PESULFURTZI NG ORGANCSULFUR HETEROCYCLES I N DI ESEL W TH SUPPORTED SODI UM

FI ELD OF THE | NVENTI ON [ 0001J The invention relates to desul furizing

ref ract oryoao@anersl f ur het erocycl e conpounds i n a hydr ecardsesslodse: d usi ng
a solid reagent conprising supported free sodium Mre particularly the

I nvention conprises desulfurizing a hydrocarbon liquid, such as a diesel
fraction which contains refractory organosul fur heterocyclcs, by contacting
it with a solid reagent conprising supported sodi um having a free sodi um
content. BACKGROUND OF THE | NVENTI ON [ 0002] There is an increasing need for
reduced sul fur levels in petroleumand chem cal streans due to increasingly
stricter environnental requirenents. This is especially so for mddle
distillate fuels such as diesel fuel, jet fuel, kerosene, heavy furnace
oils and the |ike, whose conbustion pldoducts are rel eased into the
environnment. In hydrocarbon streans derived from petrol eumrefining and
chem cal processing, iﬁt e form of organosul fur

conpounds and_i s _typi ; AN ONU LML
hydrodesu|flﬂm&$g__\’£c LI,

hydrogen, i the presence of a SU|tabIe catalyst, to convert the sulfur in
t he organosul fur conmpounds to HS. The HS is then separated fromthe

sul fur-FEEwd)EmmN@:' BONsul fur - beari ng organi c conpounds, such as
al i phatic, naphthenic, an

[0001] The invention relates to desulfurizing refractory organosulfur

heterocycle compounds in a hydrocarbon liquid using a solid reagent comprising
suppotrted frce sodium, More particularly the invention comprises desulfurizing
a hydrocarbon liquid, such as a diesel fraction which contains refractory
organosulfur heterocycles, by contacting it with a solid reagent comprising

supported sodium having a free sodium content.

BACKGROUND OF THE INVENTION

[0002] There is an increasing nced for reduced sulfur levels in

petroleum and chemical streams due to increasingly stricter environmental
requirements. This is especially so for middlc distillate fuels such as diesel fuel,
jet fuel, kerosene, heavy furnace oils and the like, whose combustion products
are released into the environment. In hydrocarbon streams derived from
petroleum refining and chemical processing, sulfur is present in the form of
organosulfur compounds and is typically removed by a process known as
hydrodesulfurization. In this process, the stream is contacted with hydrogen, in
the presence of a suitable catalyst, to convert the sulfur in the organosulfur
compounds to H,S. The H,S is then separated from the sulfur-reducecd stream.
Simple, sulfur-bearing organic compounds, such as aliphatic, naphthenic, and

aromatic mercaptans, sulfides, di- and polysulfides and the like, are relatively
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aromatic mercaptans, sulfides, di- and polysulfides and the like, are

rel ativel yeasy to hydrodesul furize and the sulfur in these types of
conpoundswoheidngensl ativel y easy to renove, is thereforecrafsessesssp as
“"labile sulfur". It is nmuch nore difficult to renove sulfur fromnore
refractory sul fur conpounds, such as derivatives of dibenzothiophene,
especi al Iy those mono- and di-substituted and condensed ring

di benzot hi ophenes that exhibit steric hindrance, and sulfur in these
conpounds is referred to as refractory sulfur. These highly refractory

sul fur heterocycles are present in the higher boiling [e.g., 5000F to 8000F
(2600C to 4270C)] fractions of mddle digstillate streans and resi st

hydr odesul furization, as a consequence of the steric inhibition precluding
the requisite catal ystsubstrate interaction. [0003] Renoving sul fur from
these r ﬁf (r]I acagw tol I?ydraﬁwsul_fmﬁm anlbk eslfirdn thxse &yies ef edmpoutels, bahat i vel y
severe hydrodesul furization process conditions, but this, require i

t enper at ur esfehlhﬁelpireé%}’s@rfé@-,ovgasls digsiRLs Wgc,rreéﬁa agaﬁ%}lggﬁlﬁr i it sl CP | Iggss

due to crackiq%é@@%uﬂ§g;§g@%%$g%¥%%ngmﬁﬁgﬁgqﬂgﬂfﬁﬂﬁRQgg§§§@%,g%%gmbeen

developed_tdn? hese reti ory su t'erocycl fromstreans that
have p [ evi olttfdrrlwgtbmémfﬂml'f pethiophiehy, esgpidlfythosearionandtdjsilositutyd byd
conventional hydrodesul furization. For exanple, U S. patents 6,193,877 and
6i 245, 221 rgqoaﬂ@;SﬁérlﬁﬁthéQ@WH%eP% thef SO iiq Brdieally eie@ns, whi ch
sti contain refrac . i : an H2S
sor bent and tgesfa%ogfpfgﬁ&%lg’%glte?g? rggﬁ%}%ﬁﬁg%%tﬁg‘furb rqﬂh%%g?glgﬁﬁg&?p@{t iculate

support. U. Syifaahestocclédiredndsedt rthoiget baling ¢e.gf 500fTete 80OPRA(2HM0ECSt ages
and catal ysts to renove them to Rroduce pr oduct

to 427°C)] fractions of middle distillate streams and resist hydrodesulfurization,
as a consequence of the steric inhibition precluding the requisite catalyst-

substrate interaction.

[0003] Removing sulfur from these refractory sulfur heterocycles

can be achieved under relatively severe hydrodesulfurization process conditions,
but this requires high temperatures and pressures, is expensive, and can result in
product loss due to cracking and degradation. As a consequence, processes have
been developed to remove these refractory sulfur heterocycles from streams that
have previously been substantially desulfurized, and typically by conventional
hydrodesulfurization. For example, U.S. patents 6,193,877 and 6,245,221 relate
to hydrodesulfurizing such sulfur-reduced streams, which still contain refractory
sulfur heterocycles, in the presence of an H,S sorbent and a catalyst comprising
noble metal or nickel on a particulate support. U.S. patent 6,251,262 discloses
the use of three separate stages and catalysts to remove them, to produce product
having .005 wt.% (< 50 wppm) or less sulfur. This is still too high for many
specifications. U.S. patent 6,210,564 discloses the use of sodium metal to
remove sulfur from petroleum-derived feeds, but this requires special handling

and forms sludge, which must be separated from the treated oil. The literature



having .005 wt.% (< 50 wppn) or less sulfur. This is still too high for
many specifications. U S patent 6,210,564 discloses the use of sodium
netal to wermssizsf ur from petrol eumderived feeds, bulPCrhissoos@spzsz es
speci al handling and forms sludge, which nust be separated fromthe treated
oil. The literaturediscloses the use of free and supported sodi um for
removing thiophene from naphtha, but doesn't address or suggest that this
woul d be effective for the higher boiling, refractory sulfur heterocycles
T‘ound in higher boiling streams. Exanples are found in (i) B.M Vanderbilt
Desul furization and Refining of Naphthas by Metallic Sodium" Ind. &Eng. 1
Chem, v. 49, n. 4, April, 1957 and (ii}-Gerlock, et. al. in "Reaction of
Thi ophene with Sodi um on Al um na. A Method for Desul furization of Volatile
Fuels,™ Ind. Eng. Chem Fundam, v. 17, n. 1, 1978. There is a need for a
process thaljieRiled BBV oSS aiid fupportedesiium dbr motoving thidphene freber ocycl es

and particularly frommddle distillate styreans i thout resorting to
expensi ve caaplithsthsit de¢snitiagddrass pr @ik%@ﬁégaté{%‘ﬁlw-‘ill%gé PEIVGIIRT Bt al 3ti c

stages and catal yst. d Coati A,
oI5 et AR SR HASER K ahar condtens, S
refractory Subfislesfar@puad iy @) B¢ M .bomdeibikAMesalfafizationang Refnirgoh and a

chenical hydrocarbon stream which conmprises contacting th eamwith a
sodi um r eag@phthaspy MetalliciSodime 3 dirdi rék drgaChyar + Vi & & éBTlfaggfx ﬁ%@r t

(net e e ety oA 95 el g R TpEAR B R (ot (2
wi Il react wWtiod@rahesifufiRitidnusfeVoldtile RueBpaldt Emn GiHem. Fundam., v. 17,

n. 1, 1978. There is a need for a process that can remove sulfur from these

refractory sulfur hetérocycles and pérticularly from middle distillate streams,

without resorting to expensive catalysts, difficult processes employing multiple

catalytic stages and catalysts, and severe hydrodesulfurization conditions.

SUMMARY OF THE INVENTION

[0004] A process has now been found for removing refractory sulfur from a
hydrocarbon stream, such as a petroleum and a chemical hydrocarbon stream,
which comprises contacting the stream with a sodium reagent comprising free
sodium on a particulate solid support (hereinafter “sodium reagent”). By free
soLlium is meant sodium that is supported on, but not chemically bound to, the
support material and which will react with water or moisture. The preparation of
a sodium reagent useful in the process of the invention can be achieved by
simply impregnating the support with sodium, in an amount sufficient for the
supported sodium to have a free-sodium content, as is explained in detail below.
The free sodium will react with most sulfur and not just refractory sulfur, and is
therefore preferably used after the hydrocarbon stream has first been treated to

remove sulfur from more labile sulfur compounds in the stream. The more labile



a sodiumreagent useful in the process of the invention can be achi eved by
sinply inpregnating the support with sodium in an anmount sufficient for

t he suppowbedosadizam t o have a free-sodi um content, as ipeTaspboaiossd2 i n
detail below. The free sodiumw |l react with nost sul fur and not just
refractory sulfur, and is therefore preferably used after the hydrocarbon
stream has first been treated to renove sulfur fromnore | abile sul fur
conpounds in the stream The nore |abilesulfur is renmoved froma

sul fur-beari ng hydrocarbon stream by any suitable neans, but typically and
preferably by hydrodesul furization for petrol eum and chem cal hydrocarbon
streans. By "labile sulfur"” is neant suliftur in relatively sinple

sul fur-cont ai ni ng organi ¢c conpounds, such as aliphatic, naphthenic, and
aromati c mercaptans, sulfides, di- and polysulfides and the |ike, which do
not exhi bi t ggkATis ferhbwdrids @ sulyr-befingdtydrocashohfsireamdbyremyrsuitghief ur i n
organi ¢ heterocycle sul fur conmpounds (refractory sul fur Qeﬁeroc | es), such
as deri vat i wesnobutityipicatiytend opsienably Rishekodasp n f H1@§EB§§ituted,

and condensed ri di benzot hj e j xhi bl i j nce.
[ 0005] Thus ,“’Hﬁ"ﬂlcgﬁl@' déﬂ%?g%‘? Thent Hltgh e@%’i& g%lyeﬂr?t Sl%gfrlll? cl?) rrn%a?lts i‘gﬁg n(pf) fég%ﬁ;?éﬁf or
removing sulfule aIBIR Gonsathing lori@id toigpdunds,cuel hoalitatieampbtenis; aiihg bot h

| abil e and refractory sulfur, which conprises contacting.i. i th hydrogen
in the presermeatisfmerchyiansdekdides, @i andpel fgfe9§pq ﬂeﬁlﬂﬁeegv&?‘?%b‘m E&ndi tions

effective to r. e. l.abile sybfurn : é?al i f4e, to produce a
sul fur-r edu@é@%gg}/eé%frﬁmérﬁ?eo d%]et?fccﬁl?ﬁalﬁrf%\g{e% e %‘ﬁ‘ﬁ"?ygr educed stream
with a sodi ymd&3eRMulfPcHBPRMAS HeflaeRE} silfipdkterarychs), sheh asef r act ory
sul fur, to furthér reduce its sulfur i X

derivatives of dibenzothiophene, especially mono- and di-substituted, and

condensed ring dibenzothiophenes, which exhibit steric hindrancg.

[0005]  Thus, in one embodiment the invention comprises a process

for removing sulfur from a sulfur-bearing hydrocarbon stream containing both
labile and refractory sulfur, which comprises contacting it with hydrogen in the
presence of a hydrodesulfuﬁzing catalyst, at reaction conditions effective to
remove labile sulfur, but not refractory sulfur, to produce a sulfur-reduced
stream, followed by contacting the sulfur-reduced stream with a sodium reagent
to remove at least a portion of the refractory sulfur, to further reduce its sulfur
content. By removing labile sulfur is meant that at least a portion, and
preferably at least most or all the sulfur in the labile sulfur compounds, is

removed. By not removing refractory sulfur means not removing more than 10

wt.%.

[0006]  As is known, hydrodesulfurization converts sulfur in sulfur-
bearing organic compounds to H,S. H,S that is not removed from the sulfur-
reduced stream will react with the free sodium of the reagent and, if present in

sufficient amounts, may consume the free sodium before it can remove the



content. By renoving labile sulfur is neant that at |east a portion, and
preferably at |east nost or all the sulfur in the labile sulfur conpounds,
i s renoveso 2By/03et25r enovi ng refractory sul fur neans not PCersRes®3srez e t han
10 wt. % [0006] As is known, hydrodesul furization converts sulfur in

sul furbearing organi c conpounds to H2S. H2S that is not renoved fromthe
sul furreduced streamw ||l react with the free sodiumof the reagent and, if
present in sufficient anobunts, nmay consune the free sodiumbefore it can
remove therefiractory sulfur. Therefore H2S is preferably renoved fromthe
sul fur-reduced stream before it is contacted with the reagent. |In another
enbodi ment, the invention conprises rempving refractory sulfur remaining in
a hydrocarbon streamthat has previously been hydrodesul furized to renove
at least a portion and preferably nost or all of the labile sulfur, by

contacting b shiRg. SOkt BAE preft@blyuetontd fediihe silfsr-rdiéedr cont ent .
[ 0007] In t’f}%ﬁaygggsof a mddle d%lt ?I | ate stream conventi onal

hydr odesul f stréam heformif is exhtanted with ghel reagensoli anethes SWMPOLENEK Reen 40 to 100
wppm Contacting the hydrodsul furize - ] pth the solid
reagent wi | ITVERHPTHEY™P %Fﬁ&%mﬂ”?gﬁ# gdrrygor%ﬁaaigﬁg? ggéelggépg&t he

i nvention &in tHat B%ﬂe@ioﬁs%&eé@ﬁ%ﬁd&sﬂﬂhﬁﬂéd torresont entagdavportion a | evel  of
| ess than 10 wppm by using the sequenti al steps of, (i rodesul furi zing

. ) _h
to produce andpicfemblyduostor st oéthe labite ﬂqifsrawqo}ltaé‘r@ﬁ&ﬂfa‘f’it% GREWRS fromthe
stream and then (iij), con act.{sré%h{uhe Hn§ reduced streamwi th the sodium

reagent . Thieagemdsfudhgdadise! conte

- [0007] Inthecaseofa midglle distillate stream, conventional
hydrodesulfurizing may reduce its sulfur content down to between 40 to 100
wppm. Contacting the hydrodsulfurized, sulfur-reduced stream with the solid
reagent will further reduce its sulfur content. The process of the invention
makes it possible to reduce the sulfur content down to a level of less than 10
wppm by using the sequential steps of (i) hydrodesulfurizing to produce a sulfur-
reduced stream and H,S, (ii) separating the H,S from the stream and then (iii)
contacting the H,S reduced stream with the sodium reagent. This enables deeper
desulfurization using existing conventional hydrodesulfurization equipment,
process conditions and catalysts. Thus, another embodiment of the invention
comprises a process for removing sulfur from a sulfur-bearing, middle distillate
hydrocarbon stream containing both labile and refractory sulfur, which
comprises reacting it with hydrogen in the presence of a hydrodesulfurizing
catalyst, at reaction conditions effective to remove labile sulfur to produce a
sulfur-reduced stream, followed by contacting the sulfur-reduced stream with a
sodium reagent to remove at least a portion of the refractory sulfur, to further

reduce its sulfur content down to a level of less than 10 wppm.



desul furization using existing conventional hydrodesul furization equi pnment
process conditions and catalysts. Thus, another enbodi ment of the inventioh
conpri seswe 2poeazers for renoving sul fur froma sul fur- beamriusgeosnbsiet e
distillate hydrocarbon stream containing both |abile and refractory sul fur
whi ch conprises reacting it with hydrogen in the presence of a ’
hydrodesul furizing catalyst, at reaction conditions effective to renove

| abil e sul fur to produce a sulfur-reduced stream followed by contacting
the sulfur-reduced streamw th a sodiumreagent to renove at |east a
portion of the refractory sulfur, to further reduce its sulfur content down
to a level of less than 10 wppm DETAI LER-DESCRI PTI ON [ 0008]

Hydr odesul furization is a process in which the sulfur content of a

sul fur-bearing hydrocarbon streamis reduced by contacting it with hydrogen

or a hydr oggrERNLBDHRSCRIPAIONRS, in the presence of one or nore suitab
: e
hydr odesul f arT zation catal ysts active for the renoval of sulfur, at

reaction conditions effective for the hydrogen to react with sul fur-bearing

organi c co S esent i .t :
s noun, _adpiRg nbrEaRalPi Bt & BRI e 2 s i trogen

and oxygen %E)ﬁteﬁte(FF%VﬁﬂﬁlrﬂeQﬂi% W drbcaiBnistataois reducatl byeastactogrit vdtlomat i cs
and ot her unsaturates. Hydrodesul furization catal ysts ?re wel | known and

i n;:l :Jde_, f othydsogeploep hydtogey-sostainitgieal iy 1% e RIESSREF 81 eRDUPMAY | et al
catalyt!c C%ﬁ{;ﬁggﬂ%&mﬂ%%ﬁ C{%thi%hgagﬂggg Dl e TF @e%f?ﬂg dFSufffer, of0 and N, and

nore typical rnore oup VI netal ‘catal ytic
conponent s, reaction conditions effective for the hydrogen to react with sulfur-bearing

organic compounds present in the stream, and remove the sulfur as H,S. Asis
known, during hydrodesulfurization other heteroatoms such as nitrogen and
oxygen are removed, along with saturation of at least some aromatics and other
unsaturates. Hydrodesulfurization catalysts are well known and include, for
example, catalysts comprising one or more Group VIII metal catalytic
components, typically non-noble metals such as Fe, Co and Ni, and more
typically Co and/or Ni, and one or more Group V1 metal catalytic components,
typically Mo and W, with Mo being most often used, on a high surface area
support material, such as alumina. The Groups referred to herein refer to Groups
as found in the Periodic Table of the Elements copyrighted in 1968 by the
Sargent-Welch Scientific Company. Other suitable hydrodesulfurization
catalysts include zeolitic catalysts, as well as noble metal catalysts, wherein the
noble metal is selected from Pd and Pt. However, conventional
hydrodesulfurization typically employs the less expensive non-noble metal
catalysts. Typical non-noble metal hydrodesulfurization catalysts include, for
example, Ni/Mo on alumina, Co/Mo on alumina, Co/Ni/Mo on alumina, and the
like. Hydrodesulfurization conditions typically include temperatures in the
range of from 530°F to750°F (277°C to 400°C), preferably 600°F to 725°F
(316°C to 385°C), and most preferably 600°F to700°F (316°C to 371°C), ata
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CONpri sing upported and free

BfHE®Hr oduct .

a
sodi um

(free sodi UmjeSesOEl biESedt efthdrtBe rdaoti@sortht pvalustdi um), and a support

[0009] The sodium reagent useful in the process of the invention is a
composite of a sodium component comprising both supported and free sodium
(free sodium is sometimes referred to as active sodium), and a support
component. As set forth above, preparation of the reagent may be achieved by
simple impregnation of a support component, such as alumina, carbon, silica and
the like, with molten metallic sodium under vacuum or an inert atmosphere. The
Gerlock, et. al., and Vanderbilt articles referred to above give preparation
techniques for preparing a supported sodium reagent having free sodium. Itis
preferred to protect the supported sodium reagent from exposure to water. The
free sodium content, which may range from 1 to 20 wt.% of the total weight of
the composite of sodium and support components, may be determined by
measuring the volume of hydrogen released upon reaction of the reagent with 2-
methoxyethanol, which is also disclosed in Gerlock, et. al., the disclosure of
which is incorporated herein by reference. Another method that may be used to
determine the free or active sodium content, is to react a measured amount of the
reagent and H,0, measure the amount of evolved hydrogen (by Gas
Chromatography, for example) and then calculate the amount of free or reactive

sodium based on the amount of hydrogen released. Contacting a hydrocarbon



conmponent. As set forth above, preparation of the reagent may be achieved
by sinple inpregnation of a support conponent, such as alum na, carbon,
silica amsiot2bes/dspies, with nolten netallic sodi um under yaTwsdEH3IRE2 I Nert
atmosphere. The Gerlock, et. al., and Vanderbilt articles referred to above
gi ve preparation techniques for preparing a supported sodi umreagent having
free sodium It is preferred to protect the supported sodiumreagent from
exposure to water. The free sodiumcontent, which may range from1l to 20
wt.% of the total weight of the conposite of sodi um and support conponents,
may be determ ned by measuring the volunme of hydrogen rel eased upon
reaction of the reagent with 2- nethoxygthhanol, which is also disclosed in
Gerlock, et. al., the disclosure of which is incorporated herein by
reference. Another nethod that nmay be used to determine the free or active

sodi um cont %&Eamio%niaﬁliﬁg%ﬁacﬁ)rﬂeﬁlﬁurﬁﬂi fhenodiunofeat e mayelseathieved atH2 O
measure the anount of evol ved d

rogen (by Gas Ch t i
and t hen caltemperatiresrangingdrom 8¥2°ﬂ:rtge758rF i/]élé?ééitﬂ)ég)é)ogﬁi &g#gg@éér%%rtﬁéanpl ®)

anount of hy n t i : m cont ai ni n
refractory s‘%&?’g%’ Qéf hﬁ?ﬁ@s@% méf%%dg]%re\ uprréa/s%ﬁ%ﬁg?%?gégg@at t enper at gr es
rangi ng fromyddeerit o 40@pdig (859°1P=) OTHO Gt rdyEbeprabint if a@oardRUF t o
662°F (250°C to 350°C) and pressures ranging from bel ow atmospheric to 400
psi g (2859 kRmnghTibch ehydndesubijiriged yireane separaed figunibg Pbéd)f?i#ﬁ@ﬁé’ﬁ whi ch a

hydr odesul fuyi zed. stream, . separated fr.om .
hydr odesul f Jf‘? E‘&&‘PS?F@@Q%%@ CagIf g]tlti t’ﬁ C@%%?%F% ?%%Jc?(gygggglg}r{@%%df ur, is
pass gﬁ. tege&%?&ﬁowﬁlerreﬁm&ry%mﬁ uthib perndifd IwRekulfilrdevedywrbesathfeved| evel s to
using conventional hydrodesulfurization conditions and catalysts. The sulfur in
so-called labile or easy sulfur compounds can be removed without using severe

process conditions.

[0010]  The prior art teaches that substantially more severe

conditions are needed’to remove sulfur from the so-called "hard" or refractory
sulfur compounds referred to herein as refractory sulfur heterocycles during
hydrodesulfurization, which are typically present in middle distillate fractions
derived from one or more naturally-occurring hydrocarbon sources, such as
petroleum, bitumen, shale oil and the like, as derivatives of dibenzothiophene,
especially those mono- and di-substituted and condensed ring
dibenzothiophenes, which exhibit steric hindrance or inhibition. Steric
hindrance tends to make the requisite catalyst-substrate interaction with the
sulfur atom in the molecule difficult and thereby substantially reduces the sulfur
removal reaction kinetics. It retards inter- or intramolecular interactions as a
result of the spatial structure of the molecule preventing access to the sulfur
atom. Illustrative, but non-limiting, examples of such refractory sulfur

heterocycles include 1-, 2- and 3-methyldibenzothiophenes,



using conventional hydrodesul furization conditions and catalysts. The

sul fur in so-called |abile or easy sul fur conpounds can be renmpved w thout
usi ng sewsoeo@egrss conditions. [0010] The prior art teachssosshadas?
substantially nore severe conditions are needed' to renove sulfur fromthe
so-called "hard" or refractory sulfur conpounds referred to herein as
refractory sul fur heterocycles during hydrodesul furization, which are
typically present in mddle distillate fractions derived fromone or nore
natural | y-occurring hydrocarbon sources, such as petrol eum bitunmen, shale
oil and the |ike, as derivatives of dibenzothi ophene, especially those
nmono- and di-substituted and condensed.pi-ng di benzot hi ophenes, which
exhibit steric hindrance or inhibition. Steric hindrance tends to nmake the
requi site catal yst-substrate interaction with the sulfur atomin the

mol ecul e di Y jemylaibeigothicshehly asidnstdmeihgldiyerzethiogtient h&hs affectrofr enoval
reaction kineticS. It retards inter-_or intranplecular inferactions as a

rels ;Jlt of th@f’f?@dramcmnwlﬂtﬂpée@fioﬁ kinetipt elcTigr gaQvah cAhBe $he8dB&% o the |
sul fur atom ) [ but, non- LNyt

sulfur et eIaBta}%’P‘%ij'_ iinc\%éﬁ%%l st, eqza_ﬁ.,gi'rtllgh PRentRtATR R Rft AHFInLEf ractory

3- et hyl di benzathiRrR ety drotsulbitigitmrordolynphetie Saifa: Compounds,” in

4, 6-di net hyl di benzot hi ophene. The effect of steric hindrance on relative

reaction ki mebimeeser Calpsis, Ve 8Taiy A5G h, B8 daihis artighe 4he selgtvepy D, D.

Whitehurst, et.. al. tpyled “Present. f Chal
in the Hydr SERAOQPEEeS 915%1 it E’%ﬁ}al? @Eﬁ%{ef‘aga l’.é-P ﬁl}%l%pﬂ%gﬁéjgfoghﬁe Agvaﬁgggs
in Catalysi $elaMve fb/dibBazodfidpifbhd arel@98n ad M3taRd 9. Biéspettévely.he rel ative

[0011]  These highly refractory sulfur heterocycles are present in

the higher boiling, e.g., from 600°F to 850°F (316°C to 454°C) and more
typically from 650°F to 850°F (343°C to 454°C) fractions of petroleum and
other mineral-derived middle distillate streams, and resist hydrodesulfurization
as a consequence of their steric hindrance. Feed streams suitable for being
treated by the present invention are those petroleum based feeds or streams
which contain condensed ring sulfur heterocyclic compounds, as well as other
ring compounds, including multi-ring aromatic and naphthenic compounds.
They are also found in similar boiling range fractions derived from some
chemical processes and those obtained or derived from tar sand bitumen, shale
oil and other naturally occurring, mineral types of hydrocarbon sources.
However, the invention is not intended to be limited to just these feeds and feed
sources. | As set forth above, in a broad sense, the invention is useful for
removing refractory sulfur from a hydrocarbon stream, and this could be any

hydrocarbon stream that will not, of itself, react with the sodium reagent.

[0012] Non-limiting examples of such feeds include diesel fuels, jet fuels,

heating oils, and lubes. The feeds may also include feeds derived from synthetic



reaction rates of 4-nethyl di benzot hi ophene and 4, 6-di net hyl di benzot hi ophene
rel ative to di benzot hi ophene are given as 0.3 and 0.1, respectively. [0011]
These hi ghbyossaiBpmst ory sul fur heterocycl es are present pcm/ush@shsRer
boiling, e.g., from6000F to 850°F (316°C to 454°C) and nore typically from
6500F to 8500F (3430C to 4540C) fractions of petroleum and ot her

m neral -derived mddle distillate streans, and resist hydrodesul furization
as a consequence of their steric hindrance. Feed streans suitable for being
treated by the present invention are those petrol eum based feeds or streans
whi ch contain condensed ring sul fur heterocyclic conpounds, as well as

ot her ring conpounds, including nulti-rijgng aromati c and napht henic
conpounds. They are also found in simlar boiling range fractions derived
from sonme chem cal processes and those obtained or derived fromtar sand

bi t umen, shaggcegids, @il a0 theFisctai Trapscl poavess, milich havierteeablandedwithf
hydrocar bon sources. However, the inventi on S not 3élgten ed.to be limted

to just thedeedsdeas naWﬁalb’e@QPu%E& feads. Sﬂé’héé? sgpicHlRBRKFR DD 4988 ad sense,
the inventi f§ﬂ¢§g7qj{0ﬂmthydrocarbon
stream and%ﬁﬁ?24@§§Vﬁhﬁ E?gg%}gb@%stregn1t at mno not, of itself,
react with tiresgo@i 400°C¥ am@inve{lﬁmla Ppaftientariyristfub gvitxaiddledisditats uch f eeds
i ncl ude di esel fuels, jpet fuel s, heating qils %g %Zﬁ@{ QS &eds may
al so i ncl uddeddsaupicaldy boiding i Binranan Hdrqm gHEdLY Cde 4R
Fi scher-Trops ocess b ?ﬁg Srabfi e
naturally- oc?t'i‘a’r ?tﬁhﬁo?té%%mgg’pan ﬁﬂé@eésﬁ?)%éﬂew ﬁ\gf&%@a %ﬁl |ané range from
240°F to 11%2%F fokd 60PH © $06F ],6°Q,‘rt6f464°ciDI_] wf fmdrlie aiTilltet foedsTRALF

contain the refractory sulfur. In the process of the invention, it is preferred that

the feed first be hydrodesulfurized to reduce its sulfur content to less than 150

wppm sulfur, preferably less than 100 wppm, more preferably less than 50

wppm, and still more preferably less than 40 wppm sulfur, before it is contacted

with the sodium reagent. The contacting with the sodium reagent may take place

in the presence or absence of hydrogen. The invention will be further

understood with reference to the examples below.

EXAMPLES

Example 1

[0014] Diethyldibenzothiophene, a highly stericly hindered, refractory
sulfur heterocycle, in an amount of 0.579 g was dissolved in sufficient
hexadecane to achieve a concentration of 1000 wppm. This solution was added
to 0.56 g of a sodium reagent comprising solid, supported sodium on alumina,
under dry argon. The amount of Na (sodium metal) on the alumina comprised
12% of the total weight of the composite, with 2 wt.% of the total weight of the
~ composite free or active Na. The mixture was then heated to 392°F (200°C) at



(175°C to 400°C). The invention is particularly useful with mddle
distillate feeds typically boiling in the range of from 24Q0F to 850°F (
116° C t o wb4odsjo3and, at the option of the practitioner, pcirashioghss2sboil i ng
heavy di esel fractions [e.g., from 6000F to 8500F (3160C to 4540C)] of

m ddle distillate feeds that contain the refractory sulfur. In the process
of the invention, it is preferred that the feed first be hydrodesul furized
to reduce its sulfur content to | ess than 150 wppm sul fur, preferably |ess
than 100 wopm nore preferably |less than 50 wopm and still nore preferably
| ess than 40 wppm sul fur, before it is contacted with the sodi umreagent.
The contacting with the sodiumreagent. ppy take place in the presence or
absence of hydrogen. The invention will be further understood with
reference to the exanpl es bel ow EXAMPLES Exanple 1 [0014]

Di et hyl di benzabdphenb prssura uhighiryors t Samyslbyofthadelutidn vweed reaavedyfisul f ur

het erocycl e, in an anount of_ 0.579 was (%i?sso!gr\é/ge% i nhis ffig{ﬁ(@% hexadecane
to achi eve 2lcdheehtd h@‘ilféna%lfanfb%d%ﬁ aqqqARe ethyififgnzo %0 0.56 ¢
of a sodi um,reagent 1Sl i i i under
dry argon. W&agﬁﬁ{?ﬁ@a?‘%ak@'%%%én&%? g%ﬁﬁgﬁﬁ%@ﬂg%ﬁrﬁrﬁge@gﬁgﬂr@ed 12% of
the total wejght a6d 93 he.%,qenRsiivey. Bhe Fealtiv sichiorhétey tas edlcwlaiedhe of the
conposite free or active Na. The m xture s_.then heated %}g 392°F (2000C)

at at mospher ibe St atomsraf sodiar perraiern of salf whickrwasdosedp ihs thsorRlrd dfenpved

g{ te,? szél b(zaﬁ @? ﬂpg%ﬁgﬁ)glgt%atesa@lgt ﬁl@%bgiﬁ&dreggernt PERGARGRE Sulditrom the

diethyldibenzothiophene.

Example 2

[0015] A diesel feed comprising a hydrocarbon fraction boiling in

the diesel fuel range of from 300°F to 800°F (149°C to 427°C) is obtained by
fractionating a petroleum crude oil. It contains 15000 wppm (1.5 wt.%) sulfur in
the form of aliphatic, naphthenic, and aromatic mercaptans, sulfides, di- and
polysulfides and stericly hindered refractory sulfur heterocycles. This stream is
hydrodesulfurized by contacting it with a hydrodesulfurization catalyst,
comprising cobalt and molybdenum supported on an alumina support, in the
presence of hydrogen, at reaction conditions of 650°F (343°C), a hydrogen treat
gas rate of 1500 SCF/B (267 S m® of Hy/m® of oil), an LHSV of 0.5, and a
hydrogen pressure of 325 psi (2324 kPa). This removes most of the sulfur as H,S
and reduces the sulfur content down to 55 wppm sulfur, most of which is in the
form of one or more refractory sulfur heterocycles. The HyS is separated from
the feed by flashing and/or stripping. The stripped and/or flashed feed is then
contacted with a sodium reagent comprising sodium supported on alumina. The
sodium reagent is in the form of a fixed bed of reagent mixed with alumina and

is in a guard bed downstream of the stripper. The amount of sodium is 12 wt.%



by gas chromat ography. The anount of diethyl di benzot hi ophene renoved was
32, 42 and 93 wt.% respectively. The reaction stoichionetry was cal cul ated
to be 5: Iwetoewm3af2ssodi um per atom of sul fur, which waspciraseooso3iRe
theoretical of 4:1. This denonstrates that the sodi umreagent renoved the
sul fur fromthe diethyl di benzot hi ophene. Exanple 2 [0015] A diesel feed
conprising a hydrocarbon fraction boiling in the diesel fuel range of from
300°F to 800°F (149°C to 427°C) is obtained by fractionating a petrol eum
crude oil. It contains 15000 wopm (1.5 w.9% sulfur in the form of

al i phatic, naphthenic, and aromati c nercaptans, sulfides, di- and

pol ysul fides and stericly hindered refrgctory sul fur heterocycles. This
streamis hydrodesul furized by contacting it with a hydrodesul furization
catal yst, conprising cobalt and nol ybdenum supported on an al uni na support,
in the presepgp @hgdiydrivaen, wal dfahcidagent boingifréccorsictive 6G10E. (343°C), a

hydrogen treat gas rate of 1500 SCF/ B (267 S ngﬁ%% SZQYB of oib% n LHSV
of 0.5, and Gontactingdeerndueisd a a tepapezainrefi 6003 31 6¢FAand FRISSHEREIL npst of
the sul fur asgﬁ%ﬁ[{?@é%‘f& ﬁﬁ'thtfep?edﬁ%sftﬂé sﬁﬁﬂtc%ﬁ{engeﬂ?let(ﬁ’eséﬁf%@Hmvﬁm fur,

nmost of whi & orm of one or nore refractory sulfur heterocycles.
The H2S i s q@mgggk@pupr?h@hﬁuﬁeed by flashing and/or stripping. The
stripped and/or flashed feed is then contacted with a sodi um reagent

conpri sing sodi um supported on alum na. The sodiumreagent is in the form
of a fixed bed of reagent m xed with alum na and



is in a guard bed downstream of the stripper. The anobunt of sodiumis 12
wt. %f the reagent, with 2.4 w.% of the reagent being free or active

sodi um Geotaesa3pRsi s conducted at a tenperature of 600PET(31630}328nd a
pressure of 300 psig (2170 kPa). This further reduces the sulfur content of
the diesel feed dowmn to |l ess than 10 wppm sul fur. CLAIMS : 1. A process for
renovi ng refractory sulfur froma hydrocarbon stream containing refractory
sul fur, which process conprises contacting said streamw th a sodi um
reagent conprising a sodi um conponent having free sodium supported on a
particul ate solid support conponent. 2. A process according to claim1l
wherein said free sodiumis present in gn.anmount of from1l to 20 w. % of
said sodiumreagent. 3. A process according to any preceding clai mwherein
sai d sodi umreagent al so contains sodi um bound to said support conponent
and sai d hyqgrpsgvisen streamis derived froma naturally-occurring

hydr ocarbon~source. 4. A process according to any precedi ng cl ai m wherein
sai d hydrocarbon stream conprises a mddle distillate fuel fraction that
has ben hydrodesdl f ur Azmdcess forenmoringseiadtetyi Subfus fiofur before it is

contacted with said sodiumreagent. 5 A process.accordi - .any precedi ng
claim Mereiarhyﬁ?%%méglr%@?ﬁqg?lgé c%?ﬁ@eéﬁg %%:gélsg%n@gﬁs ing in the
di esel fuel JiAdeng Caid Srbhif ShfSa {oiut YA Dnisciuy a BsdimmaoRigohent- bear i ng

hydr ocar bon streant contai ni ng bot abi I'e and refractory sulfur, which
process having free sodium, supported on a particulate solid support component.

2. A process according to claim 1 wherein said free sodium is present

in an amount of from 1 to 20 wt.% of said sodium reagent.

3. A process according to any preceding claim wherein said sodium
reagent also contains sodium bound to said support component and said

hydrocarbon stream is derived from a naturally-occurring hydrocarbon source.

4. A process according to any preceding claim wherein said
hydrocarbon stream comprises a middle distillate fuel fraction that has ben

hydrodesulfurized to remove more labile sulfur before it is contacted with said

(sodium reagent.

5. A process according to any preceding claim wherein said

¢ -
hydrocarbon stream comprises a fraction boiling in the diesel fuel range.

6. A process for removing sulfur from a sulfur-bearing
hydrocarbon stream containing both labile and refractory sulfur, which process
comprises contacting said stream with hydrogen in the presence ofa

hydrodesulfurization catalyst, at reaction conditions effective to remove labile



conprises contacting said streamw th hydrogen in the presence of a

hydr odesul furi zati on catal yst, at reaction conditions effective to renove
| abi | esulwonrpodidopsoduce a sul fur-reduced stream foll owed/Usyos08328€t i ng
said sulfurreduced streamw th a sodi umreagent, conprising free sodi um on
a solid support conmponent, to renove at |least a portion of said refractory
sul fur, to further reduce its sulfur content and produce a hydrocarbon
stream having a | ow sul fur content. 7. A process according to claim®6
wherein at | east nost of said labile sulfur is renoved by said

hydr odesul furization. 8. A process according to either of clains 6 or 7
wherein not nore than 10 wt. % of said rgfractory sulfur is renoved by said
hydr odesul furi zation. 9. A process according to any of clains 6-8 wherein
sai d hydrocarbon stream conprises a mddle distillate fuel stream and has

I ess than 1Q,wRPH srdube a stifur-BdiedcassmaRLon@NY doatadtiyg odid chldims 6- 9
wher ei n sai d hydrocarbon stream conprises a diesel fuel fraction.
reduced stream with a sodium reagent, comprising free sodium on a solid
support component, to remove at least a portion of said refractory sulfur, to
further reduce its sulfur content and produce a hydrocarbon stream having a low

sulfur content.

7. A process according to claim 6 wherein at least most of said

labile sulfur is removed by said hydrodesulfurization.

8. A process according to either of claims 6 or 7 wherein not more

than 10 wt.% of said refractory sulfur is removed by said hydrodesulfurization.

9. A process according to any of claims 6-8 wherein said
hydrocarbon stream comprises a middle distillate fuel stream and has less than

10 wppm sulfur.

10. A process according to any of claims 6-9 wherein said

hydrocarbon stream comprises a diesel fuel fraction.



