dibenzothiophenes to form unhindered dibenzothiophenes. This facilitates the
removal of sulfur as the sulfur can be removed by the faster pathway of direct C-

S bond hydrogenolysis without having to first hydrogenate an aromatic ring.



foll owed by the G S bond hydrogenol ysis. At |ow and
noder at e pressures, the hydrogenation step is the rate
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[0016] In this invention, it has been found that the
rate of deep desul furizationsfor gas oils, and other
f eedst ocks contai ni ng 600F+ boiling range conpounds,
can be inproved by isonerizing hindered
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50, preferably | ess than
material having an alpha value from about 1 to about 50, preferably less than
about 30, and more preferably less than about 10. The contacting of at least a
portion of the contacting stage effluent with the acidic material occurs under
conditions effective at isomerizing at least a portion of the organically bound
sulfur molecules and results in a first reaction stage effluent. At least a portion
of the first reaction stage effluent is subsequently contacted in a second reaction
stage, in the presence of hydrogen-containing treat gas, with a second catalyst
selected from hydrotreating catalysts comprising at least one Group VIII metal
oxide and at least one Group VI metal oxide. The second reaction stage is

operated under effective hydrotreating conditions thereby producing at least a

desulfurized diesel boiling range product stream.



about 30, and nore preferably |less than about 10. The
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conditions effective at isonerizing at |east a portion
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nitrogen species may include carbazoles and substituted carbazoles. In an
embodiment, feedstreams suitable for use herein have a sulfur content from
about 100 to about 40,000 wppm sulfur, preferably about 200 to about 30,000
wppm, and more preferably about 350 to about 25,000 wppm. The sulfur
appears as organically bound sulfur molecules, such as for example, sterically
hindered organically bound sulfur molecules. Non-limiting examples of
sterically hindered organically bound sulfur molecules include sterically
hindered d:benzothiophenes, i.e., 4-methyldibenzothiophene or 4,6-

diethyldibenzothiophene.
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nitrogen-containing compounds present in the feedstream, or at least about 25

wt%, or at least about 50 wt%, or at least about 75 wt%, or at least about 90
wt%. Preferably, the at least a portion of the nitrogen-containing compounds
removed from the feedstream corresponds to at least that amount of nitrogen-
containing compounds that will result ina contacting stage effluent containing
less than about 50 wppm total nitrogen, based on the contacting stage effluent.
More preferably the contacting stage effluent contains less than 25 wppm total
nitrogen, most preferably less than 10 -wppm nitrogen, and in an ideally suitable
case, less than 5 wppm total nitrogen. Thus, by "conditions effective for
removal of at least a portion of the nitrogen-containing compounds", it is meant

those conditions under which the contacting stage effluent will have the above



sul fur nol ecul es and having a reduced anount of

ni trogen-contai ni ng conpounds. By at |east a portion,
w0 200093358Nt at | east about 10 wt.% of the PCT/US2008/010407

ni t rogen-cont ai ni ng conpounds present in the

feedstream or at |east abougy 25 wt% or at | east

about 50 wt% or at |east about 75 w% or at |east

about 90 wt % Preferably, the at | east a portion of
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refidvapag@cont ai ni ng conpounds that will result in a

contdacting stage effluent containing | ess than about

50 wopm total nitrogen, based on the contacting stage,
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nitrogen. - T conditions effective for renoval
a Silfwic heidsblwtig@anr The suldiirit heid¥dlutigre suicabie domasegherein
conmpounds”, it is meant those conditions under which
caniteing ehleast abaptSdayb Ve sulfudaacidi basedaethersulfuric acid solution,
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Hewel et tas Rthtéd aBéve, linistiibfe preferdédrihat theasul flgsehcidaolutitth be
range feedstream as defined above, is intinmatel

the spemicaced fiom lanalisylpfion iprocess aingdiayinga suhfhscsaic{ uric
acid solutign suitable for use herein contains.at
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. S ri | 0 i 0
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t hrough any neans known. However, as stated above, it
hydrocarbenacesius mixturtehiatsubseuentlf wontacted withculfuriwradid. The
the spent acid from an al kyl ati on process unit  havi n%lb’
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wEORt At ABI-theX i firltSacid has a sulfuric acid concentration of greater
than about 97 wt.%. The hydrocarbonaceous mixture is contacted with the
sulfuric acid under conditions effective at producing at least an alkylate and
sulfuric acid solution. The sulfuric acid solution so produced comprises at least
about 75 wt.% sulfuric acid, based on the sulfuric acid solution, preferably
greater than about 75 wt.%, more preferably about 75 wt. % to about 92 wt.%,
about 0.5 to about 5 wt.% water, with the remaining balance being acid soluble
hydrocarbons. It is more preferred that the effective conditions be selected such
that the sulfuric acid solution so produced comprises between about 82 and 92
wt.% sulfuric acid, about 1 to about 4 vol.% water, with the remaining balance

being acid soluble hydrocarbons. However, it is most preferred that the effective



wi th isobutane to produce a hydrocarbonaceous m xture.

Thi s hydrocarbonaceous m xture is subsequently
weorwmstserd with sul furic acid. The sul furic acPdI/uSm»ds/010407

for contacting the hydrocarbonaceous mixture is

typically reagent grade sul_fﬂric acid having an acid

concentration of at |east about 95 w.% Preferably

the sulfuric acid has a sulfuric acid concentration of
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and su ic acid solution. The sulfuric acid solution
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wat er content are neasured
boiling range feedstream is contacted with the sulfuric acid solution at an acid
volumetric treat rate of greater than about 0.5 vol.%, based on the diesel boiling
range feedstream, preferably about 0.5 to about 20 vol.%, and more preferably
0.5 to about 5 vol.%. The contacting can be achieved by any suitable method
including both dispersive and non-dispersive methods. Non-limiting examples
of suitable dispersive methods include mixing valves, mixing tanks or vessels,
and other similar devices. Non-limiting examples of non-dispersive methods
include packed beds of inert particles and fiber film contactors such as those sold
by Merichem Company and described in United States Patent Number

3,758,404, which is hereby incorporated by reference, which involve contacting

along a bundle of metallic fibers rather than a packed bed of inert particles.



by standard anal yti cal techni ques. The equival ent acid
strength can then be calculated with the foll ow ng
WO 20091085832 equi val ent wt. % sul furic acid = wt. %BCUUS2908/€10407
acid/ (wm.%sulfuric acid + wt.%water). In this
fornmula, the acid sol ubl e hygyocarbon content of the
spent alkylation acid is treated as an inert dil uent
with respect to the sulfuric acid and water content.
024 racti ci is. e i.fen f ' .
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Non-limting
conditions in this embodiment, it is to be considered those conditions that allow

the sulfuric acid treatment to achieve a reduction of nitrogen of greater than
about 85 wt.%, preferably greater than about 85 wt.% more preferably greater
than about 90 wt.%. Thus, it can likewise be said that the contacting stage
effluent will have a nitrogen level about 80%, preferably at least about 85%,
more preferably at least about 90% lower than that of the diesel boiling range
feedstream. This will typically result in a contacting stage effluent having a
nitrogen level of less than about 200 wppm, preferably less than about 100
wppm, more preferably less than about 50 wppm, and most preferably less than
about 20 wppm. It should also be noted that if sulfuric acid is selected as the

material, effective conditions are also to be considered those conditions that



exanpl es of suitable separation nethods include

gravity settling, electric field induced settling,
w@empisfseyat i on, m crowave induced settling aneCT/US2008/010407

settling enhanced with coal esci ng surfaces. However,

it is preferred that the dieggel boiling range product

and the used sulfuric acid solution be separated, or

all owed to separate, into layers in a separation
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conducted to a first reaction stage. In the first
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contacting s con
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conmponent havi ng an al pha val ue in
porous crystalline materials and those used herein have an alpha value in the
range of about 1 to about 50. Alpha value, or alpha number, is a measure of
zeolite acidic functionality and is more fully described together with details of its
measuremeﬁt in United States Patent Number 4,016,218, J. Catalysis, 6, pages
278-287 (1966) and J. Catalysis, 61, pages 390-396 (1980), which are all
incorporated herein by reference. Generally the alpha value reflects the relative
activity with respect to a high activity silica-alumina cracking catalyst. To
determine the alpha value as used herein, n-hexane conversion is determined at
about 800°F. Conversion is varied by variation in space velocity such that a

conversion level of 10 to 60 percent of n-hexane is obtained and converted to a

rate constant per unit volume of zeolite and compared with that of the silica-



the range of about 1 to about 50, preferably | ess than
about 30, and nore preferably | ess than about 10.
wakobe3#32r ange of al pha val ues can be used to BCHUS2008/010407
the desired isonerization reactions, due to the
tenperatures involved during;4he isonerization step,
solid acid catalysts with higher al pha values lead to
i ncreased cracking of nolecules in the feedstream
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decreases, the tendency towards non-sel ective cracking
leastameddsikicas @dumina, or a kaolin clay. It is more preferred that the binder
material comprise alumina. In this embodiment the alumina is present in a ratio
of less than about 15 parts zeolite to one part binder, preferably less than about

10, more preferably less than about 5, and most preferably about 2.

[0031] The first reaction stage can be comprised of one or more reactors or
reaction zones each of which can comprise each of which can comprise one or
more catalyst beds of the same or different solid acidic material. Although other
types of catalyst beds can be used, fixed beds are preferred. Non-limiting
examples of suitable bed types include fluidized beds, ebullating beds, slurry
beds, and moving beds. Interstage cooling or heating between reactors or

reaction zones, or between catalyst beds in the same reactor, can be employed.



[0029] The at |east one solid acid used as the first
catal yst may be conbined with a suitabl e porous binder
wW@eoons3sBx material. Non-limting exanpl es of BCDS2008/010407

materials include active and inactive materials such
as clays, silica, and/or netg_oxides such as al um na.
Non-limting exanples of naturally occurring clays
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sterically hindered sulfur-containing compounds such as DBT's is facile, but at

low to moderate pressures, it is difficult to desulfurize the sterically hindered
sulfur-containing molecules without resorting to higher reactor temperatures,
which shorten catalyst life. Thus, the present invention achieves better
desulfurization of diesel boiling range feedstreams by isomerizing the alkyl
groups of the sterically hindered sulfur-containing molecules, such as DBT's, to
form less or unhindered sulfur-containing molecules which readily desulfurize at
low to moderate hydrogen pressures through hydrogenolysis. By low to
moderate hydrogen pressures, it is meant 50 to about 1000 psig, preferably about
75 to about 800 psig, more preferably about 100 to about 700 psig, and most
preferably about 150 to about 600 psig. In another embodiment, low to



[0032] The first reaction stage is operated under

conditions effective at isonerizing at |east a portion
w@pooblasssul f ur - cont ai ni ng conmpounds present i NPETES2008/010407

contacting stage effluent thus producing at |east a

first reaction stage efflue_n{ _It is preferred that

the effective conditions in 6ne first reaction stage

be sel ected such that at |east a portion of the
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t han about 800 psig, or less
zone catalysts is typically present in an amount ranging from about 0.01 to about
20 wt.%, preferably from about 0.1 to about 12%. The Group VI metal oxide
will typically be present in an amount ranging from about 1 to about 50 wt.%,
preferably from about 5 to about 30 wt.%, and more preferably from about 10 to
about 25 wt.%. All metal oxide weight percents are on support. By “on
support” we mean that the percents are based on the weight of the support. For

example, if the support were to weigh 100 g. then 20 wt.% Group VIII metal

oxide would mean that 20 g. of Group VIII metal oxide was on the support.

[0034] The second catalysts used in the second reaction stage of the present

invention are preferably supported catalysts. Any suitable refractory catalyst



t han about 700 psig, or |ess than about 600 psig, or
| ess than about 500 psig. In still another enbodi nent,

wo omooassaDder at e hydrogen pressures refer to pPEBES208$010407
of at least 50 psig, or at |east 100 psig, or at |east
150 psig, or at least 200 psjg. [0033] At |east a
portion of the first reaction stage effl uent,
preferably substantially all, is conducted to a second
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consisting of phosphorus and metals or metal oxides from Group IA (alkali

metals) of the Periodic Table of the Elements.

[0035] As previously stated, the first reaction zone effluent is contacted
with the above-defined second catalyst in a second reaction stage under effective
hydrotreating conditions to produce at least a desulfurized diesel boiling range
product stream. By effective hydrotreating conditions, it is meant those
conditions chosen that will achieve a resulting desulfurized diesel boiling range
product stream having less than 50 wppm sulfur, preferably less than 15 wppm
sulfur, more preferably less than 10 wppm sulfur. These conditions typically
include temperatures ranging from about 200°C to about 450°C, preferably about



[0034] The second catalysts used in the second

reacti on stage of the present invention are preferably
wG@upposIser catal ysts. Any suitabl e refractory PCT/US2008/010407

cat al ystsupport material, preferably inorganic oxide

support materials may be uqel% as supports for the

catal yst of the present invention. Non-limting

exanpl es of suitable support materials include:
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easily maintained.

[0037] In one embodiment of the present invention fhe first and second
reaction stages are combined to form one reaction stage. In this embodiment, at
least a portion of the contacting stage effluent is conducted to a single reaction
stage wherein it contacts a catalyst system comprising the first and second
catalysts described above. In this embodiment, the first catalyst comprises from
about 1 to about 90 percent of the catalyst system, i.e. total catalyst loading, of
the single reaction stage while the second catalyst makes up the remainder. The
first catalyst and the second catalyst may be combined in a single catalyst

particle. It is preferred that the first catalyst comprises from about 1 to about 50



conditions chosen that will achieve a resulting

desul furi zed di esel boiling range product stream
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sul fur. These conditions typjgally include
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hydrotreating catalyst already employed.

[0038] The above description is directed to several embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.

[0039] The following examples will illustrate the improved effectiveness of

the invention, but are not meant to limit the invention in any fashion.

Example 1

[0040] This example demonstrates the HDS activity advantage for HDS of a

lower nitrogen content feed at equal sulfur content. A severely hydrotreated



stage wherein it contacts a catal yst system conpri sing
the first and second catal ysts descri bed above. In
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0 2.7
11 1.9
KF-756 95 1.0
Example 2
[0042] This example demonstrates the advantage of the invention of adding

an acid catalyst component to a HDS éatalyst system when treating low nitrogen
content feeds. As separate particles, KF-756 was loaded into the reactor mixed
with a faujaéite type solid acid, ECR-32 (U.S. Pat. No. 4,931,267), having a
Si:Al ratio of 13:1 and a Pt loading of 0.9 wt.% Pt (the Pt was added by incipient
wetness impregnation of an aqueous Pt salt solution followed by calcination as is

conventional). The KF-756 made up 80 wt.% of the total catalyst loading and




that are equally effective could be devised for
carrying out the spirit of this invention. [0039] The

WO eiobosdsey exanples will illustrate the inprovedr/Uus2008/010407
effecti veness of the invention, but are not neant to
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greater HDS relative volunetric activity ( A) On
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THif gctrn":f‘%‘; Encregges Gfs a multiplier of the benefit seen for low nitrogen feeds.
Thus, the combined hydrotreating/acid catalyst system on the feed with 0 wppm
nitrogen as THQ displays greater than 10X the activity of KF-756 alone on the
feed with 95 wppm nitrogen as THQ. Significantly, an increase in activity by
the combined hydrotreating/acid catalyst system is seen even at low (non-zero)
nitrogen feed levels as demonstrated on the 11 wppm nitrogen as THQ feed.
This demonstrates that complete removal of nitrogen from a feed is not

necessary to reap the benefits of the present invention.

Example 3

[0044] This example illustrates the importance of an acid catalyst for the
invention. Five catalyst systems were tested on the 11 wppm N as THQ feed
used in Example 1 under similar conditions (three of the catalysts were also
tested at a higher temperature, 350°C) following a standard sulfidation. The first
system was the same as used in Example 2, but KF-756 made up 89 wt.% of the
catalyst load and the 0.9 wt.% Pt on ECR-32 (13:1 Si:Al) was the remaining 11




with a faujasite type solid acid, ECR-32 (U. S. Pat.

ratio of 13:1 and a Pt
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0.5 wt.% Pt on EAB-11

80:20 (w:w) KF-756 + 1.0 1.0

0.9 wt.% Pt on Alumina

[0045] As seen in Table 3 the combination of KF-756 and an acid catalyst is
effective even when the quantity of acid sites is reduced, such as 1) by a physical
reduction when the amount of acid catalyst particles mixed with the
hydrotreating catalyst is lowered by approximately half, e.g., the 89:11 mixture
of KF-756 and 0.9 wt.% Pt on ECR-32 (13:1 Si:Al); or 2) a chemical reduction,
when less alumina is added to the acid catalyst, but the particles are kept
constant, €.g., the 80:20 mixture of KF-756 and 0.9 wt.% Pt on ECR-32 (66:1
Si:Al). Reducing the platinum from 0.9 to 0.1 wt% on the acid catalyst had no




Pt on ECR-32 but the ECR-32 had a Si: Al ratio of 66: 1.

The third catal yst was an 80:20 (w.w) m xture of
WOKRE07885and 0.1 wt. % Pt on ECR-32 (66:1 Si: Al )PCIHg§2008/010407

fourth catal yst was an 80:20 m xture of KF-756 and 0.5

w.% Pt on a commercial amorghous silica-al um na

catal yst, EAB-1 1, manufactured by UOP. The fi nal

catalyst was 0.9 w.% Pt on alumna (a non-acidic
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migai GbRFoTS6 e et P EQE- 14 f3ne e b odBas ] is
.n(&ﬁ% gresent on the catalyst is sufficient under both
ma P'SUm amounts. The hydrotreating and acidic

catal yst systemis also effective when a | ower
Jéﬁiﬂgi%w h acid catalyst, i.e., an anorphous
silica-alumna is used, as in the 80:20 m xture of
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relatively non-acidic support such as alumna is used
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catalyst were approximately 20% and 5%, respectively. The MoO3 was added
as ammonium heptamolybdate in two impregnations to incipient wetness, with
approximately two-thirds the molybdenum added in the first impregnation and
one-third the molybdenum added in the second impregnation. After each
impregnation the catalyst was left in a hood overnight, then dried at 120°C for 2
hours, followed by calcination at 400°C for 2 hours. The CoO was added as
cobalt nitrate in a third impregnation to incipient wetness. The cobalt
impregnated catalyst was left in a hood overnight, then dried at 120°C for 2
hours, followed by calcination at 500°C for 2 hours. The catalyst was tested
after a conventional sulfiding using the general conditions in Example 1 at
temperatures of 325°C and 350°C with 0 or 11 ppm N as THQ in the feed. The

results of the HDS activity testing are shown in Table 4.
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examp'les with platinum. The greater metal loading covered a substantial

number of the acid sites of the catalyst, and the few remaining sites were

poisoned by the nitrogen added to the feed. As expected the higher temperature

altered the equilibrium of nitrogen adsorption on the catalyst and the activity

benefit of the active component was regained. In comparsion, as seen in

Example 3, the HDS activity of the 80:20 (w:w) KF-756 and 0.9 wt.% Pt on

alumina system did not respond after raising the reaction temperature to 350°C,

because the alumina catalyst system lacks sufficiently strong acid sites. It could

be expected that further optimization of the co-extruded ECR-32 / alumina

would lead to an activity boost at the lower temperature in the presence of

nitrogen. The important feature of this invention is that a noble metal such as

platinum is not necessary to obtain an activity benefit from the acid catalyst
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acgprding 0 esk@antpPe. not respond after raising the
reaction tenperature to 3500C, because the al um na

E£ ﬂy;st system | acks sufficiently strong acid sites.
~Tt could be expected that further optim zation of the
co-extruded ECR- al um na
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Cat%?%ﬁl‘ih%hr%gtnc{MZWC%%ﬁ)m 380QMd m/oapo of 308°C, an API

ystco Furthernore, the exanple
gravity of 36t % 9 8uhappmisul fitrameh 8§l vppin afitregdn ngs expractet with 1.5
and the acidic support conponent may be inti mateI}/] )
wt%ﬁ@acerdg@m sulfpricagid, meéavlth diluteragugeps sadiym hydroxide
m xed .and s accor

tofrpbiiafiSe Aty Feriaining asiprrueshOf SOUE iy &R o BEEF idghesium
sul GRORS Y feftd Qﬁo&hgzt %wﬁ??t ﬁrﬂeiﬁﬁ ént}&?)#)%‘k’ %Etél?frbrfénhﬁf the

nitrogen-re aci d- racte rea

subfie \ih ehks diesélysif mmlﬁaéﬁﬂ dibesaidthivphehes i Atfr@cthm of 1@ acid-
range of 1270C to about 3890C, a 50% TBP of 3080C, an

extrictagk aiV wap spikegiswih approxipately I00Uwppansnl8s asghf

nit s .extr 5 wt % concentr
aigtpoAdiBrRoiampEn e RIS b ddretrast i apaensofiiaered sulfur
mgye(ék%l ﬁqhé? Jyeutralize any remaining acid, washed

, Gnd dried over magnesi um
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[0049] KF-756 and a 88:12 w/w mixture of KF-756 and 0.9 wt% platinum
on ECR-32 were liquid phase sulfided with a feed similar to the one used in
Example 1 spiked with 6.5 wt% DMDS. The catalysts were tested with both the
acid-extracted diesel oil and the acid-extracted diesel oil spiked with DEDBT at

conditions similar to those used in Example 1. Results are shown in Table 5.

Table 5
Catalyst HDS RVA comparison | HDS RVA comparison
with KF-756 on acid- | with KF-756 on acid-
extracted diesel oil extracted diesel oil spiked
with DEDBT
88:12 (w:w) KF-756 + 1.3 1.4
0.9 wt.% Pt on ECR-32




sulfate to yield a product with 2 wppm nitrogen

Approxi mately one-half the sulfur in the diesel oil is
whkovd®sBa2 di benzot hi ophenes. A fraction of thePCT/US2008/010407

aci dextracted oil was spi ked with approxi mtely 500

wopm sul fur as 4, 6- diethyl djbenot hi ophene (" DEDBT")

to increase the anount of hi'hdered sul fur nolecules in

the feed. [0049] KF-756 and a 88: 12 w w ni xture of

1088Lc "< s ol SRR B R 1251 e lipis p 30%
oSATLEL] R i aed e BB Bk e

acid-esitragtedatiesd ofli withladditiormp hisdtred tibebzbOlBiloplienes increases
conditions simlar to those used in Exanple 1. Results

thgaetivitp wredihretatby et eKFTa%6. The dosuiontrifestivengsy increases as

system w th ECR- 32 aci di.c conmpanen xhibits a 30%
thacHiony O adR e b o o HORER In et 'BFEEsS- o1 | over
KF- 756 al one. Spi king the acid-extracted di esel oi
wi th additional hindered dibenzothi ophenes increases
the activity credit relative to KF-756. The invention
effecti veness increases as the fraction of hindered
di benzot hi ophenes in a feed increases. CLAIMS: 1. A
process for producing |l ow sul fur diesel boiling range
product conprising: (a) contacting a diesel boiling
range feedstream containing organically bound sul fur
nol ecul es and ni trogen-contai ni ng conpounds with a
material in a contacting stage operated under
conditions effective at renoving at | east a portion of
sai d nitrogen-containing conmpounds in said diese
boi li ng range feedstream thereby producing at |east a
contacting stage effluent conprising at | east a diese
boi li ng range effluent containing organically bound
sul fur nol ecul es and



havi ng a reduced anobunt of nitrogen-containing
conpounds; and (b) contacting at |east a portion of
W@ 200d/083581 acti ng stage effluent in a first reaPCT/U82008/010407
stage operated under conditions effective at
I somerizing at least a port_iﬁn_ of said organically
bound sul fur nolecules with™a first catal yst
conprising at |east one solid acidic conponent having
Cﬁ%éﬂt%ha value in the range of about 1 to about 50
y producing at least a first reaction stage
effluent; and (ii) in the presence of
hydr ogenic oAt piockssyfar peadugag lowrsudfus diesetl botmpf iange product
stage operated under effective hydrotreating
Caippidsingons with a second catal yst selected from
hydrotreating catal ysts conprising at |east one G oup

VITI et al (()%Xi Q&ltﬁ@t‘i’n?ta | fiasd] BORinG PatiseVfeb®tRlanPXddfaining
u

t hereby pr cing at Teast a desul furized diesel

boi I'i ng range oprgaducallyshowahsfurTinelqeutssemsl nitoged+oumtaining
to claiml wherein the diesel boiling range feedstream
boils in the reoposndupdth asmatepral g s BetacEDR Gtagezoperated

e, Process 2ohshd BiiRofl SRR aMOhAY 58 porion o
corpount,and, 543 RO AL, EShhudls 834 BRAEF oiing

catal yst has arangepfeedviabarn thescbyt paodwdingtat3@ast a contacting
preferably | ess than 10. 5. The process accordi ng to
cl ai m 1 wher ei stageecfifilugpk|copuirising ataleget nedigselr baiting range

oL ot RSBy San 5 B Rguies and

e 2, SRR, 3 AT irogen-comining
compounds; and

(b) contacting at least a portion of said contacting stage effluent

in a first reaction stage operated under conditions effective

at isomerizing at least a portion of said organically bound

sulfur molecules with a first catalyst comprising at least one

solid acidic component having an alpha value in the range

of about 1 to about 50 thereby producing at least a first

reaction stage effluent; and (ii) in the presence of hydrogen-

containing treat gas, in a second reaction stage operated

under effective hydrotreating conditions with a second

catalyst selected from hydrotreating catalysts comprising at

least one Group VIII metal oxide and at least one Group VI

metal oxide thereby producing at least a desulfurized diesel

boiling range product stream.



carbazoles. 7. The process according to claim®6
wherein the feedstreamincludes sulfur in the form of

W@ @Bl y hi ndered organically bound sul fur PCT/US2008/010407
nol ecul es. 8. The process according to claim1l wherein
said material is selected frgm Anberlyst, alum na,
silica, sulfuric acid, spent sulfuric acid obtained
froman al kyl ati on process unit, and any ot her

Compounds A RERratssS GeEbuEd o' Gafth f B bl 008 Ting
raﬁgé %é@sﬂGaﬁloo(ﬁlsaihrfhg riRY 6f AbRAI4% 1PREShbaht 8G0°FE!l ected

omsulfuric acid and spent sulfuric aC| d obt ai ned
froman al kyl ati on process unit, sai

cont ai ning [§¢ PEOESSS PREPTIMBD IR chagm,j v, §mm Ltm 316&%# Rpiling

rabdy PSP IRERRERERTE Dol FPbnd A, & efa boiling

poiftl §CABHLIBDOPF GrY&dsal | i ne or anor phous
aI um nosi |l i cates, alum nophosphat es, and

silicoalu phosphat e | f ndt.ungst
Zi r coni é‘,-mﬁﬂlsmrecgﬁl i@ﬁagswgﬁgﬁlpzlae gFStkS:GF ystdnas an alpha

N T RN N UL i DR

catalyst is a zeolite or nolecular sieve. 12. The
pr ocess SacFbe progess accordimg o olaendi whewiin thedimsdl boiling

yst is selecte rotreating catal ysts
raes?rg‘fqdﬁrﬁ@nm&%m@ agq ek geﬁatwm% HORERy oup VI | |
nmetal oxi de and about 1 to about 50 wt. % of a G oup VI

metal 0)§.dFhe %ﬁocéﬁb QcOOrAees fo elabarTivherdia thé aitfdgkn present in
wherei n said rst catalyst further conprises a

sagdidieadll oipog sasgdbfeedsiream ineludex canbagoleadndéer sbistitited
Caé‘;om cl ays silica, and/or netal oxides such as

7. The process according to claim 6 wherein the feedstream
includes sulfur in the form of sterically hindered organically bound sulfur

molecules.

8. The process according to claim 1 wherein said material is
selected from Amberlyst, alumina, silica, sulfuric acid, spent sulfuric acid
obtained from an alkylation process unit, and any other material known to be

effective at removing nitrogen compounds from a hydrocarbon stream.

9. The process according to claim 8 wherein said material is
selected from sulfuric acid and spent sulfuric acid obtained from an alkylation

process unit, said material containing greater than about 75 wt% sulfuric acid.

10. The process according to claim 1 wherein said solid acidic
component of said first catalyst is selected from crystalline or amorphous

aluminosilicates, aluminophosphates, and silicoaluminophosphates, sulfated and



WO 2009/035532 PCT/US2008/010407

-29.

tungstated zirconia, niobic acid, and supported or bulk heteropolyacids or

derivatives thereof.

11. The process according to claim 10 wherein said first catalyst is

a zeolite or molecular sieve.

12. The process according to claim 1 wherein said second catalyst
is selected from hydrotreating catalysts comprising about 0.01 to about 20% of a
Group VIII metal oxide and about 1 to about 50 wt.% of a Group VI metal

oxide.

13. The process according to claim 1 wherein said first catalyst
further comprises a suitable porous binder or matrix material selected from

clays, silica, and/or metal oxides such as alumina.



