REPLACEMENT SHEET 02 SEP 1998 HETEROATOM REMOVAL THROUGH COUNTERCURRENT
SORPTION This a | cation clains priority to U.S. Provision

" Appl | catioh"?\&";)’gl”ﬁm 024,306, filed August 23,1996. Field o?q"ﬁ@gglgﬁ%ﬁgﬁtion

The present invention relates to a process for heteroatomrenoval froma 10

petrol eum and/ or chem cal stream The present invention is particularly

useful in the process of ensuring the desired product quality by enabling

t he heteroatomrenoval process to continue in the event of a process

excur si on. Background of the | nHETEROATDMREMOMAIN renoval is one of the
fundanment al processes of the refining and petrochem cal_industries.

Het er oat ons are defi-ned THRQUGBHGOUNTERCIRRENT.IORR BN en and carbon,

present in hydrocarbon streans, including but not linited to, sulfur,
ni trogen, oxygen, and hal ogens. These atons are typically 20 found as

organo heter qf &wbaﬁéﬁ aifse pabfity {8 NSt ProRistIRAIOPStent Rppiitation PNBAT t

of the carbon hydrogen backbone. Unl'ess ot herw se specified, the expression
" het er oat Hnt 60024806 filed August 28p1998 onpass the elenental form of the .
heteroatomitsel f. as well as its conbined. counterpart species as an organic
and as conbi ned w th-hydrogen: (i.e." organa heteroatom and 25

het er o- hydri de, respectively).. ThFiJIGWf‘fﬂbéﬁ% b het eroataps by
ydr i de

conversion to the correspondi ng hetero- i".e. hydrogen sul fide, -

ammoni a, .water, or hydrogen halide) is typically achieved in industry by
reaction of : 3 it 2l Diedd b RSP (-t hy
hydr ogen ovetrﬁ‘g E%%e%ﬁé%{?ﬁ)ﬁ%?gs@l ﬁ%&?ﬁ?@? h\%ﬁ%ﬁ@@ r§e5| gné nt'roh neet
the requigedpairafih andibh tehemiesll Sireaml orFhe present invention is particularly
useful in the process of ensuring the desired product quality by enabling the
heteroatom removal process to continue in the event of a process excursion.

Béckground of the lnvenﬁpn

15 _
Heteroatom removal is one of the fundamental processes of the refining and

petrochemical industries. Heteroatoms are defined to be those atoms other
thamhydﬂgen and carbon, present in hydrocarbon streams, including but not
limited io. sulfur, nitrogen, oxygen, and halogens. These atoms are typically
20 found as organo heteroatom molecules wherein the heteroatoms molecules
make-up part of the éarbon hydrbgen backbbr'\e.i Unless otherwise specified,
the expfession "heteroatom" is hereafter meant to encompass the elemental
form of the heteroatom itself as well as its combined counterpart species as
an organic and as combined with hydrogen (i.’e. organo heteroatom and
25 hetero-hydride, respectively). - "

~ The removal of such heteroatoms by conversion to the corresponding hetero-
hydride (i.e. hydrogen sulfide, ammonia',.“"vvater, or hydrogen halide) is
typically achieved in industfy by reaction of the hydrocarbon stream

30- containing the heteroatoms with 'hydrogen over a suitable hydroprocessing

éata!yst which is designed to meet the required product quality specifications,
T .
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Cher eaf t ewo 98w7805 nmeant to al so i nclude essentially no het pepRisSNTEY61

het er oat om stream t o subsequent heteroatom sensitive processes, catalysts,
or product dispositions. 5 Typically, catalytic heteroatomrenoval of a
streamis carried out in co-current reactors in which both the preheated
feed stream and a hydrogen cont ai ni ng treat gas are introduced to one or

' bed f t enn atal ed staqck, any

Vapori ved HOGRGSOPRE:A v B & Sy Senurad ieyel {bereaiet 1w IS rheamtisget ner
through t hegpgt @b}(ﬁie Beskrially. 10 ei&%u{émg)ghg@roﬁaﬁpbﬂSQmV@%bbB.Qgéénta”d

| i qui d-phase effluents are n rna y separ In a serres.of one Or nore
separ at or vheteedatonosensitives prabesses, catalysfs, ohprodest tisposifiomgent i onal

co-current catalytic heteroatomrenoval has nmet with a great 15 deal of
commer ci al success; however, it has limtations. For exanple, because of

hydr ogerx p " .S,
v ogers parJeici, Ueahfic hotbalihs rinbiil ' fecrh 1 Lar AN SEGMGIE .,
At the sarreraaiotars larwhlbbwmmeapréhettexweedastnm arebathy ém-ebntaitingp| ace
results in jncreased concentrations of hetero- thrlde whi ch strongly 20

i nhi bits thEeakgas are inteaducedty onedjoryapre bads ok heteraaiom rempual catalyst.ng

catal ysts t _Thus. the
downst r eam mgtﬁ %g'r@k %H %tgk"él 5@?9 ‘gérgééaoﬁ’(%‘ﬁ%blpggc%ﬁ&g’yﬁ?@?ﬂ'{’@ﬂ? MRBt ed in
reactivity heatugas &l flow smhéartmwgrpqnurcﬁaget Ched(y).t | AtHR regakinge .
effects, such as the |low H2 partial pressure and the presence of the"high
10 ~ combined vapor phase and liquid phase effluents are normally separated in a.
-series of one or more separator vessels, or drums, downstream of the

reactor.

Conventional co-current catalytic heteroatom removal has met with a great
15 deal of commercial success; however, it has limitations. For éxamp!e,
because of hydrogen consumption and treat gas dilution by light reaction
products, _hydrogen partial préssure decreases between the reactor inlet and
outlet."’)(te.__tr’ne, same time, any heteroatom hydroprocessing reactions that take
place resﬁlts in increased concentrations of hetero-hydride which strongly
20 inhibits the catalytic activity and performance of most hydroprocessing
catalysts through competitive adsorption onto the catalyst. Thus, the
downstream portions of catalyst in co-current reactors are often limited in |
reactivity because of the simultaneous occurrence of multiple negative
effects, such as the low H2 partial pressure and the presence of the high
25 concentrations of hetero-hydride. |

Process exbursions cah occur during operation of a co-current reactor.
Process excursions include events such as variation in quality or rate of the

liquid feed stream or hydrogen contaihing treat gas stream, start-up and shut-

30  down of the .unit, ‘emergency depressuring of the reactor to avert hazardous
~ conditions, or other process upsets commonly experiehbed by commercial



25" concentrations of hetero-hydride. Process excursions can occur during

operation vgﬁ,glﬂ%current reactor. Process excursions incl ,ﬁgﬁmﬁﬂsuch
r-hydro

as vari ati ality or rate of the liquid feed streamo gen .
containing treat gas stream start-up and shut- 30 down of the unit,
energency depressuring of the reactor to &ert hazardous conditions, or

ot her process upsets commonly experienced by comrerci al REPLACENMENT
SHEET 02 SEP 1998 3 operating units. During such process excursions, there
i s a high properatihgtunitshaDuting sucheproaessrexeurnsiaxis, therabis|a highoprebability
co-current reactor wll be dimnished D%Eﬂ' ei'tpﬁ_g' t he het roa%fgms' i.ﬂ heir
original forthahdhgr gﬁf‘ﬁfoﬁg?érrﬁﬁqyﬂlrﬁﬂ jl{ty. O fhe, CorgHITerd EeaCtAl WHiqBey | |
come In Cont&ﬁ{ini‘éh%ﬂ bAA eithelCtite Ateriatoms! in \ieif UAGHAHAL 3PP’ & A55apb
catal yst. Such contact nmay cause tenporary or permanent i npairmnment of the
sensitive prhstescatom muiedujes oams thesheterd-hydride: wilpcamedin contacthwith tbe

lity which ire significant time and L.e. replacement of -
2 Dol sondd Castargalom Bensiive; SQMNSICRET BGeSH OFcralRbL orud SOl maYe

dt St , . |
et er oat om SBEErRRE BERRERIRImparahe Ll He cidsitye pdcBEsof batalyes,

eteroatomre

zone i.n co- Carid pesulbireunicceptable fivah produnt gifality Whichrmayp vequigé sidrdficant
hetero-hydride is required, The sorbent bed' s capacity can be_ quickly

di ni ni shed i time@nsk expense (he. seplacement ebr PRISINgH wa'{!ﬁfé te peetifikam 15

het er oat om hydr opr ocessi ng catal yst occurs and restoration of capacity wll
typically require off streamregeneration. It is relatively well known that

het er oat@m r K TBRPbf haterbatont eorburit dapdbewsed to protect downstream processes
or catalyst but, if a bed of heteroatom sorbent is used downstream of a co-
current heteroatom removél zone in co-current operation, a separation step
for removal of the hetero-hydride is required. The sorbents bed's capacity
can be quickly diminished if substantial heteroatom breakthrough of the
15 upstreém heteroatom hydroprocessing catalyst occurs and restoration of
capacity will typically require off stream regeneration.

itis relé’fﬁ\fggy well known that heteroatom removal can be accomplished more
efficiently in a countercurrent flow hydroprocessing system wherein a
20 hydroprocessing catalyst system through which the liquid hydrocarbon
feedstream flows downward and the hydrogen containing treat gas is passed
upward. The counter current flow system has the potential to produce
significantly lower heteroatom content streams and to do so more efficiently.

25
While significant potential advantage exist for the application of counter
current hydroprocessing; especially when cbupled with the use of very high
activity heteroatom sensitive catalysts, it is presently of very limited
commercial use. US-A-3,147,210 diétlcsés a tWo stage process for the
30 hydrofining-hydrogenation of high-boiling range aromatic hydrocarbons. The
feed stock is first subjected to catalytic hydrofining, preferébly in 6o-current
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efficiently in a countercurrent flow hydroprocessing -system wherein a 20
hydr opr ocessi ng catal yst systemthrough which the Iiquid hydrocarbon

«f eedst r ecwofBOM®S downwar d and t he hydrogen contai ni ng treapcrasywiarqQpassed
upward. The counter current flow system has the potential to produce
significantly | ower heteroatom content styeanms and to do so nore
efficiently. 25 Wiile significant potential advantage exists for the -
application of counter current hydroprocessing; especially when coupl ed

presentry ofobewl tydieBing dhil, 0bipeRaL RS 8 Bedsiob, Koef % ldtottoh,,' °
st age proceggndifive hbeléﬂmetayﬁvcﬁbgahaﬁombdfaw retuntercofreht & the iflownef Bange

aromat i ¢ hydrocar bons. feed stock is first subjected to catalytic

hydr of i ni nghydgnogesr mngannwgchr oast  USHARS.Z67662n andir Ugeh-3,7He291

bj d hydr o h bl |
hydr ﬁééﬁatfaﬁ l65e A GRMeRT RN ArPress for Brothieing ikh TpiS, Wit B3 B8 el ni ng
treat gas fﬁﬁum ﬁ&gro‘é@gul?uf\%éds r?f 3a 7 éa-ctiprertt ﬁfddésepﬁmcowtﬁwugﬁa@at

process for pr | et whereas the jet fuel
- hydr adesul f counterturrerd hydrogenation. mui®-A:5188,556 also- disatpsesoa rttNer stageent

hydr ogenati on. US- -5 183, 556 .al so di scl ose [

‘co-current/ GRURIRICUITRI o SRIOCESS hyfaF oi’\yaf‘?'léﬁ%d ag%rwemen?gng
-aromatics ig %s, {ﬂé@klﬁfeﬁﬁﬁ% 0 US-A-3,940, 330 discl oses a two-stage
process for hydro urrzation of “a metal -containing hydrocarbon oil

enpl oyi ng a hydr odesul furi zation catal yst in each stage having an acti vated

su ort ared by drying and cal ci talllne al um na containin
. pp e I r{q( %:puqtemugqqr@%lwihy ocessing has not been more J

wudely commercialized is that these type of reactors are more prone to
deterioration in performance due to operating excursions than conventional
co-current reactor systems. Process excursions include events such as
variation in quality or rate of the liquid feed stream or hydrogen containing
15 treat gas stream, start-up and shut-down of the unit, emergency depressuring
of the reactor to avert hazardous conditions, or other process upsets
commonly experienced by commercial operating units. During said process
excurgieﬁef Q_tere is a high probability that the heteroatom removal capability
of the codhtercurreni feactor‘wm be diminished and either the heteroatoms in
20 their original form as organo heteroatom molecules or as the hetero-hydride
will come in contact with the heteroatom sensitive downstream process or
catalyst. Said contact may cause temporary or permanent impairment of the
sensitive process or catalyst and result in unacceptable final product quality
which may require significant time and expense (i.e., replacement of a
25 poisoned catalyst) to rectify. '

in light of the above, there is still a need for an improved cocurrent or
countercurrent heteroatom removal process, that can reliably operate under
commercial plant conditions, to produce streams containing low heteroatom

30 content. : —
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of "al umina. 15 One reason that countercurrent flow hydroprocessi ng has not
been nore w ommercialized is that these types of reac re
prone to dﬁ%&ﬁb%wgtion in performance due to operating excu%gﬁgﬁgﬁﬁﬁgﬁ
conventional co-current reactor systens. Process excursions include events
such as 20 wvariation In quality or rate of the liquid feed stream or

hydr ogen containing treat gas stream start-up and shut-down of the unit,
energency depressuring of the reactor to avert hazardous conditions, or

ot her process upsets conmmonly experienced by commercial operating units.
During said process excursions, there is_a high probability that the

het er oat om renoval -capabil.i ty 28unynatyef theinvention: ent reactor will be

di mi ni shed and either the heteroatoms in their original formas organo
het er oat om nol ecul es or as the hetero-hydride will cone in contact with the

het er oat om SpNgkédraBNEE Wit fRAPIEBEAE AENABNCtHeRé Y6 brovided! aqsiocass feRihe ause

tenporary or permanent inpairnent of the sensitive process or catalyst and
resul t i rs unheteppatont rerhovallfrgm achydrocarbontsiren compasingay require _
significant tinme and expense (i.e., replacenment of a poisoned catalyst) to
rectify.. 4.1 Iqa) i ghdediigt saidibfeedstdckerstream sto | b dirseerkdotionanzone

i nproved cocurrent or countercurrent heteroatomrenpval process that can
reliably operate under CEBRRSING & bpdapt hetaraatam fydreprogessifige catatystyin

containing | ow heter OaEBHia?:?Wifﬁ”é'hYdrogen-cont'aining_treat gas wherein said first
| reaction zone is operating at conditions effective to remove a
10 " first portion of the hetero-atom content of said feedstock stream,
wherein said first portidn removed from said feedstock stream is
in the range of 20% to 100%;

'(b) passing the liquid product stream from (a) to a sorbent zone

comprising a bed of heteroatom sorbent material in contact with

15 a hydrogen-containing treat gas wherein said liquid product
stream from (a) and said hydrogen-containing treat gas are

" ﬂowing in a countercurrent direction, wherein said sorbent zone

' is operating under conditions effective to remove a second

portion of the hetero-atom from said liquid product stream from

20 | (a), wherein said second portion removed from said feedstock

stream is in the range of 0% to 80%; and

(c) recovering a liquid product stream from (b) wherein the amount
~of heteroétom remaining is in the range of from 0% to 20%,
basis the starting hydrocarbon feedsteam which has not be
25 subjected to a heteroatom removal process.
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Summary of the Invention In accordance with the present invention, thereis

_provided g s for the 5 heteroatemrenoval from a hygdeearReRffsst r eam
conpri si ng: (a; feeding said feedstock stream to a first reaction zone

conprising a bed of heteroatom hydroprocessing catalyst in contact with a
hydr ogen-cont ai ni ng treat gas wherein sail first reaction zone is operating
at conditions effective to renove a 10 ' first portion of the '
het er o- at om cont.ent of said feedstock.stream wherein said first portion
renoved fromsaid feedstock streamis in the range of 20%to 100% (b)

. passing the lLiquid product . . . X zone conprising a
bed of heteroatom sorbent %ﬁ%&%ﬁﬁ@éﬁb&%lﬁﬂéﬁ@gﬁ a
hydr ogen-containing treat gas wherein said liquid product streamfrom (a)

and sai d hydrogen-containing treat gas are flowing in a countercurrent
di rection, \Whilethe heterostom semoyalpracess of the presant deverti@ndis: applicable

ot e o ARt SR EoBod Sk 8 AR .

~fromsaid fegdahfcknst pRuBskSisi Paititaldry $aitableOfért MiedPdfovaldof the least

~recovering a lirqurd product streamfrom (b) wherein the anmount of
het er oat om reaetivei, mpost highly refractone heterbatom 0 %pecies0 % T heapracesseofsthe t i ng

- Eg? ;(r)gg[ 2?,1” &%fiﬁ?ﬁ%&é}n peassultnlgta Sn%a%?:t stream which cbﬁfja?lj\se 'gtsggnt%acflyano

' | héteroatorhs. For purposes of this 'ih\ient'ion, the p_hrasé “essentially no

10 heteroatoms”, depends upon the overall process being considered, but can

be defined as a value substantially less than about 10'0 wppm, preferably less

than about 10 wppm, more preferably less than about 1 wppm, and most

pfeferabty less than about 0.1 wppm as measured by existihg, conventional

analytical technology. The invention is also applicable to consistent

15  production of low heteroatom content streams. That is to say that in cases

| where steady state operation of the upstream heteroatom removal catalyst

results in a steady state heteroatom concentration of X ppm; the sorbent will

'equilibi‘;a"té j’Wi_th the concentration of X ppm, but when a process excursion

ocecurs anﬁ the heteroatom concentration significantly exceeds X ppm then

20 the sorbent will adsorb or absorb more heteroatom and prevent adverse

effects on downstream catalysts or processes.

The feed stocks of the present invention are subjected to heteroatom removal
in at least one catalyst bed, or reaction zone, wherein feed stock fiows co-
25 current or countercurrent to the flow of a hydrogen-containing treat gas.
Each zone may be immediately preceded and followed by a non-reaction -
zone where products may be removed and]or' feed or treat gas int'roduced.
The non-reaction zone will be a zone which is typically empty and does not
contain a catalyst that is capable of removing any heteroatorhs, but it could

.30' . contain a drying agent, such as a molecular sieve bed. In a preferred
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Detail ed Descrjption of the I'nvention While the heteroatom ocess
of the pre‘géﬁ?)nﬁqgention is applicable 5 to all heteroatomi’%ie]@r&ﬁ’llé‘%_l
conpounds conmon to petrol eum and chemi cal streans, the process is
particularly suitable for the renoval of the |east reactive, nost highly
refractory heteroatom  species. The process of the present invention can
result in a product stream which contains essentially no heteroatons. For
pur poses of-. ginbddiment)tsush at honpbaection "zoneeist aal emphy ckOss-settiomanotie’ ,
depends upon the overall process being considered, but can be defined as a

val ue --substafﬂaCaWQsé% t'han about” 100. wopm preferably | ess than about 10 .

wppm nore preferably | ess than about | wppm and nost. preferably |ess than
about 0.1 wppm as neasured by existing, conventional analytical technol ogy.

- The i nventi oThislidili@ Gffgent Foml the reautioni 2érei(s), i6 pasedushitonaiedstwne
het eroat om content streans. That is to sag that in cases where steady state
operat i ors of sothent zoneccontaiging eae @n mer heteroatom potbents in ontactawith &ady

state heteroatom concentration of X p .t.he .sorbent will. equilibrate with
he. concent r BeimRTart ot bEfPragn BBMaiBE s g, i igBBl et )
het'er oat om cstASeduaéd 96w Helaioatem iontert Wain thanimitid fevel (of: hétersatbRe Nt
wi || adsorb or absorb nore heteroatom and prevent adverse effects on :

downst r eam cint tieyhydrocarbondeedstream 78 reduned by leyris infthe iange of fnom abowht i on
eact o zond0%uirabp TR BEYBE Sert o & neleBamof eriiive Btcssh, tollsten
oo ot Ay 8 QRASUMRRNERT 8 dortid Sntitimoft e R SMehEcongene,
be renoved aadieterdatemh contentwhichnbas rheerdredhitedTbye levels rimdbei amgeofromai | |
be a zone angguti §o%y€%i ggél'l’ty,l OedLB,t X‘no?g dprgi%?asblg%t'om about 75% to about 106%,
| and most preferably from about 90% to about 100%. The heteroatom
-sénsitiv_e process may be discrete from the countercurrent system, but is
15 preferentially operated in countercurrent mode and may be contained within

the same vessel.

" In orie’ "ejlﬁgodiment'the hydrocarbon feed steam first passes through a co-
current hydrotreating reaction zone which contains one or more
20  hydroprocessing catalyst(s). The effluent may then be passed to at least one
countercurrent reaction zone containing a sfacked catalyst/sorbent bed

system.

During normal operation of the system, the heteroatom hydroprocessing

25 catalyst will convert essentially all of the organo heteroatom molecules to the
corresponding ﬁetero-hydride. The hetero-hydride partitions into the vapor
phase due to its inherent vapor pressure under hydroprocessing conditions

and is carried upward by the up flowing hydrogen-containing treat gas. The
sorbent zone sees a negligible amount of heteroatom so that its capacity is

30 not consumed. In the event of a process upset where unreacted organo
. heteroatom molecules or the hetero-hydride reaction products break through



contain a catalyst that is capable of renoving any heteroatons, but it

coul d 30 - contain a drying agent, such as a nol ecul ar sieve bed. In a

- pr ef er r edwWO 98108083/ 07805 _ _ PCT/US97/14761

PCT/ US97/ 14761 7 enbodi nent, such a non-reaction zone is an enpty _
cross-section in the reaction vessel. The,liquid effluent fromthe reaction
zone(s), is passed on to at |east one 5 ®orbent zone cont ai ni ng one or
nore heteroatom sorbents in contact with a countercurrent flow of hydrogen

cont ai ni ng- e . Loui:d . ef fluent . ngw wi.th reduced | qw het er.oat om
cont ent, m{eﬁee?%tﬁ% ?éll;I;? |tg+)g IL«Q@etFé 5"% by o@.ieo fq{,o?tﬁgn I’W&’ﬂi}a"'@g?f'a' -
feedst ream {orelsy pestecting tmdbﬁnSﬂﬁeérh%été’f%ﬁﬁ)rﬁ’fseﬁﬁiﬂ%?%%s ' ‘Veétgly@{?om
100% nay be sent to a heteroatom sensitive process, catalyst, 1 or
product disposition. In a preferred enbodi nent, the liquid effluent

tai a rqat gm cont ent I ch een reduced by levels in the range'
From about . SOREPHoSHNEY VeVt B s rorbeptihics. wnilsswpiestiedhe 100%
“and nostg pré hr prdce SR 0% e’ rg&.geﬁ . epai tive
proc-ess,sngyéﬁgﬁgftg%{?@t,e.frgfnlt{rhe ngﬁtgmt%ﬁugn?' ?syes?gm_“ qt%ﬂgﬁ B o
pr ef er ent i atepjacgs:onregensratadat somerfrequentydeit is prefesreticthad therisoasenti t hi n
"the sane- vess one, er bodi nt Ihga&igdr. ocarbon. feed steam first passes

t hrough a c_@-af?lfiﬂ'lll CRIAZS PLONBRYISE taw%rﬁa@ﬁﬁn&ﬁ'fwdmgemwitbrt_beor_ |
TELS: oo LSSBBOEAISAI B bloculBE 510 e By iSR! 1
cat al yst/ sohyxride. beThe yretenorhyisidenis typicatly nwrerwéakiy bolinthsy v serberithe
het er Oa1toom QX&J BSBrtS‘itesSi%hQPem high vapor pressure can be stripped from the sorbent
zone by the up flowing treat gas thereby continuously regenerating the
sorbent bed. A third way that the sorbent bed can function is to reversibly
bind with the heteroatom and slowly release it to the down stream process or
- catalyst. This is allowable where the catalyst of downstream process has
15 Some tolerance for heteroatom; the tolerance being enhanced if the
downstream system is operated in a countefcurrent mode of operation. This
third type of sorption system may also be enhanced by a small zone of
héterd%tagi{ \hydroprocessing catalyst placed below the sorbent bed and
operated }n contact with a countercurrent flow of hydrogen containing treat
20 gas. The said additional catalyst zone will convert the organo heteroatom
molecules to the corresponding hetero-hydride and allow them tb be stripped

from the system by the up flowing treat gas.

it is to be understood that all reaction zones and sorption zones can either be
25 in the same vessel separated by non-reaction zones, or any can be in
separate vessels. The non-reaction zones in the later case will typically be
the transfer lines leading from one vesse! to another. It is also possible to
‘mix the sorbent with the catalyst in the bottom of the heteroatom removal
zone or the catalyst at the top of the heteroatom sensitive catalyst zone when
30 either or both of these.zones are operated with countercurrent hydrogen
containing treat gas. This mixing of catalyst and sorbent may be



25" catalyst will convert essentially all of the organo heteroatom

nol ecul es orrespondi ng hetero-hydri de. The hetero- hwlj
part.itions%@%e vapor phase due to its inherent vapor presé‘lg}‘riglﬂﬁ%jer

hydr opr ocessi ng conditions and is carried upward by the up f] ow ng

hydr ogen-contai ning treat gas. The sorbent 9zone sees a negligi bl e anmount of
heteroatom so that its capacity is 30 not consuned. In the event of a
process upset where unreacted organo heteroat om nol ecul es or the

het er o- hydr i drecomplished bymaisting of thedwldo rteviaigprior WWIcdBwERtRPbINto particles
PCT/ US97/ 14761 8 the catal yst, zone they wi Ll be sorped t he het.eroatom
sor bent nat e©F nayrke Wﬂ%ﬂﬁ@ﬁg By mixing) Sf.fhe r%%{ﬁf’.%@t @Bé’étfﬁm‘%‘@ UL
process Qr_c%%ﬁﬁgég. The sorbent may irreversibly bind with the sorbent _
whi ch, while cting the 5 down stream process or catalyst, will result .
in the sorbent needing to.be replaced or regenerated at some frequency. It
is preferred that the sorbent material al'so catalyze or otherw se

facilitat® tFAbis svaldodliaw thedeenmtructionhof ismaller pealumeyserrtaes @anglarothe

bt cal 1y PR o BHeE FRR AR SRR ot Hisk [ EOBEBEALEES 5,
' vapor. pressukcgrrent flov FédotePRsEhhblogy hTheosdidtowz Reterdatoil Streanid can s

treat gas thereby continuously regenerating the sorbent bed. A third way
that the sorpassedan tonthesrcatalysts er procasses which aserextigrely: sensitivect®dat om

and slowy release it,.to e_down str.eam prpcess. or _catal.yst. This i

al | owabl e whEPHANRG CBY ahéCe[rO%tp vmsﬁ?"éaﬁ?%?g%%& ﬁ%{ié'%x’ s'8rr§°mtl5$%ﬁ1ce
for heteggat ' ifsel 'cxtaly StERH S
oper at edliion g@&%gﬁéggﬁagﬁg&&tﬁg eragﬁh(;rqse'ldgﬁsdw?wg type§t\gic sorption
system nay akatalystseimchudecthdse avhichelpromote ririg opening, aromatic saturation,

isomerization, and hydrocracking.

If a preprocessing step is performed to remove the so-called | “easy
15  heteroatoms”, the vapor and liquid are disengaged and the liquid effluent
directed to the top of a countercurrent reactor. The vapor from the
preproc_essing step can be processed separately or combined with the vapor
pha%"bib,Quct from the countercurrent reactor. The vapor phase product(s)
may urﬁ:lergo further vapor phase hydroprocessing if greater reduction in
20 heteroatom and aromatic species is desired or sent directly to a recovery
system. The catalyst may be contained in one or more beds in one vessel or
multiple vessels. Various hardware (i.e. distributors, baffles, heat transfer
devices) may be required inside the vessel(s)__to provide proper temperature
control and contacting (hydraulic regime) between the liquid, vapors, and
25 catalyst.

Suitable heteroatom hydroprocessing catalyst for use in the upstream
countercurrent zone(s) or co-current reaction zone(s) can be any

| conventional hydroprpcessing'catallyst énd includes hydrotreating catalysts,
30 hydrocracking catalysts, and hydrogenation catalysts; one or more may be
used in either zone depending on fhe starting quality of the feed and the



het er oat om hydr opr ocessi ng catal yst placed bel ow the sorbent bed and
operated in contact with a countercurrent flow of hydrogen containing treat
20 gas. werosnsgd addi tional catal yst zone will convert thecwusempizér
het er oat om nol ecul es to the correspondi ng hetero-hydride and allow themto
be stripped fromthe systemby the up ftowing treat gas. It is to be
understood that all reaction zones and sdetion zones can either be 25 in
t he sane vessel separated by non-reaction zones, or any can be in separate

vessel s. The non-reaction zon in the |later, case, Wi l| typical! t he -
transfer |idesiredREAGHEt QUS oﬁ@%@%@@ﬁ""f‘@@%ﬁ%\"’h'qh{ °‘?"§¥'§?§3k !%ﬁsgi%&ee, to

m x .t he sor ' hg M B -' Ok . ' val
zone or t he&ig\a%m;slpn% t Egéf?té@%fﬁr%@%g?eﬁggﬁg% g&ﬁéﬁt%?@at a yrrstmfgone
‘when 30 ei Gh@'mest prefdrably Nhearl ableast one GroupadVienetal} preferably Mai@nant
hydrogen containing treat _gas. This m xing.of _wchat al ys't_ d ,sorb% t may be
WD 98/ 07805W, on-a ?ugh surface area support material, ich prefer s ggﬂﬁ 9

‘acconpli hedlﬁ?ﬂ@ xing of the two materials.prior to formul ation into
particl of _ 9 be acconplished by mxing of the particles after.

~formulationinto particles. 5. This.would allow the construction of smal ler-

~vol une reactors.and/or the production of |ower heteroatom.streans than

possi bl e usSomeccatalysts wiich tend tolhavensome betereatana sensitivity )y be 1ieds ai d

oo S TGP B8 S5 cBl e BP A ack BIRRSREES .,
oo o B e e anon 11 o
openi ngm ar thenuipstreamucatalyst and stripped out by up flowing treat gas. Catalysts
suitable for said portions are those comprised of a nobie or non-noble metal,
or metals, of Group Vili of the Periodic Table of the Elements supported in a
highly.dispersed and essentially uniformly distributed manner on a refractory
inorganic support. o
15 ' |
Suitable support materials for the catalysts of the present invention include
high surface area, refractory materials, such as alumina, silica,
aluminés"iiiﬁ'rates. silicon carbide, amorphous and crystalline silica-aluminas,
silica magﬁesias, boria, titania, zirconia and the like. In one embodiment, the
20 preferred support materials include alumina and the crystalline silica-
aluminas, particularly those materials classified as clays or zeolites, more
preferably controlled acidity zeolites modified by their manner of synthesis, by
the incorporation of acidity moderators, and post-synthesis modifications

such as dealumination.

Heteroatom sorbents suitable for use in the practice of the present invention
include those selected from several classes of materials known to be reactive
toward the organo heteroatom molecules and in some cases the hetero-
hydride and capable of binding same in either a reversible or irreversible

30. manner. _



I someri zation, and hydrocracking. If a preprocessing step is perfornmed to
renove the so-called "easy 15 heteroatons”, the vapor and liquid are

di sengaged Vh¥BATBY | j quid ef fluent directed to the top of ak 93476 r ent
reactor. The vapor fromthe preprocessing step can be processed separately
or conbined with the vapor phase product fgpmthe countercurrent reactor.
The vapor phase product(s) may undergo further vapor phase hydroprocessing
i-f greater reduction in 20 heteroatom and aronatic species is desired or
sent directly to.a recovery system The catalyst may be contained in one or
noir e beds in one vessel or nmultiple vessels. Various hardware (i.e. -

di st ri but or s,Ohafdlass of materialsussitabledfori such usayasdeterpatorodsonpents: arée

vessel (s) to provide proper, fenperature control and contactin hydraul i c

egi me) _bet waBAUBSR MataE which TR b efploys as Bulf Tatsiials o sHPROHENATLER om
hydr opr ocesslﬁg%,.aa,tig@ygu EBH ‘r'ﬁétgﬁal tighURs! RAENGMAL Ssifics,” Hpt a2 2B8fife. ©OF
co-current reaction zone(S) can be any conventional hydroprocessing :
cat al yst .gnd Represdntative inetaisinciude thasal fysmGradps tayily, Hay Hokilidg IVA; ¥Byst s,

and hydrogenation catalysts; one qr re | used .in either zon ot
dep'e'n)cgli ng-gon V1Be WIB, ")r*/Fﬂ' ﬁﬁa‘? ?"ﬂ‘i&ﬁf@%qf%gg\'ﬂemﬁéas displayed Gﬂ%g% the
PCT/-.US97/ 147 0.desi r : | j r - Wi

conpri se at MR cOEY BFANG' G BB of Yhe (GRE FAFERBOR 61 Clfidfish) BHd
preferably Cg I Pieferrod metals inokidy Zh| FeiNi, Gl Mo, CoaMg,ame, Wok) VI

metal, pref e_rableéqi and W on_a high surface area support nmaterial.  which
pr ef er abl Yy | gq% A B@» b?: gei y‘ Jﬁi MP.- Re: Zr: crv Ag, Rh» lr, d, Pt: and Sn. These

10 metals may be employed individually or in combination.

Another class of metal based materials suitable for such use as heteroatom
sorbents are metal oxides which may be employed as bulk oxides or
- supported on an appropriate support material such as an alumina, silica, or a
15 zeolite. Representative metal oxides include those of the metals from Groups
la, Ib, Ha, lib, NIA, IVA, VB, VIB, VIIB, VIll or the Periodic Table of the
Elements. Preferred metals include Zn, Fe, Ni, Cu, Mo, Co, Mg, Mn, W, K,
Na,’tg,ﬁ'éa_\,. La, Ce, V, Ta, Nb, Re, Zr, Cr, Ag, Rh, I, Pd, Pt, and Sn. These
metal oxides may be employed individually or in combination.
20 '
A third class of metal based materials suitable for such use as heteroatom
sorbents are metal sulfides which may be employed as bulk sulfides or
supported on an appropriate support material such as an alumina, silica, or a |
zeolite. Representative metal oxides include those of the metals from Groups
25 - la, b, lig, lib, lIA, IVA, VB, VIB, VIIB, VI or the Periodic Table of the
Elements. Preferred metals include Zn, Fe, Ni, Cu, Mo, Co, Mg, Mn, W, K,
Na, Ca, Ba, L3, Ce, V, Ta, Nb, Re, Zr, Cr, Ag, Rh, I, Pd, Pt, and Sn. These
‘metal sulfides may be employed individually 6r in combination.

30 Zeolites and zeolite based materials may serve as heteroatom sorbents for
this invention as detailed in US-A-4,831,206 and US-A-4,831,207, both of



Sonme catal ysts which tend to have sone heteroatom sensitivity nmay be used -
in the |lower portion(s) of the countercurrent reaction zone(s) due to the
fact thaw@os?ges fi cant anmount of heteroatomwi ||l have al revdysoveenstr enoved
by 10 the upstream catal yst and stripped out by up flowing treat gas.

Catal ysts suitable for said portions are, those conprised of a noble or
non-nobl e netal, or netals, of Goup V 112 of the Peri odi c Table of the

El enents supported in a highly dispersed and essentially uniformy

et o al s MR AL el fsbfsrgfed e}t B S8EronGh Rt medeliels gk T ace

~area, ref r%g!ﬁﬁlé’ ther kBt furittieR aSreglerBidbile heterotfom SoHhRrite Anid Sérnfi - -
silicon carbide, anorphous and crystalline silica-alumnas, silica

magnesi as, dperation of thisiinvention irvaimodadycling between hetenvatemisapturerand t he 20
~preferred support materials ipclude alum na ar{gét he C@Stal line silica-

al um nas, [519? roatan - releass in. either-continuous Arbatch pperatign, gepending Hpan. <

. nore preferably oo i di 2200 & iof b infi of
oynt hoshs S PREEEL eBhafibh ! Z4oEe ihicpordiig heferbitol Sclivd il 0.,
modi fi cat i dysionwdchange aré aisoef valne téJhisdneentiorn nExamptes include Zh4A, f or
use in the practice of the present inventjon.include thgose selected from
several cl £63b3zitg, ﬂ%é?‘i‘lﬁ?iie I(‘Pﬁfi]ﬁfaf%’ by the Jaeorperatian, Pt zincPopephate,

het er oat om_nmi . | . i | e of
o el g, oaALR Géifin $Alal faRiork 56846 260REE SiMEY L DufHbe SRR,
98/ 07805 to, US-A- 5,185,135 and US-A-5,283,047, both of which aréaldéShéoipgoraled

10 herein by reference.

Spinels represent another class of heteroatom sorbents suitable for use in

the practice of the present invention. Such materials are feadily synthesized

from the appropriate metal salt, frequently a sulfate, and sodium aluminate
15 under the influence of a third agent like sulfuric acid.

Various de_fivatives of hydrotalcite exhibit high heteroétdm capacities and for
this reés%p’-s_erve as heteroatom sorbents for this invention. These may
include numerous modified and unmodified synthetic and mineral analogs of

20 these as described in US-A-3,539,306; US-A-3,796,782; US-A-3,879,523;
and US-A-4,454,244, all of which are also incorporated herein by reference.
The high molecular dispersions of the reactive metal make them very
effective scavengers for heteroatom bearing molecules.

25 Also suitable are activated carbons and acidic activated carbons that have
undergone treatment, well known to those skilled in the art, to have an
enhanced acidic nature. Acidic salts may also be added to the activated

- carbon, used on other high surface area support or used as bulk sorbents.



11 One class of materials suitable for such use as heteroatom sorbents are

reduced Mk logo¥desch may be enployed as bulk materials or spepfishbhron an
appropriate support material such as an alum na, silica, or a zeolite. 5

Representative nmetals include those fromGoups la, Ib, Ila, Ilb, IIIlA
IVA, VB, VIB, VIIB, VIII or the Periodic F#dble of the Elenents (as .
di spl ayed inside the front cover of the 64th Edition of the CRC Handbook

of Chem stry and Physics). Preferred netals jnclude Zn, Fe, Ni, Cu, M, Co,
My, Mh, W KThewweight saiio of thecheteroatom gorbegt torthechetefgatom removaly

con nat  on. cARbharevch L Msraflé of BB O 8 10, ity iip D080 5 2nc
as het eroat %@Pmeémﬁﬂgm;ﬂb pxi des which may be enpl oyed as bul k

oxi des or supported on an appropriate support material such as an al um na,
silica, or a 15 . zeolite. Representative netal oxides include those of

th t al f G | b, Ila,. |I L1]A | VA B. VI B, Vi. L1

Lhe Per | ddi CPrRABAbNA e, Sorent me@riahalka, crtabzss o offenyiis saditates they '
Cu, Mo, Co, idH, i 7 : ,

mh 1 pa \ectidh of Mydfogdf wilthihePsorted ofgano \hetbroaldin mitRecudes 6o
i n conbi nat i the.carespondinghetess-hydfideet al. based materials sui.table for such

use as heteroatom sorbents are metal sul fides which may be enpl oyed as bul k
sul fides or supported on an appropriate support material such as an-

al um na, sil4ca, grg‘g@'t ti Rt iﬁ.@;ni' I se of
the netal s fm% "é]'(ijq}ps smlg?mﬁgﬁﬁlsgmaﬁb%ﬁ, ﬁhﬂh VB, \ﬁ% H’%f é,mVI I
or the Reri qeactidnl@one)fwith hyBrogerscontaifing erea%cgasetsmﬂi%s idissalvied fretefee, N |
Cu, Mo, Co, My,. M1, W K Na, , B La, Ce, V, Ta, Ny, Re, Zr v A,
Rh, Ir, Pd, rmdn%amsnnhmfmﬁﬁwale?ﬂmti éHEaWaythBEe@’nﬁFW‘é\ﬂnQnQP% dhery
or in conbi | : ' el er4 : as
or 1n_combi g Bhon Hhetidi Hbbdire i neccthlySt PaTSnaRte" TRAFiS e S5tatyst

and sorbent can be on-stream for substantially longer periods of time before

regeneration is required. Further, predictable heteroatom removal levels will

15  be achieved by the process of the present invention.

The process of this invention is operable over a range of conditions
consifst"e’bf \With the intended objectives in terms of product quality
improvement and consistent with any downstream process with which this
20 invention is combined in either a common or sequential reactor assembly. It
is understood that hydrogen is an essenﬁal component of the process and
may be supplied pure or admixed with other passive or inert gases as is
frequently the case in a refining or chemical processing environment. It is
preferred that the hydrogen stream be heteroatom free, or essentially
25 heteroatom free, and it is understood that the latter condition may be
achieved if desired by conventional technologies currently utilized for this

purpose.

The various embodiments of the present invention include -operating
30 conditions consisting of a temperature in the range of from 100 to 500 °c
(212 to 930 °F), preferably from 200 to 450 °C (390 - 840 °F), and more



this invention as detailed in US-A-4,831, 206 and US- A-4, 831, 207, bot h' of

WD 98/ 07805 . PCT/ US97/ 14761 12
whi.ch ar avelos/er8osicor por at ed herein by reference. These natRCEiusssngteare with.
spinels the ability to function as regenerabl e heteroatom sorbents and
permt operation of this invention in a {%de cycling between heteroatom
capture and heteroatomrel ease in either'tontinuous or batch operation
dependi ng upon 5 the process configuration. Zeolites incorporating

het'er oat om aci | »on ,£xch ‘el f..yalue to thi

vent s on RS 2he 00 SnAsS? TR OFL° Plndetrds Al W 1BaPefess by «he
i ncor por at'!n%s{ @Pe?étae iRBRIBhOSe iANtHelraRBR! 6f REM™POAto IZ0UDEpEIk(6BY R i tuted
zeolites similar to, but not limted to, US-A- 6, 185,135 and

US- A- 5, 283,134788 kBal), preferablyfromedQ0 too120Q psigoi2758d0 B27 ki a), anidymore

for “use | n ArRterapP TR 4Ebrtoy {U pRIGAATOR 1o ofbs kPl siias Tatss i e ' ©
readitygsyng, Eis g.gaéé rf@mﬂgge@eg@oma%eim@r?ﬁgém grgﬁﬂwebt {ar_m gog fate,

and .sodium'a he i nfluence o agent |iké sulfuric '

acid. Vari (86me3(18/tu ﬂ?&tm*gasjm’mﬁb,l preferablyhfromt 250 tdh 7500 SCOBMB(MS to

: t Qr. t . ' ‘het it : tS . i

et on. ARk il 55 ety e A 1500 B e ane
Us a3, 700 SR8 gty A" CTRE ERTRIC TeI0cly A dnitn e gms may be
i ncor por at expengted variss inctherrange. of From 0. 1 to TODEHS | préferablys frons 08 td he
reactive netal neke themvery effective scavengers for heteroatom bearing

nol ecult@s. 485LHAN; and mergpreterablyfrom L9 40 304H%Vis and aci di ¢ acti vat ed
carbons that have '

Quite often the downstream process, catalyst, ;if product disposition will
require that the liquid stream be at a lower temperature than was required in
the heteroatom hydroprocessing steam; particularly when the downstream
15  process/catalyst is performing aromatic saturation that is equilibrium limited
- at higher temperatures. When this is the case it may be desirable to perform
the temperature adjustment prior to contacting the liquid stream with the -
hetero'ét;m’sorbent as most of the sorbents having higher sorption capacities
at lower témperatures. In such applications, each of the temperature ranges
20 described above may be decreased by as much as 100 °c (180 °F).

The heiero-hydrides formed across the heteroatom hydroprocessing catalyst
have a finite solubility in the liquid stream. For this reason it may at time be
desirable to include a stripping zone to remove these hetero-hydrides before

25 passing the liquid stream to the sorbent zone. This stripping zone may be -
contained within the same vessel or a discrete vessel and may include any
type of stripper familiar to those skilled in the art.

This invention will allow consistent levels of heteroatom concentration in a

30 liquid effluent stream by utilizing a sorbent bed in countercurrent flow

‘This Sheet Has Been Reﬂlaced . THIS SHEET HAS BEEN
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under'gone treatnent, well known to those skilled in the art, to have an
enhanced acidic nature. Acidic salts nay al so be added to the activated
carbon, usB@W"Sher high surface area support or used as BETUSIBIA s.
VO 98/ 07805 PCT/ US97/ 14761 13
The weight ratio of the heteroatom sor bent15to the heteroatom renoval .
catalyst may be in the range of fromO0.01 to 10, preferably from0.05 to 5,
and nore preferably from0.1 to 1. 5 Preferably, the sorbent material also
catal yzes .or oSbfiftiol 16 EBFB h;baé.esuevae ‘o apbidhBatdms YsHeaRiy Vhrbugth ethgor bed
organo heteroatom nol ecules t0 formthe correspondi ng het ero hydrTde. The
count er cur r eheteroatoat hydmppodcassing Zoneeduring peacess rexsursionsipst r eam 10
reaction zone, with hydrogen-containing treat gas, strips dissolved hetero-
hydride inpurities fromthe effluent stream thereby i nprovi ng both the
hydr 0gen par-hdlraRés SHEimdlionS pro@iddhin the's anffabins ard fHose
catal yst and sor can e on-streamtfor sub tantl a y longer periods of

time bef@ e whiphhareabelieved to qmntmﬂdrly fpointheut apd adistinctly eidimt theo iristamt
renoval levels will 15 be achi eve t he process of the present
i nvention. THWepteRedM isrhowever; 4D ﬁ'f opd %Pé@@%éﬂda"mﬁﬁ@én%ﬂhat

conditions c r f t
quality i nprg\éﬁérﬁsﬁ %BBS@M(%%{%M?%%@EW ﬂ E@%rﬁ@* g@%ﬁﬁﬁ%‘%‘%ﬂ%‘gg ’Qﬁ'ﬂ&m ch
this 20 i nvepiairesubstaptiany thedsdnie fedultsredintenitetitote Withinttile sdopecatther
assenbly. It is understood that %ﬁlrogen is an essenti al corrponent of the

process and Wstanténvaniion asidefined by thaiinsiani specification angdbeiclaims: i nert
gases .as is frequently the case in arefining or chem cal processing
environment. It is



- . \\n_—“ — .
preferred that the g{drogen stream be heteroatomfree, or essentially: 25

het er oat om free, andhif 8heetdasiBal RediRQM .t hat the latter condition may be

achi eved wb 98008 cd t echnol ogi es current | ypeitiskdraadsif or
this purpose. The varj mhts of the present invention include
ISUi

operating 30 conditions cons of a tenperature in the range of from
100 to 500[err]C (212 to 930[err]F), p;re]‘%rably from200 to 450[err] C (390
- 840[err]F), and nore REPLACEMENT SHEET 2 SEP 1998 14 preferably 225 to

400[ err] C(437 1o 750] e: . Pressures at- which the process nay be

oper at ed |M§ﬂt?$ﬁ'§s‘bﬁéﬁﬁe range of- from 100 to 2000 psig (689 to 13,788
kPa), preferably from400 to 1200 psig (2758 to-8273 kPa), .and nore
preferably from 450 to 1000 psig (3102 to 6894 kPa). Gas rates at which the
S process 1y g prsdetisedor NsdtersatbmoTemoval Neoma 0 enyirotddonl Girdam 10, 000
SCF/B (19 to 1781 nferr] gas/nferr] oil), preferably from250 to 7500 SCF/ B
(45 to 1336 nfer¢dgmpia®iNgierr] oil), and nore preferably from 500 to 5000
SCF/B (89-to 8906 nferr] gas/nferr] oil). The.feed rate velocity at which

the progess may (a} opfeeding saidi deedstotkestreame tof & r first O réadtionl OfomeISV,

preferably fromO0.3 to 10 .40 LHSV, and nost preferably from0.5 to 30
LHSV. Quite often t hec‘?mmf'geﬁzgﬁﬁ (&e@%t,er‘?ﬂ?&l 5!&@9693/%58!21&3@%%6& tion
will require that thesddsdii Gitst ' I ' )E = WQ'S
required in the het e?%éﬂtg% ﬂ%}@ré()g‘?g@??%&e?b ﬁﬂ'neéﬁg??% aﬁ %Qi\%hrﬁarﬁt he
downstream 15 procegwactionizore issopenating ratnepraditions effectiveltaremovehat is
equilibriumlimted at hi gh_er teﬁperatures.' Wien this is the case it may be
desirabl e to perfor mfirst portion of the heteroatom content of said feedstock stream,

.10 - wherein said first portion removed from said feedstock stream is

in the range of 20% to 100%;

(b) passing the liquid product stream from (a) to a sorbent zone
comprising a bed of heteroatom sorbent material in contact with
a hydrogen-containing treat gas wherein said liquid product
15 stream from (a) a_nd said hydrogen-containing treat gas are
flowing in a countercurrent direction, wherein said sorbent zone
o \js operating under conditions .effective to remove a second
portion of the heteroatom from said liquid product stream from
(a), wherein said second ponibn removed from said feedstock
20 .~ stream is in the range of 0% to 80%; and

(c) recovering a liquid product stream from (b) wherein the amount
of heteroatom remaining is in the range of from 0% to 80%,
basis the starting hydrocarbon feedsteam which has not be
subjected to a heteroatom removal process.

25
2. The prot:ess’ in claim 1 further comprising:

(d) subjecting said liquid product stream from (c) to - further
heteroatom sensitive . processing selected from the group

consisting of a process comprising heteroatom sensitive

THIS SHEET HAS BEEN
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the tenperature adjustnent prior to contacting the liquid streamwth the

het er oat om_sor.b asThiOSheet Bhs BeERGAEAENt S havi ng hi gher sorpli '
capaci ti eswfﬂiaﬁ'g%r te JN| (M| such applications, eackﬁwﬁ%nﬂ
tenperature ranges 20 lﬂ he may be decreased by as nuch as
100[err]C (180[err]F). - ri dest# ornmed across the heteroatom
hydr opr ocessi ng catal yst have a finite solubility in the liquid stream For
this reason, it may at tinmes be desirable to include a stripping zone to
renove these het ero- hydatalyst, aedevond2Retepsatomnsensitivé prpdesssinotecontaininge

sorbent zone. This stripping zone may-be contaiped within the sane vessel
or a discrete vessel afl y5th cd LdRierRatom, sensitive, PFQFSE‘ dispesition, (3nd hose

skilled in the art. Thig.,l at | .0, | -al | ow consi'stent |evels of
het er oat om concentrat i &ﬁ)ﬂﬂ“@tﬁ%fﬁp&éﬂ d effluent streamby utilizing a

sorbent. bed in countercurrent flow _ MWD 98/ 07805
PCT/ US97/ 14761 15 operation to sorb higher |evels of heteroatons breaking
t hrough the Bet er JEORFOPRES I ClAIE: 3| Wheretm saiguraastjoprzanesef (3)cisrapenated The

whi chare bel | eve L irBleR Sirblim 8k BRE fiiokh ARG b8a{ B PEmi ~° °
i nstant inventi oncoltdréurrémtto\tiie andtiier.st ood t hat ot her ranges and
limtations that performsubstantially the sanme function in substantially

t he sanme manner to obtain substantially the same result are intended to be
wi thin the scope t he inst.ant' dnyention as, defi n'ecl Pry t he..instant =
speci fi cati off and PIOCESS N claim erein said heteroatory sensitive process of
10 (d) comprises at least one reaction zone containing a bed of
heteroatom sensitive hydroprocessing catalyst wherein said liquid
phase effluent is processed countercurrent to a hydrogen-containing

treat gas.

15 5. The probess in claim 2 wherein said heteroatom sensitive process is at
least one reactié_n zone containing a bed of heteroatom sensitive
hydroprocessing catalyst wherein said liquid phase effluent is

N '"igr&;‘essed co-current with a hydrogen-containing treat gas.

20 . 6. The process of claim 3 wherein said feed stream is first processed with
a hydrogen containing treat gas in at least one co-current reaction
zone containing heteroatom hydroprocessing catalyst.

7. The process of claim 1 wherein said heteroatom sorbent binds the
25 _heteroatom with sufficient binding energy so as to be essentially an
irreversible sorption.

8.  The process of claim 7 wherein said heteroatom sorbent is a feduced
metal or metal oxide as either a bulk material or dispersed on a high
30 surface area support.
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16 WHAT IS CLAIMED IS: 1. - A process for heteroatomrenoval froma

hydr ocar bon feedstock stream conprising: (a) feeding said feedstock stream
to a fir3¥OP8M78eS on zone conprising a bed of heteroat om hpgAdPPHE4a6ki ng
catalyst in contact with a hydrogen-containing treat gas wherein said first
reaction zone is operating at conditionsggffective to renove a first
portion of the heteroatom content of said feedstock stream wherein said
first portion renmoved fromsaid feedstock streamis in the range of 20%to
100% (b) -passing a liquid product streamfrom (a) to a-sorbent zone
conprising a bed of heteroatom sorbent material in contact with a hydrogen-

" contai ni ng @.r eatTigmspidtessi of selaih | 1 qwhéreinodaid Ketermatomr Sorbént also sai d
hydr ogen-containing treat gas are flowing in a countercurrent direction
with respect to catalyzeshihe reption of ssaid etganenheteraatam meigces withhder

TTaui d product d0eiaabR s AR EenB TR tolR g base-hifides. " croved rom
sai d fegdstock streamis in the range of 0%to 80% and (c) recovering a.

| iquid product streamfrom (b) wherein the anmount of heteroatom renaining
is in the rhge e processof:claigy 8 wherein saidcheiernatomesarbent isaa weduced dst ock

The process | - dndfal 49t e, COf b e BB o thfle el pr o

product stream fd;g'ﬁ_é,(sg_}j_ bf BUhidH surRice” aréa Suppot { parficilaplyeasizeslifie! ect ed
fromthe group consisting of a process conprising heteroatomsensitive
catal yst, a secaupport.er oat om sensitive process not containing a catalyst,
a heteggaton1sensitive. ‘

1. The process of claim 9 wherein the binding energy for said hetero-
hydride with said sorbent is less than the binding energy of the organo
heteroatom with the sorbent so that said hetero-hydride is desorbed
and carried upward by the upward flowing treat gas.

15 '

12. The process of claim 11 wherein said heteroatom sorbent is a reduced
métal, metal oxide, or metal sulfide as either a bulk material or
‘ﬁigﬁérsed on a high surface area support particularly on a zeolitic
sup'port.

20

13. The process of claim 12 wherein said metal of the metal, metal oxide,

or metal sulfide is a noble metal or combination of noble metals.

14. The pmcéss in claim 1 wherein said heteroatom sorbent binds said
25 heteroatom with sufficiently weak binding energy so as to be
essentially a reversible sorption wherein said heteroatom sorbent
releases said heteroatom at a rate so as to have a negligible impact on
said downstream process. .

P
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product disposition, and conbinations thereof. AVENDED SHEET REPLACENMENT
SHEET 17 2 SEP 1998 3. The process in claiml1 wherein said reaction
zone of (aVO%OHErated with the feedstock stream and the hfGFY§EH4761
containing treat gas flow ng counter- current to one another. 4. The
process in claim2 wherein said heteroatosgsensitive processing of (d)-
conprises at |east one reaction zone containing a bed of heteroatom
sensitive hydroprocessing catal yst wherein said liquid product streamis

- processed COtBIt erfhe ippitessCofocibimindowhereim saidheteroatent sorbent is a zeblite,
process in claim2 wherein said heteroatom sensitive processing of (d) is

at’ I'east one reacaluminz.ocl@ycoacidicisall, spingl: activaled eabem aluminosilisate,

hydr opr ocessi ng cat al . i | . aul d product streamis processed
co-current wthg’@ﬁﬁé@n\@ﬁéﬁpﬁ?ﬁ'gﬁ@'{%ﬁ&gas 6. The process of claim
"3 wherein said feedstock streamis first processed with a hydrogen
containing treat gas-in at |east one co-current reaction zone containing
het er oat &m hi@ir opfloe grocess imclainsd wherein said petereatom sohentnbindsisaidi n
sai d 'het er oat om sor,bent _bi nds the fr_l':et 0-

r atom.wi.t h sufficient bipding:
energy so as to HPEERAIRM WiR Sy Yo Oinging: PRRIOY; SO ﬁep rggess
of claim7 wherei n Efeh@ ' I e r
oxi de sel ected fr%snﬁlgug?%up cgﬂﬂiﬁ’ﬁgw& 'l‘@lﬁ?ﬁhngtggﬂ"a an orﬂ;retsg’féeg!{rt
met.al oxi de.di speeteabesrsaid hetgroatonh at a ratecso asifphave anhegligithie impacten of
claim 1 wherein thg f eedst ock stream contai ns organo -

said downsiream process.
10
17. - The process of claim 1 wherein said hydroprocessing catalyst(s) are
selected from the group consisting of hydrotreating catalyst,
hydrocracking catalyst, hydrogenation catalyst, hydroisomerization
catalyst, ring opening catalyst, catalytic dewaxing catalyst, or a

15 combination thereof.

18. The process of claim 6 wherein said hydroprocessing catalyst(s)are
¢ "s_glregted from the .group consisting of hydrotreating catalyst,
hydrocracking catalyst, hydrogenation catalyst, or a combination

20 - thereof.

19. The process of claim 1 wherein said heteroatdm sorbent is selected
from the group consisting of réduced metals, metal oxides, metal
sulfides, clays, acidic salts, spinels, zeolites, activated carbon,

25 aluminas, aluminosilicates, hydrotalcites or a combination thereof.

20. . The process of claim 19 wherein said heteroatom sorbent reduced
metal, metal sulfide or metal oxide is based on a metal selected from
the group consisting of Groups Ia, Ib, lla, lib, lliA, IVA, VB, VIB, VIIB,

30 VIit, or a combination thereof of the Periodic Table of the Elements.
R
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1

het er oat om nol ecul es and sai d heteroatom sorbent al so catal yzes the-
reacti on of said organo heteroatom nol ecul es with hydrogen to produce the
corr espormorsgotesser o- hydri de. 16. The process in claim 3pefieseinargai d
het eroatom sorbent binds said heteroatomw th sufficiently weak binding
energy so as to be essentially a 21 3Q. -A process for heteroatom
removal from a hydrocarbon stream wher e®®he heteroatons are sel ected from
the group consisting of sulfur, nitrogen, oxygen, the hal ogens, and

m xtures thereof, said process conprising: (a) feeding said feedstock
stream.to a first reaction zone conprising a bed of heteroatom

“hydroprocesz{ng YREProséss Bf BRI AL WherdiR the h&ﬁfﬁ@?ﬁﬂfééﬁf"kﬁid‘ "Q?P‘e §Fédmoas

wherein said first . reaction zone Is operating at conditions ctive to

remove a first ppassing between the:catalyst zone(s)tand sarbestizoné(sd ds reduiced,r eam

wherein said firgst rti.on.renpved from sai.d feedstock streamis in the
range of 20%to %@8&‘ (dnypetion, oF; "&‘;Ic?.rqﬁ?ﬂ ﬂ’F‘g'liJnSF' SPraaderimpeya)thes a
sor bent gzone co Infil - sorbent material in contact
‘with a ﬁr’f/dr ogen%ﬁgﬁtbgi n.-ﬁgmg?gg){hgéagér\%ﬁfe‘gan said liquid product stream .
from (a) and said hydrogen-containing treat gas are flowing in a '
countercurrgnt direction with . .re ct to, each other,: where sai d heteroatom
sorbent natefi aldﬂ:@ p§%‘|"ee§§t‘¥§|§'%i1%¢§ei3rtbﬁ}?a&)\'ﬂﬁ'gtshﬁér’bpﬁﬂﬂgchﬁlwﬁ_ﬁﬂal s,
metal oxi des, negpal t 961 ol | Iy € Z j

activated carbon, a?at}#!y%gs, a(FE%ﬁﬁ?g{%g{@g?érf%i’rag? g{jcﬁ? ljtozrghaﬁﬁ&@pqag
conbi nati on t herzarie(shtairemove the volatile hetero-hydrides before passing into the

10 sorbent zone(s).

23. The process of claim 1 wherein said heteroatom sorbent is mixed into
said heteroatom hydroprocessing catalyst zone of (a).

15 24. - The process of claim 4 wherein said-heteroa.tom sorbent is mixed into
said downstream catalyst zone (d).

25. The "process of claim 2 wherein there is an additional zone of
heteroatom hydroprocessing catalyst placed downstream of the
20 heteroatom sorbent bed and operated in contact with a countercurrent
flow of a hydrogen containing treat gas prior to said liquid phase
effluent being passed to a heteroatom sensitive catalyst, process, or

product disposition of (d).

25 26. The process of claim 14 herein there is an additional zone of
heteroatom hydroprocessing catalyst placed downstream of the
heteroatom sorbent bed and operated in contact with a countercurrent
flow of a hydrogen containing treat gas prior to said liquid phase
| effluent being passed to a heteroatom sensitive batalyst, procesé, or

30 product disposition of (d),
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wherein said sorbent zone is operating under conditions-effective to renove
a.second portion of the heteroatomfromsaid |iquid product _s %rom (a)
wher ei n saW&Wd portion renmoved from said feedstock stré’ftr#[?sgg}il % he
range of 0%to 80% and (c) recovering a liquid product streamfrom (b)
wherein the anount of heteroatomremainingz2is in the range of fromO0%t-0
80% basis the starting hydrocarbon feedstock stream which has not been
subj ected to a heteroatom renoval process.

27, The process of claim 1 wherein said heteroatoms are selected from the
group consisting of sulfur, nitrogen, oxygen, the halogens, and -

o mixtures thereof.
- 28. The process of claim 4 héfein the heteroatom sensitive process is an
aromatic saturation process. Ve
'29.  The process of claim 3 wherein the heteroatom sensitive process is a

10 selective hydrocracking process.
. '\
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