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100011 The invention relates to catalytically hydroprocessing hydro 10

car bonaceous feeds using two reaction stages and a stripping stage in a
single reaction vessel. Mre particulgrly the invention relates to

catal ytically hydro- processing a hydrocarbonaceous feed with once-through
hydrogen in two, cocurrent catalytic reaction stages. The first reaction

stage produces a par_ti?,w ' cgffl ent which is
O

stripped in a stripping, St he second reaction
stage. The stri pped ¥ LR N And INGEE REAGT ) dr ogen in the
second stage to produce a hydroprocessed |liquid. The stripping stage and
both reaction stages are in the sane reaction vessel. BACKGROUND OF THE

| NVENF | OB 20 KIGROUNEY OFoPHECRSYERITTION Ol ves renoving at least a portion

of a feed's et eroat om conmpounds, gi ng the nol ecul ar structure of the
feed, anhwmp f, by reacting the feed with hydrogen in the
presence L]mocessi ng catal yst. Hydroprocessing includes
processes such as 25 hydrogenation, hydrocracki ng, hydrotreating,
hydr oi soneri zati on and hydro- dewaxing, and therefore plays an inportant
role in di nmh@(ﬁﬁﬁdﬂﬁewl‘e!ﬁté%m?ﬁ ' | Li ngent
quality sll,'g?cliif i cations. For exanple, h‘e’?%f?‘y{a}ﬁ{ﬁ?%é?%aps@.‘ﬁg demand for
i mpr & ed cAdrosacerusiecdsusiag twoaraction stagys and b $trippitlg stigerifgesingienpr oved
aromatic corrpoundﬁéatlﬁr ation, and an overall boiling point 30 reduction

n

for some’HFHPHMES PECP3ERY arkyothig dnyensinn ralates speasslysically hydro-
conti 9ur BdAnSind Ay S ERLIRY BRI Wit oSl S by 4R pen Y 30E, S Wi th both
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cocurrent catalytic reaction stages. The first reaction stage produces a partially

hydroprocessed liquid effluent which is stripped in a stripping stage and then
15 passed into the second reaction stage. The swripped liquid effluent reacts with
fresh hydrogen in the second stage to produce a hydroprocessed liquid. The

stripping stage and both reaction stages are in the same reaction vessel.

BACKGROUND OF THE INVENTION

20
[0002]  Hydroprocessing involves removing at least a portion of a feed's
heteroatom compounds, changing the molecular structure of the feed, and
combinations thereof, by reacting the feed with hydrogen in the presence of a
suitable hydroprocessing catalyst. Hydroprocessing includes processes such as

25 hydrogenation, hydrocracking, hydrotreating, hydroisomerization and hydro-
dewaxing, and therefore plays an important role in upgrading petroleum streams
to meet increasingly stringent quality specifications. For example, there is an
increasing demand for improved heteroatom removal, particularly sulfur and
nitrogen, improved aromatic compound saturation, and an overall boiling point

30 reduction for some hydrocarbon fractions. Conventional hydroprocessing

configurations have been developed which employ multiple vessels with both



-2 hydroprocessing and stripping stages. Sone of the nore recent 0.7 APR 2005
configurations are disclosed, for exanple, in U S patents 5, 705, 052;
5,720,872; 5,968,346 and 5,985,135. 5 [0003] Environnental regulations

have led to increasingly stringent hydrocarbon product specifications.
Consequently, feeds and product streamg- require nore upgrading in order

to neet tighter specifications. [0004] As the availability of |ighter and

cl eaner feeds continues to decrease, to hydroprocessing feeds may include

more rel aﬁydfsbﬁbcesgﬁug kRd sirppideatdses] i of fieafivrestectntravhfipurdtonaarecoal
tar sands,” shale oil; and heavy crudes, all of which typically contain

si gni fi cadistlpsedfer exaeple; mbUeS. patonta’sf0§ 0521572087825, 968@46mﬂal s,

unsat urates, and heteroatons such as sul fur, nitrogen, and oxygen. There
is theret888135need to further reduce the |evels of undesirable
conponents in hydro is processing products, while enploying feeds that
increasingly contain significant anounts of undesirable species. It is

not alway W, grass roots
W Safi h : abﬂs NavRhkg té ﬁucréé&i}ﬁgtlwﬁin fie

hydroproc SSI n existing refinery and, furthernore,

nmost exi Slgyd}ﬁc:h%h' prédies speoificaivace Comsequenitly! feedhand pi‘oduct stocam$pr event
addi ng additional reaction vessels, strippers, and associated utilities,

to 20 |nmmmm@gmgmommjmeehvmgmm&@nngs hydr opr ocessi ng
capacity, or both. There is therefore a need for cost-effective nethods
for increasing the hydro- processing capacity of an existing

o oduct . GOAP, AftnadnbilabBEy EEABRG: BiFoRer e cortilfe JUAQREpe S sed
react jgon 8 o%e@ﬁﬂg $dcdis RRAY ﬁlch&ﬁ M%Bﬁvaf’ Hilghr boNisfg\Eedid¢foairoin one
enbodlnent e invention is a hydroprocessing process co r|5|ng 0 7 APR
7005 (a) mmhahat&gah, asyaal) ¢an sands sbalesik @nd harvhcimgdes, adleof nﬁl b typically
contain significantly more undesirable components, such as halides, metals,
unsaturates, and heteroatoms such as sulfur, nitrogen, and oxygen. There is
therefore a need to further reduce the levels of undesirable components in hydro-
15 processing products, while employing feeds that increasingly contain significant
amounts of undesirable species. It is not always possible or economically viable to
construct a new, grass roots hydroprocessing facility within an existing refinery
and, furthermore, most existing facilities have space constraints which limit or
prevent adding additional reaction vessels, strippers, and associated utlities, to
20 increase the extent of product hydroprocessing, hydroprocessing capacity, or both.
There is therefore a need for cost-effective methods for increasing the hydro-
processing capacity of an existing hydroprocessing facility, increasing the purity of
the hydroprocessed product, or both, without having to add multiple hydroprocess-
ing reaction vessels and strippers.
25
SUMMARY OF THE INVENTION

[6005] In one embodiment, the invention is a hydroprocessing process

cOmMprising:



hydr opr ocessi ng reacti on stage, in the presence of a first catalytidb?ﬂﬁRY%5
effective anount of a hydroprocessing catalyst, under first catalytic
conversion conditions, to forma first stage effluent conprising a
hydr opr ocessed 5 hydrocar bonaceous |iquid and a vapor; (b) separating said
first stage liquid and vapor effluents;3{c) stripping said first stage
liquid effluent with a stripping gas in a 10 stripping stage to produce

at least a stripped liquid and a stripping vapor; (d) conbining said first

stage vapor ef {duaghc sﬁuﬁ) SirboRRieBs YERPWitA M drb S Heirdthem from sai d
vessel ; 15 (e)tp);ssi n‘g'igsigi stri ppedelisé]ui d ahd res%éfﬁydrogen or a fresh

hydr ogen hydegrogasingncacSen stageconthel prasende of aderst tatahitivallyhedfectigact i n
the presence of a _second catalytically effective amount of a second
hydr opr oc 88¥iRyotahydyeprogessarg catalbyshdinggr first:qatalytegenyersionicondi ti ons, to

d d st fEl t i Si .a_h liquid
Bt oduct aRGRGIBISP INFMGHIES stige, DB FRoBaE g APOGRITeS e i1 st
hydr opg oc§§&f&grb'ﬁngggouﬁsﬁ&?%dﬁgyg{,%r90ess| ng stage, and stripping stage

being 1n comopn vesse assing’sai d second stage vapor effluent
into said first stage; and 25 (g) renoving said hydroprocessed liquid

product from sgqi Sefin Egﬂ-@h .ﬁ'%n[ the invention is a
met hod for upg@a?gis\r% an ge%?‘gtﬁ?gntgs% r p?%‘gg\[sgpﬁgle aci tf’ty for

hydr opr ocessi ng a hydrocarbonaceous feed, this hydroprocessing facility

conprising one(®r $@pFinkaard s sva%%aﬁgﬁd ePROARRGHE a%ﬁ-i@gsﬂgag%%%iaat ed

equi pnent, to produce a hydroprocessed hydrocarbonaceo 15 qui d,

conpr iGi nstripping stags teprdaduteAPRa30 asnippedogad rpdry siripgarg eapbra

hydr ocar bonaceous feed which has been at |east partially hydroprocessed
by said existing facility into a first reaction stage in which they react
in the presencéd)ofcoanmairg said debt stagd $agpdri eff uemtoand sapd stripgping tvapor and
hydr opr ocessi ng cat al %st uncfer fl rst catalytic conversion conditions, to

produce ar&neYRgingn Ye¥¥Fhconprising (i) a further hydroprocessed
liquid, and (ii) a

15 (e) passing said stripped liquid and fresh hydrogen or a fresh hydrogen
treat gas into said second liquid stage in which they react in the presence of a
second catalytically effective amount of a second hydroprocessing catalyst under
second catalytic conversion conditions, to produce a second stage effluent
comprising a hydroprocessed liguid product and a vapor which contains

20  unreacted hydrogen, the first hydroprocessing stage, second hydroprocessing

stage, and stripping stage being in a common vessel;
(f) passing said second stage vapor effluent into said first stage; and

25 (g) removing said hydroprocessed liquid product from said vessel.

{0006] In another embodiment, the invention is a method for upgrading an

existing hydroprocessing facility for hydroprocessing a hydrocarbonaceous feed,

this hydroprocessing facility comprising one or more reaction vessels, strippers
30  and associated equipment, to produce a hydroprocessed hydrocarbonaceous

liquid, comprising the steps of:



vapor; (b) separating said first stage liquid and vapor effluents; t%7@%ﬁ7m5
stripping said first stage liquid effluent in a stripping stage to renove
stri ppabl e di ssol ved conpounds produced by said first stage reaction to
produce at least a stripped liquid and a stripping vapor; (d) conbining
said first stage vapor effluent and sai4 stripping vapor; 15 (e) passing
said stripped liquid and fresh hydrogen or a fresh hydrogen treat gas
into a second reaction stage, in which they react in the presence of a
catal ytical ly e)f grisking IB/iropén and a Idesnabbyabeons fxdsehizt Ieathdkesat under
second catalytic conversion conditions to produce a second stage effluent
conpri si nigast potially hydropressssddbydsad axistimgdecilisy bitqwi firspraagtion stags a
vapor which Oquﬁ unreact ed hydr gen the firgt reactlon st age, second
reaction %’t‘éfgéc b 1’§@‘Ftllﬂﬁgﬁ@f€5§ﬂ§@@ & ampyd ot bssel

(f) separ sai. g se st a nd. vapor ef ent s .and

etover | iy ARPERE kiR ﬁ&l&}%ﬁf&@%@%‘ﬁf%@%}%ﬁ GO B Bo Bs 2,01
and Ss aJ Ahch V@)Oé) [ tage; (0Q)
recovg.(ral ng&gé e%;-érﬁgpr OCIEE g@ I un'Hﬂforo uc ﬂgﬁ%ﬁmﬂgirqgfﬂﬁ délgt(d]ﬁ upgr adi ng
vessel hasapeeen added to, or has replaced a vessel In, said existing 30
hydroprocessi ng facility; and O 7 APR 2005 -5 (h) conducting said conbi ned
first stage vapor effluent and said stripping vapor away from said

upgr adi ng vess@l). sBphfafinpFEaGRAREIs@gediquidBEnIRAPONETlien®)07] The figure
schematically illustrates a fl ow di agram of an enbodi nent a

hydroprocessing process of the invention, in which tw reaction stages and
a. sty ppi ng st@gestappingrsaichirg atagelspsé effluent in a stripping stage to remove

stmppable dissolved compounds produced by said first stage reaction to produce

at least a stnpped liquid and a stripping vapor,

(d} combining said first stage vapor effluent and said stripping vapor,

15
{e) passing said stnipped hquid and fresh hydrogen or a fresh hydrogen

treat gas into a second reaction stage, in which they react in the presence of a
catalytcally effecive amount of a second hydroprocessing catalyst under second
catalynic conversion conditions to produce a second stage effluent compnsing a
20  hydroprocessed hydrocarbonaceous liquid product and a vapor which contains
unreacted hydrogen, the first reaction stage, second reaction stage, and stripping

stage being in a common upgrading vessel;

(f) scparating said second stage liquid and vapor effluents and
25 recovering said liquid as hydroprocessed hydrocarbonaceous liquid product and

passing said second stage vapor effluent into said first stage;

(g) recovenng said hydroprocessed liquid product and wherein said
upgrading vessel has been added to, or has replaced a vessel in, said existing

30  hydroprocessing facility; and



10 DETAI LED DESCRI PTI ON [ 0008] The invention is based on the discove@}lwﬂ2%5
an effective two stage hydroprocessing process with interstage stripping,
in a single reaction vessel, in which a hydrocarbonaceous feed is reacted
wi th hydrogen in the presence of a 15 hydroprocessing catalyst in two
separate reaction stages, each of which-produces a vapor and liquid
effluent. The vapor and liquid effluents are separated, and the first
stage liquid effluent is stripped and passed as the feed into the second
reaction Stageﬁh&"‘"&%h&uédngr'fﬁ&kém‘ﬁiﬁéﬂ fifsestheBXApOOEM it nd saRD hydrogen
treat gas, to produce a hydroprocessed product |liquid. The second

reacti on sstippmgwapor adQydidmuait upgataignsesselr eact ed hydrogen and i s passed
into the first reaction stage to provide at |east a portion of the
hydrogen required for the first stage hydro- processing. If the second

st age Vaﬁ@éﬂ®2E5 i 3 hydrogen required for the first
stage re =81 B Hydr ogen or fresh hydrogen treat
gas passed into the second stage nust be sufficient to provide the 25
reaction hydrogen for both reaction stages. [0009] In one enbodi nment, it
|s_pref erpod7} hatTHelopire seherparalyl ikshrstes biflow diadiem of an ppdddaneat hat
the stripped Tiquid contact fresh hydrogen in the second stage. \Wile not
wi shing tahpdropoecedsing progess lof dhey inventionlein, whichitwoxehtor dtaghaand ach 07
APR 2005 -6 an arrangenment results in inproved selectivity and second
stage ef fSUGHRIRE Stgesaredn the W?Hﬁsﬁﬁi- stripping and contact with fresh
hydrogen is particularly inportant for processes where undesirable
inmpurities are forned during the first stage reaction and where the
secong stPpT QRE YHSCREEEIAQN, or both, may be 5 adversely effected by
the presence of the npurities. Heteroatom conmpounds (e.g., H2S and NH3)
are an illustrative, but nonlimting exanple, of undesirable inpurities
that can be forned during the first stage reactjon and which nay be

stripped 19008bs {Ihe invensionsishysed pdhedieovery il AesibrivertWasiagnt to the
second  NERREbhRLeSiRY FrodesS Witk At ABe Stiffin R LIRbRYGORYY VeReL dgWnt I oW

which a hydrocarbonaceous feed is reacted with hydrogen in the presence of a

15 hydroprocessing catalyst in two separate reaction stages, each of which produces
a vapor and liquid effluent. The vapor and liquid effluents are separated, and the
first stage liquid effluent is stripped and passed as the feed into the second
reaction stage, where it reacts with fresh hydrogen or a fresh hydrogen treat gas,
to produce a hydroprocessed product liquid. The second reaction stage vapor

20  effluent contains unreacted hydrogen and is passed into the first reaction stage to
provide at least a portion of the hydrogen required for the first stage hydro-
processing,. If the second stage vapor effluent contains all of the hydrogen
required for the first stage reaction, then the amount of fresh hydrogen or fresh
hydrogen treat gas passed into the second stage must be sufficient to provide the

25  reaction hydrogen for both reaction stages.

[0009] In one embodiment, it is preferred that the first stage liquid effluent be
stripped and that the stripped liquid contact fresh hydrogen in the second stage.
While not wishing to be bound by any theory or model, it is believed that such



10 and hydrogen reactants. In one enbodi ment, the hydroprocessing a7 APR 2005
occur in a single vessel, occupying mninml space. |In another enbodi nent,
an existing hydroprocessing unit conprising one or nore reaction vessels,
strippers and associated equi prent nay be upgraded with the addition or
repl acenent of a single vessel to preduce an inproved hydroprocessed
product. The inproved 15 product may have, for exanple, higher yield,
purity, or both. The feed used in the process of the invention nmay be a
parti al | ¥nhyfin@efrese sesultsfiAGthpPs vahSelebavity BAG séUndtgse Bffitacpr qhessed.
100101 The two reaction stages in the single vessel of the invention may
20 cont acombimeatsamef snppidd end oonizat whthsfreshahyidnogyn bepapientarbd at
substantially the sane pressure. In the case . of adding to or reggacing a
vessel | ¥MpATtaRt tor prgcessgs wdisroupdesirable impunpeeare logmgd durmgithe Bsthgl e or

" " | f h i i be hi . h di

the. ext s1A8G TeRstion ERE T B ool PaRtasrateP i ke ionr & Poll PRSEET 1 Ty, 11

desired, aﬂ%r‘?’,%%}ﬁ@@ctﬁl&'%?ctﬂh?geééhcgﬁfitl@iﬂl ride e R¥SHBRICoMBYuRB enpl oyed
1 actron 1

in either or re ages to control the reaction tenperatures,
i ncr ease(¢.pe HySdnd NHi patecarnyil®istratio, tantdonlintepgrotanpierofirlesealslei on
tenperature and feed for each of the two stages. It is preferred that the

first reaapudtestiagaanehd formedduring the firssstape belcaontand whichnday beact i on
stage and above the stripping stage. 07 APR 2005 5 10 15 (00111 In one
embodi mestripped dutwadithe Sinstcsage ligeid efflupat before #ds iserf toghe seeandahi ch

i ncl udes two. reactio tages. and a strippiing stage in the sa essel and
whi ch coFFACTOBS SR Sach EeasRiop Fjagednay CRIPISY ROt deu dpovailew d the ety t n

hydr ggen i i J.st 0 | r t R r}ggér ' e of a
hydrggroggggr%é%e}t{ﬁa% ',ES'QItolrcl)1 &ﬁﬁggdjﬁ% st geagﬁcfﬁﬁéﬁg%pn%ﬁg%g a
hydr opr ogessgld vayshl1065upyiE RRkIInal space. In another embodiment, an existing

hydroprocessing unit comprising one or more reaction vessels, strippers and

associated equipment may be upgraded with the addition or replacement of a

single vessel to produce an improved hydroprocessed product. The improved
15  product may have, for example, higher yield, purity, or both. The feed used in

the process of the invention may be a partially hydroprocessed feed or one that

has not been hydroprocessed.

[0010]  The two reaction stages in the single vessel of the invention may

20 contain the same or different catalysts and may be operated at substantially the
same pressure. In the case of adding to or replacing a vessel in an existing
hydroprocessing unit, the pressure in the single or "common"” vessel of the
invention may be higher or lower than that used in the existing unit, thereby
providing additional operating flexibility. If desired, interstage quenching or

25 indirect heat exchange may be employed in either or both reaction stages to
control the reaction temperatures, increase the product liquid yield, or both,
depending on the reaction temperature and feed for each of the two stages. Itis
preferred that the first reaction stage be located in the vessel below the second

reaction stage and above the stnpping stage.



liquid and a vapor; (b) separating the first stage liquid and vapor 07 APR 2005
effluents; (c) stripping the first stage liquid effluent with a stripping
gas in a stripping stage to produce a stripped liquid and a vapor; (d)
conbining the first stage vapor effluent and the stripping vapor and
removing themfromthe vessel; (e) passing the stripped liquid and fresh
hydrogen or a fresh hydrogen 20 treat gas into the second reaction stage
in which they react in the presence of a hydroprocessing catalyst, to
produce an effluent conprising a hydroprocessed |iquid product and a

vapor which contains unreacted hydrogen; (f) passing the second stage

vapor ef ff00RI}t i It oné bmbbidiméntthadveriith édmphies £APIopdoddiSing
hydr opr ocessed |iq]llji d product fromthe reactor. 10012) The second stage
£

vapor ef Proeass winch imeludes o yeactipplsyages andasitrippingostageoin thie dafme f i r st
stage reaction Eﬁg&ogen. Furt her enbogi ments include the 30 second
react i on‘@?%fgén £ GOPIBREHIESIERE Ot 0p of the vessel, with the first

reaction stage |located in the vessel below the second reaction stage, and
the 07 APR 2Q05 -8 strippi,ng sfage |ocated below the first reaction
stage. Still 28}@?@?%3&%@9@0 Elct‘?EPﬁlg@dtWEEﬁW&%%ﬁ?emo? 5§t | east one of
i ndi rect i i i j r eaction
e R BUEIARAE5h LR e HERRESE o ) bbIREs Gh Pl B
mexi ni zafomi a fixsbétagé efflidnd @bmPHAOSY FBYUrdpi6taides hadfidaghétldceshs 5 the
reaction hydrogen as fresh hydrogen info the second stage. In this
enbodi nehguid sed Rywdporjen-ri ch second stage vapor effluent will contain all
the hydrogen required for the first reaction stage. In an enbodi nent in
whi ch’the feed to be hydroprocessed contajns inpurities, such as sul fur
and nitrogen (hktsapertng thefirsustage lighid drid vapogteffuemtydr opr ocessing wil |
formH S and NH3, 10 sone of which are dissolved in the first stage
hydr oprocessed liquid. Stripping . . ) o )
(¢) smpping the first stage liquid effluent with a stripping gas in a
stripping stage to produce a stripped liquid and a vapor;

15
(d} combining the first stage vapor effluent and the stripping vapor and

removing them from the vessel,;

(e) passing the stnpped liquid and fresh hydrogen or a fresh hydrogen
20  treat gas into the second reaction stage in which they react in the presence of a
hydroprocessing catalyst, to produce an effluent comprising a hydroprocessed

liquid product and a vapor which contains unreacted hydrogen,

() passing the second stage vapor effluent into the first stage; and

25
(g) remowving the hydroprocessed liquid product from the reactor.

[0012]  The second stage vapor effluent will preferably supply at least a
portion of the first stage reaction hydrogen. Further embodiments include the
30 second reaction stage located proximate the top of the vessel, with the first

reaction stage located 1n the vessel below the second reaction stage, and the



the first stage liquid effluent renoves these dissol ved species fronf ¢ HER 2005
liquid and the substantially heteroatomreduced liquid is fed into the
second stage. The second stage catalyst for the aromatics saturation,
paraffin isonerization or hydrocracking, etc., may also be one that is
adversely effected by, or sensitive to-8§s the inpurities or other
conpounds that have been stripped out of the first stage Iliquid effluent.
For exanple, the second stage catal yst nmay then conprise a

sul f ur - seqsippiestapge | el Belowail! fifst réd?:'ﬁo‘i’@stt&%@t SN fufliél @hbedmdnaat i on,
pol ymeri zation, etc. Alternately, the second stage catal yst could be the
same as usbulld thetpresdricesif atflease one of imdixe¢atheabéxchamgeicbbbngandt ypes of
catal ysts. 20_.100131 |In the enbodi nent in_which the invention conprises a
met hod f ofuenshingin agherrordhetBreagnan sirees sdesiredy for emperapre eentglt v

and procued TRl ieid FRKIAE0R" OF ol b F BEbDa0Rtn R p OB UL BE T ..

for the U@ﬁrrﬁgﬁﬁkgne g&gl‘n?) eﬁ?g@ésﬂ%tﬁ@ l.rfCtS?he @@Qonﬂaﬁ?)é]é?g[nt thes

hydr opr ocesse rogen-into a rirst reacti stage in which

t hey reacémbodimientpaskydregei-rithiedond segesaipod effiiait Wall, cdntaid all hER 2005
produce a first stage effluent conprising (i?j a further hydroprocessed

li qui d anklydrogen requisgsbfor the firstoiaetzen sigge hdn anrembedimgat in which ted vapor
ffl ts; tri [ the first st [ id I t.i tri [

Stage 1o Teendy e RidrpBiheari dronsns TaPLBRES D 5 SO SRR DD 11 rstt |
t IOV PR . T

st r ot notsreRot toriIBIdY i £1E stk By POABEC AR il IS BINLNZ,

stripped ddrielof vaiieh hfeediisdlyved dQaie Afst atdgeanlirbybcesed liduigaSagpsingnt o a
second reaction stagﬂe, i n which they react in the presence of a
qy

hydr opr octbsdinststage digpsd effbiept oetnovessthese disdobiedgpeetes lfxpamthe bawdi aridng a

the substantially heteroatom-reduced liquid is fed into the second stage. The

second stage catalyst for the aromatics saturation, paraffin i1somenzation or
hydrocracking, etc., may also be one that is adversely effected by, or sensitive to
15 the impurities or other compounds that have been stripped out of the first stage
liquid effluent. For example, the second stage catalyst may then compnse a
sulfur-sensitive noble metal catalyst for saturation, hydroisomenzation,
polymerization, etc. Alternately, the second stage catalyst could be the same as
used 1n the first stage or a mixture of two different types of catalysts.
20
{0013} In the embodiment 1n which the invention comprises a method for
upgrading an existing hydroprocessing system or facility having one or more
reaction vessels, stnppers and associated equipment and produces a hydro-
processed hydrocarbonaceous liquid for use as a feed for the upgrading, the

25 method comprises:

(a) passing the hydroprocessed feed and hydrogen into a first reaction

stage in which they react in the presence of a hydroprocessing catalyst, to



15 hydroprocessed |iquid product and a vapor which contains unreacté&7APR2m5
hydr ogen; (f) separating the second stage |iquid and vapor effluents and
recovering the liquid as hydroprocessed hydrocarbonaceous |iquid product
and passing the second stage vapor effluent into the first stage; and 20
25 (g) recovering the hydroprocessed I-i9qui d product, wherein the two
reaction stages and the stripping stage are all in the sane vessel, and
wherein the vessel has been added to, or has replaced a vessel in, an
exi sting pridceRfsesape efflagitlcomprisitiPfid 3 fithePby @dphcceatedhyeid did
hydr opr ocessi ng systemor facility is nmeant (i) producing a purer
product, {i)iadvapuar easi ng the anmount of product that can be produced by
the facility, or both. The further enbodinents referred to above also
apply to this enbodi ment for upgradi ng an exi sting hydroprocessing 30
facility. 0 7 @PRseparatingth¢ Gdstsitagenleqiidedfvapor kflyandssent process
conpri ses a hydrocarbonaceous |iquid and preferably a hydrocarbon |iquid,
such & a synthetic crude or a distillate fuels or lubricant fraction
that may or mafc)netripping the &rststagei leuig effiyentdp actappiag. stagetor ienxd vey
hydr opr ocessed fegd iis pne which has alrea een 5 at | east partially
catal yti CWPPQ‘Pleq%ﬁ%V%FﬁEPrBHPW‘?SeHOEW%‘{]63’ gﬁ/e PREEIFACERdr opr ocessi ng
processes. In the case of hydrotreating, a portion of the heteroatom
conpounds wi ||, al ready hav en renoved, and so of the aromati
conpounds nay @3 Wqﬁgp\gﬂ;ggﬁ‘ Ble¥ings EW&@B?"%%E%tﬁwmgo‘fapm and
desul furi | f .ent of the feed for the process of the

{a“ éizf)d»@mﬂg |ﬂ1“{}§ frdth q-lél vﬁﬁ@f

i nvention pi1 cal aveé | ess than 500 wppm sul fur, in the form of
various sul fur bearing conpounds and preferably | ess than 400 wppm of

sulfur. The ni 031%95' MY SippRl HghRI ARP et hydfRa % d R3IARPA0gER t o 1000
wppm respectié/ I ar%gg Eﬁpp {h ¢ S, o £
treat gas into a second reaction stage, in which they react in the presence of a
hydroprocessing catalyst to produce a second stage effluent compnsing a

15 hydroprocessed liquid product and a vapor which contains unreacted hydrogen;

(f) separating the second stage liquid and vapor effluents and recovering
the liquid as hydroprocessed hydrocarbonaceous liquid product and passing the

second stage vapor effluent into the first stage; and

N (g) recovering the hydroprocessed liquid product, wherein the two
reaction stages and the stripping stage are all in the same vessel, and wherein the
vessel has been added to, or has replaced a vessel in, an existing
hydroprocessing facility.

25

[0014] By upgrading an existing hydroprocessing system or facility is meant
(i) producing a purer product, (it) increasing the amount of product that can be
produced by the facility, or both. The further embodiments referred to above
also apply to this embodiment for upgrading an existing hydroprocessing

30 facility.



preferably no nore than 300 wopm By way of an illustrative, but 07 APR 2005
nonlimting exanple, the respective sulfur, nitrogen, and oxygen contents
of a diesel stock 15 purified according to the process of the invention
will typically range from about 30-100 wppm and 20- 100 wppm
respectively, depending on the inpurityolevel in the feed. The stripping
and reaction stages in the vessel in the practice of the present
invention are operated at substantially the sane pressure, which may be
less than[) &) PSi Phéfecdl RRAURE pidight %Qegsrccskﬁ sddsd ){dx%mlaagmfsn the
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affect ei e reactions or
example, the respective sulfur, nitrogen, and oxygen contents of a diesel stock

15 purified according to the process of the invention will typically range from about
30-100 wppm and 20-100 wppm, respectively, depending on the impurity level
in the feed. The stripping and reaction stages in the vessel in the practice of the
present invention are operated at substantially the same pressure, which may be
less than 600 psia or greater than 850 or 1000 psia, depending on the desired

20 reaction and the catalyst used. The reaction temperature in the first and second
reaction stages may be the same or different, with the actual values depending on
the feed, reactions and catalysts. A simple chimney and tray type of gas-liquid
separation means, or equivalent, 1s located between these two reaction stages,
with the separated, second reaction stage gaseous effluent passing from the

25  separation means directly down into the top of the first reaction stage below,
without the need for a gas compressor. The separated second stage liquid
effluent comprises the hydroprocessed product hquid. The hydrocarbonaceous
feed is introduced into the top of the first reaction stage, in which it reacts with

fresh hydrogen or a fresh hydrogen treat gas, in the presence of a



products. The fresh hydrogen treat gas streamintroduced into the set®ddR 2005
reaction stage will preferably contain at | east about 50 vol. % nore
preferably at |east about 75 vol. % hydrogen. For many applications it is
preferred that the 15 hydrogen introduced into the second stage be
sufficient to provide all of the reactjjon hydrogen for both the second

and first reaction stages. However, in sonme cases a source of hydrogen
sufficiently lowin sulfur, nitrogen or any other species that nmay
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least about 75 vol. % hydrogen. For many applications it is preferred that the

15 hydrogen introduced into the second stage be sufficient to provide all of the
reaction hydrogen for both the second and first reaction stages. However, in
some cases a source of hydrogen sufficiently low in sulfur, nitrogen or any other
species that may adversely effect the second stage reaction or catalyst may be
available which, while not suitable for the second stage, may be useable in the

20  first stage. In this case, all or a portion of this less pure hydrogen may be
introduced into the first stage. This will reduce the amount of fresh hydrogen

passed into the second stage.

[0017] By hydroprocessing is meant a process in which hydrogen reacts with
25 a hydrocarbonaceous feed to remove one or more heteroatom impurities such as
sulfur, nitrogen, and oxygen, to change or convert the molecular 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

boiling fractions by hydrocracking; hydrogenating aromatics and other



about 50 psig to about 3,000 psig, and nore typically 50 to 2,500 psi §APR 2005
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 invention include vacuum lf resid, atnospheric resid, vacuum
gas oil (V&) , atnospheric gas oil (AG), heavy atnospheric gas oil

(HAGD), steam cracked gas oil (SCE)), deasphalted oil (DAO, |ight cat

cycle oi lunkitarddes; Walr aﬁeamig:eb FARSVEheerd A6/ MMA'd aﬁ kRl sands,

shale oil, coal Iiduefact and hydrocarbons synthesi d froma mxture
of H2 anm@@aucaby skiusather;-Hydrpsomerizaton fandyatagae Idewamgt tlewasges 20
[ 0018) The |nvent|on can be further understood with reference to the
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feeds which can be used in the practice of the present invention include vacuum
15 resid, atrnospheric 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 derived from
tar sands, shale oil, coal liquefaction and hydrocarbons synthesized from a
mixture of H, and CO wia a Fischer-Tropsch type of hydrocarbon synthesis.
20
[0018])  The invention can be further understood with reference to the Figure,
which 1s a schematic drawing of a hydroprocessing unit useful in the practice of
the invention. In this particular illustrative embodiment the hydroprocessing
process is a hydrotreating process and the reaction stages hydrotreating stages.
25  For the sake of simplicity, not all process reaction vessel internals, valves,
pumps, heat transfer devices, etc., are shown. Thus, a hydrotreating unit 10, for
hydrotreating a feed comprising a distillate fraction, such as a diesel or lube oil
fraction, which may or may not have been partially hydrotreated, comprises a

single reaction vessel 12 containing two cocurrent downflow reaction stages,



chi mey type of gas-liquid separation tray 16 within. Catalyst beds 04 AMRI0S
18 10 respectively conprise respective aromatics saturation and het eroatom
renoval reaction stages. Alternately, both stages nay conprise a

het eroatom renoval catalyst, if the objective of the process is primarily
sul fur renoval, as opposed to, for exggple, both sulfur renoval and
aromatics saturation. A vapor-liquid contacting stage 20 conprises the
stripping stage and is shown di sposed bel ow 15 the first reaction stage

18, in whjg d f he di fr [
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t her et hrough, a bubble cap tray and the |like. The hydrogen-rich vapor
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contacting stage 20 comprises the stripping stage and is shown disposed below
15 the first reaction stage 18, in which heteroatom compounds are removed from
the diesel fraction feed. Stripping stage 20 is schematically indicated by three
stripping trays 21, 22 and 23, although packing may be used in place of trays, as
1s known. The heteroatom and aromatics-containing diesel fraction feed enters
the first reaction stage 12, via feed line 24. The hydrogen-rich vapor effluent
20 from the second reaction stage is separated from the resulting purified diesel
fraction by gas permeable gas-liquid separation means 16, such as the afore-
mentioned chimney-type separation tray. The hydrogen-rich vapor effluent from
the second reaction stage then passes down through the gas permeabie tray 16
separating the first and second reaction stages. Such trays are conventional and
25  typically compnse a metal disk provided with a plurality of pipes or chimneys
extending therethrough, a bubble cap tray and the like. The hydrogen-rich vapor
from the second reaction stage passes down into catalyst bed 18, in which the
‘p;ugg}:ted hydrogen in the vapor effluent reacts with the downflowing diesel

fraction to remove heteroatom compounds. This produces an effluent compris-



and the like, which strips, out of the downflow ng |iquid, dissolvedd7 APR 2005
het erat om species, such as H2S and NH3, formed by the reaction in the

first stage. The wupflowing stripping gas mxes with the first reaction
stage gaseous effluent, wth to the m xture then passing out of the

reactor vessel via line 26. This gas mlkture nmay be further processed
downstreamto renove the sul fur and nitrogen for disposal. The stripped
first reaction stage liquid effluent 28, collects in the hollow bottom of

t he react g ¥HG6RI diesdl BiGivh oflftidackd ﬁéteﬁodt&nﬂ%ddt@iﬁtﬁ%nf o Qith al Vighobot t om of
t he vessel V|a line 30, passes through an indirect heat exchangér 15 32,
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stage 14 that maa'elsqaferlgmdgswwn H}f‘dhb@r@ae@ teeat gafaandanyisugtliced, via
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ni ckel ) catal yst, which would require a substantially greater anount of
cat al yst thedattone ofitheamessyl Viarlger 30, passes through an indirect heat exchanger
15 32, if required, and then to liquid pump 34 which passes it up, via lines 36 and
38, into the top of the vessel 12, and down into the second reaction stage 14
below. Fresh hydrogen or hydrogen treat gas is introduced, via lines 40 and 38,
into the top of vessel 12 over the second reaction stage 14. The hydrogen is
present in an amount sufficient to supply the reaction hydrogen needed for both
20 reaction stages. The hydrogen mixes with the heteroatom-reduced diesel
fraction and reacts with aromatics in it in the presence of the noble metal
catalyst, to remove aromatics by saturation. This produces a second reaction
stage liquid effluent comprising the further purified diesel fraction, now a diesel
stock product, which now has a heteroatom and aromatics content less than that
25  1n the fraction introduced into the reactor via line 24. It also produces a
hydrogen-rich second stage vapor effluent which, after being separated from the
liquid via means 16, is passed down into the second reaction stage. The purified

diese! stock 1s removed from the reactor via line 42 and sent to storage, used for

blending or combined with an appropriate additive package to form a completed



5 vessel. The aromatics saturation catal yst reaction stage, or seconfl 7 APR 2005
reaction stage, is preferably located in the upper portion of the vessel,
above the first reaction stage, to produce a product |iquid having a very
| ow | evel of sulfur or a mxture of a heteroatom and aromati cs renova

catal ysts. However, in this illustrati®on it is preferred that the second
stage catal yst conprise one that is to selective for aromatics renoval and
not heteroatomrenoval, to produce a product |iquid having a very | ow

I evel of f&!élf@ffcrﬁ:{n @vé%bﬁl%tqfre&ﬂwlyeﬁ}@t BYsufd EnAV|O§HHe s dfeATRIORE
catal ysts. 100191 The term "hydrotreat’ as used herein refers to a
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pri mari | AREAHOB, 3pcompareddad/lgss astive (e aBickel) catalysts which \yeeld as sul fur,
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conponentstagy, @ preftaply-tocated amle Nppeﬁpﬁmd@f@meaﬂeksel Gibovedhefiri , and
nost preferably Co; and at |east one Goup VI netal catalytic conponent,

pr ef er ablrgactian stagep producea predugsliguidbhaing a very ﬂxowdcvdcmf sal g og @ppor t
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scope of e presen one otreating

cat aligst seRyctive fusefbraudshenfdvak ané a6t heersdtéticefioval Qeema*xyd@ gal
hydrotreating tenperatures range from about 350-850F, with 600-700F being

t ypi cal quwtlmmdé@ym venolevalryet obsulferi gr agnixbuetof 2, BOEroBITMAPR 7005
-16 psig, refer fron1%§ ut 50 psig to about 2,500 psig. If one of the
react i on ANgtAIGEW Qmﬂy@* X&%lng stage, the catalyst can be any

sui tabl e conventlonal hydr ocracki ng catal yst run at typical hydrocracking
condi tions. Typical hydro-

[0019]  The term “hydrotreating™ as used herein refers to a process wherein a

15 feed to be hydrotreated and a hydrogen-containing treat gas react in the presence
of at least one or more catalysts primanily active for the removal of at least
heteroatoms, such as sulfur, and nitrogen, and, optionally, also for the saturation
of aromatics. Suitable hydrotreating catalysts for use in a hydrotreating
embodiment of the invention include any conventional hydrotreating catalyst.

20  Examples include catalysts comprising of at least one Group VIII metal catalytic
component, preferably Fe, Co and Ni, more preferably Co and/or N1, and most
preferably Co; and at least one Group VI metal catalytic component, preferably
Mo and W, more preferably Mo, on a high surface area support material, such as
alumina. Other suitable hydrotreating catalysts include zeolitic catalysts, as well

25  as noble metal catalysts where the noble metal is selected from Pd and Pt. As
mentioned above, it 1s within the scope of the present invention that more than
one type of hydrotreating catalyst may be used in the same reaction stage or
zone. Typical hydrotreating temperatures range from about 350-850°F, with
600-700°F being fypical and with pressures from about 50 psig to about 3,000



cracking catalysts are described in US Patent No. 4,921,595 to UoP, hAiAGR 2005
Is 5 incorporated herein by reference. Such catalysts are typically
conprised of a Goup VIII netal hydrogenating conponent on a zeolite

cracki ng base. Hydro- cracking conditions include tenperatures from about
200 to 425C; a pressure of about 200 pgig to about 3,000 prig; and |iquid
hourly space velocity from about 0.5 to 10 VNN Hr, preferably from about |
to 5 VNNHr. Non-limting to exanples of aromatics saturation or

o kel Py BaBECHera o ABHY Bo RS abaiy B ath 1 p6e g e reaetionm
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high pressure are nore selective for a e aronatics

sat ur at i ohydroesa¢kingreatalystivun ao pgpiealdsy drbcrmackBippernditioss. Tg@tapWOBSOF to
15 about 850F, nore preferably from about 450F to about 700F, at”™ a
pressure learcgmga%alysmwep;&s bed ubbit Pateoolopdisg 1, 35etoc 1, whichms about
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t hose ski tiaelliighcémfitions inblidtemplepRiéd Bond S80:000° o@n sfuid  Of
the invention described above. Accordingly, it is ng‘gqlﬁﬁtgh%g?i&ltsﬁ}a% t he

scope of ohabous| 20hpsigppabdets,H60 ¢isig; andlliquid ddutly sphee exlagitydasar i ption
set forth abaove bl.it ﬁRf t her thg; the clains be construed as.
enconpasstPtd-P 1ol O Kev s pirfecabdy fromm aboutabieS WVaHryNanilihitingsi de i n

th ' i i | [t f eat d di. ts which
woul dbo Pharh S R omalibl stlAinlr iy M Sge TR R IpEHOP IR ar vt o
whi ch thecdhmﬁﬂidlybﬁﬁﬁﬁﬁ,&iiﬁﬁelrlﬁpyybﬂgﬁuﬁﬁQﬁd'xﬁacém&?]%égén.c biBthdrar 1. A

hydr oprocessing process conprising: a) reacting a rocar bonaceous feed
wi t h hydr(sg@nplatinani and/or paplladipnyaemsaining catalysts can also be used and when

used at high pressure are more selective for aromatics removal. The aromatics

saturation zone is preferably operated at a temperature from about 350°F to
15 about 850°F, more preferably from about 450°F to about 700°F, 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.

20 [0020] It is understood that various other embodiments and modifications in
the practice of the invention will be apparent to, and can be readily made by,
those skilled in the art without departing from the scope and spirit of the
invention described above. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the exact description set forth above, but

25  rather that the claims be construed as encompassing all of the features of
patentable novelty which reside in the present invention, including all the
features and embodiments which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



reaction stage in the presence of a first catalytically effective anBdrPR 2005
of a hydroprocessing catalyst, under first catalytic conversion

conditions, to forma first stage effluent conprising a hydroprocessed

hydr ocar bonaceous |iquid and a vapor; b) passing said first stage effluent
to a stripping stage wherein it is clgntacted with a stripping gas to form
a stripped first stage liquid effluent and a vapor effluent conprised of

the first reaction stage vapor and said stripping gas; c) renoving said
vapor ef \Whi€Rtclaifldd ipassi ng said stripped liquid and hydrogen into a second
reaction stage in which they react in the presence of a second
catalytically effective anount of a second hydroprocessing catalyst under
second cat al yta pydesprocessirigprocessndinpligns, to produce a second stage

ef fl uent conprjsing a hydroprocessed, |jquid product and a vapor which
contains unré @P‘ﬁg‘gﬁﬂg@&’égﬂ“a?ﬁ? ng‘}g’Fh %%Bﬂ%@é@%k@@?ﬁﬁ&g second

hydr opr og&sdn gt irR@e preséhde ofd firkRRiaRGicAlyagRctbRiaR@uhtdbf 8 hGHOPRResYigssel ; €)
passi ng said second stage vapor efflyent into said first stage;.  and f)
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accordi ngydr@p@¢@gemhyd.{6m5&ja&oﬁﬁﬂi@i@@.@gr{@p@t age vapor ef fl uent suppli es at

| east a portion of, said g}/drogen required for sajd first stage reaction.

3. A process A¢BaHing frid first gragicHiusntipa sEiPRing siage wWhertin df issadasted vithde at ed

above sak@ipping gis to BrAdStAIPd Bkt faBaRenRtiHlea0md\waRMr oiffucRP&nPsisel grect | y
fromsaid second stage, down into .said first stage. 4. A process

accor di n§felfBstesastion sassyapeizpd sl HriRRing 8% ng stage is | ocated bel ow said
first reacti @refodig sai®vapdr PFIRERSS according to claim4 wherein said

hydr ocar bonaceous feed canprises a, hydrocarbon. 6. A process according to
cl ai m 5 wher efdhPasgingsaq steippeddignid apd bydregen fite 9 gscondispgtion sleepinvhighe 2005

- 18- st irRpakein MRGHéeicelolabecdtly QliaRIHINEITRGTe Suth FAGRAMASt age catal yst
or reaction. 7. A process according to claim®6 wherein sajd feed conprises
a hydroc hygseprocessing ¢atalysgunder second catalytic conversion conditions, to produce a second

stage effluent comprising a hydroprocessed liquid product and a vapor which contains
unreacted hydrogen, the first hydroprocessing stage, second hydroprocessing stage, and
stripping stage being in a common vessel;

¢€) passing said second stage vapor effluent into said first stage; and

f) removing said hydroprocessed liquid product from said vesse}.

2. A process according to claim | wherein said second stage vapor effluent supplies at

least a portion of said hydrogen required for said first stage reaction.
3. A process according to claim 2 wherein said second stage is located above said first
stage and said second stage vapor is passed directly from said second stage, down into said

first stage.

4. A process according to claim 3 wherein said stripping stage is located below said first

reaction stage.

5. A process according to claim 4 wherein said hydrocarbonaceous feed comprises a

hydrocarbon.

6. A process according to claim 5 wherein said first stage liquid effluent contains



8. A process according to claim7 wherein said second stage vapor eﬂ*16g%2m5
supplies all of the hydrogen for said first stage. 9. A process according
to claim8 wherein said second stage conprises a catalyst different from
said first stage catalyst. 10. A nethod for upgrading an existing

hydr oprocessing facility for hydroptl8cessi ng a hydrocarbonaceous feed,
this hydroprocessing facility conprising one or nore reaction vessels,
strippers and associ ated equi pnent, to produce a hydroprocessed

hydr ocar Istippatdospscied thafiadversebyoaffert ssidsecondh etaget capdysbdr. reagjiopassi ng hydr ogen
and a hydrocarbonaceous feed which has been at |east partially
hydr opr ocessed by said existing facility into a first reaction in which

t hey readt in A precespaeedimgeo dhimed whareih yaid eadl cympiskechydvesadondistillad. a fir st
hydr opr ocessi ng catal yst under first catalytic conversion conditions, to
produce a first stage effluent conprising (i) a further hydroprocessed
liquid, &nd (iA ;)roeess/apafd;ngbc) clpiasBwhygeis adidl sdcomdsttags tvappe eBTukhtisepplies @l a
strippin t s contacted with a stripping gas to forma
strlppedgfﬁ?gggggmf%?ﬁa%dl?&&é?fluent and a vapor effluent conprised of

the first reaction stage vapor and said strlpplng gas; c) renoving said

vapor effluent, aSS|n ed u and ogen into a
second réacti &l g%ezigaccmdl t‘\’/\fh §¥V erggrsael%f:etcgmds%gﬁ comPre’Ssegﬁggemgt

catalytid&ﬁiynﬁﬁﬁeeﬁﬂhﬂsagmumﬂﬁof a second hydroprocessing catal yst under
second catal ytic conversion conditions to produce a second stage effl uent
conprising a hydroprocessed hydrocarbonaceous |iquid product and a vapor
whi ch contai nA mathedifor epirindintly agaisting Hydrdp'rutmingéaﬁity 6or hydraprecessieg oand

B e e e e
said |i quesde}s a;snplpyuslmmpmmmaﬁduhmdmm@rmml@dmmqeqm bydoscachwodcearsd
passi ng al %Fcon] gﬁagg vapor effluent into said first stage; f)
recoveri 8 21°PRYRE 8157 68&8sed 1i quid product and wherein sai d upgrading
conmon vessel ahpssibgbydrogid et 4 hydranarbhmedue fded oéhithday bess af leash parbailyd
exi sti ng Xrg)}l;rgg rsge%ebgf salg %xxstmgcflacrflty){ﬂto a Erst reaction in which they react in the
presence of a catalytically effective amount of a first hydroprocessing catalyst under first
catalytic conversion conditions, to produce a first stage effluent comprising (i) a further
hydroprocessed liguid, and {ii) a vapor;

b) passing said first stage effluent to a stripping stage wherein it is contacted with a
stripping gas to form a stripped first stage liquid effluent and a vapor effluent comprised of
the first reaction stage vapor and said stripping gas;

¢) removing said vapor effluent;

d) passing said stripped liquid and fresh hydrogen into a second reaction stage, in
which they react in the presence of a catalytically effective amount of a second
hydroprocessing catalyst under second catalytic conversion conditions to produce a second
stage effluent comprising a hydroprocessed hydrocarbonaceous liquid product and a vapor
which contains unreacted hydrogen, the first reaction stage, second reaction stage, and
stripping stage being in a common upgrading vessel;

e) separating said second stage liquid and vapor effluents and recovering said liquid
as hydroprocessed hydrocarbonaceous liquid product and passing said second stage vapor
effluent into said first stage; '

f) recovering said hydroprocessed liquid product and wherein said upgrading
common vessel has been added to, or has replaced a vessel in, said existing hydroprocessing

facility; and



0 7 APR 2005 -19 g) conducting said conbined first stage vapor effl uBdtAPR 2005
and said stripping vapor away from said comon upgrading vessel. U A

met hod according to claim 10 wherein said second stage vapor effluent
supplies at least a portion of said hydrogen required for said first

stage reaction. 12. A nethod accordiifrg to claim 11 wherein said second

stage is |located above said first stage and said second stage vapor is
passed directly fromsaid second stage, down into said first stage. 13. A
met hod accor dgngnthetieg sdidredbibined dre istageeipdr fflwanppidregidstrippangivepdroway ed bel ow
sai d action sta A nmet hod according to claim 13 wherein

r
sai d hydf’?)'eé?lg(?ﬂ'onl@g%ﬂ%gr?ngnégdveésglrrpr| ses a hydrocarbon. 15. A nethod
according to claim 14 wherein said first stage liquid effluent contains

stri ppabl e specie at adversel ffect. ald 438 cond S t or
react i onh %A“ﬂé‘ﬁﬂfﬁmgeg éfi“??d%w erein e} %Onmﬁ Per T orséaﬁ%gg}tggﬁ%:%aﬁrprl ses a
hydr ocar b@:ﬁl a@bﬁiohlol‘ﬁi&hydiﬂgen Aqnﬁdrfefha&bﬁmrschgngeattmncl aim 16 wherein said
second stage vapor effluent supplies all of the hydrogen for said first
stage. 18. A nethod according to claim 17 wherein said second stage
conpri sesz.a catraéty@iacc«daiﬁugemnm 1fl reaieTesiasaiti s‘ei:mtstage ajecatedtabbyeshid 9. A

met hod accor di n% to claim18 wh 3 tIt conﬁs eactl an stages are
cool ed oft28eRd sTH &R St?g?é’?%oéésepaﬁea Ty eolmdsaldzs@ B AR &V ng to
cl ai m 10fiwhesgl n t he anmount of hydrocarbonaceous |iquid product produced
by sai d upgraded existing hydroprocessing facility is greater than that
produced by said existing hydroprocessing facility.

l 13. A method according to claim 12 wherein said stripping stage is located below said

first reaction stage.

14. A method according to claim 13 wherein said hydrocarbonaceous feed comprises a
hydrocarbon.
15. A method according to claim 14 wherein said first stage liquid effluent contains

strippable species that adversely effect said second stage catalyst or reaction.
16. A method according to claim 15 wherein said feed comprises a hydrocarbon distillate.

17. A method according to claim 16 wherein said second stage vapor effluent supplies all

of the hydrogen for said first stage.

18. A method according to claim 17 wherein said second stage comprises a catalyst

different from said first stage catalyst.

19. A method according to claim 18 wherein either or both reaction stages are cooled or

quenched to increase liquid yield.

20. A method according to claim 10 wherein the amount of hydrocarbonaceous liquid
product produced by said upgraded existing hydroprocessing facility is greater than that

produced by said existing hydroprocessing facility.



