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BACKGROUND OF THE | NVENTION Field of the Invention The prese i 1
relates to an inproved process for carrying out hydrogenati 0%9, Jﬂéﬁiln%bd’f
particul ar hydrodesul furization in a clatal yst bed. Related Art The nost
common met hod of renoval of the sul fur conpounds is by

hydr odesul furi zati on ( HDS)HYDprROMESW@IFURIIETIDR PEGEEsIM f eed is passed over a
solid particulate catal yst .3- .SLng. a _hydrogenati on netal supported on
an alum na base. Additio RRPUDNLON EHRINNENTION of hydrogen are

i ncl udeBieldotheidfvegdon The foll owi ng equations illustrate the reactions in

a typical HDS unit: (1) RSH+H, - RHH, S (2) RO + H --- RH+ HO (3) 2RN
+ 411, --- RFhapRe@! ISEajonRelats to fifimprovéd procdss fOr BXPi@buREIRLiAGns,

congditi for th DS reactions are: ----------------% oS- T oot oo )
T B Qlar ) oS G A falysobgho- 780 Pressure. psi g600. 3000 ?20H,

recycl eRelategsart SCF/ bbl 1500- 3000 Fresh H. makeup. SCF/ bbl 700- 1000 After the
hydr ot reat i n%gj s conplete, the product may be fractionated or sinply

flashed to eaes tchewtopdmogthod sof frieflevandrcele aalfit %ﬂ'fk%waﬁisesigl &{L{w ijze_cli_h
ydrogénat ed. e

mat er i f.i.ni cal | sat ur at ed conpounds may al so be

or der ?#Ydr g&?‘&?‘s’ﬁ% 0%@135?{%‘”&. the petrelewn fenst is passed overfa solidTarsdgige bed

r eact or Gt @oRSEBinY SL yvd i [ nore than thirty years.

General [y the fﬂ?i ckie fydeDedridin 6 Bpbily 87 a&fﬁ‘gf‘&?@tbas%d Additionaily,

hyldr ogeteiaus quansttias of hudrasty st inaludiddn e feBar Thb AMRWing QRAHGR i%&{é Lf,ge
S

ar e aousticsl BT RORLADSeRS: Ther concurrentiiow o actors
(1) RSH+H, —» RH+H,S
(2) RCI+H, ---» RH+HCI
(3) 2RN +4H, —» RH+NH,
15 (4) ROOH + 2H, —» RH+H,0

Typical operating conditions for the HDS reactions are:

Temperature, °F 600-780

Pressure, psig 600-3000
20 H. recycle rates. SCF/bb] 1500-3000

Fresh H. makeup. SCF/bbl 700-1000

After the hydrotreating is complete, the product may be fractionated or simply flashed to
release the hydrogen sulfide and collect the now desulfurized material.  Olefinically

unsaturated compounds may also be hydrogenated. The order of decreasing activity is:

3]
in

diolefins
mono olefins
Trickle bed reactors have been used in this service for more than thirty years.
Generally the trickle bed reactors use a fixed catalyst bed having a hydrogenation metal
catalyst in one or more lavers through which the stream to be hydrogenated is passed with
30 excess hydrogen. Most reactors are downflow with hydrogen either concurrentflow or

counterflow to the petroleum feed stream. Depending on the process the petroleum feed to the



scount eMQ ©¢g9818 t he petrol eum feed stream Depending on pheugdoRssess the
petroleumfeed to the , WO O /49810 2 PCT/ USOQO 28844 29 JUN%&@%@@@&M
may be vaporous, liquid or m xed phase and the products may b ,
liquid or mxed phase. In all of the%e processes the comonal ity has been
hi gh pressure, i.e., in excess of 306 psig up to 3000 psig and | ong

resi dengg ok . esent, invention majntains a liquid phase in the
reaction g{gngﬁ r?g-(fgﬁ%rgﬁspiig%dd’égux%é@aﬁ% the produetsamayrg vaperous, digmid dre i xed
cont i nuotisedyiagd. Vs tall B thesebrostRsds I d R MmO L hiDe sl fur is converted
to H2S b dr odesul f ur i ze;%i on and is egﬁﬁgﬁi%ﬁ#g%ge%?lﬁmﬁﬁ%

hydr ocaf )sig wp 1300 mgigtand donghesidemgaintdsat t he present type of reaction
may be used 4 j tion with a catalytic distillation colum reactor to
obtain a ver;l;H%P ’%ﬁ%%@?‘é‘é"“&?@ﬁ%ﬁllw Pitsa [N the sractiorezoneedd siso pavideShese
and® ot hemeadhfantcagemgehl frodeHe AR PERR LAY 10 fol |l owi.n
descri ptipons. SUMVARY OF THE | NVENTI OE\llﬁ%ecgpres%#ﬁSﬁggﬁtf%ﬂoﬁnggaﬁ}??ocess
of hydr BBt FaRyvesed to HaS ryf kytiodesnifuriziing and B @Bl eRitledPATS/ ﬂgmgthe "

ownf | ow

pet rol E6hs0 j organi ¢ sul fur conpounds and hydrogen

t hr ougﬁwgré eactnl%'owi ?o%'g&gﬁﬁta%e}ﬂ“’rﬂj tﬁat 8 PERPeBtYPe of reaclionmantbel ysd imt a

pr essureoniincfion it datadiic IR 11REHY erably, | ess thap 275 psig,
for exanple | ess thanﬁgglg psi g, a%démﬁg‘%{cg?é% e“eﬁ"er%%igﬁs%%?&fé@ psi g at
a t enpeFROYrTHR ithe feed RiecamnGhesofan@ 0Her tdvaABREs vl b&bﬁﬁ%a@ﬂt giflyent

sajod t epgt ressure being adjusted such that t tenperature of
the effl uen?{giLHsegca o@ggi ts boiling point and below its dew point, whereby at

| east a portion but |essguRIARY oRfTHH &bl N said reaction zone is
in the vapor_phase and a porfron 0 sul fur conmpounds are
converted to'Hg Besqnt deaniiph yis tzh pragessgbft hpdrotreating PRt 18] BSddt Yo é V),
i.e., té&ﬁﬁmngptpﬁgsfiné)g%Et?#lgumg‘f%ed or. h(())ur perlvol ume of catalyst g s
greater than ot © pret erabfst GREsies orgiak iy compovidsrend hpdrager abl y
gr eat erdovhdlowltbrdugh a Fhetisease | coRtalR LelJ.nsl udes the petrol eum feed
agg the hydrotreated petrol eum Sir?% uﬁsré&ggmmﬁpjﬁgo cag?q?'sfté}% S5 ¢fi ng
pofnts %ﬁ“}&ﬂﬂfwgrpé%gﬂff?ﬁﬁ'éfsmﬁ;@,bbhlemhaﬁm ps?h féﬁiﬁﬁﬁbl@%‘s@%in’%bi}@i&[mcp or may
be contff,p&lé,gg,@(ﬂg&ﬁ&%gﬁ?the agr?ssuret to the desired tenperature wthin
the recited range. The PHlg 2p ferepcoAturerzithin doq 1ange ofi 3000F eo 7OQF fos t he
t enper areduee of effhent, e td ' i,Gs t of reaction is

nmp 1l H%Iﬁm ahb %ré%glﬂ'g 'B«%BE‘%S u?tg? éUC%-IIh%t tﬁﬁ %Wﬁ?ﬁtme

di ssi pg}%ﬁ% %vapori zation of the reaction

t enper &4 pbave its ailing pointarcddrofieits denpotind, WhBeby dtMsbPbdrliBgLROI Nt Of
t he comgqﬁatniﬂﬁofa&wﬁ]ag{n%ﬁp {)r ssure with additional heat nerely causing 30
more boilup. There mist be afcg{fl"‘ﬂ“’ﬁr@%l‘ﬁ‘,n the Weras phase @ng ageirtien ohtkeboi | up,

o2her wiosgantdsalfut enpsiualiite chiveldgd Bact j continue to rise which nmay
danage(wifs\?)a}éal st or cause coking.’ l%fe)%wﬂlewelgh ourly space velocity

¢ weight of petroleum feed per hour per volume of catalyst is greater than 6
hr, preferably greater than 8 hr' and more preferably greater than 15 hr',

The reaction mixture (which includes the petroleum feed and the hydrotreated

petroleum products), will have different boiling points at different pressures, hence the

25 temperature in the reactor may be controlied by adjusting the pressure to the desired
temperature within the recited range. The boiling point of the reaction mixture thus is the
temperature of the reaction and the exothermic heat of reaction is dissipated by vaporization
of the reaction mixture. The maximum temperature of any heated liquid composition will be
the boiling point of the composition at a given pressure with additional heat merely causing

30

more boilup. There must be liquid present, however, to provide the boil up, otherwise the

temperature in the reactor will continue to rise which may damage the catalyst or cause coking
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zone is preferably not higher than the dew point of the reactbq_ﬁ ﬁéha&nt
t hus guaranteeing the presence of the liquid in the reaction. g o]
the reaction is preferably at |east ypartially liquid phase. To fully
appreciTSte this aspect of the present invention, one nust recognize that
the 5 Ipetamyleeatmefieehd redetién @RS preferdbividids e eaGH ef fluent form
a very ﬁﬁ{ggl Ei{;'ﬁm xture of hydro%ar bon})é(, Eg%h i ragmgggé;‘v%mfﬂa Je Tggction
t enper SHNEES Tl GuptaBiceisg el rapseycetdfdhediquid i thargeion T%@‘ﬁéedﬂ@itﬁktré?cti-gﬂus’ the
act ual i /SEREMAL 11 . teaction effluent (which is very simlar in
RERELY st R GRT bl

conposition t 6um f eed but havi ng a reduced olefin
cont ent whi €h fallysappresaty tisis dsfecnsr thid §resttlh oimaund removal) is the

tepperature a%cg iven.pres.gﬁj;e at V\Elrc ' eggmé PS\%‘F“&S’SW‘F hgidhponent s
are vaPoiq 2y eepyihe seactipn erxtsraddhe tehetidn gfflesn: st & Bty CERAPRAMERLG. ar e not

boi | i nggp Al r._boili conponents are bel ow their dew point.
Ther ef or ey',Cl rOiie'?ll’bto ﬁgé) %;Bnlrﬁgggﬂ‘t?r araugect g%‘%e%-ﬂréﬁﬁmtélwhélyaﬁmyg range ofases. |t

i s bel paud Tha{ thdactuflreeebearefoft i CHH h s, descri hed herein

all ows the | ower pressur e?gand rshoortpgrrédcgggg er?gé?‘flﬁﬁléés VRV gHmilan i

vel oci FREYIHORGO et af ke pesraléuns derd it haeing af diced offin’ QAR whtGond] Ng to

the prg&seat i uch that ithin the process operating vari abl es,

t he steamﬂidsuH IE.1 gtﬁgelS ﬁ?")l/ﬁl?/(é%g?ﬁ“?gde’&ﬂ‘éaﬁ 1 ihke empershyRAt a givdn presserd awekigh on i s
obtoamienlpaker boilingecnAsHS ade bi jo | 4 .petrol e qnponent i s added

to the stream i.e. _t_h%o?"tar get "ﬂifﬁ?%’gﬁttag%%‘é&t éoél?ft gﬁmﬁﬁHgﬁeﬁg’O@H}ﬂdi tions

adj ust WEPROBEHIS 2R G0t eiling.ii 2o suhabigher baiig dchiponéntt e HkRYORLIr S SRR S

er

necesShfeYerhQ he total sulfur content, 20 while the hig boi l'i ng
pet r ol eum co’rr%’gﬂéﬁ%%nrt oV %%Sj{sﬁeé“ hetrarealewiporeaheset Mtinbelimadthaothe syst em

In a mreﬁ‘eacereﬂt}femlnﬂﬂd e dsh@esetaal : e described as a fixed
continuqys bed, that Ij]Siﬁs. the cat al %%%lnlb@g oa eB)erﬁtpﬂiestSW&S FE&@F@}Feri nits

part i CETGRSe Hpien{high space velpeitieact or or reaction zone, although there may

hg one or C ont.i nuo beds in a reactor, separated by 25 spaces
devoi d of @?gﬁ%&sﬁge E‘éeéﬂ‘sﬁiﬁléﬁeﬁmﬁ?éa@f@rcmf@iﬂmrtseamrmssislsunmhzneact or"

nmeans vethiih feiprodts traoWiriakBi ins. cata) ysts such_that
reaction, and. di_stiiqlibati n are dgﬂiibngag?l%ctgﬁg%%peoﬁ'tzte a?%t%?%é’esb%‘?fﬂrﬂﬁ. In a

pr ef erREHVERonds Retmbtaingd. dmtheby eases shigherwilig ReoRusli cohipbhét iisozgidg ructure
and Q@Eﬁ’eeﬁre@ ?‘E&Etﬁ tﬁg c%t %| st_and distillation strucfure. 3 | EF
DESCRI PTI ON OF Tepmyr % Yegted andythg sienditions adjusthe sefaf est of
zr ess wepora veiatehver pdr@sYRthe ta¥¥e HdaAO8 JchJ?QH *(J)Sr(é)gléc%%ed'tgtal sulfur content,
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while the higher boiling petroleum component provides the liquid component of the reaction
system.

Ina preferred.embodiment the catalyst bed may be described as a fixed continuous bed,
that is, the catalyst is loaded into the reactor in its particulate form to fill the reactor or reaction

zone, although there may be one or more such continuous beds in a reactor, separated by
25 spaces devoid of catalyst.

Asused herein the term "distillation column reactor” means adistillation column which
also contains catalysts such that reaction and distillation are going on concurrently in the
column. In a preferred embodiment the catalyst is prepared as a distillation structure and
serves as both the catalyst and distillation structure,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the effect of pressure on sulfur removal.

30
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.29 JUNE 2004 4 Figure 2 is a graph showi ng the effect T{I/5§A8%B84n sul f ur

renmoval . Figure 3 is a graph show ng the effect of hydrogen f g
sul fur renmoval. Figure 4 is a graph showi ng the effect of hyoﬁ; ghﬁ%%%

rate on olefin renmoval (bromine 5 Figyre 5 is a graph show ng the effect of
H2S on sul fur renoval. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Petrol eum

distillate shigewisisargraph mpaﬁlgmedfﬁ&%@mswdﬁesugﬁ%ﬁ{&a}process and contain
a variety 013: or%g,lgl c %em cal cog}%onents. Generally The 'streans are
defined by tHEYF WSRIEFRS showingdhe aifect iof Hedrogani feed tanesitRrRAsivRj Oons. The
processi ng tfighRg i$4 : ts the 1 onposi tion. For instance,
product s fromgeitﬁeré cjat aio?;{n?%th gé@%ﬁ?ﬂg"fﬂgq‘%@ﬁﬁﬁ?Oft‘?léﬁlkten@valpﬂbmn'éseses

cont ai Mm%k gh concentrations of olefinic materials as well as saturated

(alkanes) teri.al s an Eol yunsaturated materials (diolefins).
Addi tional | ,‘g‘Fﬁéééa&Wgé ewing thegilase of By omsulfibeeva@al.ous i somers of the
af t.e

conpounds. The petr ghePRTIGES HEd 38 contain unwanted contam nants
such as sul fur and ArtT ﬁHEIS e !'*‘%‘L NYEAEION he present unit may

conprise a é’ﬁh‘gleerri'disﬂllaterﬁfvaﬂ;slﬁﬁiﬁ‘ﬁﬁ;freﬁ'ﬁedvfmﬁ‘x é/nt cont ai aﬁ&i\:tgi% %tl gbn?
0

from 4 s through, Cg's . and higher- This mxture can € quFig;aB

200 cc?é’p%ﬁ%ﬁf QFE%W%&@@ Componests; diameradl themnstreanis ateHedinbd Bﬁﬁeﬁ%ﬁh[g“m of
ol ef i Nirgnges VIR Thhs | eci a true of products from eithér

cat al ytri Eer ack?ﬁ%&gJ$H§rér?§Tp%§@P3%khhé PRIcEsERgs pisthe sgearnealpy effemt theeed nay

bdCa napmporiticn.r Famifstarceebiddats Frozk & Lshidd aklen colum or fluid
catal ytic cracki ng unj t frgct } o%a{ ed gge\:/rg‘?aijtlél %&ﬂf’% °5btﬁm?l‘}§3ék’ﬁg cuts.

The fuig’;ﬁﬁf’zi‘ig@m rlgﬁbéoﬂ@ﬁﬁﬁ?mls(aﬁmleﬁﬁﬂhﬁjategws ¥ ws% agg?tq@péat (ﬁma%xﬁsg to

r enove niaerandinkil rials. as. ove s.in a debutanizer, n
depent ani zed toptqgrrp.vae (aa{?\a erf%lsg(fsﬁlfcg?fﬂf'?ért gg@%‘!"@?@stb@mdmgnts mmyde
2ot nﬁéégeﬁi' 25 Efﬁﬁfsiﬁmﬁﬁ?@ﬁéiﬁé TRLbAE sl soahery |
streamgm%tg SnEmmgnts sucdyassadir andinitrogehabmpoumdst en cont ai n conpounds’ t hat
at®e very cl pgepl L1 Lhts, because such separations are not
precise. A C5 gf"?‘%@ﬁ%ﬁf;g&gﬂﬁﬁi{n%g&pwﬁs g1 range saphtha” oyt widclGgas. These

egntain ' 1 o : , d - ol efins),
Sﬁﬁﬁﬂﬁﬁurmﬁ‘??i eoteH S8 gl Al R G P RAN St Tobtany. or
al |~ of “Th&BMGs Mizadristingry tstreaB9 dfiedi oonchiala RBP QPEISm SHGELS €ams
re

t ypi caédnhoupid airficL | % of fhe isoanyl enes. Suc Il nery
streans I%(pl SO colrllv'%hasijlg eéﬁﬁﬁ%ﬂy;éﬁlgaﬂigo%t%%?%ﬁm’@bﬁﬁdmsramkihg lor hesinabbe WO
01/ 498areckb@pProGseds28844 W 29 JUNE 2004 5
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The present feed may be a naphtha stream from either a crude distillation column or
fluid catalytic cracking unit fractionated several times to obtain useful cuts. The full boiling
range naphtha (C,~430°F) may first be debutanized to remove C, and lighter materials a:
ovetheads in a debutanizer, then depentanized to remove C, and lighter materials as overheads
in a depentanizer (sometimes referred to as a stabilizer) and finally split
25 (110-250°F) and a heavy naphtha (250-

into a light naphtha
i 430°). Refinery streams separated by fractional
distillation often contain compounds that are very close in boiling points, because such

Separations are not precise. A C, stream, for instance, may contain C,'s and up to Cy's. These

Components may be saturated (alkanes), unsaturated (mono-olefins), or polyunsaturated

(diolefins). Additionally, the components may be any or all of the various isomers of the

30 individual compounds. Such streams typically contain 15 to 30 weight % of the isoamylenes.

Such refinery streams also contain smal] amounts of sulfur compounds which must be
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« renoved. QIl e ]s?ul fur conpounds are generally found in a %?%Hﬁ@é?s?ﬁdpht ha

stream as nercaptans. Renoval of sul fur conpounds is general lf’¥ wlgﬁﬂ
"sweet ening" a stream In one enbodi nent of the present inven 8 ) %jher

boi li ng petrol eum conponent such as gas oil is added to the reactor when
the target petroleumfraction being treated is totally 5 vaporized during

t he protesevedThdhhisylfer ctrapbindy dré a@hérally THmdOR §L@§ék§@%5€ﬁ%x sitﬂégrfqt ad hat i's
it does not ontgiﬁnogge nmer.capt ans and serves only to proVvi de boI lfp and a

liquid BIFEERET i Svl6 compapndsyis ghrerallicteningd 'tyveeterting! 4 sgeapet r ol eum

fraction may 4 . dur.ing t.he prqcess. The higher boiling
petrol eum f r;%%%%&lﬁ%n%%piﬁ%%ﬁgg%gl ‘Feghi’?’%ehlglé‘i’ g’@ﬁmgfpteﬁellewmﬂﬂ@cycl ed

to the sushetsgas oillid added td trpeictr when the tilbe: ' onveni ent |y
congrol | ed bg éhe glE)FLessure used. 1'Tll'he_ T{Ignppgfgg?ﬁ?tgaf:ﬁaﬁ?g{gr%%é%dgmﬁa
catal yst?HOEEC] Suringine Bocess: dhe higher bailingGactionataytteesubst4ntiety inerfthatio g

pr essur 8ol b&Hsi ' | t he nitu of the exotherm A small
exot her m may %gﬁlggﬂ %%icg@&@e%d%gpggﬁf]ggg pf%ééjeleti%'d{?cﬁnpﬁlt%‘éd Phaseinthet o

vapor i zeagieor e Hevwavtrahe adduddiigier Boil FOlER 0004 Of . li.qui. ds to
vapori ze. . The tenperature, however,mlgébenot def?‘péeé\1 gr@agc}tﬁg@etqﬁfgm%ﬁht of

mat er i af "RREIOF PLREAS ukherghes bailisgipeiroleumnt fractien may de isejardiai fismvBPRkgged at a

gi ven preESSHIN&d p v heat of reaction nerely causes a greater boil
up (vapori zat#‘orﬁ?&@%fﬁfﬁ%%ﬁ%f%?i al present. The present process operates

wi th an out | The prpsmiureid G¥Blesdn? Aciod s coh%ﬁﬂg% %ﬁ#{?g b%ﬁl%%g%r&%g%e d;he bed
roug e be

Is vertical with the feed passing downward Xiting
af ter reBCETBRAME &uHK reastoriapdieatabysicbedis litmited entht dbiling Peint O8H-QEMARY be

sai d t OgtlHd g I =] hersal manner. Al though the reaction is
exot her i c, p{etgsﬁrgalﬂﬂe%g’s%dﬁ §£%‘%1dﬂﬁ ThF Ziagnitids ofdhzeXatherme Aysmalbgxothemt i ng t he
f eed t ongheauseanlyafew bercemyf @¥ GAtidIRGR I on is ini;tiated, an

o o RS R kel el e s o

exot herm deve#&gso and nust be controlled to pre aru
The | owBY €St P30 of hedidauisie vanariae n Theieept e, doywe gt 58 hobdbyamieags, of

| omer ' .at.iong .cost than traditional _processes. The
reacti g’ﬁpg’%ﬁfﬁ?ﬁﬂ}‘% %e‘%g?%%gn ugiﬂ?'f'\/@r?fﬂoéﬁmpé’f e Raknyrhsing waposired are t han

the f egiver presutdeTHae st @k" Mat &F 18addidh tohEl RE ortion |iquid.
The rea gr i s oper at ed_at a high mif%ﬁ?}ﬁ%&??@ﬁ%%%%%&%@8B?W,815530 hr'"
WHSV, dﬁié eaisrg! aresend Hpe presenpproggssmpemtes grithatnesutlehsrosskle loiwer thak @heaVoi d

t he I’e\ﬁﬁfe§§re§§§&ti0n (caused by the contact of the H2S formed in 30 the
hydr odesul Turi zation with the desul furized materials). Aefins in gasoline

are a fact orPreferabhy gleeed O€ té@tieal AP Sk ’ e 2 cause of
gﬁ? whi ch. form duri ng storage and meof?ﬁgﬁégﬂﬁpﬁéﬂm&%ﬁ%dj E 2004 6
otfer SEiHgATiChisaeHay through theHowerendaif tizesrestsor i i Béaztor amyeeaid iy My be

mor e deshyaab ] applications. If olefins are desirable in an
appli catsc% gn%ﬁéeﬁ%aé?’%%t may be selected to

Although the reaction is exothermic, it is necessary to initiate the reactiﬁn, e.g., by
heating the feed to the reactor. In any event once the reaction is initiated, an exotherm
develops and must be controlled to prevent a runaway reaction. The low pressures disclosed

25 herein have the very great advantage of lower capital cost and operating cost than traditional
processes.  Thereaction product in the present inventionisata higher temperature than the
feed into the reactor with a portion being vapor and a portion liquid. The reactor is operated
at a high weight hourly space velocity (6-30 hr'! WHSV, preferably 10-30 hr'', for example
greater than 15 hr' ) to avoid the reverse reaction (caused by the contact of the H,S formed in
30 the hydrodesulfurization with the desulfurized materials). Olefins in gasoline are a factor in

higher octane numbers, however they are also a cause of gum which form during storage and
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. have | ow selectivity to the ol efins. The product may bePSERRPUIBEH from t he

H2S by a flash or conventional distillation. 5 However, a f
enbodi ment of the present invention is the conbination of thleﬁép‘pgéleEn%OM
reaction operated with a distillation golumm reactor as describe in U S.

Pat . Nos..ﬂES,Slo,.568 I ssued April 23, 1996, 5,597,476 issued January 28,
1997 an@UST prEn8BEpvssechidbmenol #s derd 90T taMRitEd LIRS 4 dderein in
their entireti Sy Thili g?s t he advantage of furt hér m%gg%@%eggegﬁ%bq?g'si dual
sul fur COMPEBAEGLORS | 1L offing aregieairably in sreanpdisaticnothepntaiitse inag 68 caledtenia y 10
to produee: RwWeRRldtignelo he of sulfur. This conbination has a further
advant age in that g%%toh cglt%gi?‘%ist beds, i.e., the fixed partial |iquid phase

t f t Adepralenmay b irgiad iS4 } ' . t
e gelatjvely STRLl compared fo tne ueg b o Reb Y A ol RGNS o

H?velérs%l c?r%%red to the use of éit

obtai n 1Y emé R epodunant of thepissent imlsniomischbyormbigatedi habidai: A

hi gher rdagiibd ¥ : ] ntained in the distillation colum

react or _ras ggﬁ?ﬁﬁ%ih%ﬁdlgg#tgﬁﬁw%r?tgﬁﬁs %ﬁ@" n i} SePati Nes. 5,96s568nsi ng

conponelssuedChpal 33 t1996\H, $9Y 4M6eissifed f Tuk t k f.uri i gn..Jeaction
e e P 1907 P SCE N i Pt

I ncl ude @f%c}f' |1 . metals such as cobalt, nickel, pal *or in
conbi nat 79n o tHerPaRied hereiu ththair entiretiph d@hisrhasithé udestRE oBFiRyabl y on
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metals supported onl extrudates or spheres in sizes of 1/32 to 1/4 inch and may be used herein.

The smaller extrudates provide greater surface area, but at higher pressure drop through the
reactor. The extrudate shapes may be any of those available, such as saddles, rings, polylobes

and the like. The catalyst used in the following runs was a Calsicat Co/Mo
hydrodesulfurization catalyst.

25 EXAMPLE 1

The hydrodesuifurization catalyst was contacted with a gasoline boiling range feed in

a fixed bed reactor, which was operated to maintain a liquid phase in the reactor at all times
and to remove a product stream of vapor and liquid. The feed contained 2250 ppm suifur and
had a bromine no. of 30. This feed was run under a variety of conditions with the result shown

30 in Figures 1-5.

The hydrogen flow rate for the runs shown in Figure 1 was 370 scfh/bbl and the WHSV
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10 EXAMPLE 2
The same catalyst as used in Example 1 was used. The feed was a gasoline boiling
range fraction containing 5000 ppm sulfur and having a bromine no. of 22. The gasoline and

hydrogen were fed above the catalyst and flowed down. The conditions and results are shown

below:
15 Pounds of Catalyst 10
Gasoline Feed lbs/hr 60
H, scth 75
Pressure psig 200
Bed temperature °F 550-585
20 Product Total Sulfur ppm 27
Product Bromine No. 4.6
EXAMPLE 3

The same catalyst as used in Example 1 was used. The feed was a gasoline boiling
range fraction containing 6500 ppm sulfur and having a bromine no. of 22. The gasoline and

25 hydrogen were fed above the catalyst and flowed down. The conditions and results are shown

below:
Pounds of Catalyst 10
Gasoline Feed Ibs/hr 90
H, scth 112.5
30 Pressure psig 250
Bed temperature °F 550-580
Product Total Sulfur ppm 117

Product Bromine No. 7.2




. ProductV@P¥tEHe No. 7.2 WO 01/49810 PCT/ USOQ 28844 29 JPHEUQMSMV\at i's
claimed is: 1. A process of hydrotreaating petrol eum feed conpg QNE
passi ng a petrol eum feed containing organic sulfur corrpounds an %P%‘ben
t hrough a reaction zone containing a _ydrodesul furization catalyst at a
pressure of |ess than 300 psig pressufge at a tenperature wthin the range
of 300 Ry is % produce an effluent said tenperature and pressure
being adjuste suc  that the terrperature of the effluent is above its

boi i ng poi nt. and ;bgb@@ysbit m‘Pf‘I@ east ortion but |ess
than all of the material in sai d ggﬂeon z%ne %gmﬁp‘rf”%@ga@ Jfumpfde and a

portion CoRtaining FEaRia |sglfgiu¢cfmp01md$rpmd1 hytirogeretteQUphed FaetidOzdie %on%lm%? 4

processy wherein said petroleumfeed Iis a gas
boi | i ng f&ﬁgigfnfﬁ‘?%a%“ “a‘%gnl FHe Pise o5 lea%md?lqegnswopmmrmwa Whméfﬂnﬂ-et he

pr essur within thévan€aCIN0OP toZOCF K he process
accor di Qfg to claim3 wherein th(zprgr]g%?ﬂ%gﬂ{éﬁ&t tQTR%EW dpErsere being es s

t han 208p¥edsuch that the temprraiurs ofthooeflineng is dbowk &k B ifin¥BEIREATA HellGy )

greater ess according to claim5 whereln?eV\HSV
is gr eat (Seltr}@?f gret){igt Igget ‘:’meth?n%ﬁ*h% spti%‘tﬂé%f th@wte@ahg stid redceibmydnewbigrigé n t he

pr essur eaponplide ah@a pbitidh The process

accor di ngpotg cl ai m% V\herogli}%eogg&éc ﬂh B%'H ﬁ“pccggﬁ?‘vé‘tto&aﬁprl ses a Group
VII1 metal 9 Thells poeess aamdmgltdﬂglairﬁ)I%@rﬁh%ﬂﬂﬁ%leﬂﬁfgkajlsegél “gn IS

treat edbddl agéStlL? g{jl on ol um reaction zone by.contactin &P eeffl uent
with hydro g% "¢ r esence of a hydr odesul furi zati on cat aI yst wherein
there is a concurTroé S and distil)Jajion  of the treated
effluent to recover a térggg%cggﬁnéglglﬁﬁlt@ﬁg %pﬁeéﬁﬂ%’@dh%{ﬂafit&ﬂﬂ@@ﬁﬁent 10.
The pr dé¥dansE 75d?S®B ng to claim9 wherein sai d hydr ogenation catalyst is
prepared ag di st4llation structure. 11. The ttpl)rocess according to claim1l
wherei n the $ai d PEHFEaLHP t&rﬁ%ﬁl%ﬁd\f\’bgém GpresuEsinaht RAUATAOR8 |s
domfldwnﬁe&zoﬁhfg rocess according to claiml wherein the effluent is
recovered and further contacted with hydrogen in a reaction zone

contai ni ng & hydriddesedessaccamirigon cluith @l WisdreHRBEWH PP Aird 41 Qa0 pooNcur rent

reaction an% di SL[Lh| | ati on. 29.JUNE 2004
€ process according to claim 5 wherein the WHSV is greater than 15 hr-'.

7. The process according to claim 1 wherein the pressure in the reaction zone is
at least 100 psig.

8. The process according to claim 1 wherein said hydrogenation catalyst comprises
a Group VIII metal
9. The processaccording to claim 1 wherein said effluent is treated in a distillation

column reaction zone by contacting said effluent with hydrogen in the presence of a
hydrodesulfurization catalyst wherein there is a concurrent reaction to form H.S and distillation

of the treated effluent to recover a treated effluent having a reduced sulfur content.

10. The process according to claim 9 wherein said hydrogenation catalyst is prepared
as distillation structure.

11. The process according to claim | wherein the said petroleum feed and hydrogen
are passed concurrent downflow,
12. The process according to claim 1 wherein the effluent is recovered and further

contacted with hydrogen in a reaction zone containing a hydrodesulfurization catalyst under

conditions of concurrent reaction and distillation.




'9 13. The process according to claim1 wherein said petrol eumfeed

conprises a target streamand a higher boiling conponent ad
14. The process according to claim| wherein the petrol eum fg%JPﬁ?&l%ast

Partially liquid phase. 15, The process according to claim1 wherein: said
petroleumfeed is totally ' vaporized during the process and that a higher
boi Il i ng petrol eum conponent than said petroleumfeed is added to said
process. 16. The process according to ¢laim 15 wherein said higher boiling

conponent conprises gas oil. 17. The process according to claim 15 wherein
sai d hi ghes. bofel grddess GRORAN &N i8S ARt £ QAL gl n_t he nercaptans and serves
only to provig ept%imls u agd ali uf‘gﬁ?ﬁﬂgg%olgﬁm [eRLCRPEER 8 Liroey greamizad pr ocess
according to CT &1 m 15 IREFY;rded Hirgton gher boiling conponent is separated
fromthe target fraction and recycled to the process. 19. A process of

hydr ot r eat4. ngTta ppedss abeding tb 68 1GAERA s bABIRFRS] DS |é§%§‘3£rﬁaqgmmﬁngasa petrol eum
feed containing at |east an organic sul fur conpound or an UNSBT ur at ed
conmpound { ro&gh a reaction zone containing a hydrotreating catalyst at a
pressure Of | €SLYCHARBHHS 5 Ffmpl whesiy @idapetreleunt ternie rtattl rveporizetl g tthee r ange
of 3000F to MBEFatbhgrdihedoiny refididunetipcadt that QPRI WdedRS ERSUT €
bei ng adj ust ggbesich that the tenperature of the effluent is above iIts
boiling point and below its dew point, whereby at |east a portion but |ess
than all gof tge material in said reaction zone-is in the vapor phase and a
portion of t HE® BPgEArerdng frdam Eorhesinsald highedokingephimdert anprisk2Gs 6, @  porti on
of the unsaturated conpound is saturated. 20. The process according to
claim 19 mherrad prodebCactRBE 6 QR ¢ sul fur conpound and the
catalyst is q.leggpq;nggnedssgrlvgs%rli fgﬁ?ﬁ“ e‘%@tsgp 3@& g?{@]blém%ﬁ"? S Bt PHE" Begani ¢
sul fur conpounds are . conver L EoPHgrands fauidptgse igtesqeasess.accor di ng to cl ai m
19 wherein the feed contains an unsaturated conpound and the catalyst is a
hydr ogend8i offteciatcadsyesdording 20 cidii @5 Pherae Sl e ol Smbshet! iSdeirhS M@iﬂwe{n in the
al'yst.

feed contai n@@@iﬁuidas,n@,@gdmgthg%to@é\i%st is a hydrogenation cat 23.
The process according to claim19 erein the feed contains organic sul fur

conpounds_and ol efins;, the catalyst is a hydrotreating catalyst; a portion
of the orfganf &St FilWdreEming errgbolaimefessionmmising phsting hyd@fon amda BetidRlh e of t he

ol efi ns ar e ®auin@bielchst an organic sulfur compound or an unsaturated compound through a reactfon
zone containing a hydrotreating catalyst at a pressure of less than 300 psig pressure at a
temperature within the range of 300°F to 700°F to produce an effluent said temperature and
pressure being adjusted such that the temperature of the effluent is above its boiling point and
below its dew point, whereby at least a portion but less than all of the material in said reaction
zone is in the vapor phase and a portion of the organic sulfur compound is converted to HS or a
portion of the unsaturated compound Is saturated.

20.  The process according to claim 19 wherein the feed contains an organic sulfur compound and the
catalyst is a hydrodesulfurization catalyst and a portion of the organic sulfur compounds are
converted to H,S.

21.  The process according to claim 19 wherein the feed contains an unsaturated compound and the
catalyst is a hydrogenation catalyst. |

22. The process according to claim 19 wherein the feed contains olefins and the catalyst is a
hydrogenation catalyst.

23.  The process according to claim 19 wherein the feed contains organic sulfur compounds and olefins;
the catalyst is a hydrotreating catalyst; a portion of the organic sulfur compounds are converted to
H,S and a partion of the olefins are saturated.




