W TH | NTEGRATED | NTERSTAGE STRI PPI NG FI ELD OF THE | NVENTI ON [ 0001] Thi

i nvent i onypehAasRes to a two stage hydroprocessing process weilusoii@sst ag
stripping. Mire particularly, the interstage stripping occurs at high
pressure and tenperature with recycle of high tenperature gaseous effl uent
from 10,dde st.ri ppi ng stage. BACKGROUND OF THE | NVENTI ON [ 0002] A common

h ar mm,mlmmm con'[(am nants such as nltrogen and 15 sul fur froma
y stock igYIDR Tkeke .
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stripping is typically conducted at | ow terrperature and pressure. Timwe1so
hydrotreating step is frequently followed by a further hydroprocessing step
cont ai 5i ngFEELBt@FYEHEIINVENTION sensitive to the presence of sul fur and
nitrogen contam nants. [0003] Stripping steps involve considerable

i nvest ment and operating costs as stripping usually involves

depr essuri[padljon Fhi invehtiomrdlates tme dwb staperipidnopranessiepprargss with
repressurize and reheat the feed,t he next hydropraocessing step. 25
[0004] |t Htistagestrippig- aMOéePéftW&i)@ Yarkhe HieIstEs SEIRRIAL MSTHE q&ﬂw@g,lbss whi ch
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stri ppighg reduces the I nvest ment and operating costs
assoc?g?e e ggﬂg?ng Accordingly there is provided a continuous
process for interstage stripping between two WO 02/8285 -2

hydr opr ocessi ng zones mhlch conprises: PCT/USOL/-1Q&3~ a. passing a

hydr ocar bdBACISGROUND OB THEINVENIJEINcessi ng zone and hydr oprocessi ng
the feedstock under first hydr opr ocessi ng conditions 5 to forma first
hydr oprocessed product, said first hydroproce55|ng zone having a first

hydr opr 0C9 e%g t ATDShh Wrﬁe@!&‘& tprr&?l%% @ontlﬁmlﬂ@ S'stich &é‘ﬁn{dgeﬁ and

hydr opr oc pr oduct ping the first
hydr oprsoceggfg fRiRdUsidrécarbor Redstocks t@mymmaimgl diep t@fct)hvem&he

nitrogen and sulfur contaminants to hydrogen sulfide and ammonia followed by

; Pge3eRVOA6TVIA, WO 02/ 48285 |, ~v PCT/ USOL/ 46234 HYDROPROCESSI NG PROCESSJZijZ)
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stripping to separate the gaseous effluent from the liquids. The stripping is
typically conducted at low temperature and pressure. The hydrotreating step is
frequently followed by a further hydroprocessing step containing a catalyst

20  which is sensitive to the presence of sulfur and nitrogen contaminants.

[0003]  Stripping steps involve considerable investment and operating costs as

stripping usually involves depressurization and cooling followed by pumping

and heating to repressurize and reheat the feed to the next hydroprocessing step.
25

[0004] It would be desirable to have an interstage stripping process which

minimizes the investment and operating costs associated with stripping.

SUMMARY OF THE INVENTION

30 [0005] This invention relates to an interstage stripping process which reduces
the investment and operating costs associated with stripping. Accordingly there

is provided a continuous process for interstage stripping between two



d. passing the liquid effluent fromthe first stripping zone to a 15 second
hydr opr ocessi ng zone and hydroprocessing the liquid effluent under second
hydroprocﬁﬁﬁhngﬂgonditions to forma second hydroprocessegdidysizss sai d
second hydroprocessi ng zone having a second hydroprocessi ng tenperature and
pressure; 20 e. passing the second hydroprocessed product to a second
stripping zone; f stripping the second hydroprocessed product to forma
second gaseous and liquid effluent; and 25 W O 02/8285 -3 PCTIUSA / ~623~
g. passing at least a portion of the second gaseous effluent to the first
stripping zone and contacting said seced gaseous effluent with the first

. liquid effluent. 5 [0006] Another enbodinent relates to a continuous

process for interstage stripping between two hydroprocessi ng zones which

conpri ses: I : stock to a first hydroprocessing
zone and h{/l crh.o ?%%gggg%%gé%gféggﬁ?ﬁg%nder first hydroprocessing

conditions 10 to forma first hydroprocessed product, said first

hydr opr ocessi ng zone having a first hydroprocessing tenperature and
pressure; b. passingat passing 8 hydyebadmrofeedstock po a dstthytdvoprotessing zene ppi ng
zone, said first ;tri ppi ng zone igé:l uding a flash separator and a, pressure

1 S stripper; cand hydioprepossingithe feedstpek et BEst by drpsacessIngCangitigns f i r st
d liquigd eff t: 20 d, i no.the Lirst .liquid effluent f
The 1 25h separ dh B o R B Hrofess B BN RL A e Ry et el 2o o O™
ffl t to f b Ok f el - i th
Second | i qui o elTTIEATREHARDRRCSERE ttfblatlnE bhl R B, PoS S etond

hydr opr ocessi ng zone and hydroprocessing the liquid effluent under second
hydr oprocessing conditions to forma second WO 02/-48285 -4 PCT/U SO 1
/-4123-1 b. passing the first hydroprocessed product to a first stripping

zone;
10
c. stripping the first hydroprocessed product to form a first

gaseous and liquid effluent;

d. passing the liquid effluent from the first stripping zone to a
15 second hydroprocessing zone and hydroprocessing the liquid effluent
under second hydroprocessing conditions to form a second
hydroprocessed product, said second hydroprocessing zone having a

second hydroprocessing temperature and pressure;

20 e. passing the second hydroprocessed product to a second

stripping zone;

f. stripping the second hydroprocessed product to form a second
gaseous and liquid effluent; and

25



hydr opr ocessed product, said second hydroprocessing zone having a second
hydr opr ocessi ng tenperature and pressure; f. passing the second

hydr opr oogp9edsRRsoduct to a second stripping 5 zone;, ¢. SptrARbDe28he
second hydroprocessed product to forma third gaseous and |iquid effluent;
and 10 h. passing at least a portion of the third gaseous effluent to the
first stripping zone and contacting said third gaseous effluent wth the
second liquid effluent. [0007] The present process describes a nethod for
removi ng nitrogen- and 15 sul fur-containing contam nants fromnulti-zone
hydr opr ocessi ng schemes without the nee€d for di sengagenent, i.e.,

. low pressure stripping which involves depressurization, stripping and

re-pressurization, and the attendant costs for such an operation. 20 BRI EF

DESCRI PTI ON OF THE £ i ' i
i 1 lustrating a hydrdpr c%@@i[ 3339%]&%?@‘%?EE‘E'%*SP@%%%%%%@Q{%%/ 8285
-5 DETAI LED DESGRt BiftyphhdPsoHelialdoniiinglai ®80hdpaselsus aiflubOwRRTRE €SS Ng

i ncl ude whol e and reduced crudes and fractions thereof. Exanples include

di stillates suchrsafiqaidefflpbeti c and vacuum gas oils, and coker gas oils,
hydr ocrackates, raffmates, extracts, hydrotreated oils, atnospheric and
vacuum resi ds, deasphalted oils, dewaxed oils, slack waxes, Fischer-Tropsch

waxes and nixi.ures, thereof, 1.001 opr ' i . herein to denote
var ous priBHEECS AelBppdiBeh bl RE kT R SPRERRABDrp e EF Bl Blsle o

hydr ogen el Lol s@ne of boiling range
rgduc?ion%ﬂﬁghg@g#ggFaggﬁ?gi?ﬁ%ﬁ@?%&§?2§%ggﬁgﬁ?égﬁg %gﬁ[ Vi scosity igndexg
(VI) increase, pour point reduction and aromatics saturation. Exanples of

typi cal hydroprocessi ng schenes _incl ude hydrotreati n% hydr ocr acki ng,
hydr of i ni shi ng, hydrmdpavamgrﬁghydrpdaw&e%s,toqlﬁtor@/ﬂm' yaranTpoessingrzongd

raf fi nate hydrocopversi on. Such hydroprocessi chenes ar.e wel l.. known in
the art and ar earﬂglé PBE&GF%H%M&MQP@PE&%‘ tﬁkﬁ&‘@f%‘i?éﬁngscon%%| eum
Ref i ni;ng” by J . B2ar r ! lodsl rcel
ekker® New vor (e 1og 4 Gy itaSsRRaL brodeh i st MeProcestingRonl]
typically to _reﬂé&kﬁﬁgfa*}ﬁsﬂw&ﬁppoc&sﬁﬁ%%ﬁﬂpermﬂ‘eQﬁ@ﬁ?ésk@re?oment of a feed,
and is not primarily concerned with boil’ing point conversion of the feed.
Catal ysts usually contain at |east one of Goup VIA and G oup VIII netal on
a |l ess acidic support such as alumna or silica. Exarrpltglis§ i ncl yde N/ M,

Co/ Mo and Ni /W cat al §spassingdedirsbbydragrossssedapducie afiist suPPNG ncl ude
t t f 315 -. 5C., . f 0 0 i i gui ly S
Vel bt 11 o6 ¢ Lrskineosaig T3CasBbRRAR IR dPik . ARHY sefpketor BBt ' Y0 560°°

scf/ biys. WO 0gfis é&285 -6 PCT/USO /.41~23-t [0012] Hydrocracking invol ves
at | east sone comt/) rsion of the boiling range of the feed to | ower boiling
products. Hydrocracking catalysts are generally nore acidic than
hydrotreating catalysts and include G oup VIA and Goup VI]I netals on
supports such as al ugiflashingsthedirat hydropipsessed Pradugtitp 5orm a) firshgaseqns na and
zeolites. Exarrp{[ﬁgfl.i n@{f#ﬂe rgoup VIA and/or Goup VIIl netal, e.g., N/M
on silica-al um 2 1&¢ V¥R and/ or Group VIII netal on zeolite, e.g.,

Ni /Mo on zeolites such as X or Y, Pd on zeolite and Ni/Won zeolite.

Hydr ocracki ng conditions include tenperatures of 260-480C, pressures of 800
3000 pm g, LHSV of 0dlpiinp theafirdt liqei cfflasnt fadmsthe fladh 0€paiaiod@o twef / bbl . 10

pressure stripper and stripping the liquid effluent to form a second

gaseous and liquid effluent;

e. passing the second liquid effluent from the first stripping zone
25 to a second hydroprocessing zone and hydroprocessing the liquid effluent

under second hydroprocessing conditions to form a second



[ 0013] Hydrofinishing is usually concerned with product quality issues such
as daylight stability, color, haze, heteroatomrenoval, aromatics and
olefin sajvr@ismy and the |like. Catal ysts can be those use@tiikoi/46234
hydrotreating including, e.g., NilIM, N/Wor Pd and/or Pt on a support
such as al um na. Hydrofinishing 15 conditions include tenperatures of 200
-350C, pressures of 100 - 3000psig, LHSV of 0.1 - 5 h-1 and treat gas rates
of 100 - 5000 scf/bbl. [0014] Hydrodewaxing relates to the renoval of |ong
chain, paraffinic nolecules fromfeeds. Hydrodewaxi ng can be acconpli shed
by sel ective 20 hydrocracki ng or by hye4oi soneri zing these |long chain

- nol ecul es. Hydrodewaxi ng catal ysts are suitably nol ecul ar sieves such as
crystalline alum nosilicates (zeolites) or silico-alum nophosphates

(SAPCs), prefer i i . 23 ZSM 35,
. ZSM 48, SAPO 1 W‘hréRé%éﬁ&aﬁ‘lgaﬁﬁé S??%%%@@%‘é?%@é%@%‘ﬁ & carry a
netal hydrogenagdconddydeopmocsiig teRipRiAuAPANd f¥elstite)! | | netals, especially
Goup VIl noble netal’s. Hydrodewaxi ng conditions include tenperatures of

280 - 380C, pressures of WO 02/ -48285 PCT/ USOL/ ~&23.1 -'"J_ 300 - 3000
psig, LHSV of 0.1 - 5.0 h-1 and treat gas rates of from 500 -_ 5000, scf/bbl.
[0015] Hydr opr ocessi hgPassing theseeand l@écgppm@ssieéazrpduma\ﬁ Je§onth Sirippig 5
tenperature and_pressure and an outlet tenperature and pressure, and
connnn?% occur s? QFwnntiple zones (or stages) involving sequences such as
hydr ot r eat i ng/ hydr ocr acki ng, hydrotreati ng/ hydrodewaxi ng,

hydr ot r eat i ng/ hydr oi soneri zati on, hydrocracki ng/ hydr odewaxi ng,

hydr ocracki ng/ hydr of gnisgippigg theysconé hwediopgddessedpiodushioravylttiifie |1 ke. 10
Typi cal hydroprocessing configurations include hydrotreating followed by
hydr ocr acki ng, Bystous eaddiquid effluentirandr acki ng fol | owed by hydrofi ni shing or
hydr odewaxi ng and 2-stage hydrocracking or hydrotreating in which at | east
two reactors are sequentially staged. Such hydroprocessi ng schenes
typically involve a di j [ ' i.on to
reaneiQS contaninanﬂs?ﬁgﬁggg?%%%@fﬁgﬁgﬁggqﬁ%P@%ﬁé%%%?ggﬁgg%gﬁ%pﬁgﬁ%9The

i ndi vi dual hydr gpippassséidakPesiiadtibg sasbthirBEaebas EFRTN® Wil thEREcHRE

mul tiple reactors. [0016] A common practice rn the art is to di sengage,

i .e., depressurligeidoeffiwents hydr opr ocessi ng steps. The reason for such

di sengagenent is to strip 20 the effluent fromthe first hydroprocessing
step (or zone) before passing the effluent to a second hydroprocessi ng
step. An i tage stripping zone is enploye o_renopve sSeQus

cont ani nan 2’32 eat pl}qs?rﬁé)rgg:qsg Eﬁe 887188%’9% fﬂﬁrgpgﬁngdgﬁo%@-ﬁ?g and NH3
and mays al gashecdtaeshit®cothinindntORbn HoY-BBhE hYRopPb QANMESchénEs t he
effluent. Such gaseous contam nants may adversely I npact 25 the perfornmance
of cat al ysivithont theenceddfondiseygugepient. ciss) logv-ptespurerstrippiag winok wevolvésef or e
passing the stripped effluent to the second hydroprocessing step, it is
usual | y ne@epressuyizationeprippingranddaeprassusization.: and fgﬁfalttﬁémn.t coswﬁowthszs
_$_ PCT/USO 1/ ~623~ [0017] The present process involves a first separation
zone fol | of? B° Nf i r st hydroprocessi ng zone, a second hydroprocessi ng
zone and a second separation zone. Unlike the conmon practice in the art,
in the present invention the first and second separation zones are
conduched BRINEDESCRIPTION OFETHEDRAWINGhYdroprocessi ng zone. There is
no di sengagenent, 1.¢€., depressurizatron between first and second

hydr opr ocessi ng zones or follow ng the second hydroprocessi ng zone and the

second separation zone, Further, gases siripped f.,romthe second high
pressure sB98Bht i oHheBigare jsa schepiatig %qugfipWFﬁgﬁg §<§¥§F%Hrpﬁ?$sme or

recycled t d first hydroprocessing zone. The 10
di fferent %%%&%%%@%%@%?ﬁgg%%%%%ﬂﬁre typically operated at different
tenperatures. Thus it is preferred to include at | east one heat exchanger
bet ween hydroprocessi ng zones or between hydroprocessi ng zones and

" separation zones. [0018] Hi gh pressure separators are known in the art.
They may include flash 15 druns, pressure strippers which include pressure
separators for separating liquids and gases at high tenperatures or

conbi nations thereof. These units are designed to operate at high
tenperatures such as the tenperature of the precedi ng hydroprocessi ng zone.
Hi gh pressure strippers nay operate in either the co-current or
countercurrent node with regard to the stripping gas. 20 [0019] In a
preferred enbodi nent, the first hydroprocessing zone results in the
generation of contam nants which m ght reduce the efficiency of a
subsequent hydroprocessi ng zone or stage. Exanples of such sequences

i ncl ude hydrotreating followed by hydrocracking, hydrotreating foll owed by




25 hydr odewaxi ng, hydrocracking foll owed by hydrodewaxi ng, hydrotreating
fol l owed by hydrofinishing, and raffinate hydroconversion followed by WO
02/ -t 828 WOl2M8fgk/ ~623~ _g_ hydrodewaxi ng. Typi cal contanmipggiisyGeRer at ed
in the first hydroprocessing zone include water, amonia and hydrogen

sul fide. [0020] The process is further described with reference to a
representative 5 process shown in Figure 1. Fresh feed, line 8, and
hydrogen, line 6, are fed through line 10 to first hydroprocessing zone 12
whi ch is a hydrocracker operating under hydrocracking conditions to produce
a hydrocrackate, hydrogen sulfide, ammfi a and |ight hydrocarbon gases. The
» products fromthe hydrocracker are passed through |ine 14 and heat
exchanger 16 to a first 10 separation zone 20 which is as flash separator
conpri si NgpRkPAMED PERCRIPTPON OF drum [0021] Liquid product conprising
* hydrocrackate 15 Str1 s effluent that is passed to separator 20
through line 44. Light hydrocarbons, hydrogen 15 sul fide and anmobnia are
separated from hydrocrackate and sent through line 22 to further

processi ng[0099k sthcedpéer hydropracgsdiag includeswheletandotedhced ermdegiandeat
exchangers_26.and, 30, .a unp 28.t0 t.he second hydroprocessi pg zone 32
which is aflRGHEDSIBGESOL %ﬁ@}pﬂ% Wﬁlqij%diﬁtﬁh’g}%sr%’& \ASATHGSBRGT b VRCUTher e i s
no di senga AU i t Wed d i es 20 and
20 32, For L5 208 SoREPRE AL ISRk aRS] {RRaRY CARLBCRSRIRAFRI " e

second hydpreeesshdit HR1actunt rddidi)8aspheRSI6Bs, [dbWhedilsi S8k
hydr opr ocessi ng zone. [0022] The hydr odewaxer renoves waxy paraffins from

t he hydr ocwakésy Fasdher-derbpsdh wexdsyatrdanixdules tlgereo§oner i zati on or sone
conbi nati on thereof. Fresh 25 hydrogen is added to zone 32 through |ine 34
as needed. The dewaxed product and any gases are renoved through |line 36

G sehgagonMOh ot HATOpREEIEE T etk in iARE8IendRicBdForspa BoRiRE . 10 The
HoPE? | e -1
gaves. G TPRnGEEE (AR iF AR R o 9 An AR A pkO s BER'T e 22

for furt hemnvolvacftdeadiGne Ufboiline finge REQBLOL, forAdvAiFToataphindfits S passed
through line 44 to separation zone 20 where it is used as a stripping gas

for Iiqui deiscosity redpation,oris@Bitylindene/ Rlinaease; pour peiakeedictivhandaseous

T o S ST ol oo RBoel e baec i o
. : i be. Fi

T st of Mg Rt 1Bk, b Tishihd, AR RS PRI Y SR L o

zone 25 exggﬂbisfo%eruaﬁoﬁcuﬁhlﬂaﬂﬁﬁatérh @B raion ONSHEI hpddprddessifig parti al
pressures of theses gases in the eftluent fromthe fiTtst hydroprocessing

zone. By t schetiesgrevivtedl kinewvyas teust mudaheadeséribed regtanddrdrefedenoshivatksgaseous

product contains very little (if any) hydrogen sul fide or ammonia, the
equi | i bri uﬁﬁcgcﬁscé’ﬁtrpiﬁuraﬁieémm&ebblm%é- Gary and fdenn & Handwerk, Thiad| i qui d

product that. enters rpprogessinNg zone 32 thus contains al nost no

hydr ogen sﬁvaﬁéﬁ@?DgﬁﬂSﬁﬁg?ﬁ%ﬁfgo n be inportant if the catalyst used in
zone 32 is sensitive to these contam nants. The equilibriumis shifted in
favor of desorption of any renaining hydrogen sul fide and ammonia in the

| i qui d2@r ofpot1] f r Fhe prémbty ptirpogel oﬁhydma*esﬁ]lrgisztﬁpecallmb redhioe the sgifagt er
catal yst protection 20 afforded for the second hydroprocessing zone, but

hi gher r eatifiogan andearomeaticterienicd i feedyandas net primasily icehegmed wikken or
after hydr .0cessi ng zones copsi.dergbl e, expepse savin occurs. as the
rLed 1 or  BBHBE Frntiby oaan Pl iRl Cataly S5 RBaE CorPi A R tuad. | v

02/ -4828S Gﬁ#] X i i é%ﬁ% Lppi ng
" bet ween two Jdr oprl\%geég?‘#g??gwé@mggésg%%ﬁ? é‘g@?dr@g _ @Wﬁ&f é£3. t a.
passing a ﬁMGé.OEﬁéﬂfp'Ibsfiﬁ@HﬁieQQiﬂMOQ (R)/Moreﬁfd Nyw RIS fSHS}Qrdtwaﬁnéo and
hydr opr ocessi ng the feedstock under first hydroprocessi ng conditions

25  conditions typically include temperatures of 315 - 425°C, pressures of 300 -
3000 psig, Liquid Hourly Space Velocities (LHSV) of 0.2 - 10 h! and hydrogen

treat rates of 500 - 10000 scf/bbl.




. to the first s

to forma first hydroprocessed product, said first hydroprocessing zone
having a first hydroprocessing tenperature and pressure; b. passing the
first hydyopsagessed product to a first stripping zone;, cpcsiushRizig t he
first hydroprocessed product to forma first 15 gaseous and liquid
effluent; d. passing the liquid effluent fromthe first stripping zone to a
second hydr oprocessi ng zone and hydroprocessing the liquid effluent under
second hydroprocessing conditions to forma second 20 hydroprocessed
product, said second hydroprocessing zone having a second hydroprocessing
tenperature and pressure; e. passing thé- second hydroprocessed product to a
second 25 stripping zone; f. stripping the second hydroprocessed product
to forma second gaseous and liquid effluent; and WO 02/.18285 -12
PCT/ USOL1~ g. | RN ' . ﬁﬁ?@? ffluent
ﬁﬁﬁz!rig%?%gkggﬁgﬁ%ﬁd cdﬁ?%@?%%gﬁ§%?3n§i§?§§ gggg%gs e Fﬁent
wi th the fiofshe feedto dowésf boiting prodicts. AHydricrauking catabsessrefgenetalliyer st age
stripping between two hydroprocessing zones which conprises: a. passing a

hydr ocar bomdre agisio then hydsotreating eatalysisranddneludg Gronp \Aiidand Giropp ¥dBssi ng

the feedstock under first dropracessin ondi t.i.ons. 10, to forma first

hydr opr oce S StpBPtt susties AR paa (1 Avoridgd Hmminen ity Ahmpinac,

hydr opr gcessi 3 ; r R ' fihsS

v opr deo 204 achiEET Bl AR GRRIA Ing BAERORE NI el gy o1 ng zone

i ncl udi ng NifMavh fRSAARINIMaaClow AT/ GRuptVIIPRRtal én z4dI1RS hégg the

first hydroprocessed product to forma first gaseous and |iquid effluent;

20 d. passiNidMoloa Zdolites duchuasdX ef Y, Pdin Zeodite amd Ni/Wsdn segideat or to the
Hydrocracking conditions include temperatures of 260-480°C, pressures of 800 -

3000 psig, LHSV of 0.1-10 h™" and treat gas rates of 1000-10000 scf/bbl.

10
[0013]  Hydrofinishing is usually concerned with product quality issues such
as daylight stability, color, haze, heteroatom removal, aromatics and olefin
saturation and the like. Catalysts can be those used in hydrotreating including,
e.g., Ni/Mo, Ni/W or Pd and/or Pt on a support such as alumina. Hydrofinishing
15  conditions include temperatures of 200 -350°C, pressures of 100 - 3000psig,
LHSV of 0.1 - 5 h'* and treat gas rates of 100 - 5000 sc{/bbl.

[0014] Hydrodewaxing relates to the removal of long chain, paraffinic
molecules from feeds. Hydrodewaxing can be accomplished by selective

20  hydrocracking or by hydroisomerizing these long chain molecules.
Hydrodewaxing catalysts are suitably molecular sieves such as crystalline
aluminosilicates (zeolites) or silico-aluminophosphates (SAPOs), preferably 10-
ring sieves such as ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48, SAPO-11,
SAPO-41 and the like. These catalysts may also carry a metal hydrogenation

25 component, preferably Group VIII metals, especially Group VIII noble metals.

Hydrodewaxing conditions include temperatures of 280 - 380°C, pressures of



pressure stripper and stripping the liquid effluent to forma second
gaseous and liquid effluent; e. passing the second liquid effluent from
the firstwotmispmsng zone 25 to a second hydroprocessi ng peia;s8iids234

hydr oprocessing the |iquid effluent under second hydroprocessing conditions
to forma second WO 02/ -18285 PCT/ USOL/ - 4623-4 -13hydr oprocessed product,
sai d second hydroprocessi ng zone having a second hydroprocessi ng
tenperature and pressure; f. passing the second hydroprocessed product to a
second stripping 5 zone; g. stripping the second hydroprocessed product to
forma third gaseous and liquid effluenf and 10 h. passing at |east a

- portion of the third gaseous effluent to the first stripping zone and
contacting said third gaseous effluent with the second liquid effluent. 3.
The proces f ' @ﬂpy ' _ - U fl uent 15
- 1's passed ?%@t%gb??gg%Létrlggpﬁg ?g%% gﬂ%ﬂgmégﬁéﬁﬁﬁgggyggﬁﬁps%%ggged to the
first hydregysiiessi ng zone. 4. The process of claim2 wherein a portion of
the third gaseous effluent is passed to the pressure stripper in the first
stripping zone and a second portion is 20 passed to the first

hydr opr ocessi zqne, 5. The process of claim4 wherei.n the portion of the
third gasefﬁ%ggfﬂ pp;cgceﬁ%{gggavqﬁm:%ﬁa%ongg@ac@qrghpgh@&anﬂ%let he first

st ohe e fnd Biespubianfi i B4 S8ip Gy AT ptestiRd, 2P sRERGUY’ 5"
zones. Vg4 iPARISIETOHE IARY tnVblying Tauicesgich & cl alm 2 wherein

there is at | east one heat exchanger follo the first and second
hydr opr ocehgdrogreatinghydicradkéng incestseatingthydroddwaiagei n the first
stripping zone includes a flash 5 separator and a pressure stripper. 9. The
process of hgdrtieatinglhydeisomerdzations hydyesrasking/bydrodgwasing, conpr i ses.
B ot et Pt S R SRS AR R SR Bt HIRE b k8! v ©

10  Typical hydroprocessing configurations include hydrotreating followed by

-}

hydrocracking, hydrotreating or hydrocracking followed by hydrofinishing or
hydrodewaxing and 2-stage hydrocracking or hydrotreating in which at least two
reactors are sequentially staged. Such hydroprocessing schemes typically
involve a disengagement step which involves depressurization to remove

15 contaminants, and product and/or intermediates separation. The individual

hydroprocessing zones may use a single reactor or may use multiple reactors.

[0016] A common practice in the art is to disengage, i.e., depressurize
between hydroprocessing steps. The reason for such disengagement is to strip
20 the effluent from the first hydroprocessing step (or zone) before passing the
effluent to a second hydroprocessing step. An interstage stripping zone is
employed to remove gaseous contaminants created in the first hydroprocessing
step such as H,S and NH; and may also be used to strip light (low boiling)
products from the effluent. Such gaseous contaminants may adversely impact
25  the performance of catalysts in the second hydroprocessing step or zone.
However, before passing the stripped effluent to the second hydroprocessing

step, it is usually necessary to repressurize and reheat the effluent.



10 10. The process of claim2 wherein the first hydroprocessing zone
conpri ses hydrotreating and the second hydroprocessi ng zone conpri ses

cat al yti owgesaydgeg. 15 11. The process of claim 1l whereinptlhrishi/iebs
hydr opr ocessi ng zone conpri ses hydrocracki ng and the second hydroprocessi ng

conprises catalytic dewaxing. 12. The process of claim2 wherein the first
hydr opr ocessi ng zone conpri ses hydrocracki ng and the second hydroprocessi ng
conprises catalytic dewaxing. 20 13. The process of claim1l wherein the
first hydroprocessi ng zone conprises hydrotreating and the second

hydr opr ocessi ng conpri ses hydrocracki ng8- 14. The process of claim2 wherein
the first hydroprocessing zone conprises 25 hydrotreating and the second
hydr opr ocessi ng conpri ses hydrocracki ng. WO 02/.18285 -15 PCT/ USOL/ ~&3~
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between first and second hydroprocessing zones or following the second

hydroprocessing zone and the second separation zone. Further, gases stripped

from the second high pressure separation zone are recycled to the first separation

zone or recycled to the fresh feed to the first hydroprocessing zone. The

10  different hydroprocessing zones are typically operated at different temperatures.
Thus it is preferred to include at least one heat exchanger between

hydroprocessing zones or between hydroprocessing zones and separation zones.

[0018]  High pressure separators are known in the art. They may include flash

15  drums, pressure strippers which include pressure separators for separating
liquids and gases at high temperatures or combinations thereof. These units are
designed to operate at high temperatures such as the temperature of the
preceding hydroprocessing zone. High pressure strippers may operate in either
the co-current or countercurrent mode with regard to the stripping gas.

20
[0019] In a preferred embodiment, the first hydroprocessing zone results in
the generation of contaminants which might reduce the efﬁcien;:y ofa
subsequent hydroprocessing zone or stage. Examples of such sequences include
hydrotreating followed by hydrocracking, hydrotreating followed by

25 hydrodewaxing, hydrocracking followed by hydrodewaxing, hydrotreating
followed by hydrofinishing, and raffinate hydroconversion followed by
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10% u- u& ( pul@depsmiuzenia and llght hydrocarbon gases. The products from the

hydrocracker are passed through line 14 and heat exchanger 16 to a first
10  separation zone 20 which is as flash separator comprising a high pressure

separator drum.

[0021]  Liquid product comprising hydrocrackate is stripped with gas effluent
that is passed to separator 20 through line 44. Light hydrocarbons, hydrogen

15  sulfide and ammonia are separated from hydrocrackate and sent through line 22
to further processing. The stripped hydrocrackate is sent through line 24, heat
exchangers 26 and 30, and pump 28 to the second hydroprocessing zone 32
which is a hydrodewaxer operating under hydrodewaxing conditions. There is
no disengagement (no depressurization) between hydroprocessing zones 20 and

20  32. For purposes of pressure balance, it is preferred to operate the second

hydroprocessing zone at a higher pressure than the first hydroprocessing zone.

[0022]  The hydrodewaxer removes waxy paraffins from the hydrocrackate by
selective hydrocracking, isomerization or some combination thereof. Fresh

25 hydrogen is added to zone 32 through line 34 as needed. The dewaxed product
and any gases are removed through line 36 and passed through heat exchanger

38 to separation zone 40. There is no disengagement between zones 32 and 40.
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The separator that comprises separation zone 40 separates liquid product from
gases. The liquid product (the dewaxed product) is passed through line 42 for
further processing. The gaseous product from separator 40 is passed through
line 44 to separation zone 20 where it is used as a stripping gas for liquids in

5 separator 20. In the alternative, some of the gaseous product from separator 40
may be sent to the feed to hydroprocessing zone 12 through line 48. The relative

amounts of flow of gaseous product may be controlled by valves 46 and 50.

[0023]  In the process described for Figure 1, most of the hydrogen sulfide and

10 ammonia is removed in separation zone 20 except for the equilibrium
concentration dictated by the partial pressures of theses gases in the effluent
from the first hydroprocessing zone. By treating with the gaseous product from
separator 40, which gaseous product contains very little (if any) hydrogen sulfide
or ammonia, the equilibrium concentration of these gases is further reduced.

15  The liquid product that enters hydroprocessing zone 32 thus contains almost no
hydrogen sulfide or ammonia. This can be important if the catalyst used in zone
32 is sensitive to these contaminants. The equilibrium is shifted in favor of
desorption of any remaining hydrogen sulfide and ammonia in the liquid product
from the first hydroprocessing zone. Not only is greater catalyst protection

20 afforded for the second hydroprocessing zone, but higher reaction rates may also
occur. By not depressurizing between or after hydroprocessing zones, a
considerable expense savings occurs as the need for depressurizing and

repressurizing gaseous streams is avoided.
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CLAIMS:

1. A continuous process for interstage stripping between two

hydroprocessing zones which comprises:

a. passing a hydrocarbon feedstock to a first hydroprocessing zone
and hydroprocessing the feedstock under first hydroprocessing conditions
to form a first hydroprocessed product, said first hydroprocessing zone
having a first hydroprocessing temperature and pressure;

10
b. passing the first hydroprocessed product to a first stripping

Zone;

c. stripping the first hydroprocessed product to form a first

15 gaseous and liquid effluent;

d. passing the liquid effluent from the first stripping zone to a
second hydroprocessing zone and hydroprocessing the liquid effluent
under second hydroprocessing conditions to form a second

20 hydroprocessed product, said second hydroprocessing zone having a

second hydroprocessing temperature and pressure;

e. passing the second hydroprocessed product to a second
stripping zone;
25
f. stripping the second hydroprocessed product to form a second

gaseous and liquid effluent; and
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first liquid effluent.

5 2 A continuous process for interstage stripping between two

hydroprocessing zones which comprises:

a. passing a hydrocarbon feedstock to a first hydroprocessing zone
and hydroprocessing the feedstock under first hydroprocessing conditions
10 to form a first hydroprocessed product, said first hydroprocessing zone

having a first hydroprocessing temperature and pressure;

b. passing the first hydroprocessed product to a first stripping
zone, said first stripping zone including a flash separator and a pressure

15 stripper;

c. flashing the first hydroprocessed product to form a first gaseous
and liquid effluent;

20 d. passing the first liquid effluent from the flash separator to the
pressure stripper and stripping the liquid effluent to form a second

gaseous and liquid effluent;

e. passing the second liquid effluent from the first stripping zone
25 to a second hydroprocessing zone and hydroprocessing the liquid effluent

under second hydroprocessing conditions to form a second

10 10
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second hydroprocessing temperature and pressure;

f. passing the second hydroprocessed product to a second stripping

5 zZone;

g. stripping the second hydroprocessed product to form a third

gaseous and liquid effluent; and

10 h. passing at least a portion of the third gaseous effluent to the first
stripping zone and contacting said third gaseous effluent with the second

liquid effluent.

3. The process of claim 1 wherein a portion of the second gaseous effluent
15  is passed to the first stripping zone and a second portion is passed to the first

hydroprocessing zone.

4. The process of claim 2 wherein a portion of the third gaseous effluent is
passed to the pressure stripper in the first stripping zone and a second portion is

20  passed to the first hydroprocessing zone.

5. The process of claim 4 wherein the portion of the third gaseous effluent is

passed through a heat exchanger to the first hydroprocessing zone.

25 6. The process of claim 1 wherein there is at least one heat exchanger

following the first and second hydroprocessing zones.
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7. The process of claim 2 wherein there is at least one heat exchanger

following the first and second hydroprocessing zones.

8. The process of claim 1 wherein the first stripping zone includes a flash

5  separator and a pressure stripper.

9. The process of claim 1 wherein the first hydroprocessing zone comprises
hydrotreating and the second hydroprocessing zone comprises catalytic
dewaxing.

10
10.  The process of claim 2 wherein the first hydroprocessing zone comprises
hydrotreating and the second hydroprocessing zone comprises catalytic

dewaxing.

15 11.  The process of claim 1 wherein the first hydroprocessing zone comprises

hydrocracking and the second hydroprocessing comprises catalytic dewaxing.

12.  The process of claim 2 wherein the first hydroprocessing zone comprises

hydrocracking and the second hydroprocessing comprises catalytic dewaxing.
20

13.  The process of claim 1 wherein the first hydroprocessing zone comprises

hydrotreating and the second hydroprocessing comprises hydrocracking.

14.  The process of claim 2 wherein the first hydroprocessing zone comprises

25 hydrotreating and the second hydroprocessing comprises hydrocracking.
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5 16. The process of claim 2 wherein the first hydroprocessing zone comprises
hydrotreating or hydrocracking and the second hydroprocessing comprises

hydrofinishing.




