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&= (57) Abstract: Economical processes.are disclosed for the production of fuels of reduced snlfur content from a feedstock, typically

derived from natural petroleum, wherein the feedstock is comprised of limited amounts of sulfur-containing organfe compounds as

unwanted impurities. The processes involve integrated, multistage processes which include pretreatment of 2 light naphtha with a

>~ solid adsorbent to remove basic nitrogen containing compounds, chemical conversion of one or more of the sulfur-containing impu-
rities to higher boiling products by alkylation, and removing the higher boiling products by fractional distillation. Advantageously,
the processes include selective hydrogenation of the high-boiling fraction whereby the incorporation of hydrogen into hydrocarbon
compounds, sulfur-containing organic compounds, and/or nitrogen-containing organic compounds assists by hydrogenation removal
of sulfur and/or nitrogen. Products can be used directly as transportation fuels and/or blending components to provide, for example,
more suitable components for blending inte fuels which are more friendly to the environment.
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I ntegrated processes of this invention

BACKGROUND OF THE INVENTION

It is well known that internal combustion engines have revolutionized

transportation following their invention during the last decades of the 19th century.

While others, including Benz and Gottleib Wilhetm Daimler. invented and developed

25 engines using electric ignition of fuel such as gasoline, Rudolf C. K. Diesel invented
and built the engine named for him which employs compression for auto-ignition of the

“fuel in order to utilize low-cost organic fuels. Equal, if not more important,
development of tmproved spark-ignition engines for use in transportation has proceeded
hand-in-hand with improvements in gasoline fuel compositions. Modern high

. 30 performance gasoline engines demand ever more advanced specification of fuel

compositions, but cost remains an important consideration.

At the present time most fuels for transportation are derived from natural
" petroleum. Indeed, petroleum as yet is the world’s main source of hydrocarbons used as
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fraction whereby the incorporation of hydrogen into hydrocarbon conpounds,
sul fur-containing organi c conpounds, and/or nitrogen-containing organic
conpounds assists by hydrogenation renoval of sulfur and/or nitrogen.
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that Tuture specifications may go far below the current 0.05 percent by weight level.
Legislation on sulfur in gasoline in the U.S. now limits each refinery to an average of
30 parts per million. In and after 2006 the average specification will be replaced by a
25  cap of 80 parts per million maxim.

The fluidized catalytic cracking pfocess is one of the major refining processes
which is currently employed in the conversion of petroleum to desirable fuels such as
gasoline and diesel fuel. In this process, a high molecular weight hydrocarbon
feedstock is converted to lower molecular weight products through contact with hot,

30 finely-divided, solid catalyst particles' in a fluidized or dispersed state. Suitable
hydrocarbon feedstocks typically boil within-the range of 205° C to about 650° C, and
they are usually contacted with the catalyst at temperatures in the range 450° C to about
650° C. Suitable feedstocks include various mineral oil fractions such as light gas ols,
heavy gas oils, wide-cut gas oils, vacuum gas oils, kerosenes, decanted oils, residual

35  fractions, reduced crude oils and cycie oils which are derived from any of these as well



sul fur oxides which, in turn, give rise to sulfur oxyacigs g A080.
contribute to particulate em ssions. In the face of ever-tightening sulfur
specifications in transportation fuels, sulfur renoval from petrol eum

f eedst ocks and products will becone increasingly inportant in 20 years to
come. VWile legislation on sulfur in diesel fuel in Europe, Japan and the
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o process. Hydrotreating involves treatment of products of the cracking process with
7 hydrogen in the presence of a catalyst and results in the conversion of the sulfur in the
25  sulfur-containing impurities to hydrogen sulfide, which can be separated and converted
to elemental sulfur. Unfortunately. this type of processing is typically quite expensive
because it requires a source of hydrogen, high pressure process equipment, expensive
hydrotreating catalysts, and a' sulfur recovery plant for conversion of the resulting
hydrogen sulfide to elemental sulfur. In addition, the hydrotreating process can result in
-30  an undesired destruction of olefins in the feedstock by converting them to saturated
- hydrocarbons through hydrogenation. This destruction of olefins by hydrogenation is
usually undesirable because it results in the consumption of expensive hydrogen, and
also because the olefins are valuable as high octane‘componems of gasoline. As an
example, naphtha of a gasoline boiling range from 2 catalytic cracking process has a
35  relatively high octane number as a result of a large olefin content. Hydrotreating such a




15 obj ectionable. Accordingly, it is desirable to reducezgmugHij cont ent
of catalytic cracking products to the |owest possible |evels. "The

sul fur-containing inpurities of straight run gasolines, which are prepared
by sinple distillation of crude oil, are usually very different fromthose
in cracked gasolines. The fornmer cont ain nostly mercaptans and sul fides,
wher eas tWweomedier are 20 rich in thi ophene, benzot hicgakenesand derivatives
of t hi ophene and benzot hi ophene. Low sul fur products are conventionally
obtained fromthe catal ytic cracking 4process by hydrotreating either the
feedstock to the process or the products fromthe process. Hydrotreating
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removi ng sul fur from conpounds where the sulfur atom | s sterically

hindered as in rﬂ[ll %der t(%]@r%etaglpcggrt s!pgmﬁc&l;olblrmct en?u lll'll‘ed%S:]J hm aler%d 'ﬁg; specially

true where the sul er oa
di met hy!l di bersrsvies yihddnve tode reoresfpeyrdist ﬁafeemk § yai iThere i on
cat al yse8 ais himgésing deahyier atdnomisalWiktodal Cefusigfuy i fidndl bl fifeRster cat al yst

coki ng, a”dtrﬂ{s;?bqgt%g,]&géla!l}ﬁomgﬁﬁﬁér{?srﬂ agmméxe g., color). Using high

pressure requi rge  capital outla ccordlngly there is a need for

an inexpensi ve. RhOGER rep‘ie?e w:Ilh proc%gs]:a'se s%;[ tg ?en'lrogenRJYfa ur from distillate feedstocks

and products. For example, U.S. Patent Number 6,087,544 in the name of Robent J.
_ Wittenbrink, Darryl P. Klein, Michele S Touvelle, Michel Daage and Paul J. Berlowitz
25 relates 1o processing a distillate feedstream to produce distillate fuels having a level of

“sulfur below the distillate feedstream. Such fuels are produced by fractionating a
distillate feedstream into a light fraction, which contains only from about 50 to 100 ppm
of sulfur, and a heavy fraction. The light fraction is hydrotreated to remove
substantially all of the sulfur therein. The desulfurized light fraction, is then blended

30  with one half of the heavy fraction to product a low sulfur distillate fuel, for example 85
percent by weight of desulfurized light fraction and 15 percent by weight of untreated
heavy fraction reduced the level of sulfur from 663 ppm to 310 ppm. However, to
obtain this low sulfur level only about 85 percent of the distillate feedstream is
recovered as a low sulfur distillate fuel product.
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25  esters, and alkoxy compounds such as aliphatic alcohols, ethers and esters of carboxylic

*acids. It is also disclosed that suitable alkylation catalysts include the following: (1)

‘the Friedel-Crafts metal halides, which are preferably used in anhydrous form; (2) a

phosphoric acid, preferably pyrophosphoric acid, or a mixture of such a material with

sulfuric acid in which the volume ratio of sulfuric to phosphoric acid is less than about

© 30 4:; and (3) a mixture of a phosphoric acid, such as ortho-phosphoric acid or
pyrophosphoric acid. with a siliceous adsorbent, such as kieselguhr or a siliceous clay,

- which has been calcined to a temperature of from about 400° to about 500° C to form a
silico-phosphoric acid combination which is commonly referred to as a solid

phosphoric acid catalyst.

35 U.S. Patent No. 3,894,941 in the name of Paul G. Bercik and Kirk J. Metzger
~ describes a method for converting mercaptans to alkyl sulfides, sweet organic sulfides,
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also states that the unconverted light cycle oil has a reduced sulfur and nitrogen content,

25 and the high boiling alkylation product is useful as a synthetic alkylated aromatic
lubricant base stock.

U.S. Patent No. 5,599,441 in the name of Nick A. Collins and Jeffrey C.
Trewella describes a process for removing thiophenic sulfur compounds from a cracked
naphtha by: (A) contacting the naphtha with an acid catalyst to alkylate the thiophenic
30 compounds using the olefins present in the naphtha as an alkylating agent; (B)'
removing an effluent stream from the alkylation zone; and (C) separating the alkylated
thiophenic compounds from the alkylation zone effluent stream by fractional
distillation. It also states that additional olefins can be added to the cracked naphtha to
provide additional alkylating agent for the process.
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: impurities to higher boiling sulfur-containing products, and (2) separating the resulting
products by fractional distillation into a lower boiling fraction and a higher boiling
25  fraction. The lower boiling fraction is comprised of hydrocarbons and is of reduced
B sulfur content relative to the feedstock. The higher boiling fraction is comprised of
hydrocarbon§ and contains unconverted sulfur-containing aromatic impurities and also
the higher boiling sulfur-containing products. Each subsequent stage involves: (1)
subjecting the higher boiling fraction from the preceding stage to alkylation conditions
30  which are effective to convert at least a portion of its content of sulfur-containing
aromatic compounds to higher boiling sulfur-containing products, and {2} separating-the
resulting products by fractional distiilation into a lower boiling hydrocarbon fraction
and a higher boiling fraction which contains higher boiling sulfur-containing alkylation
products. The total hydrocarbon product of reduced sulfur content from the process is
35  comprised of the lower boiling fractions from various stages. Again it is stated that
- alkylation can be achieved in stages with the proviso that the conditions of alkylation
are less severe in the initial alkylation stage than in a secondary stage, e.g., through the
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as unwanted | Etl es, in particular, processes which do not have the
above environm
SUMMARY OF THE INVENTION
25 Economical processes are disclosed for the production of components for

refinery blending of transportation fuels by integrated, multistage processes which
include treatment of a light refinery stream with a solid adsorbent to remove basic
nitrogen containing compounds, chemical conversion of one or more of the sulfur-
containing impurities to higher boiling products through alkylation by olefins, and

30  beneficially removing the higher boiling products by fractional distillation. This
invention contemplates the treatment of various type hydrocarbon materials, especially

. hydrocarbon oils of petroleum origin which contain sulfur. In general, the sulfur
contents of the oils are in excess of 1 percent, and range up to about 2 or 3 percent.
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Benefici al | . (el aRbiRidH 6f e LORATRA nitrogen-containing organic compounds with the
: . adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-

containing organic compounds than the feedstock, (c) in a first contacting stage at

25 elevated temperatures, contacting the effluent with an acidic catalyst under conditions

which are effective to convert a portion of the impurities to a sulfur-containing material

. of higher molecular weight through alkylation by the olefins, thereby forming an initial

product stream, and (d) in a subsequent contacting stage and at temperatures at least

10° C lower than an average of the elevated temperatures in the first contacting stage,

30  contacting at least a portion of the initial product stream with an acidic catalyst under

conditions which are effeclive to convert a portion of the impurities to a sulfur-

containing material of higher molecular weight through alkylation by the olefins,
thereby forming a subsequent product stream.

In another aspect, this invention provides a process for the production of
35  products which are liquid at ambient conditions and have a reduced sulfur content
relative to the feedstock, which process comprises; (a) providing a feedstock




contain organic sul fur conpounds of higher nol ecul ar metﬁhkn&92Q006
correspondi ng 10 nercaptans, sulfides and sul fur-containing aromtics, such
as thiophenic and benzothi opheni c conpounds, in the feedstock. In one
aspect, this invention provides a process for the production of products
which are liquid at anmbi ent conditions and contain organic sul fur conpounds
of hi gherwomméenwl ar wei ght than correspondi ng sul f uictRREANI Ng conmpounds
in the feedstock, 15 which process conprises; (a) providing a feedstock
conprising a mxture of hydrocarbondOwhi ch includes ol efins, and

sul fur-containing organi c conmpounds and nitrogen-containing organic
conpounds, CHRPIEEEdshBiKe ebhsirosepens %%W?’P%I%ﬁéﬁf apghulfpr-ontainissi | i ng
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process for the pro
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consi sting and about
345 C and h%\lsfphghew%wﬁ GbRdAgnETR! igHsnEE faﬁo’a}eﬂfm@emeﬁﬁavf%dewow-m Ilion, (b)
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" ni trogen- cofihhAThd (B’?’bsai‘ﬁrdmﬁ %‘Hrf?f?‘ \Riefelriabfyh
25 million.

an about ? parts per

~ Other aspects of the invention include compositions formed by any process
disclosed herein. Such compositions have a sulfur content of less than about 50 parts
_per million, preferably less than about 30 parts per million, more preferably have a
sulfur content of less than about 15 parts per million, and most preferably less than
30  about 10 parts per million.

Suitable feedstocks include products of refinery cracking processes which

consists essentially of material boiling between about 200° C. and about 425° C.
Preferably such refinery stream consisting essentially of material boiling between about

220° C. and about 400° C., and more preferably boiling between about 275° C, and

35 about 375° C. Where the selected feedstock is a naphtha from a refinery cracking
| process, the feedstock consists essentially of material boiling between about 20° C. and




adsorbent, and thereby obtain effluent fromthe bed whi Céé‘fé U%r@iz'aﬁal ess of
ni trogen- containi ng organi ¢ conpounds than the feedstocC ? ina first
contacting stage at elevated tenperatures, contacting the feedstock with
an acidic catal yst under conditions 10 which are effective to convert a
portion of the inpurities to a sulfur-containing material of higher

boi ling point through alkylation by the olefins, thereby formng an initial
product stream (d) in a subsequent contacting stage and at tenperatures at
| east 10 C lower than an average of the elevated tenperatures in the
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essentially of material boiling betvveen about 20 C. and 23 January 2006 11

about 250 C. Pr%gelé{alFI?/ t he feed% a napht ha st ream consi stl ng
essential |y SPMHEAE M afemB8RRgseh é‘f‘PSS%‘S copgelipg staggy a%@d?asﬁ%c , and
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ore pre range from about negative
15° C to about negative 75°°C. Where a solid phosphoric acid catalyst is used as the acidic catalyst
. ]n at least one of the contacting stages, the temperatures used in the subsequent contacting stage

is' preferably at least 25° C lower than.an average of the elevated temperatures in the initial

contacting stage, and more preferably at least 45° C lower.

The elevated temperatures used in the initial contacting stage may be in a range from
- about 120° C to about 250° C. Where a solid phosphoric acid catalyst is used as the acidic catalyst
in an initial contacting stage, the elevated temperatures are preferably in a range of temperature
from about 140° C to about 220° C, and more preferably in a range from about 160° C to about 190°

- C. Where a solid phosphoric acid catalyst is used as the .




catal ytic cracking process. Preferably, the ol efin content;afalPobeedst ock
is at least equal on a nolar basis to that of the sul fur-containing
organi ¢ conpounds. The acidic catalyst of initial contacting stage nay be
the sanme or different fromthat of the subsequent contacting stage.
Advant ageously a solid phosphoric acid catalyst nmay be used as the acidic
catalyst in at |east one of the contacting stages. The acidic catal yst of
t he subsequent contacting stage may conprise of a material which is
prepared froman acidic catalyst by use in the first contacting stage, and
the solid adsorbent may conprise of a material which is prepared from the
‘acidic catalyst by use in the first contacting stage and/or the subsequent
cont act i AfiSEAEt MbPE stogearol copging B8 PHPSHEED b thec subsstyeriatiagey@® i s used
as the apediablygetmahgest in the initial contacting stage at el evated
tenperatures, thereafter as the acidic catal yst of the subsequent ‘
contacting stage at |less severe conditions for alkylation, and finally a
the solid adsorbent to renpve basic nitrogen- containing conpounds from
feed to the initial alkylation zone. Beneficially the tenperatures used in
t he subsequent contacting stage are at least 5 C |ower than an average of
the el evated tenperatures in the initial contacting stage. The tenperature
differential between the initial alkylation stage and the subsequent stage
preferably is in a range of from about negative 5 C to about negative 1.15
C, nore preferably in a range from about negative 15 C to about negative
750' C. Where a solid phosphoric acid catalyst is used as the acidic
catalyst "in at |east one of the contacting stages, the tenperatures used
in the subsequent contacting stage is preferably at |east 25 C | ower than
an average of the elevated tenperatures in the initial contacting stage,
and nore preferably at |east 450 C |lower. The el evated tenperatures used
in.the initial contacting stage may be in a range from about 120 Cto
about 250 C. Where a solid phosphoric acid catalyst is used as the acidic
catalyst in an initial contacting stage, the el evated tenperatures are
preferably in a range of tenperature from about 140 C to about 220 C, and
nore preferably in a range fromabout 160 C to about 190 C. Were a solid
phosphori'c acid catalyst is used as the 23 January 2006 1lla acidic catal yst
in both stages of contacting, the tenperatures in the subsequent stage are
preferably in a range of 23 January 2006 WO 03/012010 PCr1US02117064 12
tenperature fromabout 90 C to about 250 C, preferably at tenperatures in a
range from about 100 _ C to about 235 C, and nore preferably at
tenperatures in a range fromabout 110 C to about 2200 C. _ The tenperature
cut-point in distillation step separating the lowboiling fraction and the
hi gh-boiling fraction .may be in the range.from




about 70 C to about 200 C. and preferably in the range fg@g&,ﬁggpéoo%w Cto
about 190 C. Advantageously, the high-boiling fraction has a distillation
end point which is below about 249 C. The one |l owboiling fraction having
a 10 distillation end point and a high-boiling fraction having an initial
boi ling point such that the distillation.end point and the initial boiling
poi Nt ay@gdoteide range from about 80 C to. about 28PpfsdR¥et anot her
aspect, this invention provides a process for the production of products
which are liquid at anbient conditibhs and have a reduced sul fur content 15
relative to the feedstock, which process conprises; (a) providing a

f eedst ockcmpeaHc 59m gbaut AYXE 1 aop 230y &y eekrahbnat Wpestuesia|aydess ol ef i ns and
sul f ur - cofrbsiaBéut g 00°0C g& Abdin QEITIN WAl ord prefefHBOR t@Rierat@ddSih it dailg essential ly
of materigl..Beiut | 18 AELNEEN ogbout 60 C. and about 345 C and having a

sul fur content up to about Z? 00 or 5,000 parts per nmllion, (b) passing
“the feedstock through a bed of solid adsorbent, under 20 conditions
suitable for a o‘F'B?‘?%‘H’evﬁ”f’ﬁ‘?"ﬁ "t AEUIBHGY ster,seppratiog the dpvsbailing dragipe Anftthon

and/ or  cligipbading frection may bd ip&tetrarmefomt i on of the contai ned

nibt r pgen%mmtmi“ Ui ©3Gib&Ut QBOF €, an€ PRAPALNCS thd fahigd fidin ABO 32T o 28BSl t her eby
obt ai n ef fdpen r M6 e Aor n-.cont ai ni ng
organi c cg)dr(r}pgu%g‘gmﬁgge{%g?‘ﬁggggwéﬁ%c afaﬁ(%"gagi%nddgﬁ?(?or" %E‘d Béc’:%‘n‘t?lgc i|‘°’ng st age at

el evat ed teMRPUA?ES, contacting the feedstock with an acidic 25 catal yst
under conditions which are effective to convert a portion of the inpurities
to a sulfur-co8eas krbglingftastiandrvieg a hi gher boi | i ng poi nt through al kyl ati bn
by-bt heo ol @dillatson end PSIAQRY a high-Bbinge @J&ti{(}ﬁﬁiﬂr@'a{lﬂﬁﬂﬂﬁ&’:in ;Sdi:ﬁ?mh u(ad)l ina .
subseque t S and at ..tenperatures at.l ea ower an
an aver a&‘é‘* %gﬁl%‘ﬁtg' éé-'lg g’\?lg[ %%Ei ee’rr?%élrabé)flﬂltg gp "?ﬁrct"hg'e AT r?[glagoé'é%&acgti ng stage,
cont acti fg2Rt32836t a portion of the initial product streamw th an 30
acidic catal yst_und condi t.i. ons ich are effective to . convert a portion
of the 1 mout yyebatiifer 28Ee juPSentitn B a Brocks e’ bRAGREN S i [\ N’ por nt
t hrough dredprtatihish a5¢ liqgid et gmbieqtrponditionsy aad haye  fpdugedasulfyb seignént  product
strealy (rélptiver@Cihk daadsiotly Wikich pﬁﬁ?seﬂu@ﬂies;prmluq{m\sdinsgeapwmodkfsti I : ation to
provi de t 0 i].J td L SIA . ur-1| ean,
Tono- ar ongrPEnE s M Belokuils WRE i Aes SRR 3hd MnBeoduiiiy ) 10BN 6
parts perPEHic|PHRounds dhey fepdsipsk isonsistipg cprially shmatsrdibetlingpenteen, sul fur-rich,
nNoNo- ar orxbdut 609 @aand Rbac 84501€. ewiitaging i aoffur kentta bancaboaf4,a00@r SPO6Ur , (Qg)

treating obiaepchinfifliod3 (b} APMERY thé QG MR Hrdhfhl 2 8dPofFofil LdoRghl 44 13 boiling
fractjon wih a equs source of di rogen. at hydrogenation conditions
int ﬁ?’@é‘@ﬁ%ﬂg‘%ﬁc °ﬂf\}’6‘1‘85’8ﬁﬁ§‘f“o‘ﬂ° Eéﬂéﬂ %g"f:‘ W?ﬁ‘ﬁ’f?% 022480 capabi lity to
enhance tbrapleximg of par kest on poftiohyefr dgerontaimed witregenrcommainiag obrgarie
sul fur - ceathgtiuRdsREthhIRRbBe & ANP@ALRE P obtain effluent from the bed which contairis
less of nitrogen-containing orga-nic compounds than the feedstock, (¢) in a first
contacting stage at elevaied temperatures, contacting the feedstock with an acidic
25  catalyst under conditions which are effective to convert a portion of the impurities to a
sulfur—comaiﬁing material of higher boiling point through alkylation by the olefins,
thereby forming an initial product stream, {d) in a subsequent contacting stage and at
temperatures at teast 10° C lower than an average of the elevated temperatures in the
initial contacting stage, contacting at least a portion of the initial product stream with an
30 acidic catalyst under conditions which are effective to convert a portion of the
impurities to a sulfur-containing material of higher boiling point through alkylation by
the olefins, thereby forming a subsequent product stream, () fractionating the
subsequeat product stream by distillation to provide at least one low-boiling fraction '
~ consisting of a sulfur-lean, mono-aromatic-rich fraction having 2 sulfur content less
35  than about 50 parts per million, and a high-boiling fraction consisting of a sulfur-rich,
mono-aromatic-iean fraction containing the balarce of the sulfur, (g) treating the high-




and under conditions suitable for hydr ogenatl on of one rg}L BPL‘
sul fur-containing 5 organic conpounds, and (g) recovering a Ob0| ling

|l iquid having a sulfur content 1|ess than about 50 parts per mllion, and
is substantially free hydrogen sulfide. Advantageously, all or a porti on
of .the a high-boiling liquid substantially free hydrogen sulfide is

bl ended | east one lowboiling fraction of the distillation.

Hydr ot re%?’%g%té the petroleumdistillate 10 enpl Oygcgpsolyégﬁ one bed of
hydr ogenati on catal yst conprising ongzor nore netals selected fromthe
group consisting of cobalt, nickel, nolybdenum and tungsten.

Advant ageowsilig frantioh &ith ia ggsedblBsolicegii-dihgdbgengu hplegsiaiokcontitibnsgn g@seous sour ce

of di hydrogj erRETR QY fiydibe eha‘?i%ﬁtcaaf}ﬁ Qﬁe'h %I{h.blysdsocqs‘a%ﬁaw@e@%@ Mgt conprising
one or e netal s ﬁél ecte fromth 9’[?§§ consj stin ni ckel
t

nol ybdenum“éfﬁﬁ""iaﬂ fFroBepanioRRfy QTOF‘XP Rfcopfgiaing Grrnis FORPoNadsal yst s
conpri se atand wdstcopditionsctilabls ferdiydogenating o€ oncewt nfaroefithdselfiet-dontaimaist i on _
el ement $ i Rrdahi€ chRFduadl sndTeéyl @coveﬁ«rgm gtc:&;.mr ROhQME @ eaﬁ’ur comest support in

an amount ?f ftﬁagmh%bo ansl eLagat c?:s iy PELC EQ, oslY sWElght of the
Sult'ant &4 P VEE ' AC uaﬂé R I e e )

total catal yst el enments in
the Peri odnd&anmeﬂuéweqﬂemﬁ?%wmf\;hwghlérw"eg lmymebstqnhalryrfwgoseo 30, 39 to
48, and 72 silfdeiBblentidd Wik hilbasoamt slwyisdilinly @lactidnef by disalidtiemt i ng conpri se a
conponent capable to enhance the incorporation of hydrogen into a m xture
~of organi ¢ complgdmicstitgef thé paolelny diftiiaten at | east hydrogen sul fide, and a

cat al y90 supjloystat GaBPORERY . of Byerogeaaionl c@lysSeuppaiking omTPOmeRt méypi cal |y

conpri ses gudcgf ¥ @%RRJ Qfo QA SchB‘JndlﬁcléP?rﬂfﬁﬁcnu@aH fiflgstddl UM na, - or

silica-alumna. Refratt ry I 'not gani ¢’ oxi des,” sul e Tor use.in the 25
present. i nvent ix@antigealsBl abl Yodtangy e PASIELSlRTReBdtock AWAgH raggakédam about 50 to

bout 200 & f t 150
imgg troms ?dﬁ&g ﬁ{) Q’@“ﬁﬂ?ﬁﬂq‘@gr {/(gﬂﬁ?éaa@ gﬁmﬁé&%@l‘.@t tgt%)mé Sm§u Ol[;or t
conponent &GF fretals seleqiedtfordhogrgup sopiga Al nicksl, melybdegum a%{“&gsﬁfm ol

Hydrotreating of _the refinery distillate preferably enploys at | east one
bed of 1530 hydGsoreailt uenfiul dudragepationcaiiysts somprissoib d¢ast em cicdveemetal, nore net al s

sel ected f genated f6m e RanEiiBSEEhdntdn Bk PRliddiETabldYBdcl b &do ha/ingsten, each
Lot 2L i b B Bl or MRABEE 0 beRn AR 3Phe r?cmo% Uil 0 1 percent

t o- about 2 n?'%tctl ng of the
hi gh- boi | i Hg l?‘?‘a‘é?ﬁ’ﬁh \ﬁlﬁwleaaf@a%w@és Belfie theod- trmsnwreéfg@nts igghpr ef erabl y
enpl oys at Pdriedic Tatddethants latingytohie gemnbd: irofiom al @l 30539 6 e1and ¥ wggni ckel and
one 23 January 2006 WO 03! 012010 PCT/1JSQ2/ 17064 14 or nore netal s sel ected

fromtpe groupusmStdlysiJoOlhe HRHEMED LOMBAS § UBRBLER cRab o
enhance (he Incorporation of hydrogen into a mixture of organic compounds to
thereby form at least hydrogen sulfide, and a catalyst support component. The
catalyst support component typically comprises a refractory inorganic oxide such as

. silica, alumina, or silica-alumina. Refractory inorganic oxides, svitable for use in the
25  preseat invention, preferably have a pore diameter ranging from about 50 to about -
200 Angstroms, and more preferably from about 80 to about 150 Angstroms for best
results. Advantageously, the catalyst support component comprises a refractory
~ inorganic oxide such as alumina, '

Hydrotreating of the refinery distillaié preferably employs at least one bed of
30  hydrogenation catalyst eomprising cobalt and one or mére metals selected from the
group consisting of nickel, molybdenum and tungsten, each incorporated onto an inert
support in an amouat of from about 0.1 percent to-about 20 percent by weight of the

total catalyst. ' '

Contacting of the high-boiling fraction with a gaseous source of dihydrogen
35 preferably employs at least one bed of hydrogenation catalyst comprising nickel dnd one




incorporated onto an inert support in an amount of fromsabaut,, ’22% pBer cent
to about 20 percent by weight of the total catalyst. This invéention is
particularly useful , towards sulfur-containing organic 5 conpounds in the
oxi dat ivesesfeeeest ock whi ch includes conmpounds in whipgh gyl fur atomis
sterically hindered, as for exanple in nmulti-ring. aromatic sul fur
conpounds. Typi cal I y, the sul fur-cthtaining organi c conpounds include at

| east sulfides, heteroaromatic sulfides, and/or conpounds selected from

t he gr oup®dBIE IMetaislogied fram piergrqupcansissing 26l idrriTeand dygstan. lsariz ot hi ophenes.
10 Hydr ogerapdrand cmp ak et sugpen ef dncinaubyofciesih aliont a1 peredat Radbb@egof netal s.

Pref err edpeadege dy%eli MISNAL b@Neafik@l ysts containing at |east two netals
selected fromthe group consi'sting of cobal t ni ckel , nmol ybdenum and

tungsten. Mor re |y, re.c and ol Jybdenum or ni ckel
and no) ybdenu% iQA v%ﬁf?‘g 5 &%cn[gﬂl%&ﬁﬁ P”c‘i’ﬁ‘reﬁa utlfgmoé’gf%”yé’ﬁ BSnpri ses at
| east ?MOSE?Y’\%"}T{%‘FQP"Q“‘DEJW‘?%GHP 1“8 fudes eompeunds irswhieh @ik seificde support,
such as altemmissiericallyahindanaiyingt foo Exafplinadeititrid. alommersﬁmfcohpo@BQUt 20
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in a first contacting stage at elevated temperatures, contacting the feedétock with an acidic
catalyst under conditions which are effective to convert a portion of the impurities to a sulfur-
confaining material of higher boiling point through alkylation by the olefins, thereby forming an initial
--product stream;
in a subsequent contacting stage and at temperatures at least 10° C lower than an average
of the elevated temperatures in the miual contacting stage, contacting at least a portion of the initial
product stream With an acidic catalyst under conditions which are effective to convert a portion of
the impurities to a su!fur-contamlng material of higher boiling point through alkylation by the olefins,
thereby forming a subsequent product stream; and
fractionating the subsequent product stream by dlstlllatlon to provide at [east one low-
boiling fractlon consisting of a sulfurlean, fraction having a sulfur content less than about 50 ppm,
and a high- boulmg fractlon consisting of a sulfur-rich, fraction containing the balance of the sulfur.




and a high-boiling, fraction consisting of a sulfur-ric i
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content of distillate feedstocks in the present invention is also generally
a function of ' '




15 the nitrogen content of the crude oil, the hydrogenatjopnngaRaphy of a
refinery per barrel of crude capacity, and the alternative di sSpositions of
distillate hydrogenati on feedstock conponents. The higher nitrogen
distillate feedstocks are generally coker distillate and the catalytic
cycle oils. These distillate feedstocks can have total nitrogen
concent r avoose2mi@ngi ng as hi gh as 2000 parts per m lpbk@sozntded general |y
range fromabout 20 5 parts per million to about 900 parts per mllion.
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achi eve a sHpetpsfiarsbly frgm glmqlplfetpé’l to about 50° API for best results. These streams
include, but are not limited to, fluid catalytic process naphtha, fluid or delayed process
25 naphtha, light naphtha, hydrocracker naphtha, hydrotreating process naphthas,
isomerate, and catalytic reformate, and combinations thereof. Catalytic reformate and
catalytic cracking process naphthas can often be split into narrower boiling range
‘streamns such as light and héavy catalytic naphthas and light and heavy catalytic
reformate, which can be specifically customized for use as a feedstock in accordance
30  with the present invention. The preferred streams are light virgin naphtha, catalytic
cracking naphthas including light and heavy catalytic cracking unit naphtha, catalytic
' reformate including light and heavy catalytic reformate and derivatives of such refinery
hydrocarbon streams.

While the multistage sulfur removal processes of the invention which involve
35  the use of an initial alkylation zone and at least one subsequent alkylation zone which is




renoval of the sulfur-containing inpurities wthout a siplifpgeHEaANd
undesired 15 renoval of significant anmounts of aromatic hydrocarbons. In
aspects of the invention where an olefin or a mxture of olefins is used as
the alkylating agent, olefin polynerization will also conpete, as an
undesired side reaction, wth the desired al kylation of sulfur-containing
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_25 and in the gasoline boiling range, can be converted to high-boiling polymeric by-
' products under severe alkylation conditions and thereby lost as gasoline components.

More suitable feedstocks for used in this invention include any of the various
complex mixtures of hydrocarbons derived from refinery distillate steams which
generally boil in a temperature range from about 50° C. to about 425° C. Generally

30  such feedstock are comprised of a mixture of hydrocarbons, but contain a minor amount
_of sulfur-containing organic impurities including aromatic impurities such as
thiophenic compounds and benzothiophenic compounds. Preferred feedstocks have an
initial boiling point which is below about 79° C and have a distillation endpoint which
is about 345° C or lower, and more preferably about 249° C or lower. If desired, the

35 feedstock can have a distillation endpoint of about 221° C or lower.




whi ch usual Iy makes it unnecessary to add any additional2gldabatddog agent
during the first alkylation stage of the invention. In addition to
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comprised of at least 5 weight percent of olefins. Such feedstocks can be a portion of
the volatile products from a catalytic cracking process which is isolated by distillation._

In the practice of this invention, the feedstock will contain sulfur-containing
aromatic compounds as impurities. In one embodiment of the invention, the feedstock
30  will contain both thiophenic and benzothiophenic compounds as impurities. If desired,
~at least about 50% or even more of these éulfur—containing aromatic compounds can be
converted to higher boiling sulfur-containing material in the practice of this invention.
In one embodiment of the invention, the feedstock will contain benzothiophene, and at
least about 50% of the benzothiophene will be converted to higher boiling sulfur-
35  containing material by alkylation and removed by fractionation.




active catalyst can be used in the al kyl ation step of thesjsmdangbockt age.
Catal ysts useful in the practice of the invention include acidic materials
such as catalysts conprised of acidic polyneric resins, supported acids,
and acidic inorganic 15 oxides. Suitable acidic polynerlc resins include
the polyneric sulfonic acid resins which are well-known in the art and are
commer ci awioysetzan| abl e. Anberlyst(r) 35 a product mredsasds by Rohm and
Haas Co., is a typical exanple of such a material. Supported acids which
are useful as catalysts include but ale not linited to BrOnsted acids
(exanpl es i nclude phosphoric acid, sulfuric_acid, boric acid, HF, 20
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phosphoric acid

(i) one or Riinged peds &HWOWFW& a@qsgmnp agid, S'df"ﬂﬁdﬂﬁhb@p}hmiq CHré.CI d,
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- hydrol yzed Slbcayalwhlda ailica-aluminas, zirconium oxide or clays.

_ Supported catalysts are typically prepared by combining the desired liquid acid
25  with the desired support and drying. Supported catalysts which are prepared by
* combining a phosphoric acid with a support are highly preferred and are referred to
herein as solid phosphoric acid catalysts. These catalysts are preferred because they are
- both highly effective and low in cost. U.S. Patent No. 2,921,081 (Zimmerschied et al.),
which is incorporated herein by reference in its entirety, discloses the preparation of
80  solid phosphoric acid catalysts by combining a zirconium compound selected from the
group consisting of zirconium oxide and the halides of zirconium with an acid selected
from the group consisting of ortho-phosphoric acid, pyrophosphoric acid and
triphosphoric acid. U.S. Patent No. 2,120,702 (Ipatieff et al.), which is incorporated
herein by reference in its entirety, discloses the preparation of a solid phosphoric acid
35  catalyst by combining a phosphoric acid with a siliceous material.
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catalytically active. The precise conposition of this mxture wll depend
upon the amount of water to which the catalyst is exposed. In order to

mai ntain a solid phosphoric acid alkylation catalyst at a satisfactory
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silica,  al uglefanigRptessht 1ofs AltH8H BB)eactors. Accordingly, there is an optimum level

- 25 of hydration for a solid phosphoric acid catalyst, and this level of hydration wﬂl be a

function of the reaction conditions, the substrate, and the alkylating agent.

In preferred embodiments of the invention using solid phosphoric acid catalysts,

a hydrating agent in an amount which exhibits a capability to enhance performance of

the catalyst is required. Advantageously, the hydrating agent is at least one member of

30 the group consisting of water and alkanols having from about 2 1o about 5 carbon
' atoms. An amount of hydrating agent which provides a water concentration in the
feedstock in the range from about 50 to about 1,000 parts per million is generally
satisfactory. This water is conveniently provided in the form of an alcohol such as

. isopropyl alcohol,




10 and a large-pore crystalline nolecular sieve (exanpl e janghiydeogeol ites,
pillared clays and al um nophosphates). In the enbodi nents of the invention
using a solid catalyst, it will desirably be in a physical formwhich wll
permt a rapid and effective contacting with the reactants in the process
stage wherein it is used. Al though the invention is not to be so |imted,

it is 15 poefeened that a solid catalyst be in partirewhgiazsor m wherein the
| ar gest di mension-of the particles has an average value which is in the
range from about 0.1 m‘nto about 2 cnf? For exanpl e, substantially
spherical beads qf catal an b use i ch hav aver age di anmeter
flr[')om about 0.1 nﬁf‘fhfi’ S?rﬁh‘ afee‘}s%ﬁlﬁs\‘?@?]ij’“s ‘P‘ﬁ'é‘?g’a't ?%E%iin be used
in the formtpfalumups, mafﬂiumwenaurdl sndetyatheticnpitlired claysg end mmmahkmbt 0.1 mmto
about 20 1 sgﬁmalecieanéseﬂat Rs 'f:ﬂlt(zatslt'é@ magﬁtesf NOHNREAW, P, WerdMihd @sgbout 2 cm
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f eedst octg beaa@aeargetpokescrymulne 28 fkenthsidvB fexiupibd Abludl Je¥hidl p@Bstage. A highly
preferred fe iﬁtoc 51 §e in the invention is conprised of a treated
napht ha whi ¢éf élﬁf‘f A by renoving basic nitrogen- 30 containing
inmpurities froma naphtha produced by a catal ytic cracking process.
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cracking catal St and sin bed t echni que
i s enpl oyed 2V HEMEFY é(hm °§’f$§5¥'§ma °"L‘lé§ ’ﬁtévre B’E&%‘ ?’ﬁﬁcaéﬂ’(?h a nanner
t hat one guaﬁeé "b'é%lfoe‘,‘aﬁfll@és whigjehaes adivnptanin th@rans‘veromztbevtorlsnmqabgutused to
pretreat20 t henfaesdrh@r ln 1RNEhgRTeLa6su DDemaeiaBbe26at al yst. | f a cracking
catalyst is utilized to renove 5 basic nitrogen-containing inpurities,

catalyst can be AegRAGHALEMyRehbls IRIRNRI AAAE: BnidinubbR it gty o 2cki ng

unit when it ome deactivated w th resE |1y to remove
such i npuri f?r%”é" "Ifr?geﬁﬁoﬁ?f?lag QrEds qompaudyyas igp ré‘f?ﬁ\/badgﬁ'&’é" e st
ni t r ogen- coreEmgnersaniroimpaitieds Manhef the tistloutkogei-tdntairengt imparitiesianei t h an

agueous sol bigh'bRés hd St sbAb rBiad@}, Gan cause deactivation of the acidic catalyst or
25  catalysts of the subject invention. Such deactivation can be prevented by removal of the

basi¢ nitrogen-containing impurities before they can contact the acidic catalyst. These

“basic impurities are most conveniently removed from the feedstock before it is utilized

in the initial alkylation stage. A highly preferred feedstock for use in the invention is

comprised of a treated naphtha which is prepared by removing basic nitrogen-
30 containing impurities from a naphtha produced by a catalytic cracking process.

Suitable methods which remove the basic nitrogen-containing impurities,
typically involve treatment with an acidic material. Such methods include procedures
such as washing with an aqueous solution of an acid and the use of a guard bed which is
positioned in front of the acidic catalyst. Examples of effective guard beds include but

35 - are not limited to A-zeolite, Y-zeolite, L-zeolite, mordenite, fluorided alumina, fresh




Suitable acids for this use include but are not limted 3pdn@rCsddsori C
acid, sulfuric acid 10 and acetic acid. The concentration of acid in the
aqueous solution is not critical, but is conveniently chosen to be in the
range from about 0.1 percent to about 30 percent by weight. For exanple, a
2 percent by weight solution of sulfuric acid in water can be wused to
renove bawiomsmizéwogen cont ai ni ng conpounds from a heavyseaphi ha from a
catal ytic cracking process. 15 In the_practice of this invention, the feed
to the al kylation step of each stage ? contacted with the acidic catal yst
at a tenperature an lod.of tine h are .effective to result in
“the de3|mr)ed d%é?’géatg]f’s' GSHSE'F ‘Efﬁc C@‘é‘P’%@P‘}Qg‘” I Py IR bﬁEj"‘ organi c
i mpurities t@wae bef gaekniqu s dniphayeds ifl i§ oftengiositable nd wsg twmpuerd beds inlsichwd | | be
appr eci at ed midatthdtofe famamed e&meegamhtéaaﬁmmﬂe otlﬂem% beamu&ewsﬁhﬁca{ ed in such
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al kyl ation ste i.on e .contactin
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preferably from rallybtfromabout
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t enper at ur e Wejight | F%é*ﬁ“ﬁ%ﬁ@me@ﬁﬂl@b’ welght wiitign of wifurd joid invsesd canttiee al kyl at i ng
agent or ageﬂ&cﬁto&erhﬁféttﬁdc nitfogen30nGiAMEg &BIpARNhIORoR T RbkYlaghth FoRGENT OF
agents, and cErQl?ué@ﬁc#, F i he sulfur-containing aromatic inpurities that
are to be renoved g |nvent|on is an integrated, nultistage process for

concentrgting t ul fur- cantaining a tic impurities f a hydrocarbon
f eedst OC-%[I nt o gﬁ'r ﬁpﬂm%‘?f)’h% FRFaton. 3‘6? %?‘Fgaélf""ﬂ? %"‘bﬁ?ﬂ e r?éf'ﬁ%fsl al. As a
resul t of t epRactedridithrihe apidioeatalyshas agemferature ami fhea Eﬁiodloxépms giliichfrenore easily
aﬂd a& | oneleffeddisé 1o REG ANYe ﬁ&ﬂycﬁﬂégke@ﬂﬂ'coﬁ%?smcbf(%@l@?taﬁsd}ﬁ%n{aﬁﬁ ng el

t hi s. di spos rial.can en nto heavy fuels
where the ngg\ﬂl rUW%gggﬁ‘g\Bt (S’gf %ﬁ%ﬁ C"Qémﬁ‘éﬂ%éﬁ‘gﬁ“i@g’ﬁ LR cont ent
will be les éhab['i'ﬁé“é'tPFBW&tﬂﬂé comnaact Wpe, eanjbe s¢lected;ip such g Way that thi elkdptiony

hydr ot r €8t e domiitioneinalid alglayiord owdfa&tsulheqm&ag@br bthgs, lof the Givehtiv@ e rel ative
Lo Lhat  of 13Pecut bith Bl OSHOR opd s BRI YL b ONEKPARRG HRG, P 0CESS MY

be carried out under t]vel rons I'n d, novi ng
f1uidized of"®H@NMS aé‘ﬂf’p‘t?éﬂiyd? C?f%ﬁ“é’l“%\”“h prhortecapps tige i) g fkylaton

step .of the subsequent stage. Irrespective of the specific alkylation step of the
invention, the contacting temperature will be desirably in excess of about 50° C,

25  preferably in excess of 85° C. and more preferably in excess of 100° C. The contacting

' will generally be carried out at & temperature in the range from about 50° C to about
260° C, preferably from about 85° C to about 220° C, and more preferably from about
100° C 1o about 200° C. It will be appreciated, of course, that the optimum temperature
will be a function of the acidic.catalyst used, the alkylating agent or agents selected, the

30  concentration of alkylating agent or agents, and the nature of the sulfur-containing
aromatic impurities that are to be removed.

This invention is an integrated, multistage process for concentrating the sulfur-
containing -aromatic impurities of a hydrocarbon feedstock into a relatively small
volume of high boiling material. As a result of this concentration, the sulfur can be

35  disposed of more easily and at lower cost, and any conventional method can be used for
 this dispésal. For example, this material can be blended into heavy fuels where the




bed of catalyst is used under conditions such that rel atiginvatyit@sper i ods
el apse before regeneration becones necessary, for exanple an average
reaction zone tenperature of fromabout 200 C. to about 450 C., preferably
fromabout 250 C. to about 400 C., and nost preferably from about 275 C.
to about 350 C. for best results, and at a 10 pressure within the range of
f r om abouwo@steiabout 160 at nospheres. A parti cul ar lpeTpsehaiss ed pressure
range within which the hydrogenation provides extrenmely good sul fur

renoval while mnimzing the anount pressure and hydrogen required for

t he hydrodesul.furization st arfe pressures within the range of 20 to 60 .
at nospher es,** r(éonﬁptefwéipapﬁl Ggsf Pbﬁ‘i“g{ﬁ%’fﬁ Zagtef"(ﬁt“ﬂfb” dt F8% J5eflligentys ceneral 1y,
t he hydr ogerdpignateg pioeletivelyow cost bécpust hiitsgedesaintolumevelative omthikenfithes with a

distillate forigailifRBsipkeheating step. The distillate fraction is preheated
in feed/effluent heat exchangers prior to entering a furnace for final

T ot on an_ bo. AeyLanBe HERERHON progad el B Flm Al Bhdtt Widfer] 4T 01 L 910,
after pr éhe_é?‘?dmj’_.“s ‘Ed'éfc*l"ﬁ TRYthe éﬁeéf"r“g’gﬁf‘ﬁzf‘g?féa‘ﬁm‘e ?ﬁ%?%éﬁ“&r can be in
adni xture wbt:mofchaﬂalmm wsed gadehcondigotsysdehabaa rdhaingly tomg Ipenindsrelapk befere car bon

dlt oxi de, ni tépeabed on BRbEEs rfte&%ldhf)l;' "tfor egﬁmmt Niteraged @b Sonk 'telﬁlﬁ.\erat-m:é%fgydr ogen
stream puri S 0e at |e abo rcent, hy vol upe hydrogen,
preferably tzflptéml alle}ca?lug tzg%l%tﬁ abgnt %@r Seﬁ“te%@gg%f*ﬁ%e"‘?%r@ds fbout g@d %m)r e
preferably &td meyPrefesphlyfrombeys 22ENE. 1o \rbard 3H0TeC. Hptibashyresnlfoandpe st resul ts.
25 Hydr dgen pessirelv@thmuthyhige df frémd Bbodt 41y dbRO R0 aphodpteresa cat al ytic reform ng
facility or other hydrogen producing process. The reaction zone can

_- COPS: st . of one of piuBir] prRADGE sire BEANithiCOREAhOhyAthebRGon feVEsOr di fferent
catal ysts.

A fixed bed reactor can alsSo c rise a plurality of catalyst
beds. The pFWEB’FV@chﬁ‘IIfgaff’B?V?LWhI%éﬂ‘gml‘ﬂ“ga{g%‘ﬁlptedfpf"gﬁ’ée A BYFRER or can al so
conprise theequisg fomie hydrodgsulfhization steparepiessuiees wlhinghe ahgs ¢f\2riog@nat i on

reaction i sagREmEsd, ntreIMriiRy Mk abobi 586 40 AGGspRé@l | Ng, consisting of heat
transfer devices between fixed bed reactors or between catal yst beds in

the samgsreact orgeaifilyl the GRbLE setgcfuﬁ%t 5dnt AvaRb] b Rty t N heat
generated 23 Japliary _ylzooaf 03012010 P u§g2§17g'ezpl’ by bl Rl
hydr ogenat i 6H‘5@ LIPS SFiP-b E PG HRIUGD PREDGUTER f9edPiiE® i n the
hydr ogenat i beat prchangers pridte peseringi asfutmecet for fund preheptimgpioi :omrgeted reattioavai | abl e,
cool i ng ey zond hid? @ndperaiiRd The BRMGBR F:e@dnl cadlbdkohtaéttd §%h SHRReASsueaR! | Ng wat er
or air, or él}lnorril)ouguk}musa%dfgg‘aﬂar ‘L}}é rogen guench streaminjected directly into
the react or &1 TW0- S8 processes®can 5 provide reduced tenperature
exot herm.per r ea} tor. shell and provide better hydrogenation reactor
t enper attr e cont ﬁﬁh){drogen stream can be pure hydrogen or can be in admixture with diluents

such. as hydrocarbon, carbon monoxide, carbon dioxide, nitrogen, water, sulfur

compounds, and the like. The hydrogen stream purity should be at least about 50

percent by volume hydrogen, preferably at least about 65 percent by volume hydrogen,

-and more prgferably at Jeast about 75 percent by volume hydrogen for best results.

25 Hydrogen can be supplied from a hydrogen plant, a catalytic reforming facility or other

tiydrogen producing process.

The reaction zone can consist of one or more fixed bed reactors containing the
same or different catalysts. A fixed bed reactor can also comprise a plurality of catalyst
beds. The plurality of catatyst beds in a single fixed bed reactor can also comprise the

- 30 same or different catalysts.

Since the hydrogenation reaction is generally exothermic, interstage cooling,
consisting of heat transfer devices between fixed bed reactors or between catalyst beds
- in the same reactor shell, can be employed. At least a portion of the heat generated




The reaction zone effluent is generally cooled and the eifbdipaty Hfoseam i s
directed to a separator device to renpove the hydrogen. Sone of the
recovered hydrogen can be recycled back to the process while sone of the
hydrogen can be purged to external 10 systens such as plant or refinery
fuel. The hydrogen purge rate is often controlled to maintain a m ninmm
hydr ogen pwrospizoiand renove hydrogen sul fide. Recycl egtthugoiogen 1S
general |y conpressed, supplenmented with "make-up" hydrogen, and injected
into the process for further hydrogefation. Liquid effluent of the
separator device can be processed in a stripper device,k 15 where |ight
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the |iquiSd orayéni edesdpewpeiaiutehexatierm 2perarrddtonr shellsiand providi idtieri on r enoval

of sul fur omhyMbehRir Radibr@mpeRurd éidbid products. Liquid products are then
generally conveyed to blending facilities for production of finished

(distillate produglseciRShAloidnGo RS had difsh iyl DRy 0genat i on

process include an average reactiqon Zone tenperature of from about 200 C

to about 450 ESPUYPLARHEITTMES 1‘2’3"’5‘!5‘0 mog %f“""‘f"&‘egﬂ PeeRER B . and nost

pref erabl y fecpredatizoluto B proCss whila baust ofIBOhydger om trepizedds wkitrsal The

hydr ogenat i Qpichis QGRS pIah’tRirQé”lnEﬁo(r fRHIE TR BAroddn fuBRGhie Mofel REnPIIESRUr €S I angi ng
from about 400tapnsg 9. Lo }bg}g}t 2 919 ‘“‘Ei} g}bvrg)regﬁorelflgra%{%ﬂf rrom about 500 psig
to about 1EBBE FIKRHVREET BPR D! SRRV WASRMIBY: ROFHIVYEE about 1200

psi g for bedtgenasaily|compressgl, ppicmepted Wit @akexin” didregeneand guiergaddmtp ther ange from

about 500 Sgfotdsblor futheabpdibperfliof00 SCFBbl, preferably from about 2,000

SCF/ Bbl to about 15,000 SCFBbl, and nost preferably from about 3,000 to

about 13, 000a SGhjBbLbAF oP s tsefafiddtldevice BRI tphRBssed nSS §HpRS déid hydrogen
ci rcul at;ion E’at Féggel ow theset? rangveé CadP result in hi %het& cat al yst
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finished distillate products.

Operating conditions to be used in the hydrogenation process include an average

_ reaction zone temperature of from about 200° C. to about 450° C., preferably from

25  about 250° C. to about 400° C., and most preferably from about 275° C. to about 350°
C. for best results. ' _ , -

The hydrogenation process typically operates at reaction zone pressures ranging

froin about 400 psig to about 2000 psig, more preferably from about 500 psig to about

1500 psig, and most preferably from about 600 psig to about 1200 psig for best results.

. 30  Hydrogen circulation rates generally range from about 500 SCF/Bbi to about 20,000
' SCF/Bbi, preferably from about 2,000 SCF/Bbi to about 15,000 SCF/Bbl, and most
preferably from about 3,000 to about 13,000nSCF/Bbl for best results. Reaction
pressures and hydrogen circulation rates below these ranges can result in higher catalyst

. deactivation rates resulting in less effective desulfurization, denitrogenation, and




Excessively high space velocities will result in reducedbpygiahl 2006
hydrogenation. In a preferred enbodi nent of the invention, a petroleum
distillate is passed to hydrotreater where is it hydrotreated in the
presence of a hydrotreating catalyst to renove heteroatons, particularly
sul fur and to saturate aromatics. 10 Suitable catalysts for use in

hydr ot r eawioregforzéie petrol eum di still ate accordi ng to pdiBezar@$sent i nvention
are any conventional hydrogenation catal yst used in the petroleum and
petrochemi cal industries. A combn ty¥fe of such catalysts are those
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-

25  upon the total weight of catalyst. It is within the scope of the present invention that
more than one type of hydrogenation catalySt be used in the same bed.

Suitable support materials used for catalysts according to the present invention
include inorganic refractory materials, e.g., alumina, silica, silicon carbide, amorphous
and crystalline silica-aluminas, silica magnesias, alumina-magnesias, boria, titania,

30 zirconia and mixtures and co-gels thereof. Preferred support materials for the catalysts
include alumina, amorphous silica-alumina, and the crystalline silica-aluminas,
particularly those materials classified as clays or zeolites. The most preferred
crystalline silica-aluminas are controlled acidity zeolites which are modified by their

- method of synthesis, for example by the incorporation of acidity moderators, and post-
35  synthesis modifications such as dealumination.




S5difficult it is to hydrogenate the sulfide. Therefore,3phg s83i0dal
organo-sul fur conpounds renaining after a hydrotreatnent are the nost
tightly substituted sulfides. In a highly preferred enbodi nent of this

i nvention sul fur-containing organic conpounds are renoved from vari ous
hydr ocar bon products that result fromthe fluidized catalytic cracking of
hydr ocar bw@ o/eeetet ocks whi ch contain such inpuritiesect&Qohmef | ui di zed
catal ytic cracking processes, high nolecul ar wei ght hydrocarbon |iquids or
vapors are contacted with hot, finelyz%ivided, solid catal yst particles,

typically in a | yi di zed bed reactor or_in an elongated riser reactor, and
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conditions a iI"di zed
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to a separation zone. Hydrocarbon vapors are separated from spent cracking catalyst in
the separation zone and are conveyed to a fractionator for the separation of these
25  materials on the basis of boiling point. These volatile hydrocarbon products typically
- enter the fractionator at a temperature in the range from about 430° C to about 650° C
and supply all of the heat necessary for fractionation.

During the catalytic cracking of hydrocarbons, non-volatile carbonaceous
material or coke is unavoidably deposited on the catalyst.. As carbonaceous material
30  builds up on the cracking catalyst, the activity of the catalyst for cracking and the
selectivity of the catalyst for producing gasoline blending stocks diminishes. The
catalyst can, however, recover a major portion of its original catalytic activity by
removal of most of the coke from it. This is carried out by burning the carbonaceous
deposits from the catalyst using a gaseous source of dioxygen (molecular oxygen) in a

35  regeneration zone or regenerator. Typically the regeneration gas is derived from air.




throughput ratio, or volume ratio of total feed to freshyf gaq gvary
fromabout 1.0 to about 3.0. Conversion |evel can vary from a out 40
percent to about 100 percent where 5 conversion is defined as the

per cent age reduction of hydrocarbons boiling above 221 C at atnospheric
pressure by formation of lighter materials or coke. The weight ratio of
fl ui di zedwoas/abkotet to oil in the reactor can vary wgchivgeiihgs r ange from
~about 2 to about 20 so that the fluidized dispersion will have a density
in the range from about 15 to about %90 kil ograns per cubic neter.

Fl ui di zi ng vel oci tv¥ can be in the range fromabout 3.0 10 to about 30
meters per seconft. g Yarsw|of PIRERS? ERNAIIGRYAS Knowa1ie by ussL i the,practice gf di zed
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i nventi ofpy %kﬂoht@’hﬁc‘?ﬁfer&&%e”ed aspect of the invention is depicted
schematically in the draw ng: Typ| cally, a gas oil which contains

- hydrocarbon co u nlc C ounds, and
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cracked i-n &amentinfrom @%?atpép% b8 weizhtreresat %ﬁ@@é@ghq@n@bﬁqﬁmwadded val ue
product s suchifudSorhpogids. Soiteplatiktdfodkt incfud@bigt QreGRNlirited t@émt-&ma(nmgkeneS)_
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ni trogen- cont allr{] g qﬁ anic co E%ﬂ“l? dvant ageous Yy, I ght napht ha
feedst ock al§ E oér"ﬁnzﬁl BSHF 8 i n the range of from about 10
percent to about 30 percent based upon the total weight of the feedstock.
More 23 January 2006 WO 03/012010 PCT/ US02/ 17064 27 generally, the anount
of al kenes in suitable |ight naphtha feedstocks may as | ow as about 5
percent 200r as hi gh RESCRIBTIONIIF TiE EREFERRESVIEVBODIMENTS i ght napht ha

feedst ock al so contains up to about 2,500 parts per mllion by weight

sul fur, preferalthyrder @mbalotimmtitagand pref@l infetibh, GAI tagothd? Qadferded000

aspect of the invention is depicted schematically in the drawing: Typically, a gas oil
which contains hydrocarbon compounds, sulfur-containing organic compounds, and
nitrogen-containing organic compounds as impurities is catalytically cracked in a

25 fluidized catalytic cracking process to obtain added value products such as light
naphthas which also contain olefins (alkenes). '

Referring now to the schematic flow diagram, a light naphtha from a refinery
source 12 is passed through conduit 14 and into pretreatment unit 20, The light naphtha
feedstock is comprised of organic compounds which include hydrocarbon compounds,

30  such as paraffins, olefins, naphthenes, aromatics, and the impurities (sulfur-containing
organic compounds and nitrogen-containing organic compounds). Advantageously, the
light naphtha feedstock also contains an amount of alkenes in the range of from about
10 percent to about 30 percent based upon the total weight of the feedstock. More




S5 parts per million by weight sulfur, in the formof sulfyj n‘EnQ@ifHO@' ng
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benzot hi ophene, benzot hi ophene derivatives, nercaptans, sulfides and
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contact with an acidic liquid in_pretreatnment unit f or exanpl e using
an aqueous sﬂ?l“iﬁ‘t@o‘r'i‘eé?m%%f ahkenes él’c?"&iabkbgﬁ'éf‘?ml’élfFV“&‘fﬁé‘?ayﬁf lay acont act i ng
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condi tions Whl ch are effective to convert predonmi nately the thiophenic
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a solid phogphior pxampki wingrahenicabs sativhef isulfutic atid, benéficiaily voder meldct or, t he

contacting Ic&t&aﬁgeoﬁsiu@ﬂtwm do HOPRLRLHY GgnificinPehbARASnIRBARP e 30 1001 C
t o about 25 Cg %/ ?t&h% d@eﬂatures in a range fromabout 100 Cto
about 235 ch ﬁ’b?oénpﬁ?eél & AbIYHE terrperatures in a range from about 110
Cto about 220 C. Effluent fromal kylation reactor 40 is transferred

t hrough conduit % agidHearddisht napiuhefpglteckoiom yiiei0aases thoughsepdit?2ur e of t he
ef fl uent. st nshinad eesseb 3 cadehbyon@ing eed 3f ﬂalduﬁsqrbeﬂOO!ShéNae&&élOiﬂﬁka

PCT/ US02/ 17%6]0 @Shéﬁéde&h&dccﬁﬁﬁ&m suﬁ;blcaf’or o nol'i_’ “glhl 9 b%ﬁ Wgee'ff@é ure

differenti al bet ween é{nl tia atio staggl and t he subsequent st age
preferably PO *515?’%{%@“ r omBiering 8l At 1538t goripa of He copinediiieetiegat i ve 115
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75 Co contains less of nitrogen-containing organic compounds than the feedstock.

The low nitrogen effluent from vessel 30 passes through conduit 32 and into a

- first alkylation reactor 40, which contains an acidic catalyst. The low nitrogen effluent

is passed through reactor 40, where it contacts the acidic catalyst under reaction

25 conditions which are effective to convert predominately the thiophenic impurities to

higher boiling thiophenic materials through alkylation by the olefins. In general, the

effective conditions of reaction depend upon the catalyst employed. For embodiments

using an acidic catalyst comprising a solid phosphoric acid material in the initial

alkylation reactor, the contacting is carried out at temperatures in a range from about

30  100° C to about 250° C, preferably at temperatures in a range from about 100° C to

about 235° C, and more preferably at temperatures in a range from about 110° C to
about 220° C.

Effluent from alkylation reactor 40 is transferred through conduit 42 and heat
exchanger 60, wherein the temperature of the effluent stream is reduced by a pre-




5 The effluent stream at the reduced tenperature passes ﬁggéndg%ggowchanger
60, through conduit 64 and into downstream al kyl ati on reactor 70, which
contains an acidic catalyst. The effluent streamis passed through reactor
70, where it contacts the acidic catalyst under reaction conditions which
are effective to convert predom nately the nercaptans and sul fides

i mpuriti ewotogroteigher boiling materials through al kyl@irjueskhis t he 10
olefins. In general, the effective conditions of reaction depend upon the
catal yst enployed. For enbodi nents @i ng an acidic catalyst conprising a
solid phosphoric acid material in the initial kyl ati on reactor, the
contacting issleqtedy apouat gliat lgpst 5§ Ll é?rﬂﬂcé@f%ndéfe@f"@ﬁ between thgipigalf r om about
75 C t o aboutkyR0éh s@ige armirtke pbefienabiypreferably éip @ kaagduf éemi abowt agdgevel 1 om about

90 C to aboub clghdn ﬂzgéive ﬁ)fﬁete{hazglp?éfe@szly ihdr gm&ﬁaﬁow&sadv@ifo@ e from about
100 C to abopt 130 é best resu In order to carfy out the desired

sequential JB¥BRANE A Gst materials in alkylation reactor 40, al kylation
reactor 70, and thereafter as adsorbent in vessel 30, use of a sw ng

vessel (Mot showHy sfducptotreashi|the redneedTREDIHYE Passestirosyient sxehreses 69.n ef f | uent
from vessel thrdfhaoluirédaddaiite downdiam dilaftion Rhdidr g eshidhevhiss dnficitiee ef f | uent

from vessel cifiyk! 3 kPl aflbd HRIBNhAYGSuRle | Sfflet Beciipssel 30, the

SWI ng vessel tal nin e Service

st
i1l ust rat ed SHYS pgdsr r{F“gi‘%{'l coggligions Ayt %1 arg é%&‘i“&? t°4ef>nverhereﬁl%%t%¥ fhi ch  was
i1l ustrat ed nesaptivg andiiulfidas inghilityes &t highar bodlingtngaterials tmmhaﬂcgimroedbyttm t he service

i [T ustraftped oRfins. t h}?géﬂe}ﬁy |l b%tlieeéﬁalﬂéns?& re:-i@ﬂ@n rd@[ﬁﬁ& Qfaon"‘ﬁ\le Ghia

illustrated asit slg ééad on reactor tl|Jt @9% ﬁ eserwce

i |1 ustrat ed “HE¥Es SEF BB %‘“F?“t"‘%%ﬁ‘ér’?“& i °81"P'ésé'i°\ﬁ el PP char ged wi th
fresh cat al yaid  maferial s ethe dntial halkydalibw arepgtont thsmqngctmesg;extmrevh@uaatkyl at ed
-stream pass @snptia@ies plekeydbhtih @figd RS bk 76 C tb bR AID° CORiipkefefzblgd | Nt O

O 2L BBt A0MIC e BEaPHO"E" DO 1905t bl sORLAYnNO Pr oduct s

of the _alk I on reacttons _are se | oW b raction,
whi ch t H& reEFfPPF@“’E?F in 'P@ﬁd@@db%lqoupt%éh‘?t’@ﬁp C‘Ifﬂ@cﬂé‘wﬂﬁm ling fraction,
which i1s of reduced sul fur content 30 relative to the sul fur content of t he

first feedstock I peettp oaryautithtrdesired seljusntial vsgof cwrlysendgolsrie albflatgbout 177 C,

i's W thdr awgeadi6ramm gkyddiibh Feadibrq0, aﬁ@lh&m@& Jdmrwﬂglh v@s@é] @ollute &8 swing i is | ow
SOl 1 ne

boiling fra r,om con

bl endi ng s'? esseg(nog'smwng Cnge"t“f'uged Cﬁ'f: l?amc%'n?%m?evgf "ﬁ% & %Wb%sgtﬁl ng fraction
is less thad? aﬁduﬁmtsred B‘éhe@ Basiseritrogen Jevehin the effupn o Yee@lsiﬂl figrioabout 30
parts pQO nbdsicllﬂfbgaﬂﬁvdmf geef) intd @230y the 3\51:1& @&8e] bdhdaimigporddh caldbyspiar t s per

mllion. A 9 fpboi l'ing
fraction, Elﬁﬂg}g séﬂ@?%ﬂ&a&ﬁ gﬂ:@?&h@al E@L&%%%C g‘gﬁ'{l% 9@‘ g cont ai ns
the high bo?"’ﬁ gstrates oy the wiiakalkylqgien %ﬂ?rdf H?'HE‘}"FP&‘PéW sgivich FIW&{?&%’& in _
‘al kyl ati on the alkylation reactor 70. The reactor which was illustrated as the alkylation reactor 70

is transferred to the service illustrated as vessel 30, which is 1aken out of service,
25  recharged with fresh catalyst, and used as the subsequent swing vessel.

The alkylated stream passes from alkylation reactor 70, through conduit 72 and
into distillation column 80 where the higher boiling sulfur-containing products of the
alkylation reactions are separated from a fow boiling fraction, which thereby is of

_ * reduced sulfur content. The low boiling fraction, which is of reduced sulfur content
~ 30 relative to the sulfur content of the first feedstock fraction 'and has a distillation
endpoint of about 177° C, is withdrawn from distillation column 80 through conduit 86.
This low boiling fraction from conduit 86 can be used as a low sulfur gasoline blending
stock. Typically, the sulfur content of this low boiling fraction is less than about 50
parts per million, preferably less than about 30 parts per million and more preferably
35  less than about 15 parts per million.




reactor 70, is withdrawn fromdistillation colum 80 thrﬁ’y%}gﬁﬂpﬁbﬂé 82. If
desired, this high boiling material can be w thdrawn for subsequent use or
di sposal. In preferred 5 enbodi ments of the invention, this high boiling
material is conveyed to a hydrotreating wunit 90 through conduit 82 for
removal of at |least a portion of its sulfur content. A gaseous m xture
cont ai ni nwodsMeain ogen (nol ecul ar hydrogen) is suppl igdaiseadoss catal ytic
reactor of the hydrotreating unit 90 fromstorage or a refinery source 92

t hrough conduit 94. Typically, the ca¥%lytic hydrotreating reactor contains
one or nore 10 fixed bed of the sane or different catalyst which have a
hydr ogenat i on- pr dhijgh prilingfracyasnwhich hag @s initjal, beiling nosth obtoRHETHE g8 boi | i ng

" material. Thentiesdehighniylinhalkeped atiéd-comainingd nfatefial, pretinved-if lakyati &y

CoUnt e - CUT 8l ) Qi o it o Ak PR Robghl S 8 8 ol e extent of

hydr ogenati qn i s .dependent on _sever tors .ch i sel ection of
cat al yst ang"%’olﬁ’&fnﬁi“@f%’alo"fa" gg&’é‘{“?"ﬁ‘ﬁ‘} Toy supseuery usher ‘%3?98&1'5@' Pefetitde of the

sul fur 15 combedimemgofdhegarenton; wistighttioding matetislds donglyedroialhydrouazaiger i al . The
condi ti onS Giit V@ REdu OB R [ERInbAHPbYar k8t 8 p5rB6h FHS fufuP@niedt | east about 50
percent of the sulfur content of the sulfur-containing organic inpurities

is converted to |.£ 1 | he conversion to
hydr ogen sul fi den%é%légtgﬁpmg%tcaéﬂﬁfﬁ éﬂ;’gir éﬁ"g‘{rl]‘%m“é@g‘f?’é%ﬁt’ Fé;aISL%PthF | Xéd bed of
sui tabl e cat&Ayss “?a"'sfo"u%fe‘ge PHiretaingagnd I frem siosge OF auistReFY so¥recBndi ti ons
such that r ekradgherdyit BénTyprelly, dd satelydplpdroredting eattagemneinabdie@n moec ONeSs

necessaryy fREd SXPHPLE s@h: & . 1 L of rom about
i, BIGIOEN, GRBAL LA, 5 | ARSI g 07 <001

. .50 C. to about .450 C referably from ahqut 75

most ' pr ef er 8B1%) f?r?jSWﬁ“%@iﬁo@ﬁg"g& oflig 3’885{3' X6 reactor 3y B5oeralrdy| ¢ s, and’
at a pr essume-figr down-floweorcountpe-carfent figvoehtheliguid agd gasesallyough tied@d.at nospher es.
One or nore beds of catal yst and subsequent 25 separation and distillation
oper at e toget herTlesxem dfniydrggeaitiod iHjependefitagon Bgre@ntictofs rvatidhi igfladei On syst em

This syst emsganaf ety IrERRdishs O J%Xc(tiiﬁfﬂgﬁ@?lsohnggrﬁgs% 'ﬂ?tﬁ}é lof I Gupund Ot her
romthe effl

non- condensabl e produCts of h ogepat|.on fluent stream After
r enoval qgf RSP B PTELEA P, fesé’r'%‘figigp %P'é"‘ﬁ PaRRE e TRRePRitiens oh fAF0r eat i ng
unit 90 t o stealesigbly celegedrsofh thatray ldabiaabditri pereent of fetsufiveemnitofitteugh condui t

96. 30 Typi c@luk-Yontdiddfy ctibnfcUnpir B 8 06nveitedid hydirdePLifide, dnd plefsblfdan about 50
parts per mtll Q parts per mllion and

ion cef er abl s than about 3
more pref er 38 tbc fdggeég?%gﬁycg%%full% s ap’igeraftggf’b’é?grﬂcf'i“i on. If desired the
resulting liquid mxture of condensabl e conpounds is fractionated into a
| ow boi | i ng fractPiEHlYEoledbert pfguiteblf satAlysivdtadin Gt carbvis 5agiey Wwderfur  and a
hi gh- boi2Di neeriitiaas swh thantehiivalndong pajody elapse Utforo fregemdiaioni kegorsagl fur. WO
03/ 012010 PLbedirpad/ KiRfe b QverbMMRbon e r$tm¥%wl)mb?%0‘f el how ng

nerer - di ScFBaEEo) G Rt Fomek EE, oreucBReG: wo e PR e Do
- : about 200° C. to about 200° C. for best results, and at a pressure within the range of
' from about 6 to about 160 atmospheres. One or more beds of catalyst and subsequent
25 separation and distillation operate together as an integrated hydrotreating and
fractionation system. This system separates unreacted dihydrogen, hydrogen sulfide

and other non-condensable products of hydrogenation from the effluent stream.

After removal of hydrogen sulfide, product is transferred from hydrotreating
unit 90 to storage or a refinery blending unit (not shown) through conduit 96.
30  Typically, the sulfur content of this product is iess than about 50 parts per million,
preferably less than about 30 parts per million and more preferably less than about 15
parts per million. If desired the resulting liquid mixture of condensable compounds is
fractionated into a low-boiling fraction containing a miner amount of remaining sulfur

- and a high-boiling fraction containing a major amount of remaining sulfur.




5 construed as limting the scope of the novel inventio re many
variations which my be nmade thereon w thout departi ngrgaﬁl%arﬁutgﬁé sogl rit of
the disclosed invention, as those of skill in the art will recognize.
GENERAL The pilot-scale unit included two identical fixed-bed reactors
which were 10 operated in a serial down-flow node with inter-reactor

cool i ng owotkhe2qpe ocess stream Each reactor was charpgedsoitdes 300 ni of
catal yst. The process streamflowed into the first reactor of the two
reactor unit through a feed weigh tub¥ precision nmetering punp (Zenith),
high pressure feed punp (Witey), and an external preheater. Each reactor
was di sposed within a furnace equi pped with six heating zones. Tenperatures
were 15 neasured along the centerline of each catal yst bed by thernocoupl es
in various positions, andEXMEPHERPT RHERSVENTIMMY e adj ust ed accordingly. An
inter-reactor sanpling systemwas |ocated between the two reactors

al I owi ng t he | i qUikedolimvwopSamples wdlrsetve tdiitiustrata mpatagbpadficopbpditnemg condi ti ons.
Duri ng Operasrfumherahedlmogﬁeﬁﬁmﬁfoﬁe&mewssxﬁmésgﬁﬂulwo@ fiRRvdri st reactor of
the 20 té/vocreact or .uni t t ube, E{Iem sl on nmetering punp

(Zeni th) > hi'GRPEE élﬁﬂ"@gftéeﬁolﬁ W‘i’ei “é%‘/'?""%aaﬁéheéﬁf‘“‘e WA eheat er. The
total effl ue\mChfm@an Fade fhezeert wit tdenanwasfrqm thesspiit reédbe disdosehe second

react or. Thenvehtfid] f tREOs Wl i thoin vileecogminand reactor flowed into a high
pressure separator where nitrogen was used to maintain the outlet pressure
of the secorNgRagtor at the desired operating pressure. Level of the 25
liquid in the separator was mai ntained by an Annin control valve. In these

exanpl es of the .thrgvg[%; gc%ﬂ% Ecluvéhttw%a f nedﬁ’ﬁ’ﬁ%]fid 5639&52\25% gver t he range

from about 61 C St 11 ation of
the prd@ucrererdtedoita sagal dpyip- Hp\zwdwttmwﬂ@cm a@kﬂm‘ thf precegfasirednl  f eedst ock
whi ch cont aiEathdeacsu whdithagedvieti 300l oftallybtt MRS prodssditsh Sovdd ihddehenapht ha

feedst ock u%ﬂ's'f'ga&ormf'Lh%'tw&f%la%a%%&%ﬁafelgﬁ LN %&Dﬁ@&g@n@e@ﬂgnshmd |t

to contain gn lg bas] t cyclic
ol efins), 157‘366}#9 higlh piessute JerdtRuEg | (Wé’ﬁﬁ’)é?d@ ﬁé‘F‘E@rﬂfehﬁ%i?fafﬁaFmWC‘?fg 41 percent
cycl i c par aiis disposedThitlen adphich aqfigred stitbcle hasngadnasx ekdmperblares sepr opy |

al cohol 10 a{e&wedeals eﬂ@fcgﬁ&u&ayf %hadﬂa%ktk@éaoﬁ hﬁ:\ﬁedco fes 21 OvaRaiist S per
mllion. 23 Janua 1200 PCT/g 4Exce wer e st ated

ot herwi se, P?fé”ogﬁta ead%ﬁ’“f’so‘i"er? Afording ’é’“’EE?F“f"Ef SamRY¢phori ¢ acid
cat al yst (CoteBL@% lenajsp betweenishe Glsrdcﬂ@weﬁmllewmgnhﬁ liquidquupcessistreasn tokent ucky.

USA) whi ch vispleédrati§RRend @ndchyl er screen mesh size of -12 +20 (USA Standard
Testing Sieve by W S. Tyler).

During operation, the process stream was charged into the first reactor of the
20 -two reactor unit through a feed we:gh tube, precision metering pump (Zenith), high
pressure feed pump (Whitey), and an external preheater The total effluent from the
first reactor was transferred into the second reactor. The liquid product from the second
reactor flowed into a high pressure separator where nitrogen was used to maintain the
outlet pressure of the second reactor at the desired operating pressure. Level of the

25 liquid in the separator was maintained by an Annin control valve.

In these examples of the invention, the naphtha feedstock, boiling over the range
from about 61° C to about 226° C, was obtained by fractional distillation of the
products from the fluidized catalytic cracking of a gas oil feedstock which contained
sulfur-containing impurities. Analysis of the naphtha feedstock using a multi-column

30  gas chromatographic technique showed it to contain on a weight basis: 42.5 percent
olefins (7.75 percent cyclic olefins), 15.6 percent aromatics, and 32.3 percent paraffins
(9.4] percent cyclic paraffins). This naphtha feedstock was admixed with isopropyl

~ alcohol to provide feedstock having an alkanol level of 240 parts per million.




Unl ess otherw se indicated, percentages and parts per mil p@g% are on
the bases of an appropriate weight. EXAMPLE | In this exarrp 0 he
dinvention the two reactors were charged with the solid phosphoric acid
catal yst having particle sizes Tyler screen nmesh -12 +20, and operated 10
at a liquid hourly space velocity of 1.5 hr-1. Reactor one was naintained
at a tenpematiaie of about 172 C, and reactor two atpcausenprs at ure of about
122 C, i.e., a tenperature differential between the serial reactors of

- negative 50 C. Analysis of the proce3§s streamis shown in Table 1. The
reduction in the total of 2-nmethyl and 3-nethyl thiophenes was from about
254 ppm to aboutE*§€R) pysre %at?deﬁ‘ﬂ‘?ﬂ"isﬁﬁh"()?a‘%}ﬁb%d%@ B@F‘@Eht“"“ 350lifhe total of
C2- t hi ophenebosplsic padicatadyst (G841h 0 bapplicdli$Sup Cherie, Ixhdwtis A, pouckg.  r educt i on
of 76.8 per a@a .whidhibwdsQGuiedd @M et ffeed HedH sigd oftlib £20! fUSA S@mRRUNdS boi ling

at tenperatures.hel.o s fromabout 184 ppmto about 5.7 ppm a
reducti on ohuSt@%S'ﬁvebé’\r%é(]a%&ym&OVPARATl VE EXAMPLE 20 In this exanple, as in

Exanpl e Js the two reactors were charged with the solid phosphoric acid

- cat al yst havi ng [t plpraviss jindicateds nerepntagey and pagyorek milkion (ppry) arg 9 Sper at ed  at
a |iquid hobasesofapampecpriate @eighty of 1.5 hr 1, However, reactor one was

mai ntai ned at a tenperature of about 121 C, and reactor two at a
tenperature of about 172 C, i.e.,EmaMpPepperature differential between the
serial reactors of positive 51 C Analysis of the 25 process streamis

shown in Table IIJ: thlJ%mi)ﬁ%Qﬁe lﬁﬂmﬂlcﬂl thd fvd Q&@r& Qére%h:ﬂgetdrwl dtﬂpgol met hyl

t hi ophenes ucti qon of about
97.8 percen\é\ﬁsﬂlﬁ’ﬂc ?Cé‘{a‘éﬁ‘allj%? a&‘gtpﬁf‘ﬂ ﬁéﬁ3§}é0\%‘5§“? E'ﬂ@‘cgg"'?q dr9 R5BFE 125 ppmto
about 48. 1& pwyid doneyd spaed oploaly dbbijthr 65. Reagier o@ntvas Fhimtainedluchi on in the

ta gg ﬁﬂt ig 4al [en@kﬂattn‘é[?f a&safrmu@dsndq@actdrmo ata t&lﬁﬁ(;étpa?d‘orﬂg)p%bgg 128 g\gelaosg \g/as from
e npaarenflgj\(}’gtzw@%h'ﬁf)%z'n{ rﬁaéxqrs é’legagf'e (?’ &"%ﬁ}s gg‘ﬁpounds

ture 4]
percent. In eraco
boi ling at PResHErHER trsbawmia|Tabe L Toe ©dygtion initheyotek ofFtmathyl gidsBmethyles gr eat er

than i n ExatifpBends wis frobhaoit/28£ pich @ hbowd 3 p#ﬂ[wﬁﬂdéu&@&@bmg)@b&&em 10 32
EXANPLE1§ P@ﬂ; Hép %11 1135 %épt@%?t\n@ d‘ed?ll:édol{mré %ﬁgu? 14 gém%l Cl yded one

oul 2
fi xed-bed reactor was u t he :fgpéct of the
i nvention, TeAuHo ofi 708 psfeenty ke edysten Wlwot@}fof all sdyr anrmﬁwaﬁlg peiies ¥ aci d
catal yst . ( OhpGalrts Balippll 102 bas fSertabGineldi epm trghoht 1D pyas] 2t duci@Msdf ¢

96.9 percent.

i

COMPARATIVE EXAMPLE

20 In this example, as in Example 1, the two reactors were charged with the solid
phoslﬁhoric acid catalyst having particlé sizes Tyler screen mesh -12 +20, and operated
at a liquid hourly space velocity of 1.5 hr'l, However, reactor one was maintained at a
temperature of about 121° C, and reactor two at a temperature of about 172° G, ie., a
temperature differential between the serial reactors of positive 51° C. Analysis of the
25  process stream is shown in Table Il. The reduction in the total of 2-methyl' and 3-
methyl thiophenes was from about 254 ppm 10 about 5.42 ppm, a reduction of about
97.8 percent. The total of C2-thiophenes was reduced from about 125 ppm to about
43.16 ppm, a reduction of about 65.5 percent. The reduction in the total of all sulfur
compounds boiling at temperatures below [10° C was from about 184 ppm to about
30 2052 ppm, a reduction of only about 88.8 percent.

In the comparative example the level of all sulfur compounds boiling at
temperatures below 110° C was, importantly, 3.58 times greater than in Example | of
- the invention.




5 nitrogen conpounds from a naphtha feedstock. This tubul.ar b eSS
steel, reactor had an internal dianmeter of 1.58 cm andkg‘]%ngt%blaéqar?ternal
heat ed vol unme of about 80 cnB8. The centerline of the tubular reactor was
di sposed vertically. The reactor was charged wth 20 nL of catal yst which
was di sposed between two beds of inert alum na packing. The feed was

prepar ed Wwomsmmemi xture of 90 percent naphtha from ap@afsadiydsi C 10 cracki ng
process and 10 percent naphtha froma thernmal cracking process. The

m xture, which contained 86 parts per3fillion of basic nitrogen, was washed
w th an aqueous solution of sulfgric ﬁgd (10 percent) to less than 5
parts per mllion of basic nitrog AAMELE 3 parts per mllion of total
nitrogen. The washed m xture was adnmi xed with tri- ethylam ne to provide a
feed havi ng a 15Apdher pilglescalpriupit jwhich iaciaded gme Hixed-bednfeagtas geds waerdtol5 t ot al

n: tr ﬁglen of defopantt ShepeKorplion! dsgea. ofﬁheirfvalﬁidn,vmqaaﬂikﬁﬁi ﬂlé?fhpﬁﬂﬂhyvﬁftm i sopropyl
al cohol to i v 0, parts per
million, Thg{_)l%f/ﬂggg%hg%eév%/aﬁi&% e g ﬁﬁﬁﬁ"’&ﬁﬁﬁ F%"?‘v"_ﬁ%’&g to o BRI S PRT | y

- space velbciMtPeg compgungs frpm 2 nanbiba fredstork o Thip tulplar stainiess sieel, reaster bador essur e of
about of 34 aatimemAndidmesr sof bf8 eh.fandiendtal ifiemah Helred vehand afrabsh@oeG3a t ot al

ni trogen ComteBinidliner BRtibRlaPRbctdP wak dRPose Ak .ZﬁaeQ%Etgtcﬁé’asghmﬁu mount of
basic nitro en.m%sqlﬂg .hlg)s%gdorl C4 8¢l d cat&xd g& adsorbed afl” of the
basi ¢ ni trog"é‘rtf i CRpHE whidh pasdlispascd, detesn tyg e % I%@@%w%- present
invention, "predom nantly" is defined as nore than about fifty percent.
"Substanti al | y" The ferdk vasaueraed e drpikige 9 Orpescgmmpplitharfrom ¢ casgdyiiéncy or bei ng
present 10n suckingprog@eyrdni dhger@st daghtiEeomid hérigl @dcking prof®RC rTds amre, 25

properti es qhicARoRFRALIALRL b IRBH O bRl KGR e WISHE Wil Sn bhBORENCY OF

proportion fqr. such_inpact Is nof clear, stant] a _ e regarded
as about t\/\/é‘ﬁ’t"}‘)mpf’grsm@é‘ﬁla‘“gﬁm RSP o758 tham Srarts,per andijen efchesic Bieeest i ng
essenti al | y awt 8 partswf milbeh efgotaltnittogers t TiESwpbedceinture wis alinixed eghist-ock by

- vol ume. The cih@afine @5 HroNld lebd ndving@ 1B pahs ped &illios LvaSs BRE Qs8] ¥oa €Xcept that

smal I vardi ati ons_whi ¢ ave no nmpre tha negliqgible effect on 30
macroscglgi cE"dﬁa“fﬁg‘r“éS’p%?nd’aﬁf Rgllggl?fl'coﬁ@r}ﬁﬂﬁewfgﬁl 1 40mgd wi d?"BEQP{']y. up to
about one plephobin progde fpdsiopk haviyr/an adijagpl develrpiR240RACESS nBIIREAMHEOR SERI AL
'REACTORS  UNidafRorAwak Ryb B dRow R b it oAlguidhhotvisGpdck VBl @f €5 hSUI T ur

ConpoundReagt oL .{Ne 0% A t e F ppnteed, . m f eed53. 01615
10met hyl mere prtaanoo'fggtglg 19F .\ fﬁrgg%ﬁ% of abo%?gf 34 %ngymsp&%%em
: from’ the reactor showed a total nitrogen content of 8 parts per million, and no

20  detectable amount of basic nitrogen. The solid phosphoric acid catalyst adsorbed all of
the basic nitrogen impurities in the feed.

- For the purposes of the present invention, “predominantly” is defined as more

~than about fifty percent. “Substantially” is defined as occurring with sufficient

frequency or being present in such proportions as to measurably affect macroscopic

25  properties of an associated compound or system. Where the frequency or proportion for

such impact is not clear, substantially is to be regarded as about twenty per cent or

~more. The term "a feedstock consisting essentially of" is defined as at least 95 percent

of the feedstock by volume. The term "essentially free of" is defined as absoluiely

except that small variations which have no more than a negligible effect on

30  macroscopic qualities and final outcome are permitted, typically up to about one
‘percent. -




et hyl mercaptan29. 40. 300. 28 n-propyl nercaptan00. 370. 20 r
nmer capt an7. 391. 240. 89 n-butyl nercaptan0l. 671.52 152- nef%ﬁ%& ?8%506

- propanet hi ol 1. 480. 120 2- net hyl, 2- propanet hi ol 1. 230. 180. 12 anyl

mer capt an00. 410. 13 et hyl sulfide0.850.430.41 carbon di sul fi de0. 230. 380. 18
20et hyl nethyl sulfide2.31.080.9 tetrahydrathi ophene28.312.99. 12

t hi opheneWwbsftedl C - T253. 585. 83. 1 25C2- T124. 9738. p2@s@d7054 < 110

C. 184.067.585.73 A -T is a total of 2-nethyl thiophenes and 3-nethyl

t hi ophenes. 30C2-T is a total of C2 t¥ ophenes. S. < 110 C. is a total of
all sul fur conpounds boiling at tenperatures below 1100 C. WD 03/012010
PCTI US02117064 34 TABLE |1 ANALYSI SA8ETHE PROCESS STREAM FOR SERI AL
REACTORS UNDER A TEMPERATURE DI FFERENTI AL OF POSITIVE 51 0 C. Sul fur

' _nggfggdl 1?re‘; ggg%.gﬁlts*bﬁ T@PE@@@%T@W#OE@E&W@ACML%% gﬂfag; an
' y ; z > o ¢ I
2-net hyl , 2- propanet h@&wéﬁmﬁwégﬁkﬁshec 20 carbon disul fide

et hyl nethyl sulfide

Reactor One Reactor Two Product,
Sulfur Compound Feed, ppm Feed, ppm ppm
feed © 530 16 15
10  methyl mercaptan 0.97 0 0
ethyl mercaptan 294 0.30 0.28
n-propyl mercaptan 0 0.37 0.20
isopropyl mercaptan 7.39 1.24 0.89
n-butyl mercaptan 0 1.67 1.52
15  2-methyl,l-propanethiol 1.48 0.12 0
2-methyl,2-propanethiol 1.23 0.i8 0.12
amyl mercaptan 0 0.41 0.13
methyl sulfide 0.85 0.43 0.41
carbon disulfide 0.23 0.38 0.18
20 ethyl methyl sulfide 23 1.08 0.9
tetrahydrathiophene 283 12.9 9.12
thiophene 117.6 1.7 1
CI-T 253.58 5.8 3.1
25 C2T | 124.97 3817 28.83
s<110°C. 184.06 7.58 7 5.73

CI1-T is a total of 2-methy! thiophenes and 3-methyl thiophenes.
C2-T is a total of C2 thiophenes.

30 S<I10° C is a total of all sulfur compouhds boiling at temperatures below 110° C.




t et rahydr at hi ophene thiophene 25 d-T C-T S < 110 C %g& e
Reactor Two Product, Feed, ppnfFeed, ppnppm 53.0924 0. 970%)5 %1'8[%0(18% 25

00. 261. 19 7.390.462.20 02.034.11 1.480.110.20 1.230.180.41 00. 140. 27

0. 850.510. 62 0.230.240.33 2.31.221.48 28.321.210.39 117.612.82. 38
253.5828. 235. 42 124.9760. 3143. 16 184.0616.2120.52 C1-T is a total of

2-met hyl wboicpphames and 3-nmet hyl thi ophenes. 30 C2p€riusezaneot al of C2

t hi ophenes. S < 110 C. is a total of all sulfur conpounds boiling at
tenperatures below 110 C. WO 03/0120/% 35 That which is clained is: PC

/[ US02/ 17064 1. A process for the production of products which are liquid at
anbi ent conditions and contain organic sul fur conpounds of higher

mol ecul ar wei ght than correspondi A§BEEIF ur - cont ai ni ng conpounds in the

f eedst ock, which process conprises: 5 providing a feedstock conprising a

m xture of Nyge RIS ORTAM PRTLEsS STRERM FOR SERIAL REACTORS UNDER A

5 TEMPERATURE DIFFERENTIAL OF POSITIVE 51° C.
Reactor One Reactor Two Product,
Sulfur Compound Feed, ppm .Feed, Ppm ppm
10 feed 53.0 g 24
methyl mercaptan 097 0
ethyl mercaptan 204 0.21 1.25
n-propyl mercaptan 0 0.26 1.19
isopropyl mercaptan .7.39 0.46 2.20
15  n-butyl mercaptan 0 2.03 4.11
2-methyl, 1-propanethiol 1.48 0.11 0.20
2-methyl,2-propanethiol ' 1.23 0.18 041
amyl mercaptan 0 0.14 0.27
methy! sulfide 0.85 0.51 0.62
20  carbon disulfide 0.23 0.24 0.33
ethyl methyl sulfide 2.3 1.22 1.48
tetrahydrathiophene 28.3 21.2 10.39
thiophene 1176 128 2.38
25 CI-T 253.58 28.23 5.42
C2-T 124.97 6031 43.16
S<110°C. 184.06 1621 2052

C1-T is a total of 2-methyl thiophenes and 3-methyl thiophenes.
30  C2-Tis atotal of C2 thiophenes. '

S < 110° C. is a total of all sulfur compounds boiling at temperatures below 110° C.




_olefins, and sul fur-containing organic conpounds and ni t3pgaRmRPAIGR N NY
organi ¢ conpounds, the feedstock consisting essentially of materi al
boi li ng between about 60 C. and about 345 C. and having a sul fur content
up to about 4,000 or 5,000 parts per mllion and a nitrogen content up to
about 2,000 parts per mllion; 10 passing the feedstock through a bed of
sol i d adswowemizgiounder conditions suitable for adsoFqiisemzest hi n t he bed,
to effect selective adsorption and/or_conplexing of at |east a portion of
t he contai ned nitrogen-containing or g%i c conpounds with the adsorbent,
and thereby obtain effluent fromthe bed which contains | ess of nitrogen-
cont ai ni ng i: G . nds than the feedstock; 15 in a first contacting
stage at el gtt’g@é&'t'gﬁpﬁ@rggiswes, contacting the effluent with an acidic
catal yst under conditions which are effective to convert a portion of the
impurities to a gul f Ay PROESST 5T heriyodnatam qf arodysts phishare baside® @miieniei ght
"t hrough al kydoediticps andygortdie orgami€ isutfyr coinpouatsy off highdr mipleznlai weithtathanpr oduct
stream and dofesBondinb SBAHESHtaifi A HoRBhinBGin HleFQAstaROwREh H&RRbAP4EES at | east
10 C Iow%r t han 2‘9 .an ifv%r[a&e of .t.he el.evattgql é{ggﬁ)er at Lres 'a the first
contacting stagePCHRE AJTIIHE atoTPEsRY @ MRS by Ops,Wieh, fmefudes o oduct
st ream wi t h ofing cindj selfercopipiping augedisrcopwpnnds jand siittolgéredontainiag @fdnisct i ve to
ﬁpn\éert a lp(tbhi}dﬁﬁdsoﬁ_eﬁ’d&ﬂst&dﬂ'ﬁbﬂsisﬁﬁ@@?(ehﬁm@pﬁth%ﬂil‘bﬁﬂlﬁé lBét\ﬂéeﬂgbdﬁiE@’ri gl ]g)f _
i gher nol ¢ , . y i.on t efi t her eby form ng
a subsequen{@, %%8@%%?%@% %2 S?!f“rfﬁgglgglgé%%%s? U ’O@I"élt“”r%&fpa\%g?rei n the
pet r ol eum f SLHSR Fra niteogensepientaiadp hput 2909, pasts peranifioBm a cat al ytic cracki ng
process hd/ or opassirgrtiveikedstockokiongh ghed 6faskd adSorbehh @ndeF amgisionsQfitableai m 1
~wherein t he (SOlilbiRASHMRERL bidS t&&mgeﬁaﬂegﬁm ﬁoggactﬁﬁec%lngmgﬁf i;s prepared

east one ontactl ng stages.

froman aci ﬁlic catall}/si %;Fus,e I,n.at i K
30 4. The pratel8oyen of e Fopiafied Mitogen-¢patagyngs prganis FereRoEndst Wit dhet eedst ock i s
at | east e@dsatbeninang thas¢byroblainséiBuenbfrorh ahe tefl whinh couthihsl lescafntitadgai-ng  or gani ¢
conmpounds. Zentalilfy REMESMpSIndtha (e fleddb@i: €i n a solid phosphoric acid
cat al ysty- s used th cidic catalyst in at |east one_of the contacting
stages. 23 Janqa‘fr’fﬁ%@ﬁ%‘%ﬁ%‘%@?gﬁﬁ%‘ﬁv@E%%‘Pfﬁ%fi’f?’%%"%g'eéfﬂ“ﬁé‘" rocess of
clai m | wherRfidif [fatalyst aipgereqenditions evhinh are sffesgerdto] epnverea ppitipn ofithecont act i ng
stage are i nmgritiénge siflfupontitn maté! ¢ higheraklithlaPBéigcmircigh iRAatRhOCcESS of
~claim| \A,he?,ﬂhgolgﬂg‘ lﬂ&a@vﬁuﬁ%ﬂ'iﬁéﬁz}l %ucgg%@ugﬁequent contacting stage is
ich1s prgpare r

conprised of"a materl a ) om an aci dic catal yst by 5 use
in the first corf 2EYFaYe conjRetingsizge prbat EMRCRIUES b ke AQ° ¢ Jows i sed of a

nat er i al20whirxverage girtepeevatd tanpentshee inthé discconmitig ¥age, ByntddGm dt featthe first
contacting ghéfiéh (ﬁr&iyiﬁ]ﬁaltp%uct stream with an acidic catalyst under conditions which are

- effective 1o convert a portion of the impurities to a sulfur-containing material of higher

-~ molecular weight through alkylation‘ by the olefins, thereby forming a subsequent
product strearn.

25 - 2. The process of claim 1 wherein the petroléum feedstock is comprised of
a naphtha from a catalytic cracking process and/or a thermal cracking process.

3. The process of claim | wherein the solid adsorbent is comprised of a
material which is prepared from an acidic catalyst by use in at least one of the
contacting stages.

30 4. The process of claim 1 wherein the -oiefin content of the feedstock is at
least equal on a molar basis to that of the sulfur-containing organic compounds.

5. The process of claim 1 wherein a solid phosphoric acid catalyst is used
as the acidic catalyst in at least one of the contacting stages.




"catalyst is conprised of a solid phosphoric acid catalyst

subsequent contacting stage. 8. The process of claim1l vggajae,lug,a;mﬁam dic
wherein the
feedstock is conprised of a hydrating agent in 10 an anmount which exhibits
a capability to enhance performance of the catalyst. 9. The process of
claim8 wherein the hydrating agent is at | east one nenber of the group
consi st i ngyoatombilanol s having from about 2 to about f&magidagms atons. 10.
The process of claim@8 wherein the te‘[{geratures in the subsequent 15
contacting stage are at least 15 C |ower than an average of the el evated
tenperatures in _the jnitial tacting stage. 11. process_for the
production of pr&duct BeEFEs Ogrcg""i'l cﬂhe%ma'ﬁ’e g‘ﬁ’fﬂt“é'rffmpeé‘S‘H‘éfl Bebisthand have a
reduced sul f mitiabeontaging stags] agetin v ingefrannaboftid@sE wabput @i°€h process conpri ses:
20 providing a fgedstock conpr.i a mxture of h droc bons whi ch
i ncl udes ol ef i nd- andPEAFETS- %Gfﬂrﬁl nYREEF I g SRidic ‘é@ﬁﬂoﬂr{ subeent eedst ock
consi sti ng essrctingalapeis carfprisalt of ringleridovHidhngpri@teddom aaladic caﬁﬂysty and about

345 C. ang h@swlmeaﬁr&%ﬁwnng@@gee@ﬁd the Roli 2B BH: lﬂcoqgﬂse@rofﬁ RAQiparts per
mllion; pass under

Cond! ¢1 one. <TpRBi PP e s MeChy e fif o @ose 8 a0Pls. Sel ect i ve
adsor pti on afvbyearenceopptag pags- of at | east a portion of the contained

ni-t rogen- cont ai ni,ng anic ¢ adsor bent her eby

Dbt a1 o or {1 uent Br om ( ERESHOCHRE | "CgRP atepe i cuabS P et i e o i ng
organi ¢ conprbasrbgriqasidieatalig, andwheseip B feeilsiock if domprised ofn ydralingpgentaye at

el evat ed10 ergaeitn akh efHIiE @ ClphbiGty i @hdreeptefoftfdice Ithethialpstan aci di ¢ cat al yst
under conditions which are effective to convert a portion of the

inpurities to a 8ulf e qoovessi ofi drgm rfawhertinl thao hyduitigh @genb @i ti lagt pod nt  t hr ough
al kyl ati on byembeher @k %fduﬁ%anslsh?’ﬁ@kaﬂ&ﬁ Mg Réin labdut Dab abuPsUgborst ream in a
subsequent co, acting stage and at tenperatures at |east 10 C lower than an
aver age of t%e el evated tenperatures in the initial contacting stage,

contacting at |eagt qne?p%c@@raflcaﬁmqfwhaﬁnltﬁut Eratife® Gi Ge s%BJe @ W th an
acidic c _}% Sheunder cortlﬂasi f‘rlsl W @ are én?@ yary. ﬁ"- 2 03/ 012010
PCT/ 13S0 BA- 37 " HPECT 1 CORVETY 8P O CheoY PREPERSIF M i es to a
sul fur-cont ahwwsquﬂ@@ﬂaaag%f hi gher boiling point through al kylation by

the olefins, thereby form ng a subsequent product stream and
fractionating thél.sulsspmcsnfor preoptodittiont ofppedutty wdich tard liuid orantb@npr ovi de at

| east 5 ongohdifénb@hd hanga rd el sifur GO 2414t 1P he FeeBitbck WihiibtEFBesd FCTT ON

“having a sulfur.content |ess

comprises:
20 providing a feedstock comprising a mixture of hydrocarbons which includes
olefins and sulfur-containing organic compounds, the feedstock consisting essentially
of material boiling between about 60° C. and about 345° C. and having a sulfur content
up to about 4,000 or 5,000 parts per million;
passing the feedstock through a bed of solid adsorbent, under conditions suitable
25  for adsorption within the bed, to effect selective adsorption and/or complexing of at
least a portion of the contained nitrogen-containing organic compounds with the
adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-
containing organic compounds than the feedstock;
in a first contacting stage at elevated temperatures, éontacting the feedstock
30  with an acidic catalyst under conditions which are effective to convert a portion of the
‘impurities to a sulfur-containing material of higher boiling point through alkylation by
the olefins, thereby forming an initial product stream;
in a subsequent contacting stage and at temperatures at least 10° C lower than an
average of the elevated temperatures in the initial contacting stage, contacting at least a
35 ' portion of the initial produci stream with an acidic catalyst under conditions which are




- than about 50 ppm and a high-boiling fraction consisting ghuay®absur-rich,
fraction containing the balance of the sulfur. 12. The process of claim1l

wherein the solid adsorbent is conprised of a material which is prepared

froman acidic catalyst by use in at |east one of the 10 contacting

stages. 13. The process of claim 1l wherein the olefin content of the

f eedst ockwbpsyatote | east equal on a nol ar basis to thatcrebeihives

sul fur-cont ai ni ng organi c conpounds, and wherein the acidic catalyst of

t he subsequent contacting stage is cotfprised of a material which is

- prepared froman acidic cataly by uyse in the first contacting stage, and
the 15 sol i cfffa‘ﬁ’g‘i)?"tf@ﬁ‘fe“ias}"’[f’(?ﬁﬁfé‘%@é’“ﬂ?ﬁsé" ?Tﬂilgﬁ%fm\mﬁwqa@fﬂf@%ar ed from

t he aci di c detliag peint thpughudieylatinn bh the folefigs, temby &aming@ ssbsagpentgmietiugr t he

subsequent GgeahAetd Ng stage. 14. The process of claim 11 wherein the

el evated tenperagures.used i.n th initjial contacting stage are in a range

from about 100 QORI (e suequett procteyshéhy P RBkonS BoARln Kaller 0 0 [ he

aci di ¢ cd alopslowiheiling fractige congisting f a sulfar-legy fracsinn bavingaguléy sepsentless g sol i d

phosphori c aganthbeiatsal ppsd, and i thighveiliag Mraétloe coaadtd oLk silfr-rienmpeiced of a

hydrating a - ch exhibits a capability to enhance
pe'rformncngﬂ&?h%thgg%%%gﬁlﬁes " The process of claim 11l wherein the

el evat ed tenper atur eFhelproekss oF i 11 iwhedeinathe Sl laaditefys Bdngi@Redadfar i N a range
f'rom about :Hag:rig &@c}?‘i’soﬁigepag Ofr&n.aﬁna%%d ‘?aﬁaef}'[sf‘gg%&é I*iheatt BRPGhabygs used in

t he subsequent contactl age is at |eas ower than an average of
the el eV edoRtecHpEYa8%res in the initial contacting stage. 17. The process
.of claim8 wherej,n t I oL ] . ' LSbiJ:Lation end

poi nt and the hi Eih- bgﬁﬁ é)rﬁC%ssff’(r?g%ﬁ %ln&ﬁeg%g {'Eggfehﬁ?%ngzﬁ? %fg?eltlgér?g&lédll’ %t such t hat
the distill 4@ptcAuaee 2ppaiaidagnte haof ithei LIRtcoainIng QEEARS FOMPOYRS. 4 t he range
from about 8Ger€in ti2Qcidia cabigi bf B2 fhbéEquehBeonthbing prageie sanmikedadf aintneBalwher ei n t he

hi gh-boi lin i i St .00 i i i | ow about
249 C. 2 Jg’ﬁ’ﬁ’gﬁglg‘ioﬁo?g L %@ﬁiﬁ%&ab’ % _‘%%‘T“/e%%ggﬁ‘;?}%"& 1%%’3’&’%‘1 o aes o the
product i'8n SPAA0eheRLIS campprissd o @ majerig] yhiphds Prepaprd diop the.a5Hdg ‘Eaf“&g‘sbyand have a
reduced sul fserin the Mitsecnntarigigatage/andioothe hbsdqeatdenBoting stapd.ch process conpri ses:
provi ding a feedstock conprising a m xture of hydrocarbons which includes

5 ol.efins and sull4furT’E‘,"oﬁ’{?‘fiﬁsrﬁfr?&"%rlbéf’ll?Fr&méMG’@Wééﬁmpm@mﬁé‘é‘iﬁ‘§f‘Hhck consi sting
essent i al | y initgd comgectdrgiswge dvoinlairmge et wemin 108D Cud atedt 235° @nd about 345 C. and

havi ng a sul fur content . . . .
. 15.  The process of claim 11 wherein the acidic catalyst in at least one of the

20 contacting stages is a solid phosphoric acid catalyst, and wherein the feedstock is
comprised of a hydrating agent in an amount which exhibits a capability to enbance
performance of the catalyst.

16.  The process of claim 11 wherein the elevated temperatures used in the

initial contacting stage are in a range from about 110° C to about 220° C, and wherein

25 the temperatures vsed in the subsequent contacting stage is at least 30° C lower than an
average of the elevated temperatures in the initial contacting stage.

17. The process of claim 8 wherein the one low-boiling fraction has a
distillation end point and the high-boiling fraction has an initial boiling point such that
the distillation end point and the initial boiling point are in the range from about 80° C
30 o about 220° C. '

18. The process of claim 8 wherein the high-boiling fraction has a
distillation end point which is below about 249° C.




. up to about 5,000 parts per million; passing the feedstoggdlisQupaea bed of
solid adsorbent, under conditions suitable for adsorption wthin the bed,
to effect selective adsorption and/or conplexing of at 10 |least a portion
of the contained nitrogen-containing organi c conpounds with the adsorbent,
and thereby obtain effluent fromthe bed which contains | ess of nitrogen-
cont ai ni ngoos/gand c conpounds than the feedstock; in mrfusi2atiseont acting
stage at el evated tenperatures, contacting the feedstock with an acidic
cat al yst under conditions which are eBfective to convert a portl on of the
15 inpurities to, a | fur - cont.ai nin er|a of. hi b0|I p0|nt
through al kyl at i 6n bé Progees fg’f g‘ﬁpﬁ%j“g’toﬂé’ BRI PR lhﬁ'%gﬂu’idrﬁ'tai" pr oduct
stream in somwiisseipddnre coduced silfig coraelaritodhe feedspsk.athighensocass | east 10 C
| ower than agmpraver age of the eI evat ed terrperatures inthe initial
contacting stage nt h pr oduct
streamw th an mv?fﬁcg g%iea t&k t°0 r(:r‘? %%ﬁé‘ﬂ gcpo bo‘% ‘?mw Bﬂug *fective to
convert & p@kﬁi‘soﬁ'déf‘lﬁtfﬁ@mflmP‘igt"ll“egf’WR?“fﬁ’S s‘b? feaqisw@bﬁ?r&ismsrﬁsw"én al of

hi gher  boi bf mgembsilingttarweergiboad Y Cadntl @boub3s st Teandlhedingssulfidvenedy form ng a

subsequent glggj%gl;tsoggoﬂaelggg rl.[lljlgx[g:tl onating the subsequent product stream by
distillation"to provide a east . one | owboiling fraction consisting of a

sul fur-1ean, ssing hedesrptogkithrpuehabed of splidadiarbegt Sugencandifienssuitdblat ent I ess
t han about 5@ appmuommthra the Igeld; tvoiffectragleétive @dsogmion amigar soinpigxiag ofaat

sul fur- r‘lDChlcaﬁDﬁBmﬁérp BRkHeCoch@fied fnqtegéd QhtafafiBt @bmcngmﬁdaenabamme of the

sul fur; . ating t b0| fraction sequs source of
di hydrogen 3 5 0‘1"83‘2;‘36‘3& ne(g %’%@ bﬁgtw}k?g 5?’8%‘8%@§ gfmt%?gﬁﬁ/drogenati on
cat al yst \mmmnemmmcgmapoue@pmﬂmfceylstmk enhance the incorporation of
hydrogen into ong aQfst 0ht&ti0d staftCat elvitel! tedhBerRt0ids, AbMbdiigg Othg &liock ONPoUNds  and

under condi {103, 3l Eaﬁ?ﬂg@unﬂ&f col?é‘f?@?% é}e%ﬂec%e RlY nvenrathR}?ﬁb h‘e;[ ES i qui d

sulfur-contalnlng or recove
havi ng 4° sulmnyfmedmeﬂﬁur-F@sasnwafaﬂcr&beﬁhlgfsob%lmﬁmet rong alkylgioad¥ accor di ng
t o cl ai m 19thebkfisy thertyFolmitl gt prodict eshiml yst  conpri ses at | east one

active metal, seh b8l Qabille SAEAHB aGORRLALNAS 19 Clfedfinth ansi L on

el enent s, each |nc]? ora n_ 1 ner $ In an am)Ent of from
about 0.1 f)"éf"é%?ﬁ‘ § eV E?E"P?G‘“ﬁéf“c%‘h‘t“‘“ﬁﬂf% E‘ﬁt‘“‘%ﬁ cqnipctingsi lepst a o 4 yst. 23
January 2008oriD @ 3eChidd podRTFrS0RI A0Silic3Atalyst unddreoplitpoewkiclageor ding to

claim 1@0\/\*@&@!;@ b Bswviiy 8 &m&aeqa ﬁﬁi‘e@!o&ﬁ%hlfur%@mhin??niteﬂﬂ%f fikhdiore nmetal s
selected from.t he. enum and

fungsten. 2R Ry éﬁ“‘ et S o B PSR ERBRR T cont ent
of the strearn .
fractionating the subsequent product stream by distillation to provide at least

one low-boiling fraction consisting of a sulfur-lean, mono-aromatic-rich fraction having
25  a sulfur content less than about 50 ppm, and a high-boiling fraction consisting of a
- sulfur-rich, mono-aromatic-lean fraction containing the balance of the sulfur;
treating the high-boiling fraction with a gaseous source of dihydrogen at
hydrogenation conditions in the presence of a hydrogenation catalyst which exhibits a
capability to enhance the incorporation of hydrogen into one or more of the sulfur-
30 containing organic compounds and under conditions suitable for hydrogenation of one
or more of the sulfur-containing organic compounds; and
recovering a high-boiling liquid having a sulfur content less than about 50 ppm.

20. The process according to claim 19 wherein the hydrogenation catalyst

comprises at least one active metal, selected from the group consisting of the d-

35 transition elements, each incorporated onto an inert support in an amount of from about
'_ 0.1 percent to about 20 percent by weight of the total catalyst.




5 feedstock is at |east equal on a nolar basis to that o% g‘J’}' 2006

sul fur-contai ning organic conpounds, and wherein the so agsofbent i s
conprised of a material which is prepared froman acidic catal yst by use
in at |east one of the contacting stages. 23. The process according to
claim19 wherein the acidic catal yst of the subsequent contacting stage is
conpri sedwgfospizetat eri al which is prepared from an amaiiuse21344 cat al yst by
use in the first contacting stagé, ang the solid adsorbent is conprised of
a material which is prepared fromthe aci dic catalyst by use in the first

contacting stage,, t he subsequent cting st 24. Th rocess
according to clafh 1grhvw%)rceésf AP mgtt?é iéwh?re’gﬁi ﬁﬁﬁﬂﬁenaﬂ%ﬁ ‘faf"ﬁ’ IIDf raction
With a gased@BiPESYPReoOmow Mty wisid é‘ﬁﬁl rbglsroap chrsigting @frr@b:sea-cbeﬂ 15

hydr ogenat i afiolptdériyml negsigal i Si ng ni ckel and one or nore netals sel ected

fromthe group consisting of, nolybdenum and tungsten, each incorporated
onto an inert suppor tThe iprpcess a@ﬂﬁr@m&tmdalfﬂrlérleMUthBGICﬁnp@me@mftlueo about 20

percent g Vﬁdgbdk iofat teha eh@dll @h 2 Hdkrbayis to thaSoef the empaﬁtaﬁm@norsmct abl e for
refinery bl % Pcﬂxgdso aﬁﬁrﬁﬂ rﬁé %lldogq (ﬁrble%k 35 cc%ng)ng [ ?1“ % tn?‘aten? h\%ﬁc IS liquid at

anbi ent con ons avi n dbout 50 ppm
and is forné’&epﬁrﬁd HOFBP'E)?%%“SCWRPM uEIRBilFaskge OHF"?)‘?H“&F‘H’@ s@EPeedst ock

comprising a mxgure gl e 9&3&9@% it 19 Jrdell8 %c,dle'caaflyﬁ%f?h“d

sul fur-contai ni ng CONnst s essentlally
of material S%FCI“F'HQ" %’E'W%ﬂfﬁ@i’mﬁ@)d@ magiigl ‘éil!iﬁ)‘h‘ts P@ﬂ%ectfmﬂaﬁblﬂcﬁ!fw ng a
“sul fur cént emblyst By uskpintiie frxcwhtadin G@gep gl tho st iad@rtehnds t@mEisédotle t hrough a

bed of soli qna%a%mﬁn& pr Pé}gﬁfmrﬁ%%thc%ﬁgé gyh?ebmhe lfrarcoﬁ\g'algs Bhdeon Wi thin

the bed, to CL sel ective adsorption or conplexing of "at least a
portion of fhe FPREP R SY&N- cont ai ni ng or gani ¢ corrpounds with the

adsor bent, and ther elpfe RLAL oSl 45 ek OIS, RN (GORpRI NS | 59 of

ni trogen- 331& }amm\g gani c co npound ina first
contacting SP'dffe TAGHoB U‘a*l é%fe‘l"ér?ﬁ‘ﬁfea%?‘@%dmgé‘bﬁf“a@ﬂ’% i"fg‘c‘tshémf b¥ct ock with
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. providing a feedstock -comprising a mixture of hydrocarbons which includes
olefins and sulfur-containing organic compounds, the feedstock consisting essentially
«of material boiling between about 60° C. and about 345° C and having a sulfur content

25  uptoabout 2,500 ppm;

- passing the feedstock through a bed of solid adsorbent, under conditions suitable
for adsorption within the bed, to effect selective adsorption and/or complexing of at
least a portion of the contained nitrogen-containing organic compounds with the
adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-

30  containing organic compounds than the feedstock;
in a first contacting stage at elevated temperatures, contacting the feedstock
with an acidic catalyst under conditions which are effective to convert a portion of the
impurities to a sulfur-containing material of higher boiling point through alkylation by
the olefins, thereby forming an initial product stream;
35 in a subsequent contacting stage and at temperatures at least 10° C lower than an
average of the elevated temperatures in the initial contacting stage, contacting at least a




. boiling point through alkylation by the ol efins, thereby28amidig2606

subsequent product stream and 5 fractionating the subsequent product
stream by distillation to provide at |least one lowboiling fraction
consisting of a sulfur-lean, fraction having a sulfur content less than -
about 50 ppm and a high-boiling fraction consisting of a sulfur-rich,
fracti on WOIHPEMAIi ng t he bal ance of the sulfur. 10 PCT/US62/17064
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portion of the initial product stream with an acidic catalyst under conditions which are
effective to convert a portion of the impurities to a sulfur-containing material of higher
boiling point through alkylation by the olefins, thereby forming a subsequent product
stream; and

5 fractionating the subsequent product stream by distillation to provide at least
one low-boiling fraction consisting of a sulfur-lean, fraction having a sulfur content less
than about 50 ppm, and a high-boiling fraction consisting of a sulfur-rich, fraction

conlaining the balance of the sulfur.
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