10

15

20

25

30

WO 20071055722 PCT/US2006/013824 PROCESSING OF FCC
NAPHTHA BACKGROUND OF THE INVENTION 5 Field of the Invention
Tr‘lxtlaoozroeo%%g%;nvention relates to a process for the desulfurization of a full
boiling range%fuid catalytic cracked naphtha. More particularly %%Tﬁi%@gﬂfmsm
invention employs catalytic distillation steps which reduce sulfur to very
low levels, makes more efficient use of hydrogen and causes less olefin
hydrogenation for a fullyyoi 1 el? re particularly
the invention relates to%t?c?f%éérjme%]ﬁol w%j‘ &%@rﬁyi t of gasoline
blended from the treated naphtha by concurrently distilling the naphtha
while desulfurizing and BAGHIGEEMBIRING RN ErdbiidrN ToDMhe desired
engpaink (Repteshfqrmation 15 Petroleum distillate streams contain a
variety of organic chemical components. Generally the streams are

defined bYhRIEERAM GRS RIAteS HerPrRseIEdYoihpsissulfunizrtion of a full

PIsSwiRAgiRh g6 A cEaapscalanRES AisHINE aCNRPE PLAR URATY BStaNESent invention
produﬁs fronﬁg}lﬁ%ler_ca\falgtlc cracking or thermal cracking processes

SRR RGP EIMLR HFAHBHE L FHBRND IR RIS WM 1R Yoy dpirdeugls, makes
(hahkanmi)‘inhahe[iatScﬁrh@%mbemaafwbat%bméw'@@‘i(ﬂli@@fhr?‘énéiﬁiﬂitf@ﬂgl’fwl boiling
these compoepents ma ny of the various isomers, of the gompounds.
T S e e e B NS B el st fipoess for
steaiiholling nifyehtbiad ippirharflydasivinecddndtte érde $rurteated naphtha by
N : ffinic_c h e sat rai .
e R Ry e 80 ARy the
strasyeedestandesipdriyaninbaraffinic. The naphthenic crudes

CoEaiRmRRMhsaturates and cyclic and polycylic compounds. The
higher sulfur content crudes tend to be naphthenic. Treatment of the

different TFEGFHTUNRIPRIRaSHER b SRIRA differkAtieRYpeidiRgoapisn chemical
thedmpongasitiol shisrdthCcrhgesaeidins. 3@ F@@ﬁ@ﬁﬁtﬁ%ﬁ@ﬁ@ﬁh@(ﬂﬁﬁgf@éﬂ@ég which

[l ' further t t t h djstillation or
SIS A SRR D Ne al0mRIOBTSHIE mipGattRamA e affects the

naphthasilicive dssemisiinoe, spituluctntionmantiserd usatalitie sFuekigobr thermal

thel AR SHORBRLEY HIRMIRGATHR AN RRPIRSRESHSS sinic materials as well as
saturated (alkanes) materials and polyunsaturated materials (diolefins). Additionally,
these components may be any of the various isomers of the compounds.

The composition of untreated naphtha as it comes from the crude still, or
straight run naphtha, is primarily influenced by the crude source. Naphthas from
paraffinic crude sources have more saturated straight chain or cyclic compounds.
As a general rule most of the "sweet" (low sulfur) crudes and naphthas are paraffinic.
The naphthenic crudes contain more unsaturates and cyclic and polycylic
compounds. The higher sulfur content crudes tend to be naphthenic. Treatment of
the different straight run naphthas may be slightly different depending upon their
composition due to crude source,

Reformed naphtha or reformate generally requires no further treatment except
perhaps distillation or solvent extraction for valuable aromatic product removal.
Reformed naphthas have essentially no sulfur contaminants due to the severity of
their pretreatment for the process and the process itself.
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1 WO 2007/055722 PCT/OS2006/013824 Cracked naphtha as it comes

from the catalytic cracker has a relatively high octane number as a result

of the olefinic and aromatic compounds contained therein. In some cases
th?g(?rgjg%)ﬁsgﬁéy contribute as much as half of the gasoline in tl’i’ngEﬁﬁ@f‘{/msm
pool together with a significant portion of the octane. 5 Catalytically

cracke@rzapbthadghteling betingsangn malestal)foeitkef o8 folatively high
%i&nificant art %1/3% 00l in the United States
anda Reﬁ‘r%wo%rs CYE 5

f ' { [ .
R B R R Sieqi TS et nadyorein.
teceirea easpmthiadeadohyngyl catndditinig, & ondeh taschadpby Withgeresliies in the

ificati ] i [ronmental regulations,
o S O R R, o 20 v,
The méstiabigabnairsiritinapihrigassiinrbaiing Eogpowidsal ayrently forms
bysl FJ;Biéﬁthm(ﬂd@&) tHeVdHsBiths pRIfIeUpydistilate ‘?rﬁ%%sg‘ga%ygrand it
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sulfide and collect the now desulfuri 0ss of olefins

ieRalhraRigeR SR bR e MKRISY ahe iRludedindhe &edtaiibe following

erfingiohdhrusaaishacarchiiR RSy etigRibunRPQRAT olefins for other
uses. 0 In ad {'t)ioQé(l)_{suE_PIying hli%_q octane blending components the
cracked + " > RH + H,S

(2) RCl+H, - RH+ HCI

(3) 2RN + 4H, --» 2RH + 2NH,
(4) ROOH + 2H, —» RH + 2H,0

Typical operating conditions for the HDS reactions are:

Temperature, °F 600-780
Pressure, psig 600-3000
H, recycle rate, SCF/bbl 1500-3000
Fresh H, makeup, SCF/bbl 700-1000

After the hydrotreating is complete, the product may be fractionated or simply flashed
to release the hydrogen sulfide and collect the now desulfurized naphtha. The loss
of olefins by incidental hydrogenation is detrimental by the reduction of the octane
rating of the naphtha and the reduction in the pool of olefins for other uses.

In addition to supplying high octane blending components the cracked
naphthas are often used as sources of olefins in other processes such as
etherifications, oligomerizations and alkylations. The conditions of hydrotreating of



naphthas are often used as sources of olefins in other processes such as
etherifications, oligomerizations and alkylations. The conditions of

hydrotreating of 2 WO 2007/055722 PCT/US2006/013824 the naphtha
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edvaags 6406, 0505915 i1/83H0M A, 84 bPETING 8RGS BARRYRR patents the
naphtha is split into two or three fractions based upon boiling point. Generally
combining the fractions is mentioned only in passing. However, in commercial
designs it has become the practice to combine all of the treated naphtha fractions
and to send the total to gasoline blending.

In commercial designs which simply reblend all of the HCN and MCN in their
production ratio, the endpoint of the FCC gasoline produced is essentially the same
as the endpoint of the feed.

It is an advantage of the present invention that a full boiling range naphtha
stream is hydrodesulfurizated by splitting it into boiling range fractions which are
treated to simultaneously hydrodesulfurize and fractionate the fractions. It is a
further advantage of the present invention that the sulfur may be removed from the
light portion of the stream to a heavier portion of the stream without any substantial



stream is hydrodesulfurizated by splitting it into boil‘ing range fractions

which are O treated to simultaneously hydrodesulfurize and fractionate

the fractions, It is a further advantage of the present invention that the
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fraction and preferably less than the D-86 95% point of the feed nap
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organic sulfur compounds, including mercaptan is splitinto a first heavy fraction and
a light fraction. The light fraction is brought into contact with a thioetherification
catalyst under conditions of concurrent fractionation and reaction to react diolefins
and mercaptans to form organic sulfides and to fractionate the organic sulfides into
the first heavy fraction. The light fraction having a reduced sulfur content is
recovered as overheads.

The first heavy fraction is recovered and used as the feed for fractionated into
an intermediate fraction and a second heavy fraction. Both fractions are individually
brought into contact with hydrodesulfurization catalyst and hydrogen under
conditions of concurrent fractionation and reaction to react organic sulfur including
organic sulfides from the light fraction with the hydrogen to form H,S and
hydrocarbons. The intermediate fraction having a reduced sulfur content from the
first heavy feed is recovered and combined with the light fraction. A second heavy



an intermediate fraction and a second heavy fraction. Both fractions are
individually brought into contact with hydrodesulfurization catalyst and

hydrogen under conditions of concurrent fractionation and reaction to
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the hydrogen to form H2S and hydrocarbons. The intermediate fraction
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DESCRIPTION OF THE DRAWINGS FIG. 1isa sm(plified flow diagram in
niermedirtisdractipnrbis rAtampiaiestiivingniodQon #ithedrsyifurized heavy
fetrodifiedfloavdiagram in schematic form of a second embodiment of the

embociment o hEAle o G DL, ahel e BA it pass HDS
polishingsrebigar simplified flow diagram in schematic form of one embodiment of
the invention.

FIG. 2 is a simplified flow diagram in schematic form of a second embodiment
of the invention.

FIG. 3 is a simplified flow diagram in schematic form of an embodiment of the
invention employing one fixed bed, straight pass HDS polishing reactor in
combination with a distillation column.

FIG. 4 is a simplified flow diagram in schematic form of an embodiment of the
invention employing fixed bed, straight pass HDS reactors.

DETAILED DESCRIPTION

The process for simultaneously desulfurizing and distilling a full boiling range
fluid cracked naphtha has been described previously. See forexample U.S. Pat. No.
5,597,476 which is incorporated by reference herein in its entirety. The patent
discloses a two-step process in which naphtha is fed to a first distillation column



5 combination with a distillation column. FIG. 4 is a simplified flow diagram

in schematic form of an embodiment of the invention employing fixed bed,
straight pass HDS reactors. DETAILED DESCRIPTION The process for
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According to the present invention the hydrodesulfurization reactions and
distillation separations may be carried out concurrently in a reaction distillation zone
or in a fixed bed, straight pass reaction zone followed by a distillation zone or in
combinations of these two modes.

In the present process a full boiling range naphtha stream containing organic
sulfur compounds and diolefins may be fractionated in a first distillation column
reactor by boiling a portion of the stream containing lower boiling organic sulfur
compounds, generally mercaptans and diolefins into contact with a Group Vil metal
hydrogenation catalyst under conditions to form sulfides. A lower boiling portion of
the stream, having a reduced amount of organic sulfur compounds and diolefins is
recovered as light naphtha overheads. The sulfides formed by the reaction of the

mercaptans and diolefins are higher boiling and are removed from the column in a



or in a fixed bed, straight pass reaction zone followed by a distillation zone

or in combinations of these two modes. 5 In the present process a full
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of less than the heavy fraction and greater than the combined light and intermediate

fractions.

The endpoint being controlled is measured by the ASTM D-86 method which
is the standard in the refining industry. ASTM D-86 does not measure a true boiling
point because of the equipment used but is still the standard used. Because ASTM
D-86 does not measure a true boiling point, the endpoint according to this method
may be manipulated by blending a higher boiling stock into a lower boiling stock.

THIOETHERIFICATIONAND SELECTIVE HYDROGENATION CATALYSTS

Catalysts which are useful in the mercaptan-diolefin reaction and the selective
hydrogenation of dienes include the Group VIII metals. Generally the metals are
deposited as the oxides on an alumina support.



fractions are then selectively blended to obtain the V‘endpoint (ASTM D-86
95% point) of less than the heavy fraction and greater than the combined
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refining industry. ASTM D-86 does not measure a true boiling point
because mbteereduiiatgsitiosesk hblostathnbstistandactosrdcBeradssas 54 wt.%

-86 d t true boili int dpoint accordi
e T A A B BRRE & R P g Srsetp s E-
& 16wER bd}iged itysiTH KDE THERIFRIQAONONEA NDIHBHEDENS provided by the
H%Pu'?&?:ﬁﬁ%l_ 'lré(glgl ]gﬁb%l_,YSTS 0 Catalysts which are useful in the
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mercapta efin reaction and the selective hydrogenation of dienes
include the Group VIII metals. Genefd{§lthe metals are deposited as the
oxides on an ghipiRgRMPPort. 7 WO 2007/05%224267%/US2006/013824
A preferred catalyst for the thioetherification reaction in CD mode is 54
Wt.% Ni on 8 E91% mesh A1203 (alumina) spheR¥&8upplied by Calcicat

designated apl&mih@h -t Typical physical andyehemia properties of the
catalyst as pr, V{A(ljrgg by the manufacturer are az follows: 5 TABLE
Designation B8R Form Sphere NominaP&ize 8x14 mesh Ni wt.%

54 0 Support3iypimt. Hydrogen must be fed tiuhdnzeactor at a rate to the

reacto o] intain the reactio t kept below that -
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polyolefins, such as the diolefins, contained within the light cracked naphtha and to
a lesser degree the isomerization of some of the mono-olefins. Using the preferred
Ni catalyst the relative rates of reaction for various compounds are in the order of
from faster to slower:

(1) reaction of diolefins with mercaptans

(2) hydrogenation of diolefins

(3) isomerization of the rﬁono-olefins

(4) hydrogenation of the mono-olefins.

The reaction of interest is the reaction of the mercaptans with diolefins. Inthe
presence of the catalyst the mercaptans will also react with mono-olefins. However,
there is an excess of diolefins to mercaptans in the light cracked naphtha feed and
the mercaptans preferentially react with them before reacting with the mono-olefins.

The equation of interest which describes the reaction is:



Ni catalyst the relative rates of reaction for various compounds are in the
order of O from faster to slower: (1) reaction of diolefins with mercaptans
(2). gg%ti'on of diolefins (3) isomerization .of the.mono-o!efin
hydrogenation of the mono-olefins. 5 The reaction of interest isth
reaction of the mercaptans with diolefins. In the presence of the catalyst
the mercaptans will also react with m@qo-olefins. However, there is an
excess of diolefins to mercaptans in t}]e light cracked naphtha feed and
the mercaptans preferentially react with them before reacting with thg
mono-olefins. The equation of intere$t which describes the reaction is: 8
WO 2007/055722 PCT/US;%06/0138 4 R,ICH215RSH + _
C=C-C=C-R2 ----- > R-S-C-C=C-R2 'Ni where R, or R2 can be either an
g%‘/’il gloueP atir6nBn atorn. Thid-EréFGeRompared to the reaction
described below which conggmes 0 hydrogen. The only hydrogen utilized

in the removal of the mercaptans in the thioetherification is that necessary
to keeﬁvﬁ%é% afifsk?m%ﬂ'é *Pg ﬂlﬁi W AAETSUROT fh IMEreBRBLFH @M

ion of the di d i med. SELECTIVE,
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B R B BB i mvanice stat,
BribRIRRACYREMUNY Goanraties tidheciiapendnytiyahenietasanmed.
deposigl &TtheRAESROGERMTHIN EWRRAN gHhe supports are usually

small E;lefmeter extrudates or spheres, typically alumina, Catalysts

S, ty Y ,
preferrc A GRHALY B JBRY-fGeUSRsr GgcnaiittiLal GemsinY Hranglateanponent or in
adpixtied withasiem e@i@Vsismodifiers as known in the art, particularly those in

Group VIB and IB such as hydrogenation catalysts of the type characterized by
platinum, palladium, rhodium or mixtures thereof. Generally the metals are

3/632006/013824

deposited as the oxides on an alumina support. The supports are usually small
diameter extrudates or spheres, typically alumina. Catalysts preferred for the
selective hydrogenation of diolefins are alumina supported palladium catalysts.

CATALYST STRUCTURES

The catalyst typically is in the form of extrudates having a diameter of 1/8,
1/16 or 1/32 inches and an L/D of 1.5 to 10. The catalyst also may be in the form of
spheres having the same diameters. In their regular form they present too compact
a mass and are preferably prepared in the form of a catalytic distillation structure.
The catalytic distillation structure must be able to function as catalyst and as mass
transfer medium.

When the catalysts are used within a distillation column reactor, they are
preferably prepared in the form of a catalytic distillation structure. The catalytic
distillation structure must be able to function as catalyst and as mass transfer
medium. The catalyst is preferably supported and spaced within the column to act
as a catalytic distillation structure. A variety of catalyst structures for this use are
disclosed in U.S. patents 4,443,559; 4,536,373: 5,057,468; 5,130,102; 5,133,942;
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CATALYST STRUCTURES The catalyst typically is in the form of
extrudates having a diameter of 1/8, 1/16 or 1/32 inches and an LID of

1.5 to 10, The catalyst also may be in the form of spheres having the
saM@ MR, In their regular form they present too compact BEI fHEW6/013824
and are preferably prepared in the form of a catalytic distillation structure,

The gatadyticdhsslsion Subetaas M1 99 AblS IHIRGHOR /S 53188/84aNGhich are

as mass transfer medium. When the catalysts are used within'a
di@ﬁﬂ&?ﬁrﬁ{@ag}ﬁ?‘?%@%‘?ﬁ%}?ﬁre preferably prepared in the form of a
catalyticAdistelatitan stwatines Tibeticatadiito® (hstlBiopREHEEIEIMBIROQhich is
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vestiaigtiduptictdRgnids mgedrapgfé Wﬂ@g}@é@l’flgﬁi\?&% Pﬂl%’%i’éb’?ﬁ%rer surfaces to
ially horizonptal rigid m ers and a plurality of substantially =
A e e LUBEE o ek R e RSP AP aten of he
peatalm)siersiongritdaatiies. #tdestaicpatticegitthendifgcoeis wiaese vapor and
Cﬁ’éﬁﬁj’?rﬁé@gﬂ&i{a&&g&ﬂﬁﬂ\}{“c material. The catalyst within the tubes

provides a réaction Zzone Where 0 catalytic reactions may occur and the
wire mdsihsryeriRs travdngsrianandatebavingffaesarfactiatianship and general

digHagArd RRvenRERY AICTRES RIGHILELRE thuasial Uifg ré%?g&%‘i%'ﬁfé&irgents of

density and loading and structural integrity and provides vapor an
ifGdYRBERYPput capability. | n the various drawings components having

L el G ST T A
reactor 10 containing a bed 12 of thioetherification catalyst. Hydrogen is fed in an
amount sufficient to keep the catalyst in the hydride state. In the reactor 10 the
mercaptans in the naphtha are reacted with diolefins to form sulfides which are
higher boiling and are removed with the bottoms via flow line 103. A light naphtha
product is taken as overheads via flow line 102 and sent to the final blend.

The bottoms in flow line 103 are combined with a heavy FC naphtha stream
from flow line 104 and fed via flow line 105 to a hydrodesulfurization distillation
column reactor 20 containing two beds 22 and 24 of hydrodesulfurization catalyst.
Hydrogen is also fed to the unit. It may be co-fed as shown or as a separate feed
below the bed 24. In the distillation column reactor 20 the organic sulfur compounds,
including the sulfides produced in the reactor 10, are reacted with hydrogen to form
hydrogen sulfide. An intermediate boiling range naphtha (MCN) is taken as
overheads via flow line 106 and stripped of hydrogen sulfide in stripper 30 where the
hydrogen sulfide is removed as overheads via flow line 107. The product MCN is
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The light FC naphtha is fed via flow line 101 to a thioetherification |
distillation column reactor 10 containing a bed 12 of thioetherification

catalyst. Hydrogen is fed in an 0 amount sufficient to keep the catalyst in
th‘e’v%a?i’/éﬂegss@fte. In the reactor 10 the mercaptans in the naphtfed/Hpg006/013824
reacted with diolefins to form sulfides which are higher boiling and are

tekeovErdmithetlatrippBo BB aiatfmwd’iseﬂé(?ﬁov& Iiiﬁlélﬂﬂafphﬁh&eﬁwm héha stream
heads via flow li 2 and sent to the fin e e
(IS Rl T el 3028 Wit et Tmprity vosimpo of
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rod,ucgd in the reactor 10, are reacted with éﬁ/drogen to form O hydrogen
E?ﬁ*l‘i’éf@. Argﬁﬁé‘?rﬂéﬂrsté'%hiﬁgal%w%ﬁm Miding K aicd e MCN product,
Oherbeadsivis Ao |Bl§n|1;@@ and ﬁfémm%ﬂl @Ebﬁﬂ&g&ﬁ‘h ’ tﬁé'@ﬁ%ﬁ&l&ﬁtg%%%ﬁé@ in the
here th ulfide is removed as overheads via flow lin .
R Brolte VN a0eE GNP B aaToRs PAa P EoaeBa e A kiGN, and 2
fmrﬁrthe(mdmbevim@mmm%fIth&m&QﬂnédMﬁ?@fﬁl@gghm\éSﬂW@bsired
[ r 20 as bottoms via flow line 109 an
th\l%é%et?ﬁ?ﬂo gﬁ&ﬁhﬁ?%ﬁ’g a%8w1°‘m3(§f?

stripp hydrogen sulfide in"stripper wAHere the hydrogen sulfide is

taken &9bikeHohadions WoartribarecarerrepasaiecHaSN Bneiighetbidrstreams
iop ¢ " : ' ine N i .

B e e e e MY oo airecty

ihRatioss) montonrther iprass BRIDN MUK ERRITSI meiRilleding ¢slumn reactor

peqUiTechepomends BpribiCY iedjsr rouies N@M‘ﬁg@&%@ﬂ&i@mtﬂ“ﬁ@%é‘d to the

rqduct. e amount of HCN blended into the MCN depends on the .
i E R R R A —
acgishevnare ddshecHnbls a08AadhtbwverRndpigstveideq l@ﬁﬂr}]}%?gr},—%qll}hageup of

ir r f MON and desired HCN is sent to the final blen
ooy B A (Rl B LRl ey A Ao
st rwgstesdriteN ppovstied, woeld Iscageotsibilibefdicbel refingrtgassithe pool,
WOMBRQLHS 88y feed directly to the diesel pool or other process unit
without treatment in distillation column reactor 5 20. To permit this option,
a recyidhsrelinaicletsranes ariinadiGl feauiteasdditional processing before

being sent to the diesel pool, there may be an opportunity to eliminate the stripper
40 and save capital. This layout is provided in Fig 2. As determined by endpoint
considerations, the required proportion of the HCN would be routed to the stripper
30 via flow line 115 where it would mix with the MCN and be stripped of dissolved
gases. The remainder of the HCN would be routed directly to a distillate
hydrotreater. The dissolved hydrogen and hydrogen sulphide in the HCN do not
pose a problem in a typical distillate hydrotreater. The dissolved gases could pose
a problem if there is a need to store the material prior to further processing, so this
process scheme must be considered carefully.

In some cases, for example when the sulphur specifications are extremely low
or when mercaptan specifications are very tight, additional processing of the
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hydrodesulfurization distillation column reactor is ir‘i'f:orporate(_]l. These
connections are shown as dashed lines 109A and 111A in Figs.1 and 2.

O akeup of heavy feed is required to continue to run the
digﬁgﬂ%%%%#}mn reactor 20. Also, a small purge of HCN pro_dﬁgirWS%ﬂ
be sent to the diesel, or the gasoline pool, 0 whichever is desired If the
Mfi/H@Nertaimbmthabthe tlOideJhiesadditiedher tmessing bafiets of options
' t iesel |, ther .an oppartunity to elimipate the,
D A P SRR S ARG €y, o

REGAMAEEBiE elembegrindoasieeontsnshideoteeplirgiunit pieticBuchtheits are well
RN NVRUIERSH aHted 1o iBe stEpiper 5 30 via flow line 115 where it would

mix with the MON and be stripped of dissolved gases. The remainder of
the HCNIRIAA Heerdurentinreityfogearsalatessyrirénternmhef the preferred
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B R ACEE At e ininal B Mg med outin
fixeddssihgirsgdhias macess achl&m’eataaﬁ%ggfz@@&ueﬂ carefully. I?
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on or e R R G R b e el pphine
sireaen (N 2obeIoBET 12 P 07/ 10820610 53Ba MENHEN Dletu stripper 30
ksl d Hiscotdiakadhe E%Bb% %ﬁ@i@gyv%ﬁge%%saﬁ& (ri"é}aasp%nduct from

adsorption bed, a caustic treating unit (with or witho ractio

rRERAIA Seiideramalishing tessiasrkiamering dPsathgre iisetubsaterd to further
hpdisaEsuMRNiZdtow hifiBE aataApst Bt SRAM)R %‘c’l@@cﬁhcﬁéou%h line 108

B T
hy dnadtbsatfsikizaiitns; amnartied mﬁltbl@ehb/;ﬂfmiﬁﬂ'{lilﬁnfiﬁﬁié@rdﬁ'é ﬂg@wg to ’Ejhe Final
ied.qut in fixed.b ingle pass reactors ustrated in Figs, 3 an
A oL e A g e s
papbieRal G tisarm 2N djubttenh o11ibe m@ﬂaﬁn@r@ﬁdﬁdg@;@&b@ﬂt@@c‘?f. The
i i % Wi .MCN, stripped of dissolve
SRR SR S G oo

fiRe) s rardGermiesdy therdiesst ypapieate ot shawin) fixed
catalygipriigh Wit vdivgsn _RIgeAdRIMr P 488L88in terms of the preferred

embodiments, using catalytic distillation reactors for the hydrodesulfurization, any or
all of the hydrodesulfizations may be carried out in fixed bed, straight pass reactors
ss illustrated in Figs. 3 and 4.

86/0]3824

Fig. 4 illustrates the present process where each of the hydrodesulfurization
is carried out in fixed bed, straight pass reactors 310 and 340 with appropriate
adjustments. Nonetheless, the product streams 102 and 114 to the Final Blend and
Diesel are substantially equivalent to those produced by the catalytic distillation HDS.

The feed 101 is hydrodesulfurized in fixed bed, straight pass reactor 310 with
the product the product passing to stripper 320 where the H,S is removed via line
312. The liquid from stripper 320 with reduced sulfur content is sent via line 314 to
splitter 330 where the LCN overheads 102 are recovered and sent Final Blend.
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A and the product passed via line 118 to splitter 60 where H2S and H2 are
removed 5 as overheads via line 116 and the polished product split to

s o the Final Blend via sidedraw line 114. Some qr all. of the
H%?Vg Em“%“;%@%);go to the Final Blend or Diesel vial line 120 by 5(%{3[{%1%%%{013824
of the operating conditions of splitter 60. The unconverted sulfur will

either rébgditiometdiSiarensir e divgdduyd|esteaightlpads EAB)Prds® where it
SBAAORYBRLUL IRLIRSH XA 82 CrURYIND, 04209400 NS
invention ig generg y escrﬁ)ed %vt%rrgn%seg %%Oﬁgﬁ%% aes%%golf(ﬁ%gﬁ%?r3o and

lisRdseamprrdaialmsoH e aths iquidtbetioyardindntfietacen saiiyreontitnt pass
ofdnadyascdapmigrisoa ey Renasislauiriedbeds o ?f’eﬁ?d vial line

re ctorsi ss illustrated in Figs. 3 and 4. Fig. 4 illustrates the presen
drocedls petomsch drareRpisdeas gacHRBH 2bvearried out in fixed
bed, straight pass reactors 310 angEAQwitE appropriate adjustments.

N thel , b t 102 114 to the Final Blend and )
BT T e T e —
fisuilativid el DSilintheclegel d0tks Ry tirib desyifdhite ¢atdlies dadkstraighhtha was
t i t d ing to strj 32 pebs
B e o R & R hidgerttcation

distlidinneel winrurcestee thas rmeves lthe BMcaPsaliadroBs theliistildte product.
' inal . .

DT o e et ot ugin TABLE

Qal,qé’i’raight pass reactor 340 where it contacts hydrodesulfurization

catalyst 24, The bottoms is passed tpagtfipper 30 and H2S is removed vial

line 107. The liquid o%tci S a\gng requced sulfur content pass via line

318 to splitter 350 ahQ HSWEREW overheads 108°RPFinal Blend vial

line 5 114 while bo O%r‘? iY‘éD dled as describe ove. EXAMPLE

A pilot plant test co 2 \%%Pem q-(;)e ?E)roduction of endpoint

gasoline from a wi Q B stock. A full rangelyjd,catalytic

cracked naphtha w r -the C5's and fost Cgs in the

overhead of a thioe?sfﬁcationt% §§%§t¥éﬁl columnr lg%Oor that removed

the mercaptans fromdhe distillate product. The bottomg4rom this
thioetherification reagtgy had the properties set out in $4gBLE | below.

20% 218
30% 244
40% 263
50% 290
60% 308
70% 345
80% 377
90% 416
95% 454
EP 497

The hydrodesulfurization distillation column reactor was set up in a 3"
diameter column x 50 ft. tall. A Co/Mo catalyst (DC-130 from Criterion Catalyst
Company) was loaded into the column in structure as described in U.S. patent
5,730,843. Operating conditions and results are presented in TABLE I} below.
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TABLEI Total Sulfur (wppm) 1356 5 Total RSH (wppm) n/a Total N

(wppm) 65.5 Bromine No. (g/100g) 51.7 Density (g/cc) 0.798 ASTM

D istillation OF O IBP 150 5% 187 10% 202 20% 218 30% 244 5
45@1L 2%%7% 5290 60% 308 70% 345 80% 377 0 90% 416 S50 UY06/013824
EP 497 The hydrodesulfurization distillation column reactor was set up_in

a 3" diameter column x 50 ft. tall. A Q@BloecAtalyst (DC-130 from Criterion

Catalyst 5 Company).was lgaded into the column in ture as
R "’\%?%r ;%?g

described in Uy ; 3. Operating conditipry 6and results are
W 2007/055722 9
ead rate, Ibs/hr 60.% F?eed Sulfur
0g

ctPPt
(wppm) 1356 ;B,@!ggﬂpé
20,1 Pressurertpisl)

presented in
PCT/1)52006/@}, 0!

en'(scth) 59,9 5 Feed BAlydrogen (scfh)
t (bpd/ft® catalyst packing) 2.8

Upper bed temp. °F 487
Lower bed temp. °F 537
Reflux ratio 2.45
OH sulfur in feed (wppm) 593.9
OH Br.# in feed 71.3
OH Product sulfur (wppm) 46.7
OH Product RSH (wppm) 31.0
OH Br# 42.9
OH sulfur conversion (%) 92.1
OH Br # conversion (%) 39.8
Bottoms Product Sulfur (wppm) 277.0
Bottoms RSH (wppm) 2.7
Combined OH& Btms Sulfur (wppm) 156.1
Combined OH & Btms RSH 17.8
Combined OH & Btms Br # 28.3
OH Recovery % of feed 56.9
ASTM D-86 °F
IBP 184.8
5% 195.1
50% 218.3
95% 268.2
EP 291.1
Research Octane of OH product 85.0
Motor Octane of OH Product 77.3

Portions of the overheads and bottoms were blended and a D-86 distillation
ran on the blend. TABLE Il below shows the D-86 distillation data for various
blends.
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10

Throughput (bpd/ft3 catalyst packing) 2.8 Upper bed temp. OF 487

Lower bed temp. OF 537 10 Reflux ratio 2.45 OH sulfur in feed (wppm)

5%% 20OH Br.#.in feed 71.3 OH Product sulfur (wppm) 46.7 15 OH

Pro uc?%ﬁz&/vppm) 31.0 OH Br# 42.9 OH sulfur conversmn%@?f@?%ﬁ/ons“
OH Br # conversion (%) 39.8 Bottoms Product Sulfur (wppm) 277.0 20
Bottoms RSH (wppm) 2.7 CombinedABii& Btms Sulfur (wppm) 156.1
Combined OH & Btms RSH 17.8 Combined OH & Btms Br# 28.3 25 OH
Recovery % of feed 56.9 ASTM D-86 OF IBP 184.8 5% 195.1 50%
2AB13L80 9588802 CEI 294,40 Résﬁihrchocﬁ)ﬁam;@ﬂ QBL@hotiootB6.0

r Octane of OH {ahl (o)1 f;
't\)'ﬂ@g;oms were blendeggg%gsé |§ q&nﬁrgg?o% ?@@%ﬁ%@BLE 1
betpyy shows the D-86d '%539 40py8I#0Ys 1endls. oL 4 XY
290%/055722 PCT/lJzSéOQGJ%%S%zBAM?"Mﬁ‘?um%%@éﬁ/o 0.00
24009>.00 10.00 20.003000 100.008.2 219.8 225.9 236.1 347.4

50% 222.4 223.9 225.6 227.0 235.8 249.3 356.7
60% 230.0 231.6 234.5 236.2 248.4 266.8 366.4
70% 238.8 241.2 244.8 248.6 266.5 291.2 382.2
80% 249.8 253.1 258.5 266.0 292.9 326.0 403.5
90% 264.4 270.5 277.3 298.0 352.2 382.1 4314
EP ' 283.0 318.0 375.1 417.6 442.5 456.0 497.8
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| B P 184.1183.5183.9 183.2 185.0 187.2 313.0 5 10% 202.6 203.1

203.3 204.2 207.1 211.2 328.8 20% 206.7 205.9 207.8 208.6 211.2 218.0

334.3 30% 210.9 211.5 212.6 213.7 218.2 225.6 339.4 40% 216.1 217.2 pycgpLp
218.2 219.8 225.9 236.1 347.4 50% 222.4 223.9 225.6 227.0 235.8 249.3

356.7 10 60% 230.0 231.6 234.5 236.2 248.4 266.8 366.4 70% 238.8

2§ .2 244.8 248.6 266.5 291.2 382.2 80% 249.8 253.1 258.5 266.0 292.9
326°0"#03.5 90% 264.4 270.5 277.3 298.0 352.2 382.1 431.4 EP 283.0
318.0375.1417.6 442.5 456.0 497.8 15 MCSLLP Claims: 1. A process

for the desulfurizalionoj g FaIAWALG GIACked 03pUNA AN (OBIRR paphina and

gasoline havinB aeduced en poInt comprising: fractiohating a olling
rdogeingphghaptoathming dickedinseaneh o rranicsatioisiogipounds,

including . into a first fraction ig e
contactingmﬁlée%?gﬁg}rlggtii?v%?thgagm%e[%%g%ca&t?gﬁq&%th%éﬁ%ﬁﬁg diolefins and
corghtichs Wfworompenniraciishadiog anerceatrionnie redics tiutefisastion and a
n}%ﬁﬂ,@é@ﬂgrgo form organic sulfides and to remove the organic sulfides by

fr:';t tionation and add them to the first heavy fraction; recovering the light
fraction as 60etaehiug haeiight firachsTWithes birkgwrnficationerintpligt under

fr@gﬂgg@'ﬁ@g bre dsathRaky fRgipshinis R iyermedigie tachonanddefins and

second heavy fraction ; individually contacting said second heavy fraction
ameeagtanteiadaate aana withidesyanstdsurringygofeaiganimgulfides by

hydraeeRtIIShFIRE #98% 6 SRBSHEIGN SRctigRaYan and reaction to

react organic sulfur compounds including organic sulfides from the light

fraction withafeVeyM@Jen tohbfAdtior anPKgHisadihbaying a first ASTM D-86
end point;

recovering and fractionating the first heavy fraction into an
intermediate fraction and a second heavy fraction ;
individually contacting said second heavy fraction and said
intermediate fraction with a hydrodesulfurization catalyst and hydrogen under
conditions of concurrent fractionation and reaction to react organic sulfur
compounds including organic sulfides from the light fraction with the hydrogen to
form H,S and hydrocarbons;
recovering and combining the intermediate fraction with the light
fraction as a combined fraction, the combined fraction having a second ASTM
D-86 end point; and
recovering the second heavy fraction having a third ASTM D-86 end
point and combining a portion of the second heavy fraction with the combined
fraction to obtain a blend having a fourth ASTM D-86 end point greater than the
second ASTM D-86_end point and less than the third ASTM D-86-end point.

2. The process according to claim 1, wherein the intermediate fraction is
stripped of hydrogen sulfide prior to combining the intermediate fraction with the

light fraction.
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recovering and combining the intermediate fraction with the light fraction

as a combined fraction, the combined fraction having a second ASTM MCSLLP

D-86 end point; and recovering the second heavy fraction having a third

ASTM D-86 end point and combining a portion of the second heavy

fraction with the combined fraction to obtain a blend having a fourth

ASTM D-BS end oi%ggreater han theI sec<1'>nd S‘é’M -86-enodngqri]nta %ncjfraction

less tha%'t Q?hﬁooﬁ\ Vi a:! -'Qﬁot%&ﬁf.%. THE SFo'cne eaéggrdlng i

claistribpedertinythe gete suédiaterfoadtarombstigpt cfdumrd dem ey fidetion with

prior o combini 1e intermediate fraction with the light fraction. 16

JE%%%E%@ Q%%%%%’ss according to claim 1, wherein the second heavy

fraction is stripped of hydrogen sulfide prior to combining the second

heavy fract i i fractj £l N - INGLQ 4,

claim 1 R S D GO e erecy e i 8 Sirpped of
hydrogen sulfide.
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