WO 01/48118 1 7 JUN 2004 PCT/ US00/ 35700 EXTRACTI VE DI SI | LLATI ON ﬁ%ﬁﬁl.
THE REDUCTI ON OF SULFUR SPECI ES | N HYDROCARBON STREAMB FI ELD OF 1'I'

| NVENTI ONOTHé8p¥8esent invention relates to a nmethod for s@0&AASRIIFsUl f ur
species from hydrocarbon streans, particularly cracked naphtha streans,
using extractive distillation. BACKGRClJND OF THE I NVENTI ON Air pollution
is a seriol ) ; ‘ FORT .» ’

4 ] R ARE z ='_i of
nmot or vehicl es. Regul ations have been enact ed reflectl ng the need to reduce
har nf ul notor vehicle em ssions including nitrogen oxide (NOx) em ssions
through nore restrictive fuel_ standards. The single nost inportant factor
in contr j T sions is the amount of sulfur in the
gasoline. In addition, fuels containing sulfur produce sulfur dioxide and
other pollut antg gﬁ?éé‘éhuﬁ@éﬁtﬁoarelahmb Ohefodi fop eRithEhg soifigespsiessuch as
snog and rel ate alth 1ssues, acid ral n | eading to deforestation, and
wat er pol | ution, as a ? t‘ﬁfi rm nnent al. grobl ens.
order to r@ﬁﬁb}éY@WCéT cmﬁaqaéﬂ% ﬂ?égtécu "’éMF’iaB ﬂ?&? %B?@ﬁ’s‘f‘c’]? e sul fur
content of fuels has been, and will continue to be restricted to
i ncr easi ngdMradible &stilianewnt rati ons, such as, for exanple, less than 150
or even 30 parts per mllion (ppnm). 1 7 JUN 2004 WO 01/48118 2
PCT/ USOQ 35700 The problem of sulfur in fuels is conpounded in many areas
where there are dimnishing or no donestic sources of crude oil having
relatively low sulfur content. For exanple, in the United States the
supply of Be : Ihih ] ENIGION i ncreasingly on | ower grade crude
oil with hi gher sulfur content. The need for lower sulfur content fuel

i ncreases demand ;f gp)1hBRYE £Yefbils diR¥icRthdn@roblem. A major source of air

pollution worldwide is the exhaust from fuel combusted in hundreds of milhons
of motor vehicles. Regulations have been enacted reflecting the need to reduce
harmful motor vehicle emissions including nitrogen oxide (NOx) emissions
through more restrictive fuel standards. The single most important factor in
controlling NOx and toxic emissions is the amount of sulfur in the gasolne. In
addition, fuels containing sulfur produce sulfur dioxide and other pollutants
which lead to a host of environmental concerns, such as smog and related health
issues, acid rain leading to deforestation, and water pollution, as well as a
number of other environmental problems. In order to reduce or eliminate these
environmental problems, the sulfur content of fuels has been, and will continue
to be restricted to increasingly smaller concentrations, such as, for example, less

than 150 or even 30 parts per million (ppm).



sul fur content, thereby increasing trade inbal ance and vulnerabiligr ﬂ eto
dependence on foreign sources of oil. The sulfur content in crudd YN Wan
take theWPHH#EYS a wide variety of both,aliphatic and ar orrtli/gsmasmor ous
hydr ocar bons. Various techni ques have be%n devel oped to renove sul fur
conpounds fromoil. One such technique, called catalytic

hydr odesul f uri zakhoprobkds)of sulfuyon Viesls 1eeempoyndsdimogeny wireas whereshe¢reur
conmpounds in the presence of a catalyst. HDS is one process within a cl ass

of processeseq mghiq%q;rq{(; ?&h;ﬁ% s@lircedy Eﬂﬂfe%?ﬁﬂiﬂg rrefaﬁ‘é@ieyfd%gsdlhﬁ

i ntroduction and reaction o rogen wt vari ous hydrocarbonaceous

conpounds. Hydrotreatnent, has been used to _ renoye | fur, nitrogen, and
ot her mat erqoaf‘ﬁ'éﬂsﬁéhe%nﬁlésH}gl,eeﬁﬁ’cte‘iglt%leff the SlH}PXY P?)HHEWPQF OB RTOENE Ut to

avoi d adverse inpact on catal ysts used in subsequent processing. Cracked

napht ha obtrgjiaethcasasingly @i edfgrade eauddel sl woth lighekédlfurarei @it The Wayd
contain a significant concentration of sulfur upto as nmuch as 1 7 JUN 2004
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napht ha contri butes a substantial quantity of undesired sulfur to the
gasol i ne paalfur thetengtherederinofeasing tpaie imygdaned dnd velmetatiihsy ducto | ower
gquantities of sulfur. The sul fur content can be decreased by (i)

nyarot r oat IRy LB ETGL e RRRE S 4, TReLPRE PRAEPlniRidil Sin ) .

very expensive "brute force" effort that is very expensive in that it (a)
requires athaiemn of arvideasristy ohhath djphaticcantbyipmaticssdfiropgant quantities
of hydrogen. Alternative (ii) is a nore direct approach, but unfortunately
HDS of progn@rodd@Bbhdla using standard hydrotreating catalysts under

conditions required for sulfur renoval results in undesirable saturation of

Various techniques have been developed to remove sulfur compounds
from oil. One such technique, called catalytic hydrodesulfurization (HDS),
involves reacting hydrogen with the sulfur compounds in the presence of a
catalyst. HDS is one process within a class of processes called hydrotreating, or
hydroprocessing, involving the introduction and reaction of hydrogen with
various hydrocarbonaceous compounds. Hydrotreatment has been used to
remove sulfur, nitrogen, and other materials such as metals, not only for
environmental purposes but to avoid adverse impact on catalysts used in

subsequent processing.

Cracked naphtha obtained as a product of a cracking or a coking

operation may contain a significant concentration of sulfur up to as much as



ol efins. Typically olefins are present in the original feed in r] unt of
about 20 vol %to about 60 vol % down to |levels as |ow as abbﬂt U@%bl %
During twpeiosghisHDS of product naphtha the ol efin content peypubskaduced,
and the reduction in olefin content reduces the octane nunber of the
product gasoline. The reduced octane nunber associated with

desul furi zpf e gﬁé%uﬁ&?gh iHeecrhilald nagititharstredm asinbtituteseapproxianatebi ni ng,
such as iSOﬁEI’I? t

on, blending, or other refining, to produce higher

tane fuel , adding significant{y I duGti on - 4 WO
01/ 48118 abHETH Lsoo1eonlng pRok e e v B Rt Sty 7,

hydrogenation of olefins and octane reduction by various techniéﬂ)l;es, such
as sel ecti ypusdsaledsiidfur thalse pamilinegmoli Teardmainger pf therpaal e
non- hydrotreating option for reducing sulfur in cat-naphtha streans is

liquid-1iquid extraction,. ThiS:.nQr ddiRestWahWe Sde€dses blr om
the napht i Wsd@ﬁ%hk%\??ro%@%nﬁlt{%ﬁgﬁl%?gf&?d pﬂ?};slg'i owever an unaccept gbl y
| arge portion of the hydrocarbons are al so extre}cted into the solvent with
sul fur  sp@yhedrotidatinguthd eptireifasdstask o the prackmg/ pRksTAN! 910t he sel ecti ve

separation sul fur conpounds fromolefin containing fuel feedstocks, |ike

napht ha, tgﬁ&l%%aﬁg%%%zéd{&thgﬁhﬂhg%lﬂfth&g‘é@ﬁ%_vm ue. ldeally this process

woul d use I'nexpensive procedure that is applicable under a w de range
of conditions. Such a process would represent a significant advance in the
art and contribute to a cleaner environnment. SUVWMARY OF THE | =NTI ON The
present invention provides a process for separating a sulfur species from
a |iquid phase anganitevd @gitss veanexpensiveUibirute foped efforh thas 18 very st
volatility and a remainder of the organic feedstreamhas a second

volatili tye)\cl\ggncspvé ih that it (2) requires a large hydrotreater, and (b) it consumes

significant quantities of hydrogen. Alternative (i1) is a more direct approach, but
unfortunately HDS of product naphtha using standard hydrotreating catalysts
under conditions required for sulfur removal results in undesirable saturation of
olefins. Typically olefins are present in the original feed in an amount of about
20 vol % to about 60 vol %, down to levels as low as about 2 vol %. During
typical HDS of product naphtha the olefin content may be reduced, and the
reduction in olefin content reduces the octane number of the product gasoline.
The reduced octane number associated with desulfurization means that the fuel
ultimately will need more refining, such as isomerization, blending, or other
refining, to produce higher octane fuel, adding significantly to production

exXpenses.



substantially the same as the first volatility rendering it diffff jjyspsy to
separate the WO 01/48118 5 1 7 JUN 20N PCT/ US00/ 35700 sul fur species from
the remai Mf2PL411§ he organic feedstream he organic feedsROEASN03S700
contacted with a sulfur-selective solvent under extractive distillation
conditions effective to decrease the first volatility to produce an

over head product Seteeprve HDG ta reove sudfur vehilsemsumezigs WIQS@@QPT‘C& speci es
than the feedstream and a bottons product conprising a higher vol une
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THE DRAW N ure 1 1S a proces ow sheet for one enbodi nent of the
extractive distillation process of the present invention. Figure 2 is a
pl ot of pol has begrcdesopbedipdbeddsraBERdi ng forces of various sol vents.
Figure 3 is a plot of polar forces vs. hydrogen bonding forces of various
sol vents. DETAILED DESC. RIPTION OF THE 'TI N The present invention rel ates
to a process for separating sulfur species fromorganic feedstreans. Mire

process for g sul fur species from orga .
Grsti |l ati on' proQEEsahydEsRa gty fisr P ot p R B HaBhb Freams o

streans for use in gasoline without substantially lowering the olefin 1 7
JUN 20 WO Oil/14iiddidui@EXitdS66h 3THIO pranse separdtne thersuifs spedies fronpthes ent
i nvention |lowers the aromatic sul fur content of a naphtha feed stream by

about a facgor 2 or - - | ] ' st in
e oy ThAhiRh b HoallBifon HEESidula BRAR. 426ABYE MPinAbHEbI TaFEe
portion of the hydrocarbons are also extracted into the solvent with sulfur

species.

It would be desirable to have a process for the selective separation sulfur
compounds from olefin containing fuel feedstocks, like naphtha, thereby
minimizing the loss of octane value. Ideally this process would use an
inexpensive procedure that is applicable under a wide range of conditions. Such
a process would represent a significant advance in the art and contribute to a

cleaner environment.

SUMMARY OF THE INVENTION

The present invention provides a process for separating a sulfur species
from a liquid phase organic feedstream. The sulfur species have a first volatility
and a remainder of the organic feedstream has a second volatility which is

substantially the same as the first volatility rendering it difficult to separate the



gasol.ine fuels. Current governnent regulations in Europe are c;'jﬂ I it{ﬂgl @‘or
not or gasoline specifications of 150 ppm S, 1% benzene, 42% a gn‘é |(@ , and
18% ol eW®81/48)182000, and 50 ppm S, 35%arommatics by 2005.PCTAEN3B00

| i kewi se is considering proposals requ%ri ng 150 ppm S by 2000 and possibly
30 ppm by the year 2004. There are additional regulatory pressures from

t he wor | dwulifer kpedies dhan ter rermeipdeefcbe gagamafeadgiraamp prieT8E0% benzene,
35% aromatics, and 10% olefins. The present invention uses extractive
distillatign i _ i Qe BRirh& vl fur cont ent
of an or ga#%fz%stt?eggglg ?%'glr%&{\%ﬁi‘?%ﬁ%}lﬁ?gisé\lieﬁg&é %tﬁg&ﬂc}l gfﬁ{n content. Although

t he process of the present invention is described.in. relation to a

parti cul ardiselaiser eanditions ckfepiye @/@?Prﬁ?ﬁéttﬁ? ﬁé“d’r‘%@gﬁ PRSP hs ent

i nvention could be used on other organic petrol eumor petrochem cal

f eedst r earp, difie] SRR Ubrplsines RESGNdlmkipet donthdeoofuhe sitfat speciears

containing sulf st eam cracked napht ha, and coker naphtha. The process

is particularly suited to tregtnent of .the oqver - cking unit,
pr ef er abl fh?ﬂéh%&&dﬁggam(’ #@ﬁaﬁ%?gﬁfwmfi%'rﬁQé“?ﬁ'{iﬁggééég‘{pyﬁ]gﬁ% 7 JUN 2004
WO 01148118 ~ PCTI US00135700 cracker (FCC). In an FCC unit, vacuum gas oil
is crackeqydreemapé bethemilfondpesieshhan thg feedwsrealoi | i ng poi nts. The FCC
napht ha product, that nmaterial boiling between about 35 C and 235 C, is
typically separated into two prinmary fractions. The overhead fraction
preferably conprises a mxture of light cat naphtha (LCN) and internedi ate
cat naphtha (ICN), and the bottons fraction _contains heavy cat naphtha
(HCN) . | n BRAEFDESGRIPIION OF THEDRAWINES on i s passed to a cat
naphtha splitter or distillation tower where it is split into an LCN
fraction and a”Fir%g}ﬁflﬁ@%ﬁr@ﬂess%xﬂsbé&ﬁbﬁbﬁe einbeditaéntreffhe katraplive t er
permts sone arormatic sulfur conpounds to pass over into the LCN fraction.

The curre[}qgl. {)[]ocesses used to treatt. the.LCN fraction are effective to
remove sulipPHauon pROGRSS OF RGREESERINYT NNt ef fective to renove aromatic

sul fur conpounds. As a result, the aromatic sul fur conpounds present in
the LCN

Figure 2 is a plot of polar forces vs. hydrogen bonding forces of various

solvents.

Figure 3 is a plot of polar forces vs. hydrogen bonding forces of various

solvents.

D ED T NTION

The present invention relates to a process for separating sulfur species
from organic feedstreams. More particularly, the present invention is directed to
an extractive distillation process for separating aromatic sulfur species from

naphtha streams for use in gasoline without substantially lowering the olefin



fraction are passed to the gasoline pool. The present inventi ?g N%?S
contam nating the LCN fraction with aromati c sul fur conpounds yf% J

substi t ut W01/48x8r acti ve distillation foﬁt{5 si npl e distill atiwr/igsooswet
naphtha splitter. Cracked naphtha streans suitable for treatnent by
extractive distillation typically contain paraffins, isoparaffins,

ol efi ns, naphtehenae procksaodnied present inventiqu édwersdlie endraiieentfur cortent
feedstreamto extractive distillation conprises a mxture of LCN and |ICN
where the ngjori 0 L L range of from about 35
C to abou%f%pk&%gﬁggﬁc?ﬁ%géﬁ{%%ﬁgroqtcﬁe?% g{éjlgg'd napht ha streamw | |
vary dependi ng upon the source of the crude oil used to 1 7 JUN 2004 WO
01/ 48118 8 PCTI US00135700 produce the cracked naphtha stream The present
invention may be used to separate aromatic sulfur species fromthe cracked
napht ha stream syhe thalnsidigable WGl dRRd infere RO loGRriak theeubfuacke@nnapht ha
stream goes overhead while the solvent and aromatic sul fur species are
contained in the E& tOEB pr oduct. The inyention I\Tf:/l |1 now bli descri bted with
reference tasEinffus!s CURSRBEQYSIRMER! FEERAONS 1 Fropg s £2e& 1L Y8t o a
sui table colum 10 through inlet 12 into a separation zone. A suitable
solvent is Tgfagﬁliﬂd%pbcﬁﬁkﬁitﬁﬁﬂswfﬂ 50hspa @) 1P betzered 42 Yy aioradtios, ahdd 8foi nt
above the feedstreaminlet 12. Any suitable feed entry |ocation can be

sel ect ed. rall e f t& Yo do i Lg.f ) STelb : t 70
per cent of %%insf\& épbﬁ’e@éjﬁﬁ?gﬁ&t%eﬁc%fag%@ﬂﬁ%g ujrog?' upwar d§ .flﬁlébr%n?ggé’ bottom
of the columm, preferably fromabout 5 to about 70 percent of the total

hei ght, norenpdefieg avbyosatoreqabing 150 ppmad bivt 2@ and pessiblyf3 ¢ prm: bt the

hei ght. The colum 10 is provided with heat, preferably nore near the

bot t om Vééamd)@@irlh% are-adfitoray }éﬁhﬁﬁg ?P&%ﬁ?és%&nitﬂe bhsideRp fuel 16

(containin primarily the higher boilin eed conponents and the sol vent)
can be enpl gyed, dependi ng, upon . the c gnents of _the feedstrea pd the
ol vent - USEHNTHo PIOSREGEEY BRI g T DERE, 3P YA BRER e 20y O

mai ntai ned at a tenperature higher than the boiling point of the desired

over head stolefams. Any suitable pressure can be enpl oyed during the
distillation as long as the pressure does not

The present invention uses extractive distillation to achieve the goals of
lowering the aromatic sulfur content of an organic feedstream while maintamning
the olefin content. Although the process of the present invention is described in
relation to a particular feedstream, it is believed that the process of the present
invention could be used on other organic petroleum or petrdchemica]
feedstreams including but not necessarily limited to chemical streams containing

sulfur, steamn cracked naphtha, and coker naphtha.

The process is particularly suited to treatment of the overhead from 2

cracking unit, preferably the overhead (FCC naphtha) from a fluid catalytic



interfere wth the desired separation. Generally the pressure iﬁ ZBQE& 5to
~about --_1 7 JUN 2004 WD 01/48118 9 PCT/ US00135700 100 psi g, pr i Uﬁ/
about 5 MY UFSIE 25 psig. The pressuredis effective to pePRIUSHBT | fur
species, including aromatic species, to remain in solution with the

~particul ar sol vent used. solvent and the.fe I re

pr eheat edciseker (& Q(ﬁbyl%lbgaﬁn't‘?’&dﬁ’&%m ﬁ?%oﬁlﬁ Cr%g?%%@%gﬁ%e@%g %a%%%r ature
close to the colum tenperature of the corresponding entry %ﬁ))i_ nt. The

t enper at uhgﬁngs@@}eﬁb@ilﬂ@t@imsnémdoﬁ@éfmaphthapmthllat,dhdﬁ wataria tod ol um
desi gn paranmeters. The solvent may be introduced through an inlet 14 at a

of 17 om abERiEengORY! Abopt anbs el c B P ER MRP Rl T IR D 0Red or |

trayed colum, preferably from about 70 to about 99 percent of the total
hei ght, mpneiene’ ahetiverheadfradiint pRierably atroptiseoa puxseaoldizht it t ot al
hei ght. Any suitable distillation colum 10 may be used. A preferred

configurati h acke. [ diqdret er,
el gnt. BRI RGET g iR e AR TR R R e e
depend on the scale of the operation, the exact feed (sj'k#ion, t he
exact sol ventainsdmavyicat naphthalﬁﬂcdﬁbikle@lﬁgﬁwéﬁ‘iﬁs%dh%m fgeion y of

the various products, and the |like, and can be determ ned by those having

o i nary pdibdcked fo bl ﬁé}ﬁhth&?pﬁft@l‘ AN 064 ARISBAERET HYSAAARED0

Sol vent s ul 1n the practice of the present invention have a high
affinity for sulfur species, preferagbly aromati ¢ sulfur Ci: and have a
boi ling p&MhracHaD an a@i@grf@"ﬁf‘oﬁ gﬁ?%ﬁ@nﬁ?ﬁ%”itﬁﬁ Cﬁﬁ)ﬁlﬁhtﬁggphﬁ&comonent to
be separated. A solvent having a high affinity for sulfur species
pr ef er ent pajrhits kématarématiedulfar compounds to pass over into the LCN fraction.

The current processes used to treat the LCN fraction are effective to remove

sulfides and mercaptans and are not effective to remove aromatic sulfur

compounds. As a result, the aromatic sulfur compounds present in the LCN

fraction are passed to the gasoline pool. The present invention avoids

contaminating the LCN fraction with aromatic sulfur compounds by substituting

extractive distillation for simple distillation in a cat naphtha splitter.

Cracked naphtha streams suitable for treatment by extractive distillation
typically contain paraffins, isoparaffins, olefins, naphthenes, and aromatics. In a
preferred embodiment, the feedstream to extractive distillation comprises a
mixture of LCN and ICN where the majority of the components have a boiling
range of from about 35 °C. to about 176 °C. The sulfur content of the cracked

naphtha stream will vary depending upon the source of the crude oil used to



sul fur contai ni ng organi ¢ conpounds, causing a change in the relative
volatilities of the conponents in a mixture, preferably an LCNI7CMN 2004
m xt ure, Wwbloomeng for the nore efficient and effective Seﬁ’gfrﬁ}%&%‘lﬂf t he
conpenents in the mxture by distillati®on. The solvent tends to have a
high affinity for aromatic sul fur conpounds and therefore reduces the

aromatic ?%L%%tth@fcrhﬁeecf ®ad8hs easaal ONige pwiseit ihhentsin day beasednd . 1 n
addition to having a high affinity for sul fur conpounds, suitable solvents

generally are nore polar .t.han the feedstr T I he

sol vent aISFB%\Vth‘%rPWE‘?'H%?'ﬁl 5 BFCIE I@n&lf’ﬁg&?ﬁﬂfngﬁhgl%ﬁ%aﬁﬁgg%gh%@%soI vent
such that the sulfur conpound is maintained in a liquid state wth the

sol vent afowtebpdirg pormont dlthearackedonapdithy sintayh goes egrhend wholeithag poi nt
of the sulfur conmpound. Wthout limting the invention to a particular
mechani sm__{.;. 1 i : o | the aromatic
sul fur corsrgjovtuer?(lt:lgndﬁéfgﬁgﬁq%@%gﬁlggéﬁ(\:/%rﬁéi\gr%grgé m%%%@%%ggn&tdaﬁay be

m scible or inmscible with the feedstream provided that, if the solvent
is immscible with the feedstream there is sufficient interaction between
t he sul fur conpounds and the solvent to nodify the volatility of the

sul fur conmpoundshe thvéndibh wiPOdoWBelddséBibad whith REdrehiXd Biz(9®1Sel ection of

the opti mum solvent for liquid-liquid extraction of sulfur species can be
done enpictjcally or_by usi her nodynani ¢, cal cul.ations b on.

ol ubi 1t R R awE dr It eeat it Bt Attt ke L0 HrougBintetent a
determ nation of solvent selectivity and capacity for each sol vent of

i nt er est; 1ardto & Repsrationaonay A shralpleswlunt it fedtihat thelvelhuphithromgbohleent may
not be tested. Therefore, the solubility paraneter theory is preferred.

Sol vents Gho r (o [STIe CH Mo (VY ' Ke @]b;f - f
extracti vgndf@??%l&ﬂ %Pgﬂh%\?g\lyg#hgﬁé%?@ga @gbtgb"sm gm%%bq% Lri:%: duf'ggn—ysol vent s
that are totally mscible with the feed, such as nitrobenzene, since the

separ at i olodasiogiorrn b selester] Geneeallyathe teed cBYY location-is figum gbout 2 to
about 70 percent of the total height of the column, measured upward from the
bottom of the column, preferably from about 5 to about 70 percent of the total

height, more preferably from about 7 to about 70 percent of the total height.

The column 10 is provided with heat, preferably more near the bottom,
via a reboiler 16. Any suitable temperature in the reboiler 16 (containing
primarily the higher boiling feed components and the solvent) can be employed,
depending upon the components of the feedstream and the solvent used. The
temperature at the top of the column preferably is maintained at a temperature
higher than the boiling point of the desired overhead stream. Any suitable
pressure can be employed during the distillation as long as the pressure does not

mterfere with the desired separation. Generally the pressure 1s about 5 to about



phase separation. A procedure for solvent selection is_provi 33? W o, T.
C; M H I. Baird and C. Hansen; Handbook of Sol vent Extract ¢ Zﬂb‘ 27,
John W | 0 8r4$1Bons, New York, NY, 1983 (referred to her dAQT/ES00/35Mhsen”) .
The Hansen procedure wuses solubility paranmeter or cohesive energy density
theory to choose which solvents have the proper affini t% for the s&eci es
to be sepaf@ipeig, phefeoatpylaboudh toaboyb? yipFig: tRheRIESES &% §APVeiQRsrd
solvents can be found in Barton, AL F. M; Handbook of Solubility

Par amet er?he‘taﬂﬁ sg:%ﬁlegoﬁﬁu ﬂg%&ﬁﬁﬁ%% 5016%81851%51‘@ soBateh Withahe FL, 1991.

The Hansen mensi on ol ubi | parameter theory breaks the
solubility pararreter into three parts: London WO 01/48118 17 JUN2O 4 12
PCTI USOQ' Barom %F%?éé?@ﬂtﬁ?dforces (S,j), polar forces (S ), and hydrogen
bondi ng forces (EH). The total solubility parameter (ST) is given by: ('T)2
= (6d)2 + (6p)' + Ad (1) WO 01/48118 13 1 7 JUN 1004 PCTIUSQOO 35700 Tabl e
| shows the solubility paraneters for solvents evaluated for use in the

present inventi.Qn. abI e | f ne gl ycol
di propyl ene gl sof “éintg cigF(g%]ﬁ Bgréélr%lgl}f: gﬁ%yco(? b OSIF?M}Y%"%
introduced into the column 10 to a temperature close to the column temperature

of the corresponding entry point. The temperatures used are determined based on

standard distillation column design parameters.

The solvent may be introduced through an inlet 14 at a suitable location.
Generally the solvent inlet 14 is located at a position of from about 50 to about
99 percent of the total height of the packed or trayed column, preferably from
about 70 to about 99 percent of the total height, more preferably from about 80

to about 99 percent of the total height.

Any suitable distillation column 10 may be used. A preferred
configuration has stacked trays and uses any suitable column diameter, height,
and number of trays. The exact dimensions and column designs depend on the
scale of the operation, the exact feed composition, the exact solvent composition,
the desired recovery and degree of purity of the various products, and the like,

and can be determined by those having ordinary skill in the art.



furfuryl alcohol glycerol methyl carbitol methyl cellosol N nﬁltN%dl
formamide N-methyl 2-pyrrolidinone 2-pyrrolidinone propyle é

car bonat eWPHAene gl ycol tetraethylgne glycol triethylperaisgbyssob
triethylene tetram ne phenol m orpholi ne ma lon itrile sulfolane

t hi ophene 2-methyl thigp hene 3-meth t hi ophene benzene Ll_géuene
p-xyl ene nesi t yPgBLS W&ﬁ&ﬁ@t DBIagHgEe O -ﬂPﬁ)HB?ﬁEmI-EHgBHOIF’ ANFAIWER 55p5HST
19. 513. 710. 826. 2 16. 29.214.323.5

affinity for sulfur species, preferably aromatic sulfur species, and have a boiling
point that is different from the boiling point of the component to be separated. A
solvent having a high affinity for sulfur species preferentially is attracted to
sulfur containing organic compounds, causing a change in the relative volatilities
of the components in a mixture, preferably an LCN/ICN mixture, allowing for
the more efficient and effective separation of the components in the mixture by
distillation. The solvent tends to have a high affinity for aromatic sulfur
compounds and therefore reduces the aromatic content of the feedstream along

with the sulfur content.

In addition to having a high affinity for sulfur compounds, suitable
solvents generally are more polar than the feedstream. The polar nature of the
solvent allows for interaction between the sulfur compound and the solvent such
that the sulfur compound is maintained in a liquid state with the solvent at
temperatures that are typically higher than the boiling point of the sulfur
compound. Without limiting the invention to a particular mechanism, it is
believed that a polar solvent interacts with the aromatic sulfur compounds
through weak attractive forces. The solvent may be miscible or immiscible with
the feedstream, provided that, if the solvent is immiscible with the feedstream,
there is sufficient interaction between the sulfur compounds and the solvent to

modify the volatility of the sulfur compounds.
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40. 00. %éciés can be done empirically or by using thermodynamic calculations based

o g g S5 RN of gulfur

on solubility parameter theory. The former technique requires an expenmental
determination of solvent selectivity and capacity for each solvent of interest; and
there is always the possibility that the optimum solvent may not be tested.
Therefore, the solubility parameter theory is preferred. Solvents chosen for
liquid-liquid extraction are also useful for extractive distillation; however, it is
also possible to include solvents that are totally miscible with the feed, such as
nitrobenzene, since the separation is done by distillation and not by liquid-liquid

phase separation.

A procedure for solvent selection is provided by Lo, T. C.; M. H. I. Baird
and C. Hansen; Handbook of Solvent Extraction, p. 27, John Wiley and Sons,
New York, NY, 1983 (referred to herein as “Hansen”). The Hansen procedure
uses solubility parameter or cohesive energy density theory to choose which
solvents have the proper affinity for the species to be separated. A compilation
of solubility parameters for numerous solvents can be found in Barton, A. F. M,;
Handbook of Solubility Parameters and Other Cohesion Parameters, CRC
Press, Boca Raton, FL, 1991. The Hansen three dimensional solubility

parameter theory breaks the solubility parameter into three parts: London



15.43.40.015.8 I n one enmbodi nent of the present invention, sulfygrunom
containing nolecules are selectively extracted from cracked naphtha, which
is a mxP8VSIhormal paraffins, isoppaffins, ol efins, mraphisbesem,
aromatics and heterocyclic sulfur and nitrogen species. Referring to
Figure 2, paraffins lie on or very near the origin and aromat]jc ? | fur
speci es ardespeosiabdaraag(dealpojardercrsdd, sendhydoogandborsiing forges (o) URE 2004 WO
01/ 48118 14 PCT/ USOQ 35700 SH of 0 and 10. A line drawn fromthe origin

t hrough the sol ubi.it e of...2-met hyl t hi ophene and
3-nethy|egﬂaiﬁﬂéﬁhgwxg%gﬁg&ﬁgggTiﬁ%glgg%%geline | abel ed A. Line A connects

the paraffins with the sulfur species to be extracted and passes through
the solubility paraneters of propyl ene carbonate and ethyl ene carbonate.
Therefore, by this technique, psopy qag cadynatg)and ethyl ene carbgnpte
shoul d be suitable solvents for Sul fur extraction from napht ha. Propyl ene
carbonate is a preferred solvent for use in the present invention. It is
interesting to note that ethylene carbonate has a | ower capacity for

hydr ocar bons which would tend to indicate that, by itself, it is not a
preferred solvent. Mxtures of propyl ene carbonate and et hyl ene carbonate
have, however, been found to work well wi th increasing concentrations of
et hyl ene carbonate | eading to | ower capacity but higher selectivity for
sul fur species. Referring again to Figure 2, line B was drawn through the
origin and the solubility paraneter of thiophene. A solvent close to this
line, N- fornyl norpholine, was chosen as a potential solvent for thiophene
extraction and was found to be a good solvent for extraction of sulfur
species fromcracked naphtha. However, a m xture of N-fornyl norpholine and
propyl ene carbonate perforned better as a solvent than either solvent
alone. Solid line C connects the solubility paraneters of propyl ene
carbonate and N-fornyl norpholine. Mxtures of these two sol vents have
solubility



W001/48118 15 1 7 JUN 2004 PCT/ USOQ 35700 paraneters _that |lie on @ZUIU ne

between the two pure solvents with a value determni ned by the reI atlv

proporti SHRMBlihe two solvents. The lggter C lies approxPEHUSIBSHE a

50/ 50 m xture of the two solvents, which has been found to be a preferred

sol vent S)_/l_stemfor removal of sul fur sg cies from racgelgd
(23 8F.6‘

Pr ef er r ed TableyEshews she slabiiHy pagape T SONFY FYHVALS the basi s
of the Hansen solubility paranmeter theory. It is inportant to note t hat not
all sol ve,@és'gny\g{%nggﬁally wel |l for the renmpval of sulfur species from

cracked naphthas. Based on the sol vent sel ection process described above,
preferred solvents are those having both of the foll ow ng conditions net
1) 8p > 1. 45 fH.(+2) 2) (SP)2 + (SH 2 > 210 Referring to Figure 3, Line Dis
a plot of 8p = 1.45 5H ; and therefore the fHarsencomdirtétersis net by all
solvents falling above Line D. Line E i% a circtd ar aréwhaving %he

equation (8p)-2orm (iBHFRhetiri@l0. Ther ef ore9.5t he séédnd cordigi on |@2rret by
al | sol vent seflabblivag above line E. Pref®®red scﬂ gents drt-Eonbi Eons of
sol vent's ford'%trhalﬁ@éop'h tha fall in th&2shaded?dortiof o] Fi 9.53 (3) 17
JUN 2M WO O’J‘[ car ona IUSOO’35700 0 extr&ftive digtll atrzqﬁsrt i's not
necessary tréq |€ﬁ§ i i sci g withjthe feedstgeam s mce the
separation qg,féya,dr str I I atr on Ther ef oyg€g sonmepreef erregl.1sol verdsoare

m sci bl e W tiBriLhg dficadst ream N trobenzere, for7.6exanplié,1was fouhd to work
well in remwyngosul fur species fromctasked maphthas;2%hd it Jakbls just
out si de t he nwthyphaétet egi on descri bed1%§ condit-fon 2 '&bbve. T3n'~’e5J efore,
preferred niseiyl eedesiofent s woul d have”both of gg{ﬁe f ol I#ﬁv@ ng 23

N-methyl formamide 27. . 32, 9
N-methyl 2-pyrrolidinone 16.5 i0.4 13.5 23.7
2-pyrrolidinone 19.4 17.4 11.3 28.4
propylene carbonate 20.1 18.0 4.1 27.3
propylene glyco! 16.8 9.4 23.3 30.2
tetraethylene glycol 16.6 5.7 16.8 24.3
triethylene glycol 16.0 12.5 18.6 27.5
triethylene tetramine 12.7 12.4 14.1 22.7
phenol 18.0 5.9 14.9 241
morpholine 18.8 4.9 9.2 21.5
m alonitrile 17.6 22.6 8.8

sulfolane 18.8 15.5 10.9 27 .4
thiophene 14.0 12.4 7.5 201
2-methyl thiophene 15.1 12.1 2.6 19.5
3-methyl thiophene 15.2 12.1 1.8 19.5
benzene 16.1 8.6 4.1 18.7
toluene 16.4 8.0 1.6 18.3
p-xylene 16.5 7.0 2.0 18.0
mesitylene 16.7 7.0 0.0 18.1
nonane 15.6 0.0 0.0 15.6
octane 15.4 0.0 0.0 15.4
1-nonene 15.4 3.4 0.0 15.8

In one embodiment of the present invention, sulfur containing molecules
are selectively extracted from cracked naphtha, which is a mixture of normal
paraffins, isoparaffins, olefins, naphthenes, aromatics and heterocyclic sulfur and
nitrogen species. Referring to Figure 2, paraffins lie on or very near the origin

and aromatic sulfur species are located typically between 8, of 10 and 15 and a



conditions met 1) 3, >1.45 8H (4) 2) (S )2 + (5H)2 > 190 (5) I n adgyyjpen
to pure solvents falling wthin the specified regions, conbinations orﬂ'

sol vent s, WHM@A18r oduce ni xture sol ubiliyy parameters that pozaisooss7eo
conditions outlined in equations 2 - 5 also are preferred. The m xture
solubility paraneter is calculated as Srnixture = 0181 + 0352 + (6) where
c] = vol undy bf BctnidolD.ofA kot deawn fram the sogmthrough thasahdulty pATagsiefent | as
determined fromtwo of the Hansen paraneters by the formularr r a U- =

S|P + S, (gg%lgpg’tggﬁmogﬁﬁig atd ~;@é§b§%ﬁ%ﬁgﬂén&§(§%%% thaihana gneand

I
N-f or nyl mo i'ne is'an exarrp‘? ture fitting this formula. 1 7 JUN
2004 WO 01/48118 17 PCTI USt 101 35700 In_a preferred enbodi ment, the sol vent
chosen haslakelsidgherLipeiA icaynges fhe paiaainaWithibe sBidi §REG1§sdPhETBE ehe
feedstream and acts to increase the boiling point of the sulfur species to

mai ntai n t e phdskdthRRel the solubility ﬁa&iaﬁlem}@@epwylam cabahatiang t he | over

boiling portion of the fTeedstream'by distillation as a vapor. A preferred
feedstream s.the LCNICN.fraction froma.catalytic,cracker. . The majority
of the conPMCCHPRRER HFCiReL OGP EE: PR Eomae i ng T ange
of fromabout 36 C. to about 176 C. A majority of the aromatic sulfur
conmpounds gthgkartcdrhohite shehld Bishitalde isolveatsefor kilfmhexteaction from

naphtha. Propylene carbonate is a preferred solvent for use in the present

invention. It is interesting to note that ethylene carbonate has a lower capacity

for hydrocarbons which would tend to indicate that, by itself, it is not a preferred

solvent. Mixtures of propylene carbonate and ethylene carbonate have,

however, been found to work well with increasing concentrations of ethylene

carbonate leading to lower capacity but higher selectivity for sulfur species.

Referring again to Figure 2, line B was drawn through the ongin and the
solubility parameter of thiophene. A solvent close to this line, N-
formylmorpholine, was chosen as a potential solvent for thiophene extraction
and was found to be a good solvent for extraction of sulfur species from cracked
naphtha. However, a mixture of N-formylmorpholine and propylene carbonate

performed better as a solvent than either solvent alone.

Solid line C connects the solubility parameters of propylene carbonate

and N-formylmorpholine. Mixtures of these two solvents have solubility



al kyl t hi ophenes, and benzot hi ophene whi ch have a boiling range g\ffJW?ﬂ[]l.
about 84 C. to about 250 C. Suitable solvents for use in LCN I

f eedst r e¥B01/4816¥ er abl y have a boilingjpoi nt of about 175PCI/USB03HBHUt 320
C., nost preferably fromabout 175 C. to about 250 C. The sul fur selective
~solvent may be fully mscible, immscihle, or partially,msgihle with the
bul k of tperamasersithatlie omithis lincyeapech ‘i’aﬁ’ieos-‘)lﬁ"g%‘f‘%the@&?ﬁggti on where
the solvent nust be fully immscible with the feedstream in order to
separate jhensilddby sRerlasvd propottiensoof the atvotsbbvehee dBlie kester CAngs sui t abl e
wei ght ratio of the solvent to the hydrocarbon containing feed m xture can

be enpl oyed. Generall he. sol vent 1,0 e I r.atd. 2004 WO
01/ 48116 SPTOCTREkBALS 5060 P‘d%‘ﬁ“é%%%heo{"g‘? g“l@tg’%%ﬁﬂaﬁ ,‘*’E? g‘?‘g?]% y from
about 1:1 to about 3: 1, and nore preferably fromabout 2:1 tq about 2.5:1.
The over hbad ptefiridd soleemrsydtern fou temtrealef sulfin speeies dipracradigédcol um 10
contains a smaller volune percentage of aromatic sul fur species than the
feedstrea a&ﬁmagssenti ally all of the LCN, whereas the bottons product

cont ai ns arger vol une percentage of aromatic sulfur species than the
feedstream and essentially all of the ICN. The concentration of aromatic
sul fur species in the overhead product is at least two to three tines

| ower than the original feedstream The nmajority of the sul fur species
present in the pehirpidesciverits d@suseandhepresant mesnudn afe dmeebendbs bags
separated by current processes. Preferably, the concentration of aromatic

| f ' in the.L ' bout 20 : I bout
0. ppm or of LECH=T5er NP PAraater CRoRt oG hlfer IR BT Jidea

solvent, ICN, and aromatic sul fur conpounds. The solvent in _the bottons
product cseolvertssepss equallyf weth fohtheotemrervab of sWifer spesigsdtom ¢aksHent s by
distillation or other suitable separating neans and then be recycled to

the extraghiifiall b BhiRE s6RkHITEIEGion HbcOURIdIEAB ARSI breformpdi si ng LN

and trace entral ne sul fur-selective solvent is withdrawn from

an upper fractionatjon zone of th i .
PP solvents are those having %oth o? the following conditions met

1) 8,> 1.458y (2)

2) (8, + (8p) > 210 (3)

Referring to Figure 3, Line D is a plot of §, = 1.45 8y ; and therefore the
first condition is met by all solvents falling above Line D. Line E is a circular
arc having the equation (5],)2 + (8y)* = 210. Therefore, the second condition is
met by all solvents falling above line E. Preferred solvents or combinations of

solvents for cracked naphtha fall in the shaded portion of Fig. 3.



colum 10. The overhead_product streamis then passed through a Zondenser
18 to co rt the vapor to a liquid, and then the liquid is paL NI a
separat or "20 Y81 7 JUN 1004 WD 01/48131g 19 PCTIUSOD 35700pcEpstiakmgt r ace
amounts of the sulfur-selective solvent fromthe product stream The
product stream is vvithdr.a\/\g. f.{omthe. separator 20 and t){pi cally is sent to
any process capaBF&XBeEcu¥sdishilatien it 1gmot AecessaA Fd‘ﬂﬁ@ Centihs
concentration in the LCN streamis further reduced by this process. The
separ at ed smhfistibkelbithy eedspex@nbingBYhd beparbgon & bis dibtiddtibaedimegefohe same
to the upper section of the distillation colum 10. The aromatic sul fur
speci es, soqlvent,.-~a higher _boi |l i ng hydrgcarbgns are..w thdrawn fromthe
bot t om of Ph@%&rgﬁeﬁ%%aﬁqi‘g‘?ﬁ%STCJWC%E%%}I@bﬁtfegaﬁtlr??narl\gwoﬁ)ﬁ??%é%rd into a
sinmple distillation colum 22 at an inlet 24, referred to herein as a

sol vent st ekppple, 2&s fonnd he waok wealt irstem@png sgifur sprexieufrbnr cispked es and t he
hydr ocar bons are di sengaged fromthe extractive distillation solvent by
distillati j . [ . 3 | S:..naint ai ned
ander st [TPA o ROR IS SRCOUSHE R PRPHRN fopibl SefditTLr Sohd bR Y 0

hi gher boiling h dr?car bons are wvaporized and taken off the top of the

col uim 22 é‘POVf'ouTﬁfé' o6, werdmasqplecal vente wauld have dathsof thenfollemgrat es to
the bottomof the colum 22. The extractive distillation solvent is

wi t hdrawn Esgdinbhemetwer section of the solvent stripper 22 and recycl ed
back to the distillation colum 10. The sul fur species and hydrocarbons

w t hdrawn fromthe upper section of the solvent stripper are in the ICN
boili ng range and can be hydrotreated by standard nethods. WO01/48118 1 7
JUN 700d 20 PCT) uSer 36400nThe data presented below relate to a si ngl4e
stage distillation colum vyielding sulfur separation down to 300 ppm

Persons of ordi mar kifd y¥ -ty an will recognize that a col um havisRg
mul ti pl e stages %ocl?lpg bte Haesi gned to separate sul fur species down to(lszbout

50 ppm or |ess.

In addition to pure solvents falling within the specified regions,
combinatiéns of solvents, which produce mixture solubility parameters that meet
the conditions outlined in equations 2 ~ 5 also are preferred. The mixture
solubility parameter is calculated as

Omixture = D10, + D15, + (6)

where @, = volume fraction of solvent 1

&) = solubility parameter of solvent 1 as determined

from two of the Hansen parameters by the
formula

5, = &, +6,° (7)

A 50 vol %/50 vol % mixture of propylene carbonate and N-formylmorpholine

is an example of a mixture fitting this formula.



EXAMPLES Materials & Equi pment An Gt hner equilibriumstill, th.'{ﬂ&
essentially a single equilibrium stage, was fabricated as sho ﬂ) ge, F.
M, Ind. “h¢iH480%em Proc. Des. Dev., 41986, 25, 949-957. AT/vsnesswbi quid
equi libriumdata shown in the follow ng exanples were gathered in this
equi pment A stock solvent m xture conprising 278,06 g. nesitylene, 422. 04
g. toluene anh 8ptcfosed embadipenhdhesel ven éﬂ.haﬁ\aabﬂlé‘?r l%‘?l?/‘flﬁrpof"éed
solution conprising 2.66297 g. thiophene, 2.8381 g. 2-nethylthiophene,
3.1046 g. y3; [N 108RGredm HRDEOE b dieaR thaboihs

pr epar ed_thﬁn%ﬂ?&@@&%@?@?ﬁ%ﬁlé“ on was prepared by m xi ng 10.%674 gm
nodel sulfur feed sqlution with. 489.63 st ock sol vent . m res Al

sul fur anpPys ek theepdrsgesiss (BN BILIRS| %éPB‘HS?WﬁEI@@FénPEé%S\%QHQI

napht has were done using an HP 5890 gas chronmat ograph equi pped with a 30 1
7 JUN 2004epdRuitld d31d%e2 boREl p00nT 10O femisarcaimisedissilation asapidpoar y
colum, a flane 1onization detector and a Sievers Mdel 355 sul fur

chem | um nescence detector. Exanple |I Vapor liquid equilibria (VLE) data
were collected in the absence of a solvent by diluting nodel feed stock
solution with Stock solvent m xture, charging the m xture to the

equi | i bri um cell prafetred f&adbﬂ@pmh%ﬂ@ﬁsﬁb}vﬂ@g feanton Fomez catplyiiG ALk
determ ned by no change in the overhead conposition with tinme. Analysis of
the overh r ' tinf ICBNfdedbiresxd lve a shown in
Tabl e 1. ?ﬁ%ﬂ@?ﬁ*@%ﬁh‘? CE’if"E%‘“&“ g I?F?rgrl?éﬁfeg’%gﬁ?ha Distillation Sulfur

Concentration ovenFeed o . :
boiling range of from about 36 °C. to about 176 °C. A majority of the aromatic

sulfur compounds present in the LCN/ICN fraction are thiophenes,
alkylthiophenes, and benzothiophene which have a boiling range of from about

84 °C. to about 250 °C. Suitable solvents for use in LCN/ICN feedstreams
preferably have a boiling point of about 175 °C. to about 320 °C., most

preferably from about 175 °C. to about 250 °C.

The sulfur selective solvent may be fully miscible, immiscible, or
partially miscible with the bulk of the feedstream. This differs from liquid-
liquid extraction where the solvent must be fully immiscible with the feedstream

in order to separate the sulfur species from the bulk of the feedstream.

Any suitable weight ratio of the solvent to the hydrocarbon containing

feed mixture can be employed. Generally, the solvent to feed weight ratio 1s



9( g) PPPPnPPnPPm Li qui dVapor Li qui dVapor Li qui dl Vapor Li qui d Vapor --- 74 26
513 3210 1017 = 1156 1222 518 = 86 14 243 1642 527 606 600 6141 26WNG06
946127780%948/4898 280 301 18 PCTAIS00/35700

from about 0.5:1 to about 4:1, preferably from about 1:] to about 3:1, and more

preferably from about 2:1 to about 2.5:1.

The overhead distillate product withdrawn from the top of the column 10
contains a smaller volume percentage of aromatic sulfur species than the
feedstream and essentially all of the LCN; whereas the bottoms product contains
a larger volume percentage of aromatic sulfur species than the feedstream and
essentially all of the ICN. The concentration of aromatic sulfur species in the
overhead product is at least two to three times lower than the original
feedstream. The majority of the sulfur species present in the LCN are sulfides
and mercaptans which can be easily separated by current processes. Preferably,
the concentration of aromatic sulfur species in the LCN 1s about 200 ppm or less,
more preferably about 50 ppm or less. The bottoms product contains essentially
all of the added solvent, ICN, and aromatic sulfur compounds. The solvent in
the bottoms product can be separated from the other bottoms product
components by distillation or other suitable separating means and then be

recycled to the extractive distillation column 10.

The overhead product comprising LCN and trace amounts of entrajned
sulfur-selective solvent is withdrawn from an upper fractionation zone of the
column 10. The overhead product stream is then passed through a condenser 18

10 convert the vapor to a liquid, and then the liquid is passed to a separator 20 to



- - 354129128147133-- where: T = thiophene 2MI = 2-net hyl t hi ophepne 3MI' =
3-net hyl t hi ophene BZT = benzot hi ophene As can be seen, the vapo? 7skb!h‘ﬁﬂ[}¢s
are signifPOM8 enriched with the |awest boiling sul f urPGHES08§700

t hi ophene, and slightly enriched with 2MIr and 3MI, which boil sonmewhat

hi gher. Benzot hi ophene is nqt. car{. ed oy, | QLT dpkat. extent
due to i (SPAFYR TR AEURS R b S TP B e Jropf e i B, O
Exanpl e- 2 These experinments were repeated using half as nuch of each of
the feed Tﬁ@ﬁp&a@&tm&aﬁoﬁ withdmvat fram thet separaten?Gand, eipecally 1s sent 10
N-f or nyl nor pholine (NFM. Results are shown in Table 2 below Table 2.

Vapor Liquid Equilibriig. for ashi Lsipthhat TROsyhirtoncentration in
N- For ny | nidPpRET eﬁé C%@Sr"?é%ﬁ%reéﬁ?géﬁhgﬁ% e N M AN ot

PP PPM (PPM Li qui dvapor Li qui dVapor Li qui d or Li qui dvVapor
(2%) (2%) gg&(y@ggoéigggém isl;w ﬁgrthel\l/)red{lgg& by t}?is pr(l)(ge%g.dyhepsepa}a 5 s&f%-se&éc‘i‘we P

solvent may then be re-used by feeding the same to the upper section of the

distillation column 10.

The aromatic sulfur species, solvent, and higher boiling hydrocarbons are
withdrawn from the bottom of the distillation column 10 and optionally are
introduced into a simple distillation column 22 at an inlet 24, referred to herein
as a solvent stripper 22. In the solvent stripper 22, the sulfur species and the
hydrocarbons are disengaged from the extractive distillation solvent by
distillation using known techniques. Generally, the column 22 1s maintained
under distillation conditions so that the sulfur containing species and higher
boiling hydrocarbons are vaporized and taken off the top of the column 22 at
outlet 26 and the extractive distillation solvent migrates to the bottom of the
column 22. The extractive distillation solvent is withdrawn from the lower
section of the solvent stripper 22 and recycled back to the distillation column 10.
The sulfur species and hydrocarbons withdrawn from the upper section of the
solvent stripper are in the ICN boiling range and can be hydrotreated by standard

methods.



1017 482 1156 463 518 3.3 37 13 100 513 539 527 242 600 233 264 - 43 7 100
243 132248 p2301s7- - 473100127129147-- As can be seen, the conckEhtjulyien
of sulfur species in the overhead is reduced by a factor offCI/ESP0ASTY t he
presence of the extraction solvent. Exanple 3 The next series of
experiments Wer"ﬁaed Nt V;\)”rés%n{e%eb%fo%/ FrJélJté %8%%%@2 sa{age distillation column
yielding sulfur separation down to 300 ppm. Persons of ordinary skill 1n the art
will recognize that a column having multiple stages could be designed to

separate sulfur species down to about 50 ppm or less.

EXAMPLES
Materials & Equipment

An Othmer equilibrium still, which is essentially a single equilibrium
stage, was fabricated as shown by Lee, F. M., Ind. Eng. Chem. Proc. Des. Dev.,
1986, 25, 949-957.  All vapor-liquid equilibrium data shown in the following

examples were gathered in this equipment.

A stock solvent mixture comprising 278.06 g. mesitylene, 422.04 g.
toluene and 300.08 g. n-heptane was prepared. A model sulfur feed solution
comprising 2.66297 g. thiophene, 2.8381 g. 2-methylthiophene, 3.1046 g. 3-
methylthiophene and 2.0950 g. benzothiophene was also prepared. A model
feed stock solution was prepared by mixing 10.6674 gm model sulfur feed

solution with 489.63 gm stock solvent mixture.

All sulfur analyses reported in these examples for both model feeds and

naphthas were done using an HP 5890 gas chromatograph equipped with a 30



wi de range cat naphtha fromthe Baton Rouge, LA refinery. The properties of
the w de range cat naphtha and its 170 F+ fraction are shown in tihe JihHle 3
bel ow. 1 woaid$:200 WO 01148118 23 PCTI USOCO 35700 Table 3. ¥ ' of
Naphtha Lsed i1 Extractive Distillati o 6-cut 770 + Naphi haby aery Sud
Gavity, API62.4- Sul fur (ppn) 11801406 Ni trogen (ppnm) 42- Brom ne No. 46. 4-

Aromat i CSe¥ed!fus@d 2hicd 48pBlag) eblunm, @vildme ¥i8i4a0aR déteSairianat @Srefen .
99 43.429.1 MON, clear81.882.5 RON, clear92.892.6 Approximately 100 grans of

170 F+ napht S mX wi,t h.100 gr a f a solvent in the Ghner still
and equi | Wﬁ%g@g?ﬂm%m&#sc ?ﬁpﬁ%ﬁﬁﬁt Of the vapor phase produced the
results shown in Table 4. Table 4. Effect of Various Sol vents on Sul fur

Content of Naphtha Overhead in Extractive Distillation Feed u ur Vapor
SLAt ur ow(pprr) Sol vent NoneTEGNFM PC75EC125PCNVPTSP Tenperature in

Vapor liquid equilibria (VLE) data were collected in the absence of a
solvent by diluting model feed stock solution with Stock solvent mixture,
charging the mixture to the equilibrium cell and allowing the system to come to
equilibrium as determined by no change in the overhead composition with time.
Analysis of the overhead samples for four different feed concentrations are

shown 1n Table 1.

Table 1. Vapor Liquid Equilibria for Naphtba Distillation

Sulfur Concentration
Solvent Feed T 2MT JMT BLT
(9) (g (ppm}) {ppm) {ppm) (ppm}
Liquid] Vapor | Liquid| Vapor [ Liquid| Vapor| Liquid| Vapor
ol 50 OBE { 3270 | 1017} 1195 | 1456 | 12221 518 | 13.2
74 26 513 [ 1642 | 527 | 606 | 600 | 614 | 264 | B6
86 14 243 | 780 | 246 | 291 | 280 | 301 - -
94 6 127 | 354 | 129 | 128 | 147 § 133 - -

where:

T = thiophene

2MT = 2-methylthiophene

3MT = 3-methylthiophene

BZT = benzothiophene

As can be seen, the vapor samples are significantly enriched with the
lowest boiling sulfur species, thiophene, and slightly enriched with 2MT and

3MT, which boil somewhat higher. Benzothiophene is not carried overhead to

any significant extent due to its high boiling point.



Liquid ~

(' ©)117.5-118.4118. 1- 118. 3122. 1- 122. 3116. 6- 116. 9116. 7- 117. 51M2- 1307 18K 2004 13
1.5 VaporP 04838 7.106. 2104. 4- 105. 610%54- 106. 1 PCT/US00/35700

101. 2- 1015103. 0- 104107. 2- 107 6107 1-107.7 Sol vent: Feed Rati 0011 1111

t hi ophene59. 4174. 1124. 889. 1 104. 093. 86641278

2- met hyl t hi ophene156. 2193. 6151. 0106. 3 108. 3125. 9113. 6164, 8

3- met hyl t Exapyile®e145. 1183. 7128. 8101. 5 93A1104101. 41420

benzot hi ophenel58. 26. 54. 1< 1 ¢ 1<1C 153 Total Sul fur1405. 7827. 7650. 6459. 5

451. 6466. 74978 ; = ¥ ¢8lch NFMCE of the feed
N-f or myl nor pholerliégc @%&ﬁngﬁﬁﬁigbggr%%@ﬁgﬁﬁ%géd 25¢PC = %5 Owt %A)egt hyl ene

carbonate/ 25 wt % propyl ene carbonate N\VP = N-mnethyl pyryolid BP =
tributyl pmahata@dmffmms P EX it vm/%mﬂg%nﬁpfﬂn? @le‘@ar t hat
all solvents have sonme effect in reducing the overall sulfur content of

t he vapor Rstileasne vt 1/ TablegghBelowe and propyl ene carbonate |owered the
sul fur levels nore than the others. Exanple 4 The effect of solvent to feed
ratio on sulfur reduction in the vapor was studied using a 50 wt % NFM 50
w % PC m xture as the solvent. Results from these tests are shown in
Table 5. Table 5. Effect of Solvent to Feed Ratio on Sul fur Reduction in
Over head RabnZ.onsypor Limid Equilibnia for HExéractiva Bistilation with

(O 116. 9-N1Foﬁhé'$n14)rjbh81i5él8- 9 124.4-124.7127.8-127.9180. 1- 180. 3 Vapor

(O 101. 2-101. 5100. 6- 100. 9103. 4-103. 5 107. 0-107.9103. 6- 103. 9125.5-126.0

Soi vent : Feed RaTTOQIZ 22545 Sulfur Concentration
Solven| Feed | NFM T 2MT 3MT BZT
(9 | @ | @ (ppm) {ppm) {(ppm) {(ppm)

Liquid| Vapor| Liquid]| Vapor| Liquid | Vapor| Liguid| Vapor
25 25 100 { 988 | 1062| 1017 | 482|1156] 463| 518 { 3.3
37 13 | 100 | 513 539 527 242] 600 233| 264 -
43 7 100 | 243 246 280 - -
47 3 100 | 127 132] 129 59| 147 57| - -

As can be seen, the concentration of sulfur species in the overhead is

reduced by a factor of 2 to 4 by the presence of the extraction solvent.

Example 3

The next senes of experiments were done with the 170 °F+ fraction of a
wide range cat naphtha from the Baton Rouge, LA refinery. The properties of
the wide range cat naphtha and its 170 °F+ fraction are shown in the Table 3

below:



Sul fur WPM Li qui dVapor thi ophene62.5167-4132-367.8 63.583-7Sz. JUN 2004

2- met hyl t hi ophene168. 1235. 2100. 776. 8 88. 694. 4153. 9 - 7

3- met hy | WRitdgBH8e 163. 8203. 985. 260. 7 72%3272 8133. 6 PCT/US00/35700
benzot hi ophenel56. 55. 3<1<1 2.5<13 Total Sul fur1426.1911.9396. 2300. 6
378.3376. 16457 Fromthese data it can be seen that a solvent to feed ratio
of between 2 and 3 is sufficient to achieve the optimumreduction in

sul fur i rr;tﬂw_‘sovla‘d[&&dlesstfrlﬁapht@blmmEﬁﬂ%ﬁﬂ‘i%ﬂ&F“\%‘Pk was done using
several solvents and m xtures of solvents and addltlves (e.g. oxalic
acid). Results are shown in Tahle 6 hpl n\Ar 118 25 17 JUN 204

PCTI USOQ' 35700 Table 6. Effect of Addl (i?ri nggc%ﬁrts and M xtures on

Sul fur Reduction in Overnthead Vapor -111-On Feed Sui tur
(Ppm (Ppn) 90 %NFM 90 %\FM _Sol vent5 %120 95 %°C 95% PC None
Ni t robenzene 5 % kea %Suc‘éfat’ﬂ’b‘“gt 5 A%gll '%d 5 % Matonitrile
116.9-117.0 129.0 105. 3- J@E‘i.”ﬂ PP"R7. 4 11 - 118?@ 1347.9-118.1

Nitrogen (ppm) 42

Bromine No. 46.4 -

Aromatics (vol. %)| 21.7 46.8

Olefins (vol. %) 34.9 224

Saturates (vol. %) 43.4 291

MON, clear 81.8 82.5

RON, clear 928 92.6

Approximately 100 grams of 170 °F+ naphtha was mixed with 100 grams
of a solvent in the Othmer still and equilibrium was established. Sampling of the

vapor phase produced the results shown in Table 4.

Table 4. Effect of Various Solvents on Sulfur Content of Naphtha
Overhead in Extractive Distillation

Feed Sullur Vapor Sulfur Composiion
{ppm) tppm}

Solvent None TEG NFM PC 75ECI25PC NMP TBP
Temperature in

Liguid {*C) 117.6-118.4 118.1~-118.3 122.1-122.31166-%16.9 1167-1175 130.2-1307 131 2-131.5

Vapor {*C) 105.7~106.2 104.4~1056 105.4~106.1 101.2~101.5 103.0-104 107.2-107 6 107 1-107.7
Salvent:Feed Ratio o h] 1 1 1 1 1
thiophene 59.4 1741 1248 891 304.0 93.8 86 4 1218
2-methyithiophene 156.2 183.6 1510 106.3 108.3 12589 113.6 164 8
3-methyithicphene 145.1 183.7 128.8 101.5 93.4 1104 101.4 1420
benzothiophene 158.2 6.5 4.1 <1 <1 <1 <1 53
Total Sulfur 1405.7 827.7 650.6 459.5 451.6 486 7 487 B 674 5

where:

TEG = tetraethylene glycol

NFM = N-formylmorpholine

PC = propylene carbonate

75EC/25PC = 75 wt % ethylene carbonate/25 wt % propylene carbonate
NMP = N-methylpyrrolidone

TBP = tributylphosphate



Tenperature in 6 Liquid (C7-105 104 . Vapor (C). 101.2-101.5
104.9-105.4 85.0-85.4 89.2-89.5 105.9-106.1 1 Soi Vent: Feed Rat|o®7ﬂUﬂ2M£1
t hi opheneW® G/48618. 4 69. 4 81.8 67.4 100,53 107.8 5 |thi ophereThfBoAs7865. 2
110.8 113.5 119.7 121 126. 2-neth y |fhi ophene 163.8 203.9 98.5 97 101.1
104.5 1084 3-nmeth y 156.5 5.3 <1 1.7 <1 3 <1 benzot hi ophene Tot al

Sul fur1426.1 911.9 444.2 457.7 452.3 463.7 542.4 As can be seen,

ni trobenzene | duks sleahehawlf solvemy dlave isgmiefd{feanin yedveamg the overall sulfur

content of the vapor stream. N-formylmorpholine and propylene carbonate

lowered the sulfur levels more than the others.

Example 4

The effect of solvent to feed ratio on sulfur reduction in the vapor was
studied using a 50 wt % NFM/50 wt % PC mixture as the solvent. Results from

these tests are shown in Table 5.

Table 5. Effect of Solvent to Feed Ratio on Sulfur Reduction in Overhead

Solvent None SOPC/50 4-FM
Temperature in

Liquid (*C} 116.9~117.0; 118.4~1185 1189  124.4~1247 127.8-1279 180.1-180.3

Vapor {*C) 101.2~101.5 100.6~100.9 103.4-103.5107.0~-107.9 103.6-103.9 125.5-126.0
Solvent:Feed Ratio 0 1 2 2.25 4 )

Sulfur {ppm)
Liquid Vapor

thiophene 625 167 4 BZ2.3 B7.5 63.2 B37 84T
2-methyithiophene 168.1 235.2 1007 76.8 88.6 844 153.9
3-methylthiophene 163.8 2038 85.2 60.7 72.2 72.8 1336
benzathiophene 156.5 53 <1 <i 2.5 <1 3
Total Suifur 1426.1 911.9 396.2 3006 3783 376.1 6457

From these data it can be seen that a solvent to feed ratio of between 2
and 3 is sufficient to achieve the optimum reduction in sulfur in the overhead

stream.

Example 5

Additional work was done using several solvents and mixtures of solvents

and additives (e.g. oxalic acid). Results are shown in Table 6 below:
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From the foregoing experiments, it was determined that a wide vanety of
heterocyclic organic compounds are useful as extractive distillation solvents for
separating sulfur species from organic feedstreams. The solvent chosen will

vary depending upon the components of the feedstream and their relative boiling

points.

Persons of ordinary skill in the art will recognize that many modifications
may be made to the present invention without departing from the spint and
scope of the present invention. The embodiment described herein is meant to be

illustrative only and should not be taken as limiting the invention, which1s

defined in the following claims.

ation



said sulfur species that is nore than said first concentration, widrgdiNlllihe
sul fur-selective solvent is selected fromsolvents han

(Sp) and hydrogen bonding forces (Sr,) that satisfy Pmﬂs)lchﬁlgzg?e@u
equations: 1) 8p > 1.45 8H 2) (8p)2 + (SHZ > 190. 2arm§ ighei m
1, wherein said feedstream conpri ses Iizght cat naphtfi fﬁr:\iigquZﬁag
cat naphtha. 3. The process of claim2,““where said feedstream has a boiling
poi nt of fromabout 36C to about 176C, wherein said sulfur selective

sol vent has @LAIMSt ng point of from about 175C to about 320C, and wherein
sai d sul fur species conprises aromatic conpounds having a boiling point of
from about 84C t oy aftgtiks 30 Sepohitd MGG 2ecRThUS GALSBirlc Oecdkitar® 01

NOV' Z001 4. The process of claim2, wherein said sulfur-selective solvent

I s sel ect ed ¥oMPRFINENhe group consi sting of organi c conmpounds conprising at

| east one atom s >k : 4 I St : r and
nitrogen. 5. The‘%lpr)(?\g%eggil@?%P%P%@?lg\?\%gggaﬁ %ﬁpgggﬁﬁﬁﬁﬁf}f%&g?@%éysol vent
conprises a m xture ewfuprspediesy said bwlfust spaciés having @l viesnt vidheitngnd o i r st
solubility paranmeter (51 nd. a, second sol vent. having,a second. sol ubility
paraneter (&2), v\/nerelgeﬁn é@?@*ﬁ?%oﬁgagwr}ds%iﬁtﬁaf"s Jing aggcloﬁgiv?lfnﬁ@y gl"cgrﬁseter
defined by the fol | owsitgtaeipligtth©Bamd S¢Visaill Mir) votati{ifyl tebigring il @&FRRul{ tox(sx) ] n
wherein Il is the volune fraction of said solvent i.n.said m xture; X

desi gnat es addi ti onal SP8latfeftid SuHus APgissi Stommr wid sefepinder sofosad Q[BRMSS| gnat i on

for an additional sol ygakrehh: @i d M xture; and wherein said solubility

paraneter of each sol vent i_S,.ai ﬁ/ t) is determned by the fol | ow ng
contacting said liquid phase organic feedstream with a liquid phase sulfur-

selective solvent under extractive distillation conditions effective to
decrease said first volatility to produce an overhead product comprising
a second concentration of sulfur species that is less than said first
concentration and a bottoms product comprising a third concentration of
said sulfur species that is more than said first concentration,

wherein the sulfur-selective solvent is selected from solvents having polar
forces (8,) and hydrogen bonding forces (8y) that satisfy the following
equations:
1) 3> 1.456u
2) (8,)" +(Bu)* > 190.

2. The process of claim 1, wherein said feedstream comprises light cat naphtha

and intermediate cat naphtha.

3 The process of claim 2, where said feedstream has a boiling point of from about
36°C to about 176°C, wherein said sulfur selective solvent has a boiling point of from
about 175°C to about 320°C, and wherein said sulfur species comprises aromatic

compounds having a boiling point of from about 84°C to about 250°C.

AMENDED SHEET



equation: 2 2 ~solwnr - Sp + 6. The process of claim3, wherei '
sul fur-selective solvent is selected from ethylen te 4 ene
carbonate and m xtures thereof, and sol27zent m xt ur@ﬁf glﬁﬁﬁ

N-fornyl mor phol i ne and nitrobenzene. AENDED SHI T | ....qpi -
e ~ZUS 0 1NOV2001

4, The process of claim 2, wherein said sulfur-selective solvent is selected from
the group consisting of organic compounds comprising at least one atom selected from

the group consisting of oxygen, sulfur and nitrogen.

5. The process of claim 1, wherein said sulfur-selective solvent comprises a
mixture comprising at least a first solvent having a first solubility parameter (8,) and a
second solvent having a second solubility parameter (3;), wherein said mixture
comprises a solubility parameter defined by the following equation:

(Omixrure) = @1(81) + @182} [+Pu(8)]n
wherein

®is the volume fraction of said solvent in said mixture,

x designates additional solvents in said mixture; and

n 15 0 or a designation for an additional solvent in said mixture; and
wherein
said solubility parameter of each solvent (Bsoivens) is determined by the following

equation:

6. The process of claim 3, wherein said sulfur-selective solvent is selected from
ethylene carbonate and propylene carbonate and mixtures thereof, and solvent mixtures

containing N-formylmorpholine and nitrobenzene.

ENDED SHEET



