; UWWe3eVSI 6FT9 MULTI - STAGE HYDROPROCESSI NG OF M DDLE

DI STI LLATES THI“%WW% BODI ES FI ELD OF THE | NVENTI ON *| 6610@*1 a‘%
present inventi on,Jal.ates to a process for hydroprocessing niddle 72002
di‘stillate petrol eum Streams in two tenperature stages. The feedstreamis
hydroprocessed in two or nore first tehperature stages operated at a
tenperature from about 360C to about 450C. The reaction product of the
first tenperature stages) is quenched to a tenperature from about 260C to

about 350 C, strippeduafil ﬁﬁAGhﬁ{WfR@PI@OC{EMG@F%mBLEhGH sent to

the second tenperature §j ched tenperature
range. The product fronﬁ ]321%4 Iﬁﬁo stripped of

di ssol ved gases. Col or bodies produced in the higher tenperature f mﬂ)\ \\\

stage are hydrogenated in the | ast stage. BACKGROUND OF THE |

Pet rol eum r g{ERD OINTHE INVENTION'G need for inproved netho d

conponents fromtherr products, I ch have the potential of bei ng*Ha®nf ul
to the environnent. Fuel products, such as diesel fuels, or mddle
distillates, are repr&hempredeny mvehtiohoclatgsrtodiprbseesstiochydroptosessingever
increasing governnental restrictions with respect to the |evel of

het er oat ons middierdistillata petroleantistréamobigetve tompparatirs stages. Ehafysidsiream is

f eedst ocks for producing diesel fueI s wll typically contain about 1 to 2
Wt . % or nor BYSraprogesseshin HRor megg 1fs§é¢mp¢@au§tstage§ opéeatte@@tvvemm@mre

G St ant 1ot BPB) AR AREC RARoRb bt Co. bbbroastion aipats: of 2t FRSISRPRAtYE b gh
severiLy Dr GGGSS) NOaRAME S Sl Y SlorR oSl 4t 5967 gmanent s

to 0.05 wt nperat ures use such ‘processi

produces a hHpgl, QMNH BH@théP'd‘i’sfsoWéﬂ' ga%éﬁiheﬁr 5 tb$hep§écﬂﬁﬂ'téﬁri Seaadse
undesirabl e regctl on% such as condensati on and ehydrogenatl on reactions

occur 10 ElaEe whith ﬁlolibraﬁedmt ghidtquenehied tengseratues tinigen d herprodogofhernt s
whi ch are dark in color and which are extrenely difficult to renbve. Mich
wor k i s bei the sbennd temperatire stageris alsotsirippashofadigsal gedhgases mpiodecliodien cess
designs to nmeet the demand for mddle distillates which are low in sulfur
and ni t r ogeBrodyged wa thenhighey tempesature Brshstage @s¢ By dioggnated i thaslasbstagae
final fuel products. Various process scenarios have been suggested to
reduce the hv A | istillates, with or w thout
mai nt ai ni ng f , Japanese Patent Lai d-Qpen
Application No. 3-86793 teaches a two- step hydrotreating process for the

production of a di eselpegaRuf feftnan Meed Otihtin HEBE 1rﬂ;§ro@e@n‘{&‘tho/&sbﬁbr
wei ght or lower. The first step requires a tenperature in the range of

about 280C temevwiagicompdtentsdram arsitprodutsowhihdidve tke poredalkg/teidy The
second step requires a tenperature in the range of about I50C to about 325C
and si mi | ar hamefid to e eavirohmenhi. rBuel prequctSsoch as disselduels, grouklis has
difficulty producing products that are Iow enough in sul fur and which neet
accept abl e distiptegpareirepresantasive ofghess, prodects pdriehmuspmeat st in@easitgiches a

two-step hydrotreati
pny govemmentarf gestrlctxons with respect to the level of heteroatoms, such as sulfur

and nitrogen components. For example, feedstocks for producing diesel fuels will
typically contain about 1 to 2 wt.% or more sulfur, but the final fuel product, to
meet governmental requirements, cannot have more than about 0.05 wt.%, and in

the not too distant future, no more than about 0.005 wt.% sulfur is likely.

While high severity processing can reduce the level of sulfur and
nitrogen components to 0.05 wt.% or less, the high temperatures used in such
processing produces a fuel with poor color qualities. This is primarily because

undesirable reactions, such as condensation and dehydrogenation reactions occur



process for inproving the color and oxidation stability of hydrocarbon_
conpounds wherein an Fe-type catalyst is enployed in the second ék%ﬁLTzwl
However, it is known that the hydrotreating activity of Fe-type catal ysts
i s"easily poisoned with hydrogen sulfide. Therefore, the anount of sulfur
and nitrogen conpounds present in the feedstock to be fed to the second
step nust be |lowered to such uneconom cal2levels as 10 wopm Further, U. S
Pat ent No. 3,841,995 proposes a two-step hydrotreating process for the

. . . i h
i mpr ovenent a%éﬂnlg{rg{&aﬁre@nﬁsmﬂg 1@Eo§§9ﬁaﬁ§wéh gx@raaﬂymﬂéolo PURlch | n the

process a nob catal yst, Such a Pt catalyst, 1s use

second st ep,aré BusemeRadifidiiobremoveg activity of the catalyst is readily
poi soned by sul fur coénponents. Eur opean Patent Application 0523679 A2

teaches a two-step process for producing | ow sulfur diesel gas oil with

good col or properti es.Muble wark s beahggonstcdnetlo morasctavet engestatande from
about 350C to about 450C, and a pressure of about 45 to 100 kg/cnR in the
presence of IEPEYRDPIOSEsS drpignsttainyeat thtdermandyforsuiddledistiligies whichritedewd at

Lo e b VAR R TSR PR B
e on o S8 e Y SR SR B s RIS E 1 e

stages as t : ent: I r.
Eur opean: Pateit OXEsIPearPRs i BRhRRARIRRR With GRIRITE rHECERRE KBY ORPT
process per fRaiBd Far @aﬁiﬁl@,']ﬁpéﬁ@‘l’h&ﬂt Y 8RE©ben ApplitAedrENoS3 88 75319gest i on
of a unique stri'pping arrangenent for the liquid reaction streamfrom each

reacti on zoneachasnd tivbestep hpdrotrestitggmatessrfoptheqprodudtiongofiddiesdl fdasieiit s from
the first stage prior to hydroprocessing in the second stage. \Wile there
i s a subst amavilg astltimcootenaof 02ava%4 bigwetght ed leverg Thedfinsestep sequines aont ent

f distillate feedst , th till i dinth f
SRR S COTNE I R S
d t wthi t abl | ifi ti . SUMVARY COF THE.I,NVENTI ON |
RGO TN TR SR LS L s ST
[emying helsyastomoly oie Aokannal ARl 8l Lyl e shydlabe

sai d TGEdSt?ﬁ@éESE Ra@dfffiEsl bﬁﬁlﬂ@fn%t;}ifbéuét&ﬂ%‘?a}éqlow‘%d@fgﬁﬁﬁ@ﬁﬁupin@whfcﬁat gas
conpri sed of once-through ‘hydrogencontai ning treat gas and recycl e treat

gas from a deseratcenablt eoleespedificatiimdge wherein said first tenperature
stage contains a hydrotreating catalyst, said first tenperature stage being
operated at hydrotreating conditions that includes a tenperatures in the

range of about 360C t dAlaBoliS. Fatrat NondyBuy2 80 tsaehes agwWa-siemBy diofrephirgiuct

o oL TR 08 OB e SR SR
o P ' ; _ T b

sard 11 qui'd asrph e SRRRRRER L Rl REReo G HRRn opevetyic BkoRl 1o

zone; () hygqpg ﬁ?&foﬁ%aﬁﬁ%ﬁctﬁif)’ Py .e%ita‘iyﬁé)m)éﬁgﬁf'hoﬁgn% @/@th(lﬁf)ggiggbnt he

second tenperat ure” st age, I ch”reacti’on stage contains dr ot ng

catal yst andyifikde0PEicéRee, ithe hiBuRt GERME afll nitF@RA d@hﬁfdﬁﬂﬂﬂpfdéeﬁtﬂhmhélg gas,
at hydrotreating conditions, which includes a tenperature trom about 260C

t o about 35@F&dstdukrtethe ficd $oithe segond stap masst be dowereddo suclcamgronemicabf  a

i quid conponent and a vapor conponent;
levels as 10 wppm.

Further, U.S. Patent No. 3,841,995 proposes a two-step
hydrotreating process for the improvement of the color and odor of hydrocarbon
compounds. However, in the process a noble metal catalyst, such as a Pt catalyst. is
used in the second step, thus, the hydrotreating activity of the catalyst is readily

poisoned by sulfur components.



(fj) separating said liquid conponent from said vapor conponent; and (Q)
stripping said liquid conponent of dissolved gaseous material in a second
stripping zone. In a preferred enbodi nent of the present inventios tﬁﬁf@?”
are two or nore second tenperature stages and the second tenperat J% tage
or stages contains a catalyst conprised of NiMb on an inert refractory
support material . 100 CT 2002 s BRI BF DESCRI PTI ON OF THE FI GURES
Figure 1 hereof is a reaction vessel used in the practice of the present

i nvention show ng tWo g @gsdah Pt ichflorR0S2IICA Y B Aks @Wo@tép}\g{/rb@@sisng
vessel having two stripping zones. TAI LED DESCRI PTI ON OF THE I'NVENTI ON

Feedst r eans feuprodhitiag iew-suyfif aieselces vilngith Road eolod prsieried. M BrapsRp et
invention are those referred to inthe art as "mddle distillates”, which
usual | y contenduatediats teatpeeathrt feomatbons3 S (Lo abousdbOUT, amddr prietsuogeni. Such
streans are typically those_boiling in the range from about 150C to about
400C and ar ebeyiptiial fl()@ kjem? e thepgresenseiof ladrydostrestingoatidyssiand a the sedonat es
obtai ned by fractiopation of fluid catalytic, cracking ducts, distillates
obt ai ned by S¥ePAR FPRIACES bt AP MPREATHAS! trom se%o%ﬁ t9 abgub A0 wnda Pressieor
Non-limti ngfeg%algpl es @fO sychofeeds include diesel fuels, jet fuels, and
heating oil ra 891 PrbfB 1 evel of heteroatoms in middle distillates
nmust be renoved to nmeet nodern environnmental standards w thout adversely

affecting the color o Loal @eﬁ present
i nvention produces a putg ﬁoggﬁcﬁqn%éﬁgﬁggﬁélugggﬁsﬁﬁo at glt t}g?‘g%ru% uct,
that is bot Balopy ditheP i £5RBICFEaCATR Y8R, Drandepdtafe rRh&PorTPEdseIsC OMYre
requirenents. This is done w thout the need for unduly high pressures that

add consi desalfhysdnsitivieecatalgsts cah behgeg irndewastrddn stages as sheolevehef pr esent
invention can be better understood by a description of a preferred
enmbodi ment  heteneatont exmpyneritybecomesriceessivalp lawers Howwopaas Patgng r eact or

with two tenperature stage Oa and 10b. M sce] | anepus reaction vessel
internals, mml«sgt,lorba%%,15%%%%@%5%9-,5%@&! QireatHRIOSESSRAFIIBEdNC. are

not shown in ei tlher f.iqures. for ﬁi nplicit %Fﬁbvm(%t ream of each reaction

stage is a 63&?5 F&‘EﬁC&O é"ﬁé?eé’tli“gﬁ ﬁ@dﬁ?off§g Py .UIUSEF SHIRRIBE gas/liquid
{i X irst ] 10

Acr zouz o e angerhéd foPlARNTea i AR Bk LA reh PHRFLBAGACTHAYS

di stributor ngR@aBgestith GHifhehfRindRht CEMENYS rOATChe fABEthSP pFibAGS. Stri pping

vessel 2 contains two stripping zones 16a and 16b and gas/li quid separator
means 18. Thedsipro¢ysking inehescovaddtagel be in a single vessel. Separate

vessel s can be used for each stripping stage as |ong as each stripping zone
is used to strip gaseous inpurities fromthe reaction product fromonly one
t enperature stage. While there is a substantial amount of art relating to reducing the
heteroatom content of distillate feedstocks, there still remains a need in the art
for improved processes that can produce middle distillates low in heteroatoms

and yet within acceptable color specifications.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a
process for removing heteroatoms from a heteroatom containing middle distillate

feedstreams, which process comprises:



The stripping vessel is operated in countercurrent node wherein upflown
stripping gas, preferably steam is introduced into the stri pping b&ﬁéllﬁﬂl
via line 20 and passes upwardly through both stripping zones as liquid
reacti on product flows downwardly through the respective stripping zone.
The counter flowing stripping gas aids in stripping the downflow ng |iquid
of dissol ved gaseous inpurities, such as 42S and NH3, which are consi dered
undesirable in nost fuel products. It is preferred that the stripping zones
contai n a suit abl(@) gg8idrétredtinigiaid Gededéaimin Adirswiehipeemnsiagd hethet ri ppi ng
capacity of the stripping zone. Preferred stripping nediuns are those with
a hi gh enough surf ageessnea of a temahgas eompasakbpbomtd-thnowgh bydregekned gases
fromliquid. Non-limting exanples of suitable stripping nmediuns include
trays as wel|l as packatRipiagdrest ganeed reayslestiedt gas fiomaadenynstrighmst r uct ur ed
packi ngs well known to those havinﬁ ordingr skill in the hydroprocessing
art. The process of FHBEIHIUESASE WEHGHT 3 iféStﬁFH&ef%@EﬁSthng%éé‘ct to

Fi 1, by feeding the middl e distillate feedstock ab h | yst bed
of 11 rst ' temper at ur St apR ettty iy TS R R M e bR o S

operated at a t e”per@hgét&agfn%@ﬁ%ﬂ%ns%ﬁgﬁpkﬂldg? gg%mﬁgﬁﬁhrgg tglﬁ'n b 1915?% gfr ed

that the catal yst be-i eactor as a fIxe ot her types of

catal yst arrangenentapoGaRsde tbSﬁsbutsmmﬁmeﬁéwﬁrxsdeéingwebasémgrd%@!@- The
feedstock enters the reaction vessel and is dirstributed, wth treat gas,

along the top of theoagired®f adphiotompaathioandsi agsorlddmponense of

di stributor neans 14a where it then passes througﬁlﬁ'g he blﬁex%tlﬂ of 100CT
2002 7 hydrotreating catal yst and undergoes the intended reaction, which

i ncl udes hydr oger(h) iqendiing aaidrrzactiomprbdulctta @ teamwpdratire $uoind aboutrdb03Cttoogen
species fromthe feedstock by converting themto gaseous products, such as
H2S and NHS. The ty@bobt33Q tﬁflji d distribution nmeans is believed not to limt
the practice of the present invention, but a tray arrangenent is preferred,
such as sieve tr ... bubbl e cap trays, or ays wi,.th spray nozzl es,
chimeys. ¢ ubes. (T sePang b iemsHenh bAoA RE el Bac exi ¢ (e
reaction vessel via line 13 and are quenched to a tenperature from about
260C to about 3 : s s ' j ' ; i d
distillate liqui Jesuttifis S4R1f ‘3%Sﬁ*.‘%%?é‘g%‘ﬁ??%?eﬁ*gégﬁggﬂe“ﬁf‘e%@qgr@ovi di ng
a nore desirable pr qgglsgrippi\ﬂgrm@gnt for hydrogenating off spec col or
conponents and not produci ng additional undesirable col or conponents. That
is, the lower tenperature second reaction stage is desirable because the

f eedst r eam ent er i(ap hydrotreatingrsdid stnippeddignid eampendns ofistepe(ds éndthierseaondw H2S
and NH3 environnent at a relatively |lower tenperature that is conducive to
hydr ogenati ng col or '$/BRFIELIre 41agey lgh%@tlé?g?aﬁﬁﬁpmarl%% PAGUEAHRGWN Of f

separator 12a via line, 15. The vapor,.phase effl ue fraction can, be
colTected, bat 1t 1 ST apAdfob AR AE Bufeate S el Ao Rin i BRaline o
recycle. The vapor j bly.: ngé t :

contam nants, such %§ﬁ§§§t§i?\(§%@% dg?gitg%rrgrb%é@é@%_ nog astﬁglr\;\)/%ﬂ?%fei %(r)mjto .
recycle. The |iquidbgacié@T & B B50SC] @Erdyy rebultiARiNG reAcih prdduvd @ | i ne
17 where it cones into contact wth upflow ng”stripprrng gas, such as steam
It is preferred thatcohipeissd of plidudd sbageneariral avapcitoonponegt;medi um  such
as packing, or trays, as previously nentioned to provide increased surface
area for contacting between the liquid and the stripping gas. Stripped
liquid collects i(h tshpargurg saidlighid spmpanent frearsaid Saperccampaneairangf f vi a
line 19 and fed, with a suitable hydrogen-containing treat gas via line 21,
into reaction vessel 1 to reaction stage 10b ere it is passed t.hrough

i stributor meandE) PP saidjiqyd campsgaboldissalyed pessopS TteRIdn oi e
contains substantially | ndesirabl e species, particularly sul fur and

ni trogen speci es. Bgf%oné&iﬁpﬁg%%d ® r eat gas and downfl ow ng stri pped
liquid fromthe first reaction stage pass through the bed of catalyst in

reaction stage 10b whahg jrBferfdd ¢RBEMindl Wi the FrRSLAGAVENRIUEELGRANSS  he
i ntended hydrotreating reaction. The catalyst 1 n this catal yst bed may be

the sanme or mbfelsetend teeiperhtisé stalgas ahd hecaicahd mpératre stdgedr stpgperat ure
stage. The catalyst is this second stage can be a high perfornmance

cat al yst, wiiootning heatalystcomprised pbNeMaeos an iinert tefrdvioryrsappornmatesahi ng
because of the lower |evel of heteroatons in the treated feedstream as
well as low levels of the heteroatom species H2S and NH3 in the treat gas.
Li qui d reaction product from second reaction stage 10b is separated via
gas/liquid separator neans 12b and passed to second stripping zone 16b
where it flows downward and countercurrent to upflow ng stripping gas.
Stripped liquid fromstripping zone 16b exits the stripping vessel via line

S o o o v " o o, o,



10 0 C T 2002 9 stripper. It is wthin the scope of the present invention
to use nultiple separate steps or devices instead of a single stﬁLpﬁoj %2
stage. It is preferred that the hydrotreating catalyst in the fi'r
tenperature stage contain a Co-M on a refractory support catalyst and a
downstream reaction stage contain a N I\/% on a refractory support catalyst.
The term "hydrotreati ng" as used herein refers to processes wherein a

hydr ogen-containing treat gas is used in the presence of a suitable

catal yst, WBRIEF DBSCRIPTIONOF BHEFIGURES moval of heteroatons, such as
sul fur, and nitrogen, and for sone hydrogenation of aromatics. Suitable
hydrotreating catalysts for use in the present invention are any
conventional hydrotredtigeng cherabfista reactiomyessebysadhingbe wractise atéheonpri sed
of at least one Goup VII| netal, preferably Fe, Co and Ni, pore preferably
Co and/ or NPTESERHINYSEHOR SEPWIHLIWO [83ctign gtages Iba singdhyessebans! ystripping |
preferably M agg %Wetpref erablg Mo, on a high surface area support
material , sd&frcaddy PSBPIE 200G}t abl e hydrotreati ng catal ysts incl ude
zeolitic catalysts, as well as noble netal catalysts where the noble netal

is sel ected gEPRILEBRTE IPTION O F HiE tRey Qf the present invention
that nore tmﬁé—ww%gﬁrrrmw 0 a used in the sane

reaction vessel. The Group VIII nmetal is typically present in an anount

rangi ng from about 2 fReedéiredmesuirabss firdilidyoprooslsatioint ackotdante with fhe The
Goup VI netal will typically be present in an anmount rangi ng from about 5

to 50 wt. % ppeseheiraiehsion acerthmse u¢fefred to i thevdrt @ ““nuidid lenali stil jatesf’ewabdhy from
about 20 to 30 w.% All nmetals weight percents are on support. By "on
support " we ugeally eontain trdesunblerhetergatomsa sech ansulfier and njtrogen. Sheh support .

et ol ) ekt B ARl 65 b B oo L R Dotk

t "hyd - talni t t t,. t ] taini

g?: F‘egzty %Egﬁé‘eﬁeﬁ Sty iR Sk ""hg%ﬁﬁ@%s %E%E?ﬁzel”. ) ”9 0
~002Z : i ]5)%1 . Wi

preferably gfggﬁgﬁéﬁﬁ o?gglscf&g gg’? Cg%crv fp‘f%cﬁu%él, g&glr"gﬁgﬁgtt)@gegtwl east about

75 vol . % hydrefi8Ratidrt of thePmal EatRihgtdIR! ahid thiRMFELARPeSTOMNGH-MIIAngr eat gas
be make-up hydrogen-rich gas. pref erabfy hydr ogen. Dependi ng on the nature

of the feedskamblearul subk feladsiinelidt @ieskl] fifels)per fadisngnd hedteng bide) The
tenperature zone may conprise the first and/or second tenperature stages.
By nore t hatndesirabderfesiehofiheterantemasn middletdistillatas musthpramovedetosnagte,

wi thin the given tenperature range for that tenperature stage, nay contain
more than oMOGEsHENYHEPRAER ﬁ@ﬂﬁ%rdﬁ;mﬂ%ﬂq{@éwﬁggc ?%ﬂtylgtthaﬁalmfé i s

S et AL B Bradlsre TheRRCiss ot RGP AaGRveRin RN NORIRRAS
be enpl oyed gkéfentaf?)‘?y Bhﬁsﬁllz&@ m@m%ﬁﬁ BhARBotlGH Gh 'Bef%?&élﬁﬁp&ﬁngine%?@ at ed

at hydrotreating conditions, I ng tenperatures 1 n the ran about

360C to abouhd 4Rl GlsdaebtsZd6r refuirb@ehis! Stthi§ eNBGieithutsthageeddd ukdilyai n a
hydrotreati ng catal yst, as previously described. The second tenperature

st age, whi chiglsprpsuras dchtiaddtchasiderabéy ai theecossngfahepradeosut 260C t 0o about
350C, may al so contain two or nore tenperature zones. That is, there may be
two or nore reaction zones, contajining hydrotreati ng catal yst operated in

t he tenperature range I% praresstadihe peasantaingentgen can be betierainderdaod hxta t he

Ca O RO SRSE At S a2, M AR curpRrL e il reat i no
from m ddl e di 3t ialslir?élg ERESPHIRIR tgr%\f)iepa%l% stages 10a and 10b. Miscellaneous
reaction vessel internals, valves, pumps, thermocouples, and heat transfer
devices etc. are not shown in either figures for simplicity. Downstream of each
reaction stage is a gas/liquid separation means 12a and 12b. Upstream of

gas/liquid separation means 12a the product stream from first temperature stage



first heteroatom anmount, which process conprises: (a) hydrotreating said
feedstreamin a first tenperature stage in the presence of a treat%ﬁﬁﬁ.
conprised of once-through hydrogen-containing treat gas and recycl L0z
gas froma downstreamtenperature stage wherein said first tenperature
stage contains a hydrotreating catalyst, said first tenperature stage being
operated at hydrotreating conditions that i ncl udes a tenperatures in the
range of about 360 C. to about 450 C, thereby producing a reaction product
conpri sed ofis guérichetdrepasientteily anTharevispiso grovidedenflow(dijtribuesichieng sai d
reaction product to a tenperature from about 260 C to about 350 C, (c)
separ at i ng tlHe ahddudibdipsteeponeingach reantion stia gea pSirippargevesselt 2 céukpinsttmicqppi ng
said |iquid component of dissolved gaseous material in a first stripping
zone in ordétripmngzenedkoa ard 16k and gevlipeaspagtonmgaretdndhpstrgmiag om

ST pped T GONG BetboRtda gt SIBE 6y 40t SEPEHE: Lesseh A eiIor BAR age.

whi ch reacti {)n St agégcont ai ns g c%r'()t'-r eatoi ngs ﬁatda{%%t. and i sS .0 erﬁt _ed_ in
the presencé GiP'H¥ €A 4P A% CATLPRING £0P5 S USE HBEARHMSHY RIS i ons,
whi oh, i nel udfin nd REBERADHER IR BRRHInARRerhA-abaus, 30 © ther by

resulting in a reaction oduct conpri se I qui d conponent and a vapor
conponent ; 10 0 C T 2002 12 (f) separating said |iquid conponent from

said vapor conponent; TH¥ktfifpingtvessdiifep&rated ini chuntré@i@Rgsde Mhegdigsol ved
gaseous material in a second stripping zone. 2. The process of claiml

wher ei n t hempflamdng strippinggas prefiepabiysteam, Zoiresoduced ieofthe strippémgpeesstlir e
stage. 3. The process of claim2 wherein all of the tenperature stages are
in a singl evwasgseﬂo and pRssespipyvsardly throughabethstrippingizonehas hquidaeasttoror nor e
tenperature zones jn the second tenperature stage., S, The process of claim
4 wherein aProgctdlows dowawardly ghropgh the respegtiy &stEppgEzopgs fhe counter

flowing stripping gas aids in stripping the downflowing liquid of dissolved
gaseous impurities, such as H7S and NH3, which are considered undesirable in
most fuel products. It is preferred that the stripping zones contain a suitable
solid stripping medium that will enhance the stripping capacity of the stripping
zone. Preferred stripping mediums are those with a high enough surface area to
enhance the separation of dissolved gases from liquid. Non-limiting examples of
suitable stripping mediums include trays as well as packed beds of materials such
as conventional structured packings well known to those having ordinary skill in

the hydroprocessing art.

The process of the present invention is practiced, with respect to
Figure 1, by feeding the middle distillate feedstock above the catalyst bed of first
temperature stage 10a via line 11. This first temperature stage is operated at a
temperature from about 360°C to about 450°C. It is preferred that the catalyst be
in the reactor as a fixed bed, although other types of catalyst arrangements can be
used, such as slurry or ebullating beds. The feedstock enters the reaction vessel
and is distributed, with a treat gas, along the top of the catalyst bed of reaction

stage 10a by use of distributor means 14a where it then passes through the bed of



6. The process of claim1l wherein the hydrotreating catalyst for all of the
tenperature stages is conprised of at |east one netal from G oup VI{8 08hd0i?
at | east one netal from Goup VI of the Periodic Table of the El enents,
said netals on an inorganic refractory support. 7. The process of claim®6
wherein the Goup VIIl netal is selected fromthe group consisting of a
noble netal, Fe, Co and Ni, and the Groug VI netal is selected from M and
W 8. The process of claim7 wherein the catalyst of the first tenperature

stage i s comnpdiciratial cetilpdnunderges itiwindeited reféticis wiiyh Sntdeddst
material, and the 0 0 CT 2002 13 catalyst of the second tenperature

stage i s cohpdicgedandn bif sanrhtébamhtheremovabainsud furehdantrogen spaupes from9. The
process of claim1 wherein at_ |east one of the stripping zones contains a
strippi ng ndif {eedstesk byrmeaneding theny torgpsepusatrodiets osucdsddzs esd ddapr i si ng
H2S and NH3_froma Lj.quid, 10. The process,of claim1 wherein nore than one
stripping z he type phllgwg cgétﬂ%u\t,lggglé qnscis elieved notlto limit the prlactlce otethe
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cap trays, or trays with spray nozzles, chimneys, tubes, etc.

Reaction products and downflowing treat gas exit the reaction
vessel via line 13 and are quenched to a temperature from about 260°C to about
350°C. This quenching aids in the separation of the mid distillate liquid from the
treat gas in separator 12a as well as providing a more desirable process
environment for hydrogenating off-spec color components and not producing
additional undesirable color components. That is, the lower temperature second
reaction stage is desirable because the feedstream entering this second
temperature stage is processed in a low H2S and NH3 environment at a relatively
lower temperature that is conducive to hydrogenating color bodies. A vapor
phase effluent fraction is drawn off separator 12a via line 15. The vapor phase
effluent fraction can be collected, but it is preferred that at least a portion of it be
sent for recycle. The vapor phase stream is preferably scrubbed to remove
contaminants, such as H2S and NH3, and compressed (not shown) prior to
recycle. The liquid reaction product is fed to stripping stage 16a via line 17
where it comes into contact with upflowing stripping gas, such as steam. It is
preferred that the stripping stage contain a stripping medium, such as packing, or
trays, as previously mentioned to provide increased surface area for contacting
between the liquid and the stripping gas. Stripped liquid collects in the
gas/liquid separator means 18 and is drawn off via line 19 and fed, with a
suitable hydrogen-containing treat gas via line 21, into reaction vessel 1 to

reaction stage 10b where it is passed through distributor means 14b_ The
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the first reaction stage pass through the bed of catalyst in reaction stage 10b
where the stripped liquid reaction product undergoes the intended hydrotreating
reaction. The catalyst in this catalyst bed may be the same or different catalyst
than the catalyst in the first temperature stage. The catalyst is this second stage
can be a high performance catalyst, which otherwise can be more sensitive to
heteroatom poisoning because of the lower level of heteroatoms in the treated
feedstream, as well as low levels of the heteroatom species HyS and NH3 in the
treat gas. Liquid reaction product from second reaction stage 10b is separated
via gas/liquid separator means 12b and passed to second stripping zone 16b
where it flows downward and countercurrent to upflowing stripping gas.
Stripped liquid from stripping zone 16b exits the stripping vessel via line 23.
The gaseous components that are stripped from the liquid reaction product from
both stripping zones exit the stripping vessel via line 25. A portion of the vapor
effluent exiting line 25 can also be condensed and returned to the stripping vessel

(not shown).

There may be situations when somewhat higher levels of
heteroatoms can be tolerated in the downstream reaction stage. For example, the
catalyst in the downstream reaction stage may be relatively tolerant to small
amounts of H>S and NH3 in the stream to be treated in that reaction stage. In
such cases, it may be desirable to use separators, or flash drums, in place of
strippers wherein the product stream is flashed and a vapor fraction drawn off
overhead and the liquid fraction collected below. The liquid fraction will contain

somewhat higher levels of H»S and NH3 than if the fraction was derived from a
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stripper. It is within the scope of the present invention to use multiple separate

steps or devices instead of a single stripping stage.

It is preferred that the hydrotreating catalyst in the first temperature
stage contain a Co-Mo on a refractory support catalyst and a downstream
reaction stage contain a Ni-Mo on a refractory support catalyst. The term
“hydrotreating” as used herein refers to processes wherein a hydrogen-containing
treat gas is used in the presence of a suitable catalyst, which is primarily active
for the removal of heteroatoms, such as sulfur, and nitrogen, and for some
hydrogenation of aromatics. Suitable hydrotreating catalysts for use in the
present invention are any conventional hydrotreating catalyst and includes those
which are comprised of at least one Group VIII metal, preferably Fe, Co and Ni,
more preferably Co and/or Ni, and most preferably Co; and at least one Group
VI metal, 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 as noble metal catalysts where the noble metal is
selected from Pd and Pt. It is within the scope of the present invention that more
than one type of hydrotreating catalyst be used in the same reaction vessel. The
Group VIII metal is typically present in an amount ranging from about 2 to 20
wt.%, preferably from about 4 to 12 wt.%. The Group VI metal will typically be
present in an amount ranging from about 5 to 50 wt.%, preferably from about 10
to 40 wt.%, and more preferably from about 20 to 30 wt.%. All metals weight
percents are on support. By “on support” we mean that the percents are based on
the weight of the support. For example, if the support were to weigh 100 g. then
20 wt.% Group VIII metal would mean that 20 g. of Group VIII metal was on the

support.

The term “hydrogen-containing treat gas” means a treat gas stream

containing at least an effective amount of hydrogen for the intended reaction.
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The treat gas stream introduced to the reaction vessel will preferably contain at
least about 50 vol.%, more preferably at least about 75 vol.% hydrogen. It is
preferred that the hydrogen-containing treat gas be make-up hydrogen-rich gas.

preferably hydrogen.

Depending on the nature of the feedstock and the desired level of
upgrading, more than one temperature zone may comprise the first and/or second
temperature stages. By more than one temperature zone we mean that each
temperature stage, within the given temperature range for that temperature stage,
may contain more than one zone which contains hydrotreating catalyst and
which is operated at the same or different temperatures, as long as the
temperature is within the temperature range for that stage. For example, two
zones may be employed in the first temperature stage, wherein each zone is
operated at hydrotreating conditions, including temperatures in the range of
about 360°C to about 450°C. Each zone in the first temperature stage will
contain a hydrotreating catalyst, as previously described. The second
temperature stage, which is operated in the temperature range of about 260°C to
about 350°C, may also contain two or more temperature zones. That is, there
may be two or more reaction zones, containing hydrotreating catalyst operated in
the temperature range of said temperature stage. It is preferred that the catalyst

of this second temperature stage be a NiMo supported hydrotreating catalyst.

f)

2002
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CLAIMS:

1. A process for removing heteroatoms from middle distillate feedstreams having a

first heteroatom amount, which process comprises:

(a) hydrotreating said feedstream in a first temperature stage in the presence of a
treat gas comprised of once-through hydrogen-containing treat gas and recycle
treat gas from a downstream temperature stage wherein said first temperature stage
contains a hydrotreating catalyst, said first temperature stage being operated at
hydrotreating conditions that includes a temperatures in the range of about 360 °C.
to about 450 °C, thereby producing a reaction product comprised of a liquid

component and a vapor component;

(b) quenching said reaction product to a temperature from about 260 °C to about

350°C;
(c) separating the liquid component from said vapor component;

(d) stripping said liquid component of dissolved gaseous material in a first
stripping zone in order to provide the liquid component with a second heteroatom

amount lower than the first heteroatom amount;

(e) hydrotreating said stripped liquid component of step (d) in the second
temperature stage, which reaction stage contains a hydrotreating catalyst and is
operated in the presence of fresh hydrogen-containing gas, at hydrotreating
conditions, which includes a temperature from about 260 °C to about 350 °C,
thereby resulting in a reaction product comprised of a liquid component and a

vapor component;
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(f) separating said liquid component from said vapor component; and

(g) stripping said liquid component of dissolved gaseous material in a second

stripping zone.

2. The process of claim 1 wherein there are two or more temperature zones in the

first temperature stage.

3. The process of claim 2 wherein all of the temperature stages are in a single

vessel.

4. The process of claim 1 wherein there are two or more temperature zones in the

second temperature stage.

5. The process of claim 4 wherein all of the temperature stages are in a single

vessel.

6. The process of claim 1 wherein the hydrotreating catalyst for all of the
temperature stages is comprised of at least one metal from Group VIII and at least
one metal from Group VI of the Periodic Table of the Elements, said metals on an

inorganic refractory support.

7. The process of claim 6 wherein the Group VIII metal is selected from the group
consisting of a noble metal, Fe, Co and Ni, and the Group VI metal is selected

from Mo and W,

8. The process of claim 7 wherein the catalyst of the first temperature stage is

comprised of Co and Mo on an inorganic refractory support material, and the
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stripping medium that enhances the removal of dissolved gasses comprising H,S

and NHj from a liquid.

10. The process of claim 1 wherein more than one stripping zone is in the same

vessel.



