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HYDROPROCESSI NG AND STRI PPI NG I N A SI NGLE REACTI ON VESSEL BACKGROUND OF THE
| NVENTI ONVOPRRBLOB7 OF THE | NVENTI ON [ 0001 ] The invention r #CI{ERI142569

catal ytically hydroprocessi ng hydro- 10 carbonaceous feeds using

t wo
reaction stages and a stripping stage in a single reaction mmﬂmmmm "ﬂmmn
particularly the invention relates to eatal ytically hydropr

+hydr ocar bonaceous feed with once-through hydrogen in two, cocur fiemnd«

catal ytic reaction stages. The first reaction stage produces a partially
hydroprocessed |iquid eTWOSTAGE HNDROPROEBSSING AND i ppi ng stage and

"then 15 passed into t AR INGLEIREACTION $tEdgmed iquid effluent
.reacts with fresh hyﬁmghgm%‘?‘t—a‘g?ﬂmd%w € S€ a hydroprocessed

liquid. The stripping stage and both reaction stages are in the sane
reaction vessel. BACKGROUND OF THE | NVENTI ON 20 [0002] Wdﬂﬂ@ﬂﬂﬂﬁﬂﬁﬂ‘ﬁmm

i nvol ves A KGROUWNDQEI THEINVENTION a feed' s het er oat o , |
changi ng the nol ecul ar structure of the feed, and conbi nations ‘d;}bmteof, by
reacting tHiglfreed MHEOVENTIEINI N the presence of a suitable | \
hydr oprocessing catal ySt. Hydroprocessing includes processes such as 25
hydr ogenat i on, hydrocracki ng, hydrotreating, hydroisonerization and hydro\
dewaxi ng, .and the gfore pl ays. an i nportan in upg,ra({]i ng petrol eum \

t_rol
streams t dOPREL pdngntiomyrelates Wg“earﬁ*ly&ﬁéﬂi’gy Eesasspghysiie: For exanpl e,

there s | nGr [ - or. | I r val , .particularly
sul f_urlb an%%]‘%({h%(%g@?é @%ggg@gwgr%%%@‘gg%gg%g‘ﬁ% S@‘ﬁﬁ%ﬁﬁ’gﬁ,ﬁgﬁﬁéﬁ_ overal |
boi |'i ng peéditionUvdssaiu QlfofNparticu PNEtHRYH VAR RIOR atE S ﬁﬁ&dt@lﬁrﬁcal@fﬂyﬁfﬁ-' onal

hydr opr ocessi ng configurations have been devel oped which enpl oy nmultiple
vessel s wiptGedssinlg a hidooatbdhassourEEedSal odssthrodsthvidrogendeswong and
stripping stages. Sone of the nore recept configurations are disclosed, for
exanpl e, rcACWIENt calalyHe seaptipgsstages: Eherbirst seastion stagg praducssds patigly 135

[ 0003] Enyironnental .re i ons. have. | ed to,increasingly stringent

hydr ocar béx d%?%gﬁcstseg 61@&}4 ?@é’t"'f‘gh@f&tﬁnsgﬂaﬁ%dnﬂ @?W@é‘b@“ﬁ%ﬁgﬂﬁi rggeﬂlct streans
requi e NMphgsddiafAticEchbid PEA8on sagieelhd $tiped ligARCflueat feall witR004] As
the availability of lighter and cl eaner feeds continues to decrease, 10
hydr opr oc &esh iy df egeubsinrthy secmridusdiegartr prodebatihydroprbcegsed bignichgTheeds
derived from such materials as coal, tar sands, shale.oil, apd heavy
crudes, aFMRANGAAER andhotiareaption stages ate ghilve semstIcgction ¥esiRtesi r abl e
conponents, such as halides, nmetals, unsaturates, and heteroatons such as
sul fur, nitrogen, and oxygen. There is therefore a need to further reduce

t he | evel g0 K@ROSNPIOE TEONIRNVENTION hydro 15 processing products, while
enpl oyi ng feeds that 1ncreasingly contain significant anounts of

undesik¢ abl e species. It is not always possible or econonmically viable to

construct new, grass roots hydroprocessjing facility within ap existing
refinery ,ﬁfur HerQRsoGESSIgIRVRLYES FeREVINgAt least woﬂa%ogagﬁ Tonstraints

which |im e in i t4l.0 r gacti strkppers, and
associ at ghgtl?? J|;Eft|8h %‘%ﬂb ?‘%@ocﬁ%@%&e {}%gech esﬁllltu%g#rg%?g@‘l’ugﬁedhy r opr ocessi ng,
hydr opr oc gsmbthtiRahérelf, Byl reR6fif thEREE with h@OBERE R Presshdeqf a
cost-effective nethods for i ncreasing the hydroprocessi ng capacity of an

exi sting byitatdp hydesmopogysingodatalyst, Hydropasiessing heclpdes prypcosses isach as
hydroprocessed product, or both, wthout having to add.multiple
hydr oft oca¥dragshr e hvidrotaskipeshvirgteating Jbidicisome AEARARINGAYHAE | NVENTI ON

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



[ 0005] In one enbodi nent, the invention is a hydroprocessi ng process
conprisigg: WO 021 31087 PCTI USOL/ -12569 -3 (a) reacting a

hydr ocar DBR4EEWEE feed with hydrogen in a first hydroproc®EIV¥IH2ZREt i on
stage, in the presence of a first catalytically effective amount of a

hydr oprocessi ng catal yst, under first_gatalytic conversion conditions, to
forma first stage effluent conprising a hydroprocessed s hydrocar bonaceous
‘liquid and a vapor; (b) separating said first stage |liquid and vapor

ef fl uent g, i pi id fi gL e ri pping
.gas in aihl’yé)j£ cfsi%r?;éépsélln% s%a‘tlagb?lg Sl;t)gr%gugteﬁgﬁ) fi%ﬂﬁ&g?&s{e&‘%ﬁ}éﬁﬂ‘ %“3%‘?5 énd a

st ri ppi nghischided; fdr@xafiPpiinilng. paests 51 70505, SgR20/&IR 15,949, 34Eaid and sai d
-stripping vapor and renoving themfromsaid vessel; is (e) passing said
stripped39&l3b.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 anmount of a second hydroprocessing catal yst under

second c tic i L t : stage effl uent
corrpr?si ﬂ%ﬁdﬂhydgggﬂéﬁgsl%gr?C%%EwOélsg‘ggﬁhe(@ogﬁgggﬁ%%oﬁ%}gh contains 20
unreact e%yhb&%ﬂi&{‘prddh@t Jpebﬁiqaﬂkiﬁii OP6HReqaentld ﬁécﬁgﬂgd ﬁr@ﬂ@&%u‘éﬁﬂ% oprocessi ng
stage, and stripping stage being in a common vessel; (f) passing said

second stegperevapos upgiadngnn drdértosnee tightes tspetifigatiorsnd 25 (g) renoving said
hydr opr ocessed |iquid product from said vessel. [0006] In another
enbodi nent, the invention is a nethod for upgrading an exi sting

hydr opr o hng it k I opr i rocar feed, this
hydr opr oi@gg]ng %‘gcﬂl"f %‘Y%lazb@%ﬁfiﬁgﬁge’ %ﬁg%%fﬂ%&gﬁgg%@lﬁlgg%gg%g#% strippers
0 andgyas$98+# S BRI 1 A¢ad Beppceous
quuiqgl, ?gnp“?’ﬁﬁ‘%ﬁg # fo8E inay iy BCRRCn Y BRAORIREE Soda deag -%g( a)

passi ng bycr ogenands eodlyidr samdspsintceihumdfieady ohides, dbef héh tgpicapst
partially hydroprocessed by said existing facility into a first reaction
stage i noQMRENSIgRdIcapty srore yindpgirahlecnpencats, sueh pnhylidesameialss f ect i ve

e

hydr opr ogpssRee hindbd fo fidfitr tiducehd/RREK of URHe SRR 86MmPEn&as th ﬁ)?dr& stage
|l iquid and vapor effluents; o (c) stripping said first stage I quid

ef f| uent provessisg proguatsy vetikganploymenfeeds that ingpzsinglylcagainsghificangounds
produced by said fiyst stage .reaction to produ_cb? at | east, ﬁ stripped liquid
and a st AmopnsPimKlesirably sPeciehi lhisrptalways possible preroneapsaleyippledat  and

rvor ogen oottt KRB ieptsd sy tOARRROG Bk Splity 8RB o PG BInstloe

whi ch’ t hayd raARErmhord hosPEASRAE acillticd Hané shadel combhraines & Bichilivit grount of a

second hydroprocessi ng catal yst under second catal ytic conversion

condi t i opeevent adding adddionebwactian egyselef shiipers, andrssocated whilibes, to
hydrogrocessed hydr ocar bonacequs, |i qui d. product and a vapor which contains
unr edtt edNoKSASE dhepxtenhel prodyet hydsenrpesssuiga Bxdropeecsssing capaciynokbetle, and

StIi PPi N§yere js 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

[0005]  In one embodiment, the invention is a hydroprocessing process

comprising:



stage being in a common upgradi ng vessel; (f) separating said second stage
liquid and vapor effluents and 25 recovering said |iquid as hydroprocessed
hydr ocar Bo@822ae8% | i qui d product and passing said second E€RFSY/E562
effluent into said first stage; (g) recovering said hydroprocessed |iquid
product and wherein said upgradi ng vessgl has been added to, or has

repl aced a vessel in, said existing 30 hydroprocessing facility; and WO

- 02/ 31087 PCT/ USQL/ ~2569 -5 (h) conducting said conbined first stage vapor
ef fluent and saj\d tNpP) 2l HR%' i ssel. BRI EF

- DESCRI PTI ON OF H?Wﬁl@g Jcﬁécgoggl?ox%]‘@gé(ﬁ 563?] e"?@lcl:ﬂgrra e@;{f‘{%ﬁfué | ustrates a

f1 ow di aghsdioprocBsiagtredétionitage hincthe pieseass bNg fMRsoerslytiohlly bfettivent i on,
.in which two reaction stages and a stripping stage are in the sanme vessel.
t o DETAI LEDopEScR RY(doprposssig datalyshwader Hrst catabdsedomversiop di scovery of
an effective,two stage hydroprocesgi ng process with interstage stripping,
.in a singfeudi 88?4%%8% 4 s,tg{a,ge\ﬂ%ﬁg SOMPIIREA By, 86SSSF€ed is reacted
wi th hydr [ f [ S. hydroprocessing catalyst in two
separate ﬁgg@)tc%%r?hg?%og{esgﬁﬁgg%ﬁﬁoafQa\/éno?th produces a vapor and liquid
effluent. The vapor and liquid effluents are separated, and the first stage
l'iquid effluengy b : 1 .the second reaction
stage, where igb)r ngé{u?h\%ﬁ%%lc??gsst%% r "S‘Z%hg‘r% ﬁggéﬁhﬁsydrogen treat gas,
to produce a hydroprocessed product |liquid. The second reaction stage vapor
20ef f |l uent contg| @ﬁiﬁﬁlﬁ%%ﬁ&ﬁﬂrs‘ﬂﬁ&ﬂ’tgegﬁgicﬁ@ﬁldeﬁt RadSE Stripgpi Beir 41 st
reaction stage to provide at |east a portion of the hydrogen required for

t he fio st stsippges $tygh ppodessianipast é stripped dnuidiasd agerippingrvapdf;l uent
contains all of the hydrogen required for the first stage reaction, then

t he amount of fresh hydrogen or fresh hydrogen treat gas passed into the
second stage n(HBt coenbandnf said firsttstager vapod effl ent 2ad rsaak stripping dappyandf or
bot h reacti on .st ages. (000,%] In one enbodiment, it is preferred that the
first sta&'é“?“ﬂ&%&‘%iﬁQ‘Uéﬁ ¥essekri pped and that the shipped |iquid contact
fresh hydrogen in the second stage. Wile not wishing to be bound by any

th d it i.s bel, eved t. h 21 31087 [ USO01L125@0 6

e onboment s o), pessife P Sy BRed DRbid A rosh e BEh AR A LS P ey Thi
rangem s . kg . . Fifacy.

conbi nat | @Byl $46 AR} A6LoAR GRALARE iiiloh HRS/LcRYCHOWE ek enpRFgcu! 211y

i nport ant processes ere un tres ar or e uring the
L i rﬁt st a,g%ohdaataﬂﬁibaﬂlycbffd‘w'rve dnieuiefandcsidiigdiopradessing datdlost @ider or
oth, may be

second catalytic conversion conditions, to produce a second stage effluent
comprising a hydroprocessed liquid 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:



s adversely effected by the presence of the inpurities. Heteroatom
conpounds (e.g., H2S and NH3) are an illustrative, but nonlimting exanple,
of undesiwW@b?2/8108hpurities that can be fornmed during the fiPCIUSHI/AZf69
reaction and which may be stripped out of the first stage liquid effluent
before it is sent to the second reactign stage. Each reaction stage nmay
enpl oy cocurrent downflow of the feed io and hydrogen reactants. In one
-enbodi nent, the hydroprocessing nay occur in a single vessel, occupying

m ni mal space. ¢J\n d} LSE IO j nit
_conprising one(igr F?rdg%gﬁ{gggﬁn&\%gglg@@éﬁgg%si%ﬁﬁgggﬁg)ltegg agqui prment
may be upagdpsttially hydispradeistd &y sdid egitiag Fagility o @ fisNEHattivRStRe tO

. produce an inproved hydroprocessed product. The inproved i s product may
have, f orinewhngl theyhieagtan tye predengriof a gatabytidablyreffethive fapealind o€ d finst t he
process o he i nvention ma partially hydroprocessed feed (ﬁ{r@ one t hat

b
. has not WW&@@&{YN@;D%@F catalytiGsonkerstangtPich Befss 19 Rredicedt ng| e

may bé opireus kR IR ARe T Bt A5 g Be et HobHL A5 S g
to or rep{,@grpg a vessel in an existing hydroprocessing unit, the pressure

in the single or "common" vessel of the invention may be hi gher or | ower
than that used in the existing unit, thereby providing additional operating

flexibility. |f{b)desparéingisaidefifst aepeditfind AhdFapor éflueheh; r ect heat exchange
may be enployed in either or both reaction stages to control the reaction
tenperatures, increase the product liquid yield, or both, depending on the

reactioon tenpe(pt ytrépping shidefirst stage digfuidefftdent ime stipmtag stage tb semoeéer r ed
that the first reaction stage be located in the vessel below the second
react i on #ripgablgritissoberdecamnpownds proidnged brgaid firshwage reaction tpETodIBEL/ ~25(0
[0011 ] In.,one enbodi ment. the, i nvent.ion conprises a hydroprocessi ng process
whi ch i nc&dﬂ%é %%PPE&;EHPM%@%BDPA%V%P%H pping stage in the same _
vessel and which conprises the steps of: 5 to (a) reacting a
hydr ocar bonacepys feed wi th. hydrogen in a khrst hydroprocessing reaction
stage, in the @jescgﬁg)én% S&‘d;m&%r%c‘@gfﬁ léeé{tgpééfu,%oﬁlgppw%qri rst stage
effl ugnt conprising a hydroprocessed hydrocarbonaceous |iquid and a vapor;
(b) separating,kh i gt i GHJ &Eﬁﬁ PR é bl j ppi ng
the first st ag(ee)l ﬁaéé%gé?ﬁlsﬁﬁgédwﬂgwﬁa S rlgppl ndgf(8 éé“?%tﬁ;eskgﬁ?sdt@é%{pl ng
stage to tpEAGASEntd HidcoRdeeadtichitag@rifl vhivi By readl) indBBPrrédenge biig first
stage vapor effluent and the stripping vapor and renoving themfromthe
vessel ; (aatalytisslingffcevesampppicef 4 sepond hyrdioproesssing datalyshunderasecoad h

hydr ogen 20 tr.eat ﬂas. into the second reaction stage.jn which they react in

the presdf@YBF CANKGaHBLT BRI Rgdups asecqryl Spgeiiicnhcemprisdig a
CONpr,Si rLonr r t Qi nNs

iy 62t ed P ARUIRRoGRp0ASEofls Rt blodBeadt ¥ 2856r WRIHWARANS, 05 |
first stagfiea@dd hydrogen, the first reaction stage, second reaction stage, and stripping

stage being in a common upgrading vessel;

(f) separating 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) recovering 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



25 (g) renoving the hydroprocessed liquid product fromthe reactor. [0012
The second stage vapor effluent will preferably supply at | east a portion
of the fiW&02848ge reacti on hydrogen. Further enbodi ments PERUSHE25de 30
second reaction stage | ocated proximate the top of the vessel, with the
first reaction stage |located in the vessel below the second reaction stage,
and the WO U2/ 31087 _g_ PCT/USOL/.125@ stripping stage | ocated bel ow t he
first reaction stage. Still further enbodi nents include the presence of at

| east one of igdir eat ' ' i.hqeither or both
_reaction stagéQ? F&ﬁ%%gﬁgﬁﬁsf%@ﬁgggggggg¥§g%@c ﬁﬁ#gpggkﬁg%%%%id yield

maxi m zatg| iné\ﬁbbfbwﬁyﬁhﬂﬂ@ﬂﬁﬁﬁ&ﬂ&ﬂﬁ?hmgggjudeS addi ng all of s the
-reaction hydrogen as fresh hydrogen info the second stage. In this

enbodi ment, the hydrogen-rich second stage vapor effluent will contain al
the hydrogen required for the firs eaction stage. In an enbodinent in

-whi ch” t hSRESHDESGRIRLION () ? {Pns inpurities, such as sul fur and
nitrogen het er oat om conpounds, the first stage hydroprocessing will form
H28 and NH3, o sone of which are dissolved inthe first stage

hydr opr oqggerd ! im%!if%ur@%éﬁd?ﬂziﬁﬁﬁll}rhﬂuétgdtﬁ a TR Bialgk £1H 1 of aﬁf«{nlhmfnehe moves

at

t hese di ssol ved species fromthe Tiquid and the substantially

het er oat anhydrdpredssing pirocess of te inmemtidi) an sdochtiwe tregionTdiegesenddred st age
catal yst for the aromatics saturation, paraffin isonerization or

hydr ocr adRIRRINE stage, argay thy sameskessele that is adversely effected by, or
sensitive to 1 s the inpurities or other conpounds that have been stripped
out of the first stage liquid effluent. For exanple, the second stage

cat al yst D‘E‘YA‘I%ED pEgerp iUl fur-sensitive noble nmetal catal yst for
saturati Oon, hyadroisomneri zation, polynerization, etc. Alternately, the
second stage catal yst could be the sane as used in the first stage or a

m xture of two different types of catalysts. 20Q [0Q13]. In the enbodi nent in

whi ch t hd0998lent Tha evemtionds basedran Hsdlisenveny gf anichigclve bxp stagag

hydr oprogessing systemor_facility having one.or nore reaction vessels,

Stri pper DYATRPARESTIEoreath aTs it tHPplik 425 SR Greson st

hydr ocar haak adicirbéAbbRadediis 8 18 Fefttd RN IR drbéh M&gﬁbg&pe birg 25 net hod
conprises: (a) passing the hydroprocessed feed and hydrogen into a first

r eactis on hytieaprocessity citalybien tweesepaiate rénetipnetapescearh of wlidh grodwessi ng
catalyst, to 02/ 31087 PCT/ USQOL/ - 42539 - gﬁ'éﬁr oduce a first stage
ef f | uent acGRPF Aa¢ hguid githentr The vapgianshugudsituents gig senansted and Bevapor

b i £ . N i d gl : i i
Lhe £ pofitdy ik Difuitidrbhed S 3fipnch AndufRhed ANBleEREMBANE sosill St 11 hhable
di S0l Vede LATRAYAELS WHRE UCRActE Wit feél h§dropbAGR a'Ba&H HyRogen 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



(d) conmbining the first stage vapor effluent and the stripping vapor and 10
renmovi ng them fromthe vessel; (e) passing the stripped liquid and fresh
hydr ogen WP 03/31482sh hydrogen treat gas into a second reactR@ANHLAYS? i n

whi ch they react in the presence of a hydroprocessing catalyst to produce a
second stage effluent conprising a is_gydroprocessed liquid product and a
vapor whi ch contai ns unreacted hydrogen; (f) separating the second stage
‘l'iquid and vapor effluents and recovering the |liquid as hydroprocessed

hydr ocar bgn [,QuJ i v
QR Tk N s I T

l'i quid pr&fi’l‘x{ﬁhatiwi‘%'f@tdpﬁih% ah%ohﬁa%@h‘i&nﬁ'éﬂﬁﬂﬁﬂfrogeﬂ i$ pertiRuldrRpi ng stage are
-all in the sane vessel, and wherein the vessel has been added to, or has

r epl aced impoemaefor procassesyistre mgdbsichbdp iopesséengref forined tduringsthg @ivdtdJ By
upgradi ng an exi sting hydropyrocessing systemor facility is neant {i)
-pr oduci n¢tagegGaeiion apd yhere the §eqq1?érsg%i%6alb’ﬁer%@‘h oppotdy Eﬂ:ﬁ)’g?c that can

be prqduc t MAPAR t T 1t he i ts referred to
Do or 90U DRCLAEAY tomBlome ot gl e RTBASHIER B0

hydr oD 0qgssi g AHANREL) bkd/an illLaA%E FdhoniihRREEXRRIC. JRRRMRSEAILE] The
feed for the pfesent process conprises a hydrocarbonaceous |iquid and
prefer ab'iirhp%rﬁ%g tRAEAROBE fdrﬂwdchurﬁtgcﬂhe%‘ﬁstastﬁgé‘féh‘éﬁbﬁ a?xﬂqﬂﬁicﬁrm@{ gestillate
fuels or lubricant fraction, that may or may not have been partially

hydr opr octisppat owt gfathtifakt stapy tigofa efflessicbefbred is sewirte thésedondas al r eady
been at least partially catalytically refined and purified by any of many

known hy deafitascsags nfaph seastivastagemay smpley copummentrdawrtbew o thedgsdr t i on” of
o omaBi o AR ARET AR A oft AR R A s B e R RRER iy
desul fur iazﬁﬁglfé!vleséé]?oéé{iﬁyﬁ'ig aRRiRA spabe .t HPadRREF ERbolifRem! %Ei@ﬁﬁé the

invention to"w |l typically have less than 500 wppm sulfur, in the form of

vari ous dwyidfeprobesingunt copguisisg anclopmeie redstipn| vessels,harnpg&® andpm of
sul fur. The nitrogen content of the, feed range from about 20 to 1000

il
wppm re@é&qlat@é|egume@£rreﬁ}éb§mpgrmdm\€fmmhgeo arFpRhAcEenst df an
illustrativ but ;ponlimting exa ithe respective, sul fur. nitrogen, and
oxygen oot vE-Rst BB ek opGRRVRL RygioprodsS S ialen o T ht Hhredshococs. o
the '1@V?rﬁrb&ibt%z{}} h&Vé}'fEﬁEkéﬁnEﬁ:{‘ﬁ%ﬁef ?IEI&*HSIH{ty?Qr BEfh. WP TRA%s881d 00 wopm
respectively, depending on the inpurifty l'evel 1n the feed. The stri pping
and r eactthopreiesges thennvbrtive aswl bd apattallpripdropecessetifeepoesnanthatnvent i on
are operated at substantially the sane pressure, which may be | ess than 600
psia or é\aéapébettrhbhdmm%ﬁssqtboo psi a, depending on the desired zo reaction
and the catal yst used. The reaction tenperature in the first and second
reaction stages may be the sane or different, with the actual val ues

dependi nqo@ro)t heTheedo re&afdn 4BSesANGhE 8inle/ fds3el A MeTAVEntidl AAgY and tray
type of gas-liquid separation neans, or equivalent, is |ocated between

t heseot waontaae theosanst agdifferant tatalystssaadanay bel ppemteddt subatantialy shage

gaseous effluent passi a% fromthe is separation neans. directly down into
the top SRMEHEessUFet Iy Higqase of addipg taer seplagingrovessehid He@HshRE a gas

conpressor., The s rat.ed, second._ st iquideeffl uent conpri,ses the
hydr opr oglé/gg%)dgﬁsggj%c@lﬁﬂﬂﬁ ip&?ssﬁeemﬂgg Pk&géj hg nc:(gg%ﬁ fvsg%mi ﬂ?%t roduced
into thefQmtidh M;ﬁb&lm er' 5136 e had th8CuseldIn Whé Ristihg WARC Her¥by h fresh
hydrogen or a fresh hydfogen treat gas, in the presence of a

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 stripping stage.



WO | 12/ 31087 PCT/ USOL/ ~25& -11 hydroprocessing catalyst. Al of these
features are preferred in the practice of the invention and permt the use
of a si nW@02Ha8T el atively smal|l and space efficient reacPCHVSIEESE to be
added to, or replace a vessel in, an existing hydroprocessing facility.
j0016] In the context of the invention, the terns "fresh hydrogen" and
"hydrogen-containing treat gas" are synonynous, and refer to either pure
hydrogen or a hydrogen-containing treat gas which is a treat gas stream
contai ni ng hydrogen in an anount at |east sufficient for the intended
~reaction, to plus other gas or gasses (e.g., nitrogen and |ight

hydr ocar b, uc i b | e wth or

. affect ei Fﬁgrﬁt h?@gﬁ%@ﬁ%ﬂ%ﬁﬁ%gmggbﬁrﬁ??? gﬁoﬁhl?g?%sge treat gas
st ream i nprocdsscwtlichninoludes tweaeachisrestagesoandsh agmppang btape éh ehakdme cont ai n at
| east about 50 vol. % nore preferably at |east about 75 vol. % hydrogen.
. For many Wﬁﬂi%ﬁlwm CPQmPléS‘?j?r@ﬁéF&R@d)ft hat the is 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 sone cases a source
of hydrogen sufdi éeastimgya hydgocarbopasequs fged wilchydegamyn atfHet speci es t hat
may adverse effect the second stage reactio, r ,catal yst may be avail abl e
Wit ch. wrAOREiceSihe IHtERR PAes, b i piSefie,fre REaG RIS ISty B2 o0
first st i - i i drogen may
be intr ogﬁ)?gdé iﬂ{l%tg&t eg&fﬂiﬁ?g[fécg{lggSelig'rl)gﬂi'l%dlapf(%fe?%gu@gr tsﬁagbgtir%%rﬂa gof fresh
hydr ogen lpqedeadi awwaparhe second stage. [0017J By hydroprocessing is neant a
process in which hydrogen reacts with Zs a hydrocarbonaceous feed to renove
one o nore heteroatominpurities such as sulfur, nitrogen, and oxygen, to
change or convi@t separating thrufisst stagediquid andfvapor efflentsa portion of the
feed, or both. Non-limting exanples of hydroprocessing processes which can
be practiced by the present invention include formng | ower boiling
fractions by r&alr sinping Hhe firsy gtaggdiguid affluend vath 2 strippingEasina WO 02| 31087
PCT/ USO1L~25( -12 unsatyrates; .hydrotreati,ng to renove heteroatons and
opt i onal ISTPRARS agfrtGerPHE%e By ‘?Sir]éﬂ‘flgﬁ,ndtﬂ/mp(?f’soneri zation and catal ytic

dewaxisng of waxes and waxy feeds; and denetallation of heavy streans.

Ri ng- openi ng, rticularly o apht heni ¢ hNgs, al.so.be considered a
nydropr ocesst i) peaittlne e Br{loR ke ihor <o anfidhe SrihiBE xEPE I o i 1y
hydr ocar QemovRiSiticth iR Blen@skser, derived from for exanple, crude petrol eum
oil, fromtar sands, fromcoal I'iquefaction, shale oil and hydrocarbon
synthesis. The reaction stages used in the practice of the present
invention are @pepadsah thle BHpped liyeid MPHRES Wy @Sgamdr RfRSHUREofa t he
desired reaction. For exanple, typical hydroprocessing 10 tenperatures wll
r ang&of r dreatigesinte 3h¢-secondeacti @b oiAge i Windsthey asadtrinthepoesensdopai g t o

B S T A
fecds warbnd BO® Rad3yaRot R bR e U, PLUCT: Fon' nol ude

vacuum 15 resid, atnospheric resid, vacuumgas oil (VG ,6 atnospheric gas

oil (AG), he (! j A—ﬁ@ﬁ : g oi |l (SCXO,
deasphal t ed om(‘%}ﬁg‘%qpigéh@'gg?a%g?‘é ol l‘?‘t‘é%gmeﬁf;“?ﬁga e’arai‘1 dsynt hetic
feedgsderived fromtar sands, shale oil, coal |iquefaction and hydrocarbons
synt hesi zed fr(ggn Perﬁb%hgrtﬁe Hgd%r%s&ﬂighﬁl ;ﬁoﬁbétcﬁ‘&h'tﬁé‘?@%ﬁr.t ype of

hydr ocar bon synthesis. 20 (0018] The invention can be further understood

with reference to the Figure, which is a schematic drawing of a
hydr oprocessing unit useful in the fﬁractice of tge inv?ntion. In this

_parti cul 4P012] ust haseeandestagrvarof citinentwy it prferablssunplypableasta s a
hydrotreatin cess,and the reaction st h ot.reating,stages. 2s For
the sake P "g'i] %ﬂfecﬁgs)t/,s aggtre%qqongﬁ%(trgggn.rEg&ﬁ?ro%gé%ilgbq%? H%é?‘i}ea& , val ves,
- punpsy hegtodd ABLfSH sﬁgg'l&%‘ted Bk Sximaté ﬁlesthYMf-thJ Dessel, wiltly @ Ofifgat i ng uni t
10, for hydrotreating a feed conprising a distillate fraction, such as a
di esel omredatiom gage focaretiianhe whsseh balw tire seagndotachanstdpeeandand i al |y

hydr otreat ed, conprises a single reaction vessel 12 containing two
cocurrent downfl ow reaction stages, WO 02/ 31087 -13 PCT/ USOL/ . 12569 with
a vapor-1liquid separati ng neans between these two stages and a stripping
stage |l ocated below the first reaction stage. The bottominterior portion
of the vessel is used for vapor-liquid separation and collection of the

first reaction stage liquid effluent. For the sake of sinplicity, not all
process reaction vessel



5 internals, valves, punps, heat transfer devices etc. are shown. Thus, a
hydro treating unit 10 for purifying a diesel fraction conprises a single,
hol | ow, MYPOHAWBZal netal reactor vessel 12, containi ng WRCIYYSo1dEHRCt i ve
first and second reaction stages defined by fixed catal yst beds 18 and 14,
separated by a sinple chimmey type of _gas-liquid separation tray 16 w thin.
Catal yst beds 14 and 18 respectively conprise respective aronmatics
saturation and heteroatom renoval reaction stages. Alternately, both stages

may conpr,j . r t Lfot i ] process
TR SO iR AEHERRLAL pra Bt s SBUSRAEE BBl
removal  ghélude @ pi&senS@bHaAAR dnedMABRECH Kéitieslc aebling andage 20
.conprises the stripping stage and is shown di sposed below I's the first

react i on queageingfn dithenbi bbthhetetiamstages,affdesinetly far emperatuesicoéntooh t he
Three st ARAMIR0 el BamiBR oI A S8 Birthes SaRDNUBRN A Chides SR PR bl ace
Fract § on thEEencliofdRllosst fs FEITHERLBAING B35 JoEEr e e 28 The

£ om e S o P e oL et ™
separ at i twydregersreljaired fohthedfitshreaation stage! i larandembodinsnt iy pdistefiser at i on

tray. The hydrogen-rich vapor effluent fromthe second reaction stage then
passes d&@&t%b@h@jﬁf%@cQﬁ@d pRitAmSHMPUntes, suc aseswfugapduerpges i r st and
second reaction stages. $u rays are gonventi.onal. d i |y
conpr | se nateragr fodpopdy e B P S FAPReRE Ml e T U KRy
ext engli ”goh@%ﬁﬂfcﬁ"ﬁg dioRiBGh §hé BPstisiape ﬁy"tﬂ'ogﬁt?qelsée‘ﬂeﬁ%lﬁﬁe Stﬂb{ﬁi%ﬁge”' rich
vapor fromthe second reaction stage passes do into catalyst bed 18, in
whi ch t héhesfirstacdgediduid redfieentirambles tegse rdissblvadespiecies frdmm the tijuidend
downfl owi ng di esel fraction to renove heteroatom conpounds. This produces

an ef f | udig suhsigiially hepgyoptomgreduycediligndts ftmto 4k swopdgtagel iHha d di esel
fraction of reduced heteroatom content, along w a vapor whi ch contains
08 neasSeERBES Cuah<E B he RaGe SrnfeRR gt Frol B iRl | key | ha
may have Nic I tiedl I nfphor
ount 8. B B BE P a Ay eBRy ol DY, SRSl age
l'i quirsl ethd imeparititeor pthes esmgounds thinohave begn stoipptdigat @Dthel firshhbtagh i t
contacts_an_upfl ow ng stripping gas, which may be hydrogen, steam nethane
P

and the liguid effineat Eor ppampleythegsecond stagmrridystiaay them eomprisesd| ved

het er at om i es. sSuU as S.and NH3, . forned by the reaction in the first
Ctage. TRATRERE Ve ERe Rnh e BNt R SaukER oot PRerRRb  on st age
gaseous pgbiyHeiatiol, kit 1A1ttAAtN Xhe secdAP Stapaealal\tt ebhldbe theSahRagt OF

vessel via’'line 26. This gas mXture nmay be further processed downstreamto
renove t heedid therfiahstage or agemxhirerof divopdifferent Thpessofi capgdgsisf i r st reacti on

stage liquid effluent 28, collects in the hollow bottom of the reactor
vess@l, as shown. This liquid is withdrawm fromthe bottom of the vessel

via line ~passes through an. indirect .heat. exchanger 15 32 .4f required,
and t hen Q317G iEh SOMGA o WIc R iR7aY R GRARRTS etiog for 35 {5
the top 12, i } e 14 bel ow.
Fresh hyg?%‘t;gﬁn%?ﬁslcfrt%ggl tréggy%gsgjéygtéilﬂ?rrggﬁggg%ﬁvi %H“??ézﬁﬁ‘% and 3 8,
i nt o t herdaspioofvesseds adtrip@erouad atdoeiaed eqdipneacttandrpradwegs alydrdhe hydr ogen
is present in an anount sufficient to supply the reaction hydrogen needed
for bot hpirsesssthydrcanbagaceoushigurd Eorgipernsd feed fof the upgsadipgethgat om r educed
di es 4 fﬁgq%(iggn and reacts with aromatics in it in the presence of the

me

nobl P%Wgts,es'to renove aromatics by saturation. This produces a
. second reaction stage liquid effluent conprising the further purified

di esel fractiop, L es 0 t i roat om and
aromatics con?@nt&gg{gg tﬁ%§¥8{%§(§&§Eﬂfﬁeeg%édf}}yg{é{)g%n&%% :}?ghgeélgﬁﬁﬁt o the

. reactor fage lih Réhiéd theylreBbtSA tRE PEUsERSe 8f RYJARGRBcdskiRR cagslondtst age vapor
ef fl uent ich, after "being separated fromthe liquid via neans 16, is

passed down into the second reaction stage. The purified diesel stock is
renoved fromthe reactor via line 42 and sent to storage, used for blending
or conbined with an appropriate additive package to forma conpl eted WO
02/ 31087 -15 PCT/ US01/ ~2SG9



fuel. Operating the vessel at a relatively high pressure enables the use of
a nore active (e.g., noble netal) catalyst for reactions such as, for
exanpl e, VWPIRR18¢s saturation, as conpared to a | ess acti RETESO 42568 ckel )
catal yst, which would require a substantially greater amount of catal yst
and concomtantly | arger vessel. The amomatics saturation catal yst reaction
stage, or second reaction stage, is preferably |located in the upper portion
"of the vessel, above the first reaction stage, to produce a product liquid
havi ng a f : ) %t :

_aronmat i csﬁ‘?gﬁﬁégwdég@??gﬂf%&@ﬁs"?ﬁ {p téhl S Ff*ﬁ@ﬁopg(ﬁéﬁ?@gr}%&f erred
that the @Heovdport age catal yst conprise one that is 10 selective for
.aromatics renoval and not heteroatomrenoval, to produce a product |iquid
having a very low |l evel of sulfur, or a mxture of a heteroatom and
aromatics renoityl sephitingtthe firstGidpt [Iqad aadmapoy dffbdemegt i ng" as used herein
-refers to a process wherein a 15 feed to be hydrotreated and a

hydr ogen-containing treat gas react in the presence of at |east one or nore
catal ysts prin@)i Isyripping the fiest stdpe liquidefflueait inta stappinglseigertoatmose such as
sul fur, and nitrogen, and, optionally, also fqr the saturation of

ar omat | csstnppablgsiissalyert eempavndsprednegd by she st stageirgagtionidr ot r eat i ng
enbodi ment of the invention include any conventional hydrotreating

catal yst. 2o npl es .i ncl ude, catal ysts ¢ rising of at |east one G oup
VIl metal cat ytcpénlaﬁwofﬁsrﬂr?t P85 ¥anasicftipent and the SMPPIngyABOIM er abl y
Co and/or__Ni .. . I .y Co; and at |east one Goup VI netal

cat al l;i}ti creg{gnp g}f{mﬁporlgftgégéﬁei’l\/b and W nore preferably Md, on a high
surface area support material, such as alumna. Qher suitable

hydrotreating gcat ' : eal 4 Mﬁ)g% nobl e
netal catal yst@ﬁlmﬁggséhg %@%@ﬁgd ?rlgtgg ﬁrlld;frg%}f g&t e Prog% %%J'Halﬂc?iﬁg?& As

ment i onedrep @4e intota s&condirbadtidnNRage; dpeviath thg reaes@ntheipryAte ofat hat nore
t han one type of hydrotreating catalyst nmay be used in the sanme reaction

stage or eprovgsiingicatajyit ée peeducaq sceand stagereéduentraganpnisng about
350- 850F,, wi th 600- 700F .hei ng typi,cal and wth pressures from.,about 50 psig
Lo ablut Tydspprocessdoinuid psotusahiayapon sdiieh SqRfatis reasted BYUERD; r om

about 50 psig to about 2,500 psig. If one of the reaction stages is a
hydr ocr acki ng age. the gatalyst can,be.any,suitahle conventional
nydr ocr acki ng @ht st fREedid rBEF G B S BN BsiE ARV Eg o
hydr ocr agfé Iy uﬁﬁs@hyaﬁoz,raé&sé&ﬁ%&be%ohﬂcééﬁsngjlﬁalbrmct ﬂngi)hss'i@étﬁé)_ uoe,
which is s incorporated herein by reference. ch”catalysts are typically
conpr i sedecbtnd si@gewapvt effluent aito el fiegataget agd conponent on a zeolite

cracki ng base. Hydrocracking conditions include tenperatures from about 200
to 428C, a pressure of about 200 psig to about 3,000 psig; and |iquid
hourly space @) otéaovefingrthabpdroppod@sseasl liquidiprpduct, phefandhé twé r om about 1

to 5 VIVVH . Non-limting iq exanples of aropatics saturatjop or
hydr ogené??‘iﬂ?”c%f?&?%%‘i‘t%%ﬁﬂ"ﬂ%gﬁ agectre alldp ?-S%F)M%Q?itﬂﬂd wherein the

ni ckel - ! . (e g., platinum and/or
pal | adi %e¥%gnggi%hueﬁ§qgg‘§%?gg‘t&yg@ﬁaghs%bgge%ﬁgﬁ}‘?ﬁ“ en used at hi gh

pressur e hideoprocessies esdilitve for aromatics renpval . The aromatics saturation
zone is preferably operatéd at a tenperature from about 350F to ~ s about
850F,25nmore preferably from about 450F to about 700F, at a pressure from

about 10 ig ta about 3,000 psig,, preferably from about. 200 psig to about
1, 200 psi(fa;gf%lnd Y UpgTAdRERHOusRS @ée@f%ﬁ%ﬁgwstem oilfty f5 Bialibout 0. 3

VI VI Hr. . 2V [ - j ot her
enbodi m&@sﬁgﬁg&#gcﬁ é%gbf%‘ﬁn%"i(ﬁ?ﬁ‘%‘e%trmaéc?}eg‘ge}qg{‘%??oﬁf’ﬁ@‘g‘m‘?{%“w | be

- appar ent producdchye et RQilit§ask bothMale fhithet Hiadedikéntt eefetradithabevé W t hout
departing fromthe scope and spirit of the invention described above.

Accor di nglsp, apply ite tmietembudemertfor upgradiueg so epesting ydeopioaessengppended

. hereto be limted to the exact description set forth above, but 2s rather

t hat 3®he fa¢iliths be construed as enconpassing all of the features of
pat ent abl e novelty which reside in the present invention, including all the
features and enbodi nents which would be treated as equival ents thereof by
those skilled in the art to which the invention pertains. WO 02/ 31087 -17
CLATMS: 1. A hydroprocessing process conprising: PCT/US(11/~2s@ s (a)
reacting a hydrocarbonaceous feed with hydrogen in a first hydroprocessing
reaction stage, in the presence of a fast catalytically effective anmount of
a hydroprocessing catalyst, under first catal ytic conversion



o conditions, to forma first stage effluent conprising a hydroprocessed
hydr ocar bonaceous |iquid and a vapor; (b) separating said first stage
liquid aNOOAPWB7 ef fl uents; (c) stripping said first stag®&CT{U$A1#56% | uent
wWith a stripping gas in ais stripping stage to produce at |east a stripped
liquid and a stripping vapor; (d) con@ﬁ ing said first stage vapor effluent
and said stripping vapor and renoving them from said vessel; (e) passing
"said stripped liquid and fresh hydrogen or a fresh hydrogen 20 treat gas

i nt i d d Liquid, st ' ich th t in,th f
second cat 0N CaTh tedd Bt arcieBbnooets Prubde hydinsaBEasetNg car al yst
q . . . o 1 ot
et uent SRR EaAITEbaR GENIY St ot 8 SPRARUGerRISEERT, B RT°
contai ns Jivtaked A1 itaedant Gactibh ! that MY 0P RIBCRGShAVE deagfutisife ond

hydroprocessing 2s stage, and stripping stage being in a comon vessel; (f)
. passi ng slydraprocesdedt Agpaniaflyrhyslréproeessed fices] saime whioht hastalpady deen ( g)

removi ng sajd hydr.oprocessed | igu d,prqduct. fromsaid vessel. 30 WO
05191087 Aelereiarrallysabiyaenly HhindGad e IRIPRG of 4ED PP wher of 1 sai d

second ot AQB AR R bioEPlees PRUACCE L SRR e L BRG] oPgle YT o0en

required fr . reaction. / otess according to claim2
wher ei n s akbgrofteANcoipaaedd will alreidhARbeRnsehidviel! aid séagdfame sai d second

stage vapor is passed directly fromsaid second stage, down into said first
stage. 4. armpaticesmpavnds tiaygriroay hai ka8 hdearreinovedity satwiappnngost age is ~o
whor ei n s AFehRy iAo B iEs Rt & S e JoE e Ppural Worvardion, A
0 00255 560 R 60 a8y b e FHRSFE g Lo
cat al yst ®eari®@66mPOunds and preferably less than 400 wppm of sulfur. The nitrogen
content of the feed will range from about 20 to 1000 wppm, respectively and
preferably no more than 300 wppm. By way of an illustrative, but nonlimiting
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, is 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 liquid. 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



7. A process according to claim6 wherein said feed conprises a Zo

hydr ocarbon distillate. 8. A process according to claim7 wherein said
second sW@e238¥br ef fl uent supplies all of the hydrogen PETARPHEY st
stage. 2s 9. A process according to claim8 wherein said second stage
conprises a catalyst different fromsajgd first stage catalyst. 10. A nethod
for upgradi ng an existing hydroprocessing facility for hydroprocessing a

- hydrocar bonaceous feed, this hydroprocessillg facility WO 02/ 31087

PCTI US01/ S hi S }-gp&,?er i tLippers and
associ at e%ﬁéég?%cﬁé%]g%ggd%sﬁb ucl:g?glﬁg ropr Scaggg’g%@ﬁ%ﬁhﬁg’% ggaﬁggégﬁs l'i quid,
conpri si nghetiR@emi@PandperntitthassoNg s agbrelativtly siallr anbsgagsaceous feed
.which has been at s |east partially hydroprocessed by said existing
facility ¢fficeerd reaation vesseditodre addeddo; or wplaske a yesgelriaaan existinge presence of
a catalytjcally effective anount of a first hydroprocessing catal yst under
first catié)f(s'ﬂ’ €818 a5 -condi tions, to produce a first stage effl uent
corrprissi ng (i) a further hydroprocessed liquid, and (ii) a vapor; 10 {b)
separating said first stage liquid and vapor effluents; (c) stripping said

first st gpmk)'q quit tled EdmeRrt of thedn®értidi ithd tevin8 Urelsh hiydf®yeh sdnidl ppabl e
di ssol ved conpounds produced by said first stage reaction to is produce at

| east a sthyidopgeh-tonaindng batabgas™rdrpsyngnympus, anddferdodeithenpgursai d i r st

i Qi o andrbees A A AGHESR AR 6 BRAr A Bleh 128 P04 SRt o & Sebond
reaction ] ich-. i tically
o tect i venaing Bydel i A 4ul FRE e Idsl ARELIRE flhe thicRyEdtaickibhy

cat al yt i Cpla9 BYIRN a8 dr gaskEs gé.%nsmh@g@m aAd tighehydeenbont adeh a hlcdedie)
conprising a hydroprocessed hydrocarbonaceous |iquid product and a vapor
whi ch comvhichswilhnetaastvedsely thtodfere, witherfaffest eitherdhe oeacttongeor thecond

(7= separDRgss s Eetuirobay iR Gin weantiipagueod Fp dBnEL-0ma 1 acover | ng
- separk FOCHTP deh i
ai d seqdsicdn HHEC SRIBERFR]y A6HIaR B¢ RAGRERY S0\ Ve mRb R Eher QL) 8757 52

PCT/ USOL/Iedst%®3ut 29 voD )% 1R&eyEd . NBorsafly agﬂﬁwoﬂg esisgitefdrftd Haptheduct and
wherein said upgradi ng vessel has been added to, or has reﬁl aced a vessel

in, s dhpdregemintioduceditodbs segpridastags b suffisiend t¢ pyoddeallafithg sai d
conbi ned first stage vapor effluent and said strippin or away fromsaid
upgr adi nde%%%’bﬁy (TTPE?H Orn@?tﬁ eéE"cQﬂ‘ﬁ‘FHbﬁf% TQﬁCQPﬁ]S?*tgeghﬁ(g‘VﬁVega% second
stage vapor..effl py i i ydr, equi red
for said S?) .“%%%JSS §§Ee’“f°g’ &elﬁ?géﬂ L"@a%@iﬁ? %igogg%g%’r %i?llr?%ep oogiél?1 gl%(rﬂélll
wher ei n sipledies ¢atflay h@ﬁﬁ*sél? dffrettindsczbad stapairéhdtionssr @itslgst mag bgai d second
stage vapor is passed directly fromsaid second stage, down into said first
stage. 1Hvailable 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



13. A nmethod according to claim 12 wherein said stripping stage is |ocated
bel ow said first reaction stage. 14. A nmethod according to claim 13 wherein
sai d hydWea/¥estaceous 20 feed conprises a hydrocarbon. 1BCTASHEIREH
according to claim 14 wherein said first stage liquid effluent contains
strippabl e species that adversely effeg}_said second stage catal yst or
reaction. 2s 16. A nethod according to claim 15 wherein said feed conprises
a . hydrocarbon distillate. = 17. A nethod according to claim 16 wherein

sai d secop e.vanor, effl u | | rogen to said first

. stage. \,%a%é%gelseéyﬁr &#Uég’%l 82‘5@3?@ Agl?ﬂa%’ﬂ%‘&" gy Yo to claim 17
wher ei N Sgioth AREBsFhAUDINS RYBFiSifeRzARnPAnBEatdl fcede‘%&ﬁxjf)gg Muailedl first

. stage catalyst. 19. A method according to claim wherein elther or both

reacti on andgexydeeds;anleténtaliptercofhedvy stmansaslﬁdgt—@pmﬂng,l particulafly A

met hod accor di ng to claim 10 wherein the anount of hydrocarbonaceous Iiquid

. product ppb enig rirgsacan alspde eangidered a hydopreressingpiasessy dByBpr ocessi ng
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10%] & ()[OP{@]I 102 le m\(/gntlo(n 0b/é]'furth(e)r un %rosooAa& w‘&n reference to the Figure,
which is 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,
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vessel 1s used for vapor-liquid separation and collection of the first reaction stage
liquid effluent. For the sake of simplicity, not all process reaction vessel

5 internals, valves, pumps, heat transfer devices etc. are shown. Thus, a hydro-

treating unit 10 for purifying a diesel fraction comprises a single, hollow,
cylindrical metal reactor vessel 12, containing within respective first and second
reaction stages defined by fixed catalyst beds 18 and 14, separated by a simple
chimney type of gas-liquid separation tray 16 within. Catalyst beds 14 and 18

10 respectively comprise respective aromatics saturation and heteroatom removal
reaction stages. Alternately, both stages may comprise a heteroatom removal
catalyst, if the objective of the process is primarily sulfur removal, as opposed
to, for example, both sulfur removal and aromatics saturation. A vapor-liquid
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
is 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 permeable tray 16
separating the first and second reaction stages. Such trays are conventional and

25 typically comprise 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
unreacted hydrogen in the vapor effluent reacts with the downflowing diesel

fraction to remove heteroatom compounds. This produces an effluent compris-
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which contains H,S, NH; possibly H,O vapor, any diluent (e g., methane and the

like) that may have been present in the hydrogen treat gas, and any usually
minor amounts of gaseous hydrocarbons produced by the reaction. The first
stage liquid effluent then passes down into stripping stage 20, in which it
contacts an upflowing stripping gas, which may be hydrogen, steam, methane
and the like, which strips, out of the downflowing liquid, dissolved heteratom
species, such as H,S and NHj, formed by the reaction in the first stage. The
upflowing stripping gas mixes with the first reaction stage gaseous effluent, with
the mixture then passing out of the reactor vessel via line 26. This gas mixture
may be further processed downstream to remove the sulfur and nitrogen for
disposal. The stripped first reaction stage liquid effluent 28, collects in the
hollow bottom of the reactor vessel, as shown. This liquid is withdrawn from
the bottom of the vessel via line 30, passes through an indirect heat exchanger
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
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
in 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
diesel stock is 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

z[ PE:I'#, 10 10 104z

aBPE
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' active (€.g., noble metal) catalyst for reactioris such as, tor example, aromafics
saturation, as compared to a less active (e.g., nickel) catalyst, which would
require a substantially greater amount of catalyst and concomitantly larger
s  vessel. The aromatics saturation catalyst reaction stage, or second reaction
stage, is preferably located in the upper portion of the vessel, above the first
reaction stage, to produce a product liquid having a very low level of sulfur or a
mixture of a heteroatom and aromatics removal catalysts. However, in this
illustration it is preferred that the second stage catalyst comprise one that is
10 selective for aromatics removal and not heteroatom removal, to produce a
product liquid having a very low level of sulfur, or a mixture of a heteroatom

and aromatics removal catalysts.

[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 primarily 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 Ni, 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 is 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 typical and with pressures from about 50 psig to about 3,000
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5  incorporated herein by reference. Such catalysts are typically comprised of a
Group VIII metal hydrogenating component on a zeolite cracking base. Hydro-
cracking 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

10 examples of aromatics saturation or 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 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.

4
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1. A hydroprocessing process comprising:
5 (a)  reacting a hydrocarbonaceous feed with hydrogen in a first

hydroprocessing reaction stage, in the presence of a first catalytically effective
amount of a hydroprocessing catalyst, under first catalytic conversion
conditions, to form a first stage effluent comprising a hydroprocessed

hydrocarbonaceous liquid and a vapor;

10
(b)  separating said first stage liquid and vapor effluents;
(c) stripping said first stage liquid effluent with a stripping gas in a
stripping stage to produce at least a stripped liquid and a stripping vapor;
15

(d) combining said first stage vapor effluent and said stripping vapor

and removing them from said vessel;

(e)  passing said stripped liquid and fresh hydrogen or a fresh hydrogen
20  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 liquid product and a vapor which contains
unreacted hydrogen, the first hydroprocessing stage, second hydroprocessing

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

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

30
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2. A process according to claim 1 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 strippable species that adversely effect said second stage

catalyst or reaction.

7. A process according to claim 6 wherein said feed comprises a

hydrocarbon distillate.

8. A process according to claim 7 wherein said second stage vapor

effluent supplies all of the hydrogen to said first stage.

9. A process according to claim 8 wherein said second stage

comprises a catalyst different from said first stage catalyst.

10. A method for upgrading an existing hydroprocessing facility for

hydroprocessing a hydrocarbonaceous feed, this hydroprocessing facility

| 10%
Y310%
3% 10%
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comprising one or more reaction vessels, strippers and associated equipment, to

produce a hydroprocessed hydrocarbonaceous liquid, comprising the steps of:

(a)  passing hydrogen and a hydrocarbonaceous feed which has been at
5 least partially hydroprocessed by said existing facility into a first reaction stage
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 (1) a further hydroprocessed liquid, and (ii) a
vapor;

10
(b)  separating said first stage liquid and vapor effluents;

(¢)  stripping said first stage liquid effluent in a stripping stage to
remove strippable dissolved compounds produced by said first stage reaction to

15  produce at least a stripped liquid and a stripping vapor;
(d)  combining said first stage vapor effluent and said stripping vapor;

(e)  passing said stripped liquid and fresh hydrogen or a fresh hydrogen
20  treat gas 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

25  stage being in a common upgrading vessel,

® 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;

30
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0% () - YsbC 35 @reé)oven% hf/ op 3cessed lijulgl procjiuct and wherein said
upgrading vessel has been added to, or has replaced a vessel in, said existing

hydroprocessing facility; and

5 (h)  conducting said combined first stage vapor effluent and said

stripping vapor away from said upgrading vessel.

11. A method according to claim 10 wherein said second stage vapor
effluent supplies at least a portion of said hydrogen required for said first stage

10 reaction.

12. A method according to claim 11 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.

15
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
20 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.

25 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 to said first stage.
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comprises a catalyst different from said first stage catalyst.

5 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 is greater than that for said existing

10  hydroprocessing facility.



