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(57)-Abstract

processed vapor as additional product liquid.

(54) Title: LIQUID AND VAPOR STAGE HYDRCOPROCESSING USING ONCE-THROUGH HYDROGEN

A three stage hydroprocessing process includes two liquid and one vapor reaction stages, both of which produce an effiuent comprising
liquid and vapor. Both vapor effluents comprise vaporized hydrocarbonaceous material, Fresh hydrogen is used for the hydroprocessing in
both liquid stages. The second stage liquid effiuent comprises the product liquid. The first stage liquid effluent is the feed for the second
stage. ‘The first stage vapor effluent is hydroprocessed in the vapor stage and then cooled to condense and recover at least a portion of the




unsaturates and heteroatons such as sulfur, nitrogen, and oxygen.
Furthernore, due to environnental concerns, specifications for fuels,

| ubricants, and chem cal products, with respect to such undesirable
conponent s, arwoo9sm22%hual |y becomi ng tighter. Consequently, OIwshg/eodss and
product streanms require nore upgrading in order to reduce the content of
such undesirabl e conponents and this increhses the cost of the finished
products.

I n a hydroprocessing MMAMDWA@GRWQGEHMDROMC&N@htom
conpounds are renoved, the NG ONRCESTHROUGH BYDROGENI i s changed. or
both occur by reacting the Teed wth hydrogen in the presence of a suitable

hydr opr ocessi ng catal yst. Hydroprocessing i ncludes hydrogenati on,

hydr ocr acki ng, hydrotreating, hydroisonerization and hydrodewaxi ng, and

t her ef ore pl ayFIEERDI OBAHEAINVENEION upgr adi ng petrol eum streans to neet
nore.stringent quality requirenments. For exanple, there is an increasing

dermand for inproved heteroat omrenoval, Omiiqiyér saturation and boiling
poi nt reduction. In ord etP(SeS&Eﬂnéfﬁ%t“{"rf@ eS8 Y Lr LS ¥Enoni cal |y, vari ous

process confi 2B5h hﬁ,hf‘o rruI tiple
hydr opr ocessi g‘é&ﬂ%éfges aggéﬁlﬁsﬂgl sC sﬂ%&l&ﬂ%ﬂd agggbr%?w f‘%fﬁfgh pat ent
publication O fehctidhfagys vaﬂﬁnwhfc‘drogat eaisferbedweentihé lighidR4g33 \More, 243, 519;
4,801, 373 and 5,292.428. SUMVARY OF THE | NVENT] ON The invention

rel at es to a tparticuleny, the ipvensionselagns to gatebiically hydregrogessing a

hydrocarbonaceous feed in two liquid reaction stages and one vapor reaction

stage, in which both liquid stages produce an effluent comprising a liquid and a
vapor which are separated after each liquid stage, with the first liquid stage vapor
effluent and, optionally also the second stage vapor effluent, hydroprocessed in
the vapor stage. The partially hydroprocessed first stage liquid effluent is the
feed for the second stage. Fresh hydrogen is used for both liquid stage reactions.

BACKGROUND OF THE INVENTION

As supplies of lighter and cleaner feeds dwindle, the petroleum
industry will need to rely more heavily on relatively high boiling feeds derived
from such materials as coal, tar sands, shale oil, and heavy crudes, all of which
typically contain si gnificantly more undesirable components, especially from an
environmental point of view. These components include halides, metals,
unsaturates and heteroatoms such as sulfur, nitrogen, and oxygen. Furthermore,
due to environmental concems, specifications for fuels, lubricants, and chemical
products, with respect to such undesirable components, are continually becoming
tighter. Consequently, such feeds and product streams require more upgrading in
order to reduce the content of such undesirable components and this increases the

cost of the finished products.
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SUMMARY OF THE INVEN’I_‘_ION_ f

The invention relates to a thi_'__ee_ stage process for hydroprocessing a
hydrocarbonaceous feed in which thg fe'ed'i_s reacted with fresh hydrogen in the
presence of a hydroprocessing cgtglyst m two separate, liquid reaction stages,
both of which produce a vapor andhquxd effluent wh_ich' .are separated after each
liquid stage. The partially hydroﬁroq;éséd _f"ln'st stage liq@id effluent is the feed to
the second stage and the second stggé hquld .cfﬂuen_t is the hydroprocessed
product liquid. The first stage ef__ﬂ;é’exﬁ v:a.pors are hydroprocessed by reacting
with hydrogen in a vapor reactio_r; _Stagé to ?_foduce hydréi)rocessed vapors.

Fresh hydrogen or a hy_drogen COntalmngtreat gas is used in each liquid stage.
The hydrocarbonaceous feed to be hydtoprocessed is introduced into the first
liquid stage in which it is partially'hydfoprb_cjcssed and then passed into the
second liquid stage t§ complete the hy'd_roprpcessing and form a hydroprocessed
product liquid. The hydrogen for.t'_he vé_pér stage reactic_m is preferably unreacted

hydrogen present in the first stage vapdr effluent. However, if desired all or a

v




having at |east three and preferab)y at..1east four carbon atons. The term
"hydrogen" as used herein refers to: hydrogenigas. In its broadest sense,
the invention conprises a hydroprocéssing process which includes two |iquid
and one vapor ‘W@g@f’l’?’?ﬂ stages and whi ch conprises the.steps &CTUSIN06M ()
reacting a hydrocarbonaceous feed with fre_ih hydrogen in a first

hydr oprocessing liquid reaction stage in the presence of a hydroprocessing
catalyst to forma first stiage effl uené %orrgri sin fpartﬁlraJ?b d

hydr opr ocessedPOigR Of Hie\APSE 8i88S reaction BYdregen, Mgy come: trom Ires ¥ rogER 9L Aat i ng
said first stage,liguid and v r. &f T ' sgi d
first stage | ia%(ﬂrﬂg%ﬁ?rﬁﬁ'ﬁfn%ﬁ% g?sf'e]gq?uﬁgédir lggtg%tr?eivﬁp ?é@%r%ggﬁagei}g‘fe' gh

hydr opr ocessi ngeGRéfiréd bmbddinSR CuficiBntiredh nng alliydrogénrcdnediniag st age
to-produce a second stage effluent conprising a hydroprocessed

hydr ocar bonacetveat gas omhstbe intpducedimtd thefust stage to insurg syfficient pageaetedg sai d
second stage |jquid and, vgpor effluent, and e) eacting said
fiest stage valyirogsn lfk}@ﬁﬁ%%"w&ﬂ?bﬁgﬂeﬁh Alf,gr %P%&Hé’g t%? vapor Stage

hydr opr ocessi n | i ' '

hydr opr ocesse d%g‘f’@é ﬁ?@g ﬁ g% 2%‘%“%%%8‘1; FJGS@&IH};&PO&B@&M Surb e us

4 material as additional product liquid which may be blended with the second

liquid stage product liquid effluent. When the feed comprises hydrocarbons, the
cooled and condensed vapor stage effluent will typically comprise material
having at least three and preferably at least four carbon atoms. The term .
“hydrogen” as used herein réfers to hydrogen gas. In its broadest sense, the
invention comprises a hydroprocessing process which includes two liquid and

one vapor reaction stages and which comprises the steps of:

(a) reacting a hydrocarbonaceous feed with fresh hydrogen in a first
hydroprocessing liquid reaction stage in the presence of a-hydroprocessing
catalyst to form a first stage effluent comprising a partially hydroprocessed

hydrocarbonaceous liquid and vapor;
(b)  separating said first stage liquid and vapor effluent;

(c) reacting said first stage liquid effluent with fresh hydrogen in the
presence of a hydroprocessing catalyst in a second hydroprocessing liquid
reaction stage to produce a second stage effluent comprising a hydroprocessed

hydrocarbonaceous product liquid and vapor;
(d) separating said second stage liquid and vapor effluent, and

(e) reacting said first stage vapor effluent with hydrogen in the
presence of a hydroprocessing catalyst in said vapor reaction stage to form a

hydroprocessed hydrocarbonaceous vapor.



Typically at |least a portion of the hydroprocessed vapor will be cooled to
condense out the vaporized hydroprocessed nmaterial as additional product
liquid, which is separated fromthe remaini ng uncondensed vapor. °

I'n one enbodwameensyz2ehe first |iquid stage and the vapor st aggrZaeekfat h be
In the sane vessel. In another enbodinent, all three reaction stages may
each be in a separate reaction vessel. ®e catalyst used in each stage may
be the sane or different, depending on the feed and the process objectives.

Further enbodi nents i MEypicklysdtiédsia pertibh of HRASNREMAcessy IV W5RPEEd product
liquid to renove undesirable reaction products. In the

practice of toeled tvenmdense outitke Yaposipediyytiropracessed material avadilifienhli nt o t he
first stage reaction.zone js nostly liquid and typical conpl etely I|iquid.
During the hyHRoYEy é’s‘f" i,“saﬁepf"'éﬁfété‘gg -W’BEQ‘FF@‘*&K%V@B"M | ower ;

boiling feed conponents are vaporized in each |iquid stage. The anount of

feed vaporization w | In¢RRAboRIMdMahE Hist Ruid sthétearidafiel vapet stdhe mperature

and pressure in the reaction stages and nay range between about 5-80 wt. % |,
Thus, by | i qboth bedache samevesgel. Tis amahertenteaimentyrall tire¢ toacfiaestagesimay
hydroprocessed is .in the liqujd stage. 1:n nost cases the hydrocarbonaceous

feed will cofdshbsdnseparatensaction viessehn Thepatalystapsed im cagh tageimay bt Bess is a

hydrotreatin r and _ ni d D isti]late or
i esel ' fuel " PrEs B et aehohding bh wlHed bid BT LBLb BB, FBhis.' O °i ch
i s di ssol vedemBodiinfyidtRae s¢ipphRdhdravstd, Hydvd _oaéseed/ﬁd@aﬁctq%mﬁm ate.

Si mpl e stripping renoves these g%gci es fromt hes}g | irquids. BRI EF

DESCRI PTI ON @movemndeyivablgagaction products.. Figure 1 schematically
illustrates a flow diagram of an enbodi nent of the invention in which each

hydr oprocessing stage 1{1 ?hé Fra@tiéee&‘?ﬁ@ﬁi%eﬂtf&s, ?ﬂe fresh hydrocarbonaceous feed

- fed into the ﬁrsi sta'g'eireaétipn zq'né is mostly liquid aﬁd typically completely
liquid. During the hydrbprocessing, at légSf a portion of the lighter or lower
boiling feed components are vaporized in ca_éh liquid stage. The amount of feed
vaporization will dei)end on the nature of the feed and the temperature and
pressure in the reaction stages and _ma;y. r_aggé betweeﬂ about 5-80 wt. %. Thus,
by liquid reaction stage is meant thatsome of the feed being hydroprocessed is in
the liquid stage. In most cases thé-ﬂycirqbﬁbenaceous feéd will comprise |
hydrocarbons. In an embodiment in whlch the process is a hydrotreating process
for a sulfur and nitrogen _contain_i;x;g di_s;j_llgt_é or diesel fuel fraction, the
hydroprocessing forms H2S and NH3; some of which is dissolved in the
hydroprocessed product liquid and vgpﬁr _c_d_ndensate. Simple stripping removes

these species from these liquids. .. -
BRIEF DESCRIPTION OF THE DRAW_INGS

Figure 1 schematicaliy illustrates a flow diagram of an
embodiment of the invention in which each hydroprocessing stage is in a

separate vessel.



5 Figure 2 is a5|rrple schematlcflowdlagramof an

enbodi nent of the invention in which*“thesfirst liquid reaction stage and
the vapor reaction stage arc both located in the sane vessel. DETAI LED
DESCRI PTION WO 99/57229 By hydroprocessing i s meant .a procc2SI/USINME
hydrogen reacts with a hydrocarbonaceous feed to renobve one or nore

het eroatom inpurities such as, sul fur, ni trdgen, and .oxygen, to change or
convert the nolecul ar struct ufe of at | east a portro’n of the feed, or both.
Non-1imiting exanpl es of Figurr 2jsraximpis s@emaueébs\e@amnwfmmb@dlmtﬂfced
by the present invention inclu ower boili fractions fromlight
and heavy feed %‘vamr%ﬁhﬂ&ﬁ lg%‘Hgé 'Pﬂéta&f’ Ha%}ecgapgﬁﬁcagfiﬂléptage
unsat ur at es; 4t ?ﬁ{édzl?ltthé)ghlﬁ‘@%s%l catal yti c dewaxi ng of waxes and waxy
feeds, and derre a on o eav reans. Ring-opening, particularly of
napht heni c rings, can al so be con5|dered a hydroprocessi ng process. By

hydr ocar bonace @RETABEED BESERIPTIQN i nari | y hydrocarbon material obtained

or -derived from crude pet roleumoil, fromtar sands, from coal
| i quefaction, shale oil S‘XH ydr ocar,bop synt hesi s. The r gult i on stacqes used
in the practice of the pP Y°W?R?§§1P$bﬁfn§?‘§ad§8?eéfé‘ﬂ drogsndea

temper at ur es. aggypl FARUEEBolflobl Rell ks di/ercﬁ@%r'n?&i&Fe” S TRipRriiey Pi cal

hydr opr ocessi ng ten ange from abo out
450[ err] C at pkessas figful, o2 dhd dRy gl b Eangd ortorvedGlie mb]q;ularr ef erably

50 to 2.500 psig.
structure of at least a portion of the feed, or both. Non-limiting examples of

hydroprocessing processes which can be practiced by the present invention
include forming lower boiliﬁg fractions from light and heavy feeds by
‘hydrocracking; hydrogenating aromatics and other unsaturates;
hydroisomerization and/or catalytic dewaxing of waxes and waxy feeds, and
derﬁetallation of heavy streams. Ring-opening, particularly of naphthenic rings,
can also be considered a hydroprocessing process. By hydrocarbonaceous feed

* is meant a primarily hydrocarbon material obtained or derived from crude
petroleum oil, from tar sands, from coal liquefaction, shale oil and hydrocarbon
synthesis. The reaction stages used in the practice of the present invention are
operated at suitable temperatures and pressures for the desired reaction. For
example, typical hydroprocessing tempefatures will range from about 40°C to
about 450°C at pressures from about 50 psig to about 3,000 psig, preferably 50
to 2.500 psig. '

Feeds suitable for use in such systems include those ranging from the naphtha
boiling range to heavy feeds, such as gas oils and resids. Non-limiting examples
of such feeds which can be used in the practice of the present invention include
vacuum resid, atmospheric resid, vacuum gas oil (VGO), atmospheric gas oil
(AGO), heavy atmospheric gas oil (HAGO), steam cracked gas oil (SCGO),
deasphalted oil (DAO), light cat cycle oil (LCCO). natural and synthetic feeds



Feeds suitable for use in such systens include those ranging fromthe
napht ha boiling range to heavy feeds, such as gas oils and resids. )
Non-limting exanples of such feeds which can be used in the practice of
t'he present MWoersri2en i ncl ude vacuum resid, atnospheric regicgusyiaREddm gas
oil (V& , atnospheric gas oil (AGD, heavy atnospheric gas oil (HAGD),
steam cracked gas oil (SCE), deasphalted oil (DAO, light cat cycle oil
(LCCO, natural and synthetic feeds '

6 derived frafvédfrofftafsandsshkR dil, 'coa]qg@hfak:tléhl@ﬁ Fydreéhramk dyneteqized bons
synt hesi zed froma m xture of Herr CO via a Fischer-Tropsch type of
hydr ocar bon Svom hamixture of Ho and Ov:aaFEdrerﬂ:pmhmmfhm@pbmesg ng and
in the context of the invention, the ternms "fresh hydrogen"” and

" hydr ogen- cot¥3ETiHg ¢ r eat gas" are synonynous and may be either pure
hydrogen or a hydrogen-containing treat gas which is a treat gas stream
cont ai ni ng hydrogen i Wﬁ‘b@ﬁ&é@bfﬁidrbﬁéb‘ééssﬁigidd%%ccfrﬁéxtto&'ﬁ]é nt ended
reaction plus other gas or ‘gasses .g., nitrogen and light hydrocarbons .
such as net hamentiah, thé teximis“fresh hsadi‘ogcrﬁ’ednyl "hydmg&m—cmmmﬂg weatgas’tae eit her
the reactions or the prqducts. ,These terns excl recycl ed ,vapor effl uent
from anot her SERORYEQH 2af may-De Rithep Rt by ﬂaw@ggéa%grqgsmewwm L&t s and

o oAt 2 DSPR el e MRLCAARARSROH K BPRE ABRASR Mo SRR 0 o0

to include ei en ora ng gas fromany conveni ent

source, i ncl gk the 1ﬁt&ﬁieﬁ>f€£d?ﬁﬁ'}ﬂﬁmhév bg glskes oEIPhitepadandligiact ed hydrogen
recovered from hydr oprocessed vapor etrfluent, after first renoving at |east
a hydrocarbons such as methane) which will not adversely interfere wnth or affect

- either the reactions or the products. These terms exclude recvcled vapor effluent

~ from another stage Whlch has not been processed to remove contaminants and at
least a portion of any hydrocarbonaceous vapors present They are meant to -
include either hydrogen or a hydrogen-containing gas from any convenient
source, including the hydrog’en—'eon'_ceining_ gas comprising unreacted hydrogen
recovered from hydroﬁrocessed vapor efﬂuent, after first removing at least a .
portion and preferably most of the hy_droearbons (e.g., C4+-Cs4) or
hydrocarbonaceous material and any contaminants (e.g., H2S and NH3) from the
vapor, to produce a clean. hydrogen _rfch treat gas. The treat gas stream
introduced into a reaction stage will preferably contain at least about 50 vol. %,
more preferably at least about 75 .v'ol. % hydrogen. In operations in which
unreacted hydrogen in the vapor effluent of any particular stage is used for
hydroprocessing in a subsequent stage or stages, there must be sufficient
hydrogen present in the fresh treat gas introeduced into that stage for the vapor
effluent of that stage to contain sufficient hydrogen for the subsequent stage or

stages.

The invention can be further understood with reference to Figure 1

which is a schematic drawing of a hydroprocessing unit useful in the practice of



portion and preferably nost of the hydrocarbons (e.g., Cerr]+-Clerr]+) or
hydr ocar bonaceous materi al and any“:contami nants (e.g., Herr]S and NH err])
fromthe vapor, to produce a clean, hydrogen rich treat gas. The treat gas
stream i ntrodN@@$M2 a reaction stage will preferably cont ZCRUSPI6Hst
about 50 vol. % nore preferably at |east about 75 vol. % hydrogen. In
operations in which unreacted hydrogen in7% he vapor effluent of any
particul ar stage is used foF+hydroprocessing in a:subsequent stage or

st ages, there thedventios.ulsd this particilgrenbedimenttherydropro¢assingprocess &8 gas

I ntroduced into that stage for e vapor effluent of .that stage to contain
sufficient hydisEelreating pragess 6'8&&\?6@?15‘09'[5%?@85 Eydrwgw Stages. HOF the sake The
i nvention can furs.her ' j 1 ichis a
schematic dr aw&ﬁsélrng?& ’ﬁ‘?ﬁ?@g?%tg%g‘g%&‘wsglﬁé‘g‘?ﬁﬁ Pﬁlvtg %gﬁ%fpg'clt]%e of

7 the inventighsfdridetites eRasreishowal TR ahytRobredting unytdrlogurmsrises ifitgt apdocess
Is a hydrotreating process and the reaction stages hydrotreati ng stages.

For the sake ofecendifquidistage reastionivesselsoleand Ieeantaipingrespestive fixed nal s,

val ves, punps, heat .transfer devices. efc re.shown.. Thus,.a hydrotreatin
uni t- 10 Eo%r i%aééy?tiqegﬁ 1§ﬁed§gwﬂeps|fpﬁﬁ¥41°§t=§a’e€%&%&'4‘88‘9&%‘2"%&1@ and 191
containing re ' ' ad g5 bl :

hydrot rea1£:J [ ngstgﬁ‘g}vse #ﬁe} Pgifsgggﬁaglﬂlléés%ﬁ ‘?g%?i .cgﬂga. -1|-§%§3§§4§é1£ip%§%5r?gorézo ueal

function vessel2 aahé botioriGnd a0aPot stagk chtalgsidbed34dn imapper@ordbn e bot t om
and a vapor stage catal yst bed 24 in its upper portion for renoving sulfur
and nitrogen fremovingsuliugapd aittagen fagothe hyidsecaghon Yaporeprgsgad in the vapor

effluent from the first stage as H7S and NH3. Also shown are a liquid transfer

pump 26, simple drum separators 28 and 32, and a heat exchanger 30. The
heteroatom-containing hydrocarbon feed to be hydrotreated enters the first stage
reaction vessel 12 via lines 34 and 38. In this particular illustration of the

_ invention, the feed is a petroleum derived distillate or diesel fuel fraction
containing heteroatom compounds of sulfur, nitrogen and perhaps oxygen. .
Fresh, once-through hydrogen or a treat gas comprising hydrogen enters via lines
36 and 38. The feed and hydrogen pass into vessel 12 and cocurrently down
through the catalyst bed 16 which contains a sulfur tolerant catalyst, in which the
feed reacts with the hydrogen in the presence of the catalyst to remove
oxygenates and sulfur and nitrogen compounds as H2S and NH3_and also
saturate olefins and aromatics, to form a first stage effluent comprising a mixture
of partially hydroprocessed liquid and a vapor which contains vaporized feed

. components, H2S and NH3. In one embodiment, this first stage vapor effluent
also contains sufficient unreacted hydrogen to hydrotreat the heteroatom-
containing hydrocarbon vapor components in the subsequent vapor hydrotreating
stage below. This is a preferred embodiment. In another embodiment the first
stage vapor effluent will either contain essentially no unreacted hydrogen or

unreacted hydrogen in an amount insufficient to hydrotreat the hydrocarbon



effluent fromthe first stage as Herr]S and NH err]. Al so shown are a
liquid transfer punp 26, sinple drum separators 28 and 32, and a heat
exchanger 30. The heteroat om containing hydrocarbon feed to be hydrotreated
enters the fWX9/5828ge reacti on vessel 12 via |lines 34 andpgBasdomeédai S
particular illustration of the invention, the feed is a petrol eum derived
distillate or diesel fuel fraction conta8ning heteroatom conpounds of

sul fur, nitrogen and perhaps oxygen. Fresh, once-through hydrogen or a

treat gas CORPHipdhérd ofyisE RgpoR effiiieat. Sinvthia litter@ase; frestnHy&BgenTtica f eed and
hydrogen pass into vessel 12 -and cocurrently down through the catalyst bed
16 whi ch conth¥fivegen-containing ireticgas mustalse by introdugedwiadinedidntoghe vaparct s wit h
t he hydrogen,i he.presence of the catalyst.to r e, 0 epates and

sul fur and nihé'a‘i?&@ﬂmg%ﬂﬁ%ﬁﬁ’o@ %@W—’Fé‘ﬂﬁ#?"ﬁﬂj’ éﬁ‘%ﬁg" W%’E‘b“ saturate

ol efins and QpEMBLdHS 04t BY e l('8NS RAAPH & m xture
of partially h_ygr&gpr E%féids}gg I ?%Ell% -aaﬁdorz‘&a?gpg’ri&%{:{gﬁ_cont alf){gk\r/}geﬁgri zed

f eed conponehydrotrie@tihgischcbbfiplished G thedirbiomtagee Th twolstage hydsitreadimgpe vapor
effluent al so contains sufficient unreacted hydrogen to hydrotreat the

het er oat om SEIEEEER ihis nes ypuwual 5160%400Y “candssam 0 Yarfithe heferpatoment vapor

hydrotreatin l ow.. This 4s .ef.eLr di t. dn another
ensodi ment ¢ 8 1 AL O350 BE eyt rp A fchid i R SRR Eheretbt BCentt a1y
- No _unr eact ed séuord QSR clalyAPEAPES £Fhobd/ AltNEhuti18ssanlfaFTolthnt datalyst tifanent to
hydrotreat the hydrocarbon :
8 conponent theffirststageagatalystffor betetoatomnrenioval hrd incadditionecanfalsesdchieydr ogen or
a hydrogen-contai hi ng treat s nmust .al so_be intyoduced . via line 47 into

the vapor hy amqt@aﬁagtﬂgt@naé'g this,coRodifmsaF the SEsAMLSTagF CAALYS FRIPESShat 1 he
hydrocarbon pickel-molybdenum or nickel-tungsten catalytic metal components on an
alumina support. The first stage liquid and vapor effluents are removed from the
bottom of the vessel and passed via line:40 into gas-liqﬁid separation zone 22 in
_ the bottom of the vapor phase reaction vessel 20. The partially hydropro_cessed
liquid separates from the v#pox effluent and is removed from the bottom of the
vessel via line 42 aﬂd passed, via liquid transfer pump 26, lines 44 and 48 into
the second liquid hydroﬁiocessing stage reaction vessel 14. In this embodiment, .
the second liquid stage iS operated at a higher pressure than the first stage.
Therefore a pump is required to pump the first stage liquid effluent into and
through the second stage. Alternately, the second liquid stage can be operated at
a lower pressure than the ﬁrst.liquid_ stage, in which a pump may not be required
to transfer first stage liquid to the second stage. The vapor stage reaction zone
24 operates at a lower pressure than the first li'quid stége reaction zone 16.” The
vapor phase passes up. into hydrotreating catalyst bed 24 in which most of the
remaining sulfur and nitrogen compounds are removed from the vaporized feed
components by reacting with hydrogen to form H»S and NH3 which. along with
the hydrotreated hydrocarbons and other vapor components, are removed from

the top of the vessel via line 41. This hydrotreated gas is then passed via line 41



conponent is hydrotreated in the vapor stage. Mdst (e.g., [err] 50 % of
the feed hydrotreating is acconpli-shedin the first stage. In tw stage-
hydrotreating processes, it is not unusual for 60 % 75 % and even [err] 90
% of the heter ¥BAENS, N and O to be renpved from the |iqUtCFYSIN644
first stage. Therefore, the second stage catalyst can be a nore active, but
| ess sul fur tolerant catalyst than the fi rt stage catal yst for heteroatom
removal and in addition caniatso achieve aromaticsgssaturation. In this
enbodi nent t he teabeatcexshanger amxt kinacktous onpenasatipndrapnohehopytas it r

ni ckel -tungsten catal yti tal _co nents qn..an .al um na support . first
stage |iquid afén %ﬁ‘e 4‘trt‘§:émt§'%5‘$%a?‘§]ﬁﬁ§égd‘PPB%Rrﬂ@%i'ﬁﬁﬁgﬁ’t'ﬂ@]@%sseI
and passed i apldiieq Hni Bt By Sfrehie WigtiRE RS TE AR AN BAc 5D, t he Dot tom of
t he vapor phase rteaction vegse . e partirally hydroprocessed liquid
separates fromthe vapor effluent and i's renoved fromthe bottom of the
vessel via line 42 and phsspattially hydroprrcdssed diquidspaspedhiptothe top pbvessal khd 48
into the second liqujd, hydroproocessing stage reaction .es I.n this.

l, 14.
enbodi ment, t haestsowit inGoging fresh Brdrogen,pies EF@&%PO@PHFI&SE“%&&W&M han

the first stage, ref | e | ge
liquid effl uen?nﬁ%ﬁaiwgg fg‘%3‘6@3%‘@“@%’ﬁﬁt%‘%&%ﬁ?ﬁﬁﬁ%@et e second
l'iquid stage C%Buﬂﬁ&hﬁﬁ@h@ﬁ@&caﬁd ﬁqﬁi@\wyﬂr&f&ﬁﬁg k€actibf Stags eathlyssbed 18jlind
stage, in which a punp nmay not be required to transfer first stage |iquid

to the second sthicletheTigmidrepcts withathe hydengen dm theqpresenge epthepatadysifo a | ower
pressure than th?{ fi rstil Ijqﬂu' d stage reagtion zone d’cl&) The vapor ghase. .
passes up into aﬂ’r"@?? g é@d’? § MR GBI AIMUA LI ToCoP $R€%r emai ni ng
sulfur and M Ulhfifd %grﬂanﬂ%lﬁg 2 yx@p&&&f&gﬁﬁa&&@aggmdeohz Ad viiaethe firs

conponents by reac ogen t orm H2S and NH3 which. along with
t he hydr ot r eat ethgbwdparcefiibanstheecaidstigewapor ciflnepaisneantaias e vaponizedd f rom

][ he top of the hvgsse b via line t4ls" Thi sstmt(% Ott1 rteatted gas is \t/erc]ieirr} tﬁg%%@:d via |

i ne 41 ydrocarbon component. Since most of the heteroatoms are remo
stage and the vaporized second stage hydrocarbons are also at least partially
hydrotreated, the heteroatom content of the secdnd stage hydrocarbon vapor is
very low. A mixture of the second stage liquid and vapor effluent is removed
from the bottom of vessel 14 via line 50 and passed into drum separator 28.
Alternately, the bottom of the vessel 14 could serve as a means for separating the
second stage liquid and vapor effluents. In 28 the vapor separates from the
product liquid, with the product liquid removed via line 52 and sent to stripping
(not shown), either with or without having first been blended with the
hydrotreated liquid recovered from the hydroprocessed vapors from the vapor
stage reaction vessel 20, to remove any dissolved H2S and NH3. The
hydroprocessed second stage vapor effluent is removed from vessel 28 via line
54 and passed through heat exchanger 30 to cool it and condense out C4+-Cs5+
hydrocarbons, with the mixture of liquid and remaining vapors passed into drum
separator 32 via line 56. The condensed liquids are removed via line 58. The
remaining vapors comprise uncondensed hydrocarbons (e.g., C4.-C5- and mostly

methane), along with some HpS and NH3. If the vapor withdrawn via line 60



9 to a heat exchanger and knock-out or separation drum (not shown) as in
to condense the (Jerr]+-(err]+ hydrocarbons as additional product |iquid
whi ch may be bl ended with the hydrotreated product |iquid recovered via

i ne 52. WO 99/57229 The partially hydroprocessed |iqui pRARIHEhe4qNt O t he
top of vessel 14 neets with incom ng fresh hydrogen or a treat gas

conpri sing hydrogen which enters via lings 46 and 48, with the hydrogen and
i quid passing cocurrently down through the second'|liquid hydrotreating

reaction stag@ntahsduffitiemashrddéted Kydtbienhit iy Bdaﬁm%ea QAR &n ¥dueBus he

hydrogen in the presence of the catalyst to hydrotreat the liquid to renove
mor e het er oatamige aolition towemayethanHoStand NHS fd ta cleamp hjvdiogen-sich\gds,ot r eat ed

product |iquid and a vapor. with the first stage vapqr effluent, the
second stage ‘V‘é‘ﬁgfnaé{fty‘?'ﬁ%?seﬁlsaé@aﬁcﬂﬁ%ﬁ Hga%_gaéé?)g}e%;é “ﬁ&}ﬁf"@&‘é%on :
conponent. Si t ar, g first stage and
t he vapori zedﬂlggl}:agﬁg’ ass?{%gg%fgﬁ)%%e?ggﬁg&lgragﬁéé?gegt@a?%%g%&gart lally
hydrotreated, the heteroatom content of the second stage hydrocarbon vapor
is very |low. A nmi xtureFigure 2 scheatatically ilugtrates spotherambodipent ofithe uent i s

removed fromthe bottom of vessel 14 via |line 50 and, passed into drum
separ at or 28.qusépgﬁ‘ﬁéﬂ‘fﬁnnpﬂénbﬂ!’@bmeﬁmﬁW‘@é’é&%?‘“& eBRPLSIAsT Y€ as a

means for se ' he..s: Qi \F: Tole) 28 the
vapor. sapar atgeatd Bipt Hine FERRE. A 3 i PSSt So il e lovea
via line 52 ahid eafididithéht Willialsol belexphidiedSWitNParticelat Referentd 1o Ky drovrdatiagt
having first been blended with the hydrotreated |iquid recovered fromthe
hydr opr ocess echeterpatom-¢antainingdueladistillate fractione Refervimge &igure 20in the r enpve

| di ssol 2S and NH . The. h ssed |
a1 uent 1o MupEeag bt Jbabe foosiqdisRrpashs ks HORORER W o

exchanger 30 drQeaPhn hbovetfe ARR HGRRI t AdRE Sdrie Ging! frbs

@Xﬁ' ons, with
the m xture offq’l I'qui d and renmal ni'ng v%ors ‘passed I nto glr més par at or 32 .
via |ine 56. hideogenwdaniring treafidad s passed intoothe dessehviailines 3684 addh ¢02.enai ni ng
“vapors ‘conprise uncondensed- hydr ocar bons (e.g., - rr]-Cerr] _and nostly

met hane), al o fed ‘H‘_‘%M%WP? S’%’FM{‘@WF%.“W%&W& Y oedi7# 4R awn vi a

line 60 “which heteroatoms are removed and some - components are saturated as in Figure
.'.l, to produce a first siage effluent édmpﬁsihg part_ially hydrbtreated liquid and a
~ vapor which éomprises véporized feed components, unreacted hydrogen, H3S
and NH3. The liquid and vapor effluents pass down into liquid and vapor
| separating"space 98 in Whicﬁ they sef)arate, with the iiquid passing down onto the
tray 92 on which it accumulates as a layer 96; and is continuously withdrawn via
 line 106. Tray 92 isa solid,'gas and liquid impervious horizontal tray (as is well
known) having a plurality of vapor conduits or chimneys extending Vertically
through, of which only one, 94,_ ié labeled for convenience. The first stage vapor
effluent passes down through the chimneys as indicated by the arrows and passes
on down through the vapor stage catalyst bed 76 below. While it is preferred
that this vapor contain sufficient unreacted hydrogen from 104 to hydrotreat the
heteroatom-containing hydrocarbon component of the vapor. in some cases it
may be necessary or desirable to introduce fresh hydrogeﬁ ora hydfogen—

containing treat gas to provide all or a portion of the hydrogen required. This is



WD 99/ 57229 ' ' 10 contains
sufficient unreacted hydrogen, it nay.-be scrubbed with an aqueous am ne-
solution to remove the H2S and NH3 to form a cl ean, hydrogen-rich gas,

whi ch may thenWO®BEEY as part of the treat gas to the first RGTHRYOWEge
or, alternately, as treat gas to the second liquid stage after conpression.
Figure 2 schematically illustrates anot hertlenmbodi nent of the process of the
i nvention, in which the first:liquid stage and th'e;_;-:;_.l\_'f'.-:;_‘:a‘i)or stage_are | ocated
in the sane vetnrdducedinte theteaponstegs via linedl 08bowinasadotteddige; dhei gure 1,

thi s enbodi nen i1l al so be explai ned wi,t articular refere to

hydr ot reati ng gyﬁ?@f’%‘i"B&tcBmpé’Bﬁ?t&fﬁ‘%‘éanoﬁéq ﬁ’ff&g{rﬁt?ﬁ’% rﬁﬂfﬁeg iwdﬁl.ctﬁﬁef erring
to Figure 2, i gt ] WeiHs 1 drStrédtsBesbori a

| ines 100 and %@J&%ﬁ?g@fﬁé{%ﬁ%&l%&a&aw—zﬁh gvtgeg%s'ghlg*igr@[drﬁqui d%si)toage.
At the same ti afflueht oveddierg e bottdny of thgevessed vielime hi. tTleasvapprdsi s passed
into the vessel via lines 104 and 102. The feed and hydrogen pass

cocurrently dowpoled bybging passedthsoughia heatiexchanger? tofopdensedhs bax-Gie
d d t t t ed ' [ 4
[rret stage of PRGHEREA FyFesiripns Horh Merpefaded ikfmpm ot fg abol
whi ch COMPIT S CqnYARMMLRAIKERLIRARRAMINquId bR terCnidiifih O agbr if Bissadd NG,
e

The |iquid and vapor uents pass down into |iquid and vapor separating
space 98 in whimb atsiraplesirpar separatosi8dhvia line 112t sepaess andregover theliquidhe tray
92 on which it accumulates as_ a |layer 96, . and is continyously wthdrawn via
line 106. Tray witich is withdsawa viajline bitiag additional prrdugt B%Hmtgﬁm?m’(nrgay (as
is well known) _havi ral f r Eﬁéf LARE i ng
vertically thrd ?{rglg%o@ﬁﬂlé]lﬁ%énﬁ;@ %r‘nies?éﬂgt%,ﬁlﬁg gé%gg'rgftg?écon@ﬁ%c . The
first stage vapghoval before being burned as fuel. Alternately, if sufficient unreacted

hydrogen is present in the remaining vapor, the vapor may be scrubbed with an
aqueous amine solution to remove the HaS and NH3 to form a clean, hydrogen-
rich gas which may be sent to a compressor and used as fresh treat gas. The first
stage liquid effluent is passed to transfer pump 90 which passes the liquid into
the top of second stage hydrotreating vessel 78 via lines 118 and 120. Atthe
same time, fresh hydrogen or a hydrogen-containing treat gas is passed into the
vessel via lines 122 and 120. The hydrogen and liquid flow cocurrently down
through the catalyst bed 80 in which the partially hydroprocessed liquid reacts
with the hydrogen to remove more heteroatom compounds, etc. and form a
second stage effluent comprising a hydrotreated product fiquid and a
hydroprocessed vapor effluent containing vaporized hydrocarbons which. contain
very low levels of heteroatom compounds, H7S and NH3. The hydrotreated
product liquid and vapor effluénts are removed from the bottom of 78 via line
124 and passed through heat exchanger 86 which cools the mixture and
condenses a majority of the hydrocarbons, and the liquid and uncondensed vapor

passed into a drum separator 88 to separate and remove most of the C4+-Cs+



ef fl uent . passes down through the chimeys as indicated by the arrows and
passes on down through the vapor stage catal yst bed 76 below Wile it is
preferred that this vapor contain sufficient unreacted hydrogen from 104 to
hydrotreat tReod9syzpoat om contai ni ng hydrocarbon conmponent pehyishypo¥@Por. in
sone cases it may be necessary or desirable to introduce fresh hydrogen or
a hydrogen- containing treat gas to proyzde all or a portion of the
hydrogen required. This is '

11 introduc | ' YRiRPViad ha i :ed |ine.
The hydrocarg%hrfbi%ﬁ%%%gt of Vﬁaﬁy\ﬁby@i@b%ﬁgﬁe t‘gﬂm‘%?/e’?gg%?lﬁg with the
hydr ogen to fine 8.addi ti onal H2S and NH3, and the resulting hydrotreated
vapor effluent renoved fromthe bottomof the vessel via line 110. This

vapor i s cool ed by bei sged. t hroygh,.a _heat  exchanger to condense the-
Clerr]+-derr]+ _hydrotﬁ’%ﬁ?@ﬂﬁ@mtgﬁﬁ#%ﬂ}@pﬂe&ﬁtﬁﬁ‘épﬁ}‘?gﬁﬁd’g‘r%&?a{‘%e o

het er oat om CaftReq!td thofe B twbiiguiFaid &ier\&PB} f‘t‘égége ﬁfus,‘%f@xﬂ&;ﬁﬁﬁgn liquid
and the remaining vapor I's passed Into a sinple drum separator 84 via line .
112 t o separanplognhiee of more litpnd staggsiinowhiich tlife partiaily prbcessed Yigaid i ne 114 as
addi tional product liquid, and the renmining vapor renpved via_line 116 and

Eent 'Ejo_ f u-][ t?@ﬂeﬁi{m ﬁ?t stage isthe sacondstage faedgthe SF%‘E\S‘_\ﬁé@SeHM e being
Phe renms ni rgysftdh Hetfid siags ed i ok M AR Venth S Ret S =" 1"

soluti.on to MR\ mdié vaor readioblsthge® BPtdhclio sRBE is MeaAltQURAst drieCh gas
whi ch may be sent to a conpressor and used as fresh treat gas. The first
stage |i qui deatdljticireattions zgresis enhiclothe lignst, ¥aporormiguresheréofpeatewithhe |i qui d
[ h h ing |-"78 via li 11 120.
lb\tn ' ? hfa € tOphy(Hrogse%Cig%ie ggeggn%e o¥grsgitt_£b?g L}_Iuﬂgp%ectszsss?ng ca%al¥ét%p plroi}i%?:e an gt "_"”d 0.

~ least partially hydroprocessed effluent. The catalyst in a reaction zonc can be in

the form of a fixed bed, a fluidized bed or dispersed in a slurry liquid. More than
one catalyst can also be gmﬁlo_yed ina par:tiﬁzular zone as z__l.mixture or in the form
- of layers (for a fixed béd). F urther where fixed beds é_re émployed. more than
one bed of the same or differ_ent ;at#lyst may be .used_,. so that there will be more
than one reaction zone. _The beds méy Be spaced apart with optiohal gas _énd
liquid distribution meaﬁs upstrearh of each bed, or one bed of two or more
separate catalysts may be used in which each catalyst is in the form of a layer,
with little or no spacing between the léyers_. The hydrogeﬁ and liquid will pass
successively from zone.to the next. The hydroéarbo_naceous material and
hydrogen or treat gas are introduced at the same or oppos_ife ends _of the stage and

the liquid and/or vapor effluent removed from a re_:spé_ctive end.

The term “hydrotreating” as used herein refers to processes
wherein a hydrogen-containing treat gas is used in the presence of a suitable
catalyst which is primar}ly active for the removal of heteroatoms, such as sulfur,
and nitrogen, non-aromatics saturation and, optionally, saturation of aromatics.

Suitable hydrotreating catalysts for use in a hydrotreating embodiment of the



sanme time, fresh hydrogen or a hydrogen-containing treat gas is passed into
the vessel via lines 122 and 120. .The hydrogen and liquid flow cocurrently
down t hrough the catal yst bed 80 in which the partially hydroprocessed
liquid reacts WPPOHSRM hydrogen to renopve nore het eroat om coREBEITNN0964% C .
and forma second stage effluent conprisi ng a hydrotreated product |iquid
and a hydroprocessed vapor effluent contaildi ng vapori zed hydrocarbons which
contain very |low | evel s of sheferoatom conpounds, Herr]S and NH err]. The
hydrotreat ed pinveémion inchydie dnyicdnventionaldiydrotesatingsatalyst nByamples énsludee bot t om

f 78 via li 124 d dth h heat 86 .whi ch ls th
i xtUr e and CoMiENSESOMPRAEar ) 1P el OmYE LB Coa Nt SPPORFTk o and
uncondensed Vag,%g?rg@a%gegrdf}m N, HordpREGADR S aftflof Ki, 2RE MG BreteidblyetBy €

nost of the C

12 hydrocar boggd #dedst dHé d;ra@lp@lvn initalTAtalyileconsonRilE peeferabhyobiosans W, r enoved
via line 89. hose skilled in the art will appreciate that

the i nvention umee prefarablyiedon ahighrsurfane arensuppartjmateriah§uelhas glupyna.st ages.
Thus, one may also enl.o hr ee. or re Liquid st.ages jn whichy,th
partially pr ocgégeé&“%ﬁ H&‘@F‘Ff%‘fa%ﬁ%l?‘ﬁ'é eﬁq"i@ St stsy 8s gl as Z’gglﬁd
stage feed, th&eﬁgewt}s&t@ﬂ&e il Rictd14e e disd frbm PdaidiPE t A0mehABAed and
so on, with attendant “vapor stage processing In one or nore vapor reaction
st ages. By reagbdveDitds eimin the seope ofithe present inventivatthitymore thamaoné typeofne i n
which the liquid, vapor or mxture thereof reacts wth hydrogen in.tpe

presence of a bydrotrpatinggatalyymaascbensed in the.sayg reachion HRgFr Z08¢ L ypica

hydrotreating temperatures range from about 100°C to about 400°C with
pressures from about 50 psig to about 3,000 psig, preferably from about 50 psig
to about 2,500 psig. If one of the reaction stages is a hydrocracking stage, the
catalyst can be any suitable conventional hydrocracking catalyst run at typical
hydrocracking conditions. Typical hydrocracking catalysts are described in US
Patent No. 4,921,595 to UOP, which is incorporated herein by reference. Such
catalysts are typically comprised of a Group VIII metal hydrogenating
component on a zeolite cracking base. Hydrocracking conditions include
temperatures from about 200° to 425°C; a pressure of about 200 psig to about
3,000 psig; and liquid hourly space velocity from about 0.5 to 10 V/V/Hr,
preferably from about 1 to 5 V/V/Hr. Non-limiting examples of aromatic
hydrogenation catalysts include nickel, cobalt-molybdenum, nickel-
molybdenum, and nickel-tungsten. Noble metal (e.g., platinum and/or
palladium) containing catalysts can also be used. The aromatic saturation zone is
preferably operated at a temperature from about 40°C to about 400°C, more
preferably from about 260°C to about 350°C, at a pressure from about 100 psig
to about 3,000 psig, preferably from about 200 psig to about 1.200 psig. and at a
liquid hourly space velocity (LHSV) of from about 0.3 V/V/Hr. to about 2
V/V/Hr.



| east partially hydroprocessed effluent. The catalyst in a reaction zone

can be in the formof a fixed bed, a fluidized bed or dispersed in a slurry
liquid. Mre than one catal yst can al so be enployed in a parti cul'ar zone as
a mxture or waewsre2ef orm of layers (for a fixed bed). Furth@quedbiesy fi xed
beds are enployed, nore than one bed of the same or different catalyst may
be used, so that there will be nore thartgone reaction zone. The beds may be
spaced apart with optional gas and liquid distribution means upstream of

each bed, or one bed oftig me@fmwﬂ@:eﬁwsmr@mauﬁéxﬁs ARy maifitaidnd N Whi ch
each catalyst isinthe formof a layer, with little or no spacing between
the | ayers. Ttn&ldnrdctugmftmmvbmtmn 'dlll/\bd apgawmmlandeatsbe/ma;zlxlymmdem;]e to the

next. The hy oca ac drogen or reat s are

i ntroduced at ?Sﬁéf‘ﬁggréngfe WHL‘P‘E eBﬁ'E‘]’é‘g sé’?ﬁ%%“‘g Fl qui d and/ or

vapor effl “e'?ﬁyernﬁﬁmﬂs&rfbhﬁ dbéve. e&{k%?&xhglg ﬁnéjnot intended that the the scop-gﬁ'tflgr m
"hydrotreating"' as used herern refers pr.ocesses erei

hydr ogen- contchiiik 8fpénded he@esbé imited to the exhet demgﬁimeeoform amvé e
catalyst which is prinarily active for the renpval of heteroatons, such as

sul fur, and mthmgmhe elaims be ceastied 95 engompassing all of Bmfe@tmsmf, saturation

g;bggm;; ©S paigh ;Li‘b:'m%e ‘%&h‘i’&{ Fefde N S Preteh? invehidn, iadiuding An'HE " ©! rea“ n9
i nvention '”‘i‘édi'ﬂ%sﬁz'iﬁ’e tsooOﬁ’i'ch 'id)faéﬁ'@étbd‘gs&fﬁﬁdlé’rﬁ& eredtBy es '“C' ude
catal ysts conpri sing o ast one oup VI cat al ytic“conmponent,

preferably Fd;osé:skrblndlm\the annbewlpcleﬂmrmbémxoﬁqaeﬁanh&or Ni , and nost preferably
Co; and at | east one Goup VI netal catalytic corrponent, preferably Mo and
W



nore preferably Mo, on a high surface area support material, such as
alum na. O her suitable hydrotreating catal ysts include zeolitic catal yst s
as well as noble netal catalysts where the noble netal is selected from
and Pt. As nenWPdH€@2%bove, it is within the scope of .the pr @&t nventlon

that nore than one type of hydrotreating ﬁat al yst may—be used i
reaction stage or zone. Typical hydrotreattng terrperat m out
100[err] C to about 400[err]C with pressures from about avout

3,000 psig, prE€LAIMS:y from about 50 psig to about 2,5 p§|g | f one of
the reaction stages is a hydrocracking stage, the cat al yst can be any

sui tabl e conventional hyd ; bid Wi e’ acki ng
conditions. Typi caIri hyd&@?@éﬁfo%&cglg%@é%§h§{:% (fmscr?(ﬁbgﬁlln US Pat ent No.
4,921,595 to UgBor Whiicfibin kagbd sl Which comipFigeseths steys off er ence. Such catal ysts
are typically conprised of "a G oup VIII metal hydrogenating conponent on a

zeolite cracking base. Hydrocracking conditions includg te ures from
about 200 to 425C, a prés)sureeastmab droge(!vOps%‘PeQuﬁgeeQb‘wb%@%gﬂgsg%m 4nd

l'iquid hourly vel oci t ab ut 0. ’ from
about 1 to 5 \i“%? EVdmRB’f‘fe?ﬁ“#{‘ %F@gééﬁ&aegp%ﬁsa ?{ét‘ﬁ? ?o at% %:l)%g
catal ysts incl ugavg P ‘f?ﬂ%'té e%ﬂ&ﬂ@&ﬁﬁhsxﬁg@‘ﬁmal@hﬁﬁdﬁlwmse@nd
ni ckél -t ungst en. e nmeta pl ati num and/ or pal l'adium containing

catal ysts can hydmcdrbomedxs H'deanmmpam saturation zone is preferably
operated at a tenperature from about 40[err]C to about 400[err]C, nore

preferably from about 268 err]C to abo C at [ from about
100 psig to about 3,000 ¢ £ M%%ﬁé‘s??% Bﬁ‘tm’é‘d’é‘l’g'%?‘?%‘? *about 1. 200
psig, and at a liquid hourly space velocity (LHSV) of from about 0.3
VIVIH . to about 2 VIVItg) reacting said first stage liquid effluent with fresh hydrogen

in the presence of a hydroprocessing catalyst in a second hydroprocessing liquid
reaction stage to produce a second stage effluent comprising a hydroprocessed

hydrocarbonaceous product liquid and vapor;

(d)  separating said second stage liquid and vapor effluent, and

(¢) reacting said first stage vapor effluent with hydrogen in the
presence of a hydroprocessing catalyst in said vapor reaction stage to form a

hydroprocessed hydrocarbonaceous vapor.

2. A process according to claim 1 wherein at least a portion of said

hydroprocessed hydrocarbonaceous vapor is condensed to liquid.

3. A process according to claim 2 wherein at least a portion of said
condensed hydrocarbonaceous vapor is blended with said hydroprocessed

product liquid.

4. A process according to claim 1 wherein at least a portion of said

vapor stage reaction hydrogen comprises fresh hydrogen. .



14 It is understood that various other enbodinents and.

nodi fications in the practice of the invention will be apparent to, and can
be readily made by, those skilled in the art Witho_ufulllmmlﬂ| "II””'I he
scope and spiW@®¥gm®2% he i nvention described above.' A3 Lt s not

i ntended that the scope of the clains appended hereto be IIrm ed td the
exact description set forth above, but r&her that the clainms be construed
as enconpassing all of the features of patentable novelty which reside in
the present inventj.on, A pedoesh aigortling folttaifredivhiestin all of Sdib 98pdreRige Whi ch
woul d be treated as equivalents thereof by those skilled in the art to

whi ch the i nvesaetiemhysispgen eamprises fresh hydrogen. |
15 CLAI ME: 1. A hydroprocessi ng process

15
whi ch incl udes t i quy . .eact L on.. . Whj copnpri ses -
t he steps of: "%. %9 r&g%a‘fw&rd‘é%@i c}\%ﬁafw;l}g&gg%l?ggg%%g ﬁéé@‘lft%geé a\?\f th
fresh hydrogen separatefvessdls.nydr oprocessing liquid reaction stage in the
presence of a hydroprocessing catalyst to forma first stage effl uent :
conprising a partially hydroprocessed hydrocarbonaceous |iquid and vapor;

- 7. A process according to claim 1 wherein said first liquid stage and

~ said vapor stage are in the same vessel.

8. A process according to claim 1 wherein said hydrocarbonaceous

feed comprises a hydrocarbon liquid.

9. A process according to claim 8 wherein at least a portion of said

vapor stage reaction hydrogen comprises fresh hydrogen.

10. A process according to claim 9 wherein all three reaction stages are

in separate vessels.



(b) separating said first stage liquid and vapor effluent;

(c) reacting said first stage liquid effluent with fresh hydrogen in the
presence of a hédrqgrocessing catal yst in a second hydroprocessin quuid
reaction st ageWP3”pP¥uce a second stage effluent conprisi ng F&T/USS9/0964
hydr opr ocessed hydrocar bonaceous product |iquid and vapor;

(d) separating said second stage |iqQi/@ and vapor effluent, and

(e) reacting said first stage vapor effluent with hydrogen in the presence
of a hydroprocessing catalyst in said vapor reaction stage to forma
hydr opr ocessed hydrocar bonaceous vapor. 2. A process according to
claim1 wherein at |east a portion of said hydroprocessed hydrocarbonaceous
vapor is condensed to |iquid. 3. A process according to claim 2
wherein at | east a portion of said condensed hydrocarbonaceous vapor is

bl ended with said hydroprocessed product |iquid. 4. A process
according to claim1 wherein at | east a portion of said vapor stage
reaction hydrogen conprises fresh hydrogen.
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16 5. A process according to claim4 wherein all of said vapor

stage reaction hydrogen conprises fresh hydrogen. 6. - A process
according to claim1 wherein all three reaction stages are in separate
vessel s. WO99/51229 A process according to claim1 wher q&da-ﬂssag,@m rst

liquid stage and said vapor stage are in the same vessel.

process according to claim1l V\/nerel 2;; |d hydr ocar bonaceous feed corrprl ses
a hydrocarbon |iquid. process according to claim8 wherein
at |east a portion of said vapor stage reaction hydrogen conprises fresh
hydr ogen. 10. A process according to claim9 wherein all three
reaction stages are in separate vessels.
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Relative Volumetric Activity HDS

Catalyst A 87% Catalyst A 74% Catalyst A
13% Catalyst B 26% Catalyst B



