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, | NTEGRATED | NTERSTAGE STRIPPING 5 FIELD OF THE | NVENTI ON [ 0001] T@Nmt
invention relates to a two stage hydroprocessing process wth |n 3&”@
strippi ng"ORB*&3particularly, the interstage stripping ocRFUE/4pI34h
_pressure and tenperature with recycle of high tenperature gaseous effl uent
from 10 the stripping stage. BACKGROUND OF THE | NVENTI ON [ 0002] A common
met hod to renove contam nants such as nitrogen and 15 sul fur froma
hydrocar bon feedst ock :-IﬁXfQ use a hydro-LI eati ng ste to convert the
nitrogen and sul fur co RORR YN GFROLEDS amoni a fol | owed by
stripping to separ ateINiEE@EﬂE)JNIEBSH‘H@ErSTRdPMMEdS The stripping
is typically conducted at | ow tenperature and pressure. The hydrotreating
step is frequently foI |l owed by a further hydroprocessing step containing a
cat al yst Syy$€ the presence of sulfur and nitrogen

cont am na A eps i nvol ve consi derabl e i nvest nent and
‘operating costs as stripping usually involves depressurization and cool ing
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pressure and temperature with recycle of high temperature gaseous effluent from

10  the stripping stage.

BACKGROUND OF THE INVENTION

[0002] A common method to remove contaminants such as nitrogen and

15 sulfur from a hydrocarbon feedstock is to use a hydroireating step to convert the -
nitrogen and sulfur contaminants to hydrogen sulfide and ammonia followed by
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



30 [00051 This invention relates to an interstage stripping process whi %1
reduces the investment and operating costs associated wi'th striggi M@’. 20

Accordin e 1s provided a continuous process for i strippi ng
bet ween t%\/\%‘ﬁfgﬁ%/hY 7005 WD 02/ 48285 PCTI USQl / 46234 - 2- h%‘?@ﬁ%@g@%‘éi ng
zones which conprises: a. passing a hydrocarbon feedstock to a first

hydr opr ocessi ng zone and hydroprocessing the feedstock under first

hydr opr ocessing conditions 5 to forin. a first hydroprocessed product, said
first hydroprocessing zone having a first hydroprocessing tenperature and
pressure; b. passing the first hydroprogessed product to a first stripping
zone; c. stripping the first hydroprocessedproduct to forma first gaseous
and liquid effluent; d. passing the liquid effluent fromthe first stripping
zone to a #g second hydropr Qgﬁsing zone and hydroprocessing the |iquid

ef f | uent DYSBRPTOSEIHS 29P8P SHHER £8MPH§CEondi tions to form a second
hydr opr ocessed product, said second hydroprocessi ng zone having a second
hydr opr ocessi ng tenperature and pressure; 20 e. passing the second

hydroprocessed produgt Qi $8GaRE FeRkidgk 399 irsf R second
hydr opr ocessed pr oductpt o fornra sg{:%%% gaﬂgeléég g%lré W%rtl?r‘pg@%fs?iggtgﬁﬁe and
and hydroprocessing the feedstock under first hydroprocessing conditions
5 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; |
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



25 17 MAY 2005 WO 02/4828-5 PCT[OSO /46234 -3- g. passing at Iegit @ 05
- portion of the second gaseous effluent to the first stripping z J4 H@

cont act i ngosaisghssecond gaseous effluent with the first |i#&%ﬁh&ﬁk£ﬂent- 5

[ 0006) Anot her enbodi nent relates to a continuous process for I nterstage
stripping between two hydroprocessi ng zones whi ch conprises: a. passing a
hydr ocarbon feedstock to a first hydroprocessi ng zone and hydroprocessi ng
the feedstock under first bydroprocessing conditions 10 to forma first
hydr opr ocessed product, said first hydroprocessing zone having a first

hydr opr ocessi ng tenperature and pressur®; b. passing the first
hydr opr ocessed 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 tt Q ftorm . f i rg&p{ ?ase us and éd gui ? ffluent;
20 d. passing the fig'spaﬁ%?a]eﬁﬁfal nfolf HEOTE &SRO bfo t he
pressure strippg LR kO 2 d
gaseous and | i gﬁfséggﬁaﬁ%%%%{?& %?H %‘22‘2%‘1#3@%ﬁg%g‘tééé%tﬁgéﬁeﬁ)gﬂggq@"%@g‘?@%f romt he
first strippingfizoheui®effliens second hydroprocessi ng zone and

hydr oprocessing the liquid effluent wunder second hydroprocessing conditions
to forma second

5 [0006]  Another embodiment relates to 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



17 NMAY 2005 WD 0214828~ PCT/ USQ /46234 -4- hydroprocessed product, said
second hydroprocessing zone having a second hydroprocessing terrﬂJ'HAmU@fl and
pressure; wig 0283¢ Nng t he second hydroprocessed product to @ m@%fﬁnrl ppi ng

5 zone; g.

stripping the second hydroprocessed product to form athird

gaseous and liquid effluent; 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. 100071 The present
process describes a nmethod for renoving nitrogen- and 15 sul fur-containing
contam nants fromnulti-zone hydroprocedsing schemes w thout the need for
di sengagenent, i.e., |low pressure stripping which involves

depressuri

zation, stripping and re- pressuri zation, and the attendant costs

Lo uch o oPRLakM0e a0 AR AT LERC R N E O Lagast The
di sengagement . {1 RRARSproes A3, 48HS BFRELERk #E8Rde; 5- DETAI LED DESCR! PTI ON

10

15

20

f. passing the second hydroprocessed product to a second stripping

zone;

g. stripping the second hydroprocessed product to form a third

gaseous and liquid effluent; and

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.

[0007]  The present process describes a method for removing nitrogen- and

sulfur-containing contaminants from multi-zone hydroprocessing schemes
without the need for disengagement, i.e., low-pressure stripping which involves
depressurization, stripping and re-pressurization, and the attendant costs for such

an operation.

BRIEF DESCRIPTION OF THE DRAWING

[0008] The Figure is a schematic drawing illustrating a hydroprocessing

scheme without disengagement.



[ 00091 Feeds for hydroprocessing include whol e and reduced crudes and
+fractions thereof. Exanples include distillates such as atnnspheﬂﬂdW@hHmi
vacuum S5y@an/4Qidss, and coker -gas oils, hydrocrackates, raffipafes,.,
extracts, hydrotreated oils, atnospheric and vacuumresi ds, éeasp 5t ed
+olls, dewaxed oils, slack waxes, Fischer-Tropsch waxes and m xtures
thereof. [00101 Hydroprocessing is used herein to denote various processes
involving 10 treatnent of a feed in the presence of hydrogen and i ncl ude
processes which involve at |east one of boiling range reduction, renoval of
contam nants, viscosity reduction, visfosity index (VI) increase, pour
poi nt reduction and aromatics saturation. Exanples of typical

hydr opr ocessi ng schenes include hydiotreating, hydrocracking,

hydr of i ni shARg. + %N /S sﬁila Qﬁ‘drofining, 15 hydroi soneri zati on and
raf fi nat e Ayerocofverstor—stact—hydr oprocessing schenes are well known in
the art and are described in standard reference works such as "Petrol eum
Refining" by James H Gary and Aetin E. Handwerk, Third Edition, Marcel
Dekker, Nefoobd9y k. Efedd@odlydrbbeodessinginchindy phote ahd badliced cagddsngadi S
typically to reduce the sulfiir~ nitrogen, and aromatic content of a feed,
and i s Dot Irpetions theyeod o dizemdds wiclude distillatagspdi as attaospbesc end vhcte f eed.

o2 B Nl 58k SRSl s RS BB T,
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Space Vel ot ikl ropbeifwares aft AnkuRddnBidiogen treat rates of 500 -
10000 Scf/bbl. 17 MAY 2005

[0010]  Hydroprocessing is used herein to denote various processes involving
10  treatment of a feed in the presence of hydrogen and include processes which
involve at-least one of botling range reduction, removal of contaminants; - -~ - «.... ...
" viscosity reduction, viscosity index (VI) increase, pour point reduction and
aromatics saturation. Examples of typical hydroprocessing schemes include
hydrotreating, hydrocracking, hydrofinishing, hydrodewaxing, hydrofining,
15  hydroisomerization and raffinate hydroconversion. Such hydroprocessing
schemes are well known in the art and are described in standard reference works
such as "Pefroleum Refining" by James H. Gary and Glenn E. Handwerk, Third
Edition, Marcel Dekker, New York.

20 [0011]  The primary purpose of hydrotreating is typically to reduce the sulfur,
nitrogen, and aromatic content of a feed, and is not primarily concerned with
boiling point conversion of the feed. Catalysts usually contain at least one of
Group VIA and Group VIII metal on a less acidic support such as alumina or
silica. Examples include Ni/Mo, Co/Mo and Ni/W catalysts. Hydrotreating

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.



WO 02/ 4828-, PCT/US01/46234 -6- [00121 Hydrocracki ng invol ves at @g@?@f' sone
conversion of the boiling range of the feed to | ower boiling rlo

Hydr ocr ackipng,séadsal ysts are generally nore acidic than hygdeeikegishid

catal ysts and include Goup VIA and Goup VIII netals on supports such as
alum na, especially fluorided alumna, silica-alumna 5 and zeolites.

Exanpl es include G oup VIA and/or Goup VIIl netal, e.g., N /1\40 on
silica-alum na, Goup VIA and/or Group VIII nmetal on zeolite, e.g., N /M
on zeolites, such as X or Y, I"d on zeolite and Ni/Won zeolite.

Hydr ocr acki ng conditions include tenperetures of 260-480' C, pressures of 800
- 3000 psig, LHSV of 0.1-10 h-1 and treat gas rates of 1000-10000 sef/bbl .
[00131 Hydrofm sbing is usually, concerned vvi th product quality issues such -
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Hydr of m shing 15 conditions include tenperatures of 2 essures of
100 - 3000psomg,acidiei$hamhydroticating chtalyistamet incdade Gasup Aflés and GtoGp VIHO00
scf/bbl. 100141 Hydrodewaxing relates to the rempval of | ong_chain,

palr affinic m@f@lséﬁhﬂél@qffoﬁﬂch @ﬁunwagewéwém ibgorded bblmm@oﬁ@ﬂcﬂﬁﬂimmy |
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met al hydrogenati on
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 - 5h™" and treat gas rates of 100 - 5000 scf/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



25 conponent, preferably Goup VIJJ netals, especially Goup V111 noble
nmetal s. Hyd.rodewaxi ng conditions include tenperatures of 280 TT¥%¥ﬂﬁ5
pressures of 17 MAY 2005 WD 02/4828f; PCT/USQO /46234 -7- 300 - ‘3000 psi g,
LHSV of OW® 02/48289 h-' and treat gas rates of from 500 - 5080r/usafskisl .
100151 Hydroprocessing involves at | east one reactor having an inlet 5
tenperature and pressure and an outl et tenperature and pressure, and
commonly occurs in nultiple zones (or stages) involving sequences such as
hydr ot r eat i ng/ hydr ocr acki ng, hydrotreati ng/ hydrodewaxi ng,

hydr ot reati ng/ hydr oi soneri zati on, hydroiracking/hydrodemaxingg,

hydr ocr acki ng/ hydr of i ni shi ng, hydr odewaxi ng/ hyd-rofinishing and the Iike. 10
Typi cal hydroprocessi ng configurations include hydrotreating foll owed by
hydr ocr acki ng, hydrotreating or hydrocracking followed by hydrofinishing or
hydr odewax30@ - 3000 Psizl, AFESW00L: 8AKh han@trehy fiOtat @1 Mem S00MEE00 at | east
two reactors are sequentially staged. Such hydropfocessi ng schenes

typi cal | y s¢ifhbdl ve a di sengagenent step which invol ves depressurization to
renove 15 contam nants, and product and/or internedi ates separation. The

i ndi vi dual hydroprocessi ng zones may use a single reactor or may use

[ tipl ) i i h t is | di ,
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di sengage ”?e'i‘ﬁegér%tg@ and Bfe‘% s éﬂ%ﬁé@#%‘ﬁ]ﬁé&%&téﬁ% eﬁcljegsiﬁﬁ h%‘gf OhRohiy! N9

step (or zon ore passing the l'uent to a second hydroprocessi ng
step. An i atairsigmitgpleizones forZediees) $nvolving sequences such as

' hydrotreating/hydrocracking, hydrotreating/hydrodewaxing,
hydrotreating/hydroisomerization, hydrocracking/hydrodewaxing,
hydrocracking/hydrofinishing, hydrodewaxing/hydrofinishing and the like. -

10 Typical hydfoprocessing 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 éteps. 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.



enpl oyed to renobve gaseous contam nants created in the first hydroprocessing
step such as H2S and NH3 and may al so be used to strip light (IbivMibiZi0bng)

products JypaR)kna ef fluent. Such gaseous contanminants may gyRic§ElMad NMPact
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. 17
MAY 2005 WD 02/4828' .5 PCT[USO /46234 [00171 The present process involves a
first separation zone following the first hydroprocessing zone, a second
hydr opr ocessi ng zone and a second separ#&-ion zone. Unlike the comon
practice in the art, in the present invention the first and second
separation zones are conducted at the pressure of the preceding 5
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separ at i onzogeneUnlikeé drywnetohgradtéced mahb ate & tHedprebentfihvadtidry thedispcessi ng
zone. The 10 different hydroprocessing zones are typically operated at

di f ferent wodpecondsemratiorhamnedstaré sopdudted atthetppessure ofltheapreicedisng one heat

exchanger between bydroprocessi ng zones or between hydropr.ocessi hg zones
and sepgr atYGFORIgREss g 24051 s hete dhng dascogprgemeplat st GERICSFWIRMMMh in the art.
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t enper atures such as the tenperature o
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 terhperamres or combinations theréof. 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 apreferred embodiment, the first hydroprocessing zone results in
the generation of contaminants which might reduce the efﬁcienéy 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



precedi ng hydroprocessing zone. Hi gh pressure strippers may operate in
~either the co-current or countercurrent node with regard to the7 $fY 9(pi ng

gas. 20 398%94s)kn a preferred enbodinent, the first hydrog;éqgﬁs%?ﬁe%gone

results in the generation of containinants which m ght reduce

~efficiency of a subsequent hydroprocessi ng zone or stage. Exanples of such
sequences include hydrotreating followed by hydrocracki ng, hydrotreating
foll owed by 25 hydrodewaxi ng, hydrocracking foll owed by hydrodewaxi ng,
hydrotreating followed by hydrofinishing, and raffinate hydroconversion
foll owed by 17 MAY 2005 WO 02/48285 PCI/ US01/ 46234 -9- hydr odewaxi ng.

Typi cal contam nants generated in the first hydroprocessing zone include
wat er, ammoni a and hydrogen sul fide. 10020) The process is further described

with refergn to a.representative. 5 process,shgwn.in Figure 1.. Fresh feed,
line 8, anbdodrBasine | TVacH cnainghts SoREGEH I Mhaiishhy Goprpesssing

hydr opr ocessi Egﬁ W] I, operating under
hydrocrack?%ig&%lgn I?\:V%%IS-’ to gpz)%@eﬂ%&ﬁggé%@@gkate, hydrogen sul fide,
ammoni a and |ight hydrocarbon gases. The products fromthe hydrocracker are
passed through line 14 and heat exchanger 16 to a first 10 separation zone
20 whi ch i H028] f | aktie pepessais dnrthemgescabed) wathhieférepcetsairepresimaanivel 00211

Li qui d product cqnprising hydrocrackate is striil)ped with gas effluent that
i s pasSed PWCcsepEhodin brpueddodiesh fesd, Uae 81 anghhydrpgendineerase faddr ogen

through line 10 to first hydroprocessing zone 12 which is a hydrocracker
operating under hydrocracking conditions to produce a hydrocrackate, hydrogen
sulfide, ammonia and light 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] - Liqud product comprising hydrocrackate is stripped with gas effluent
that is passed to separator 20 through line 44. Light hydrocarbons, hydrogen

15 sulfide and ammenia are separated from hydrocrackate and sent through line 22
to further processing. The sﬁipped 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. Thereis -
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.



15 sul fide and ammoni a are separated from hydrocrackate and sent through
line 22 to further processing. The stripped hydrocrackate is SE%WMMﬂmﬁugh
l'ine 24, Weajhssgeschangers 26 and 30, and punp 28 to the seppRfiso1/46234

hydr opr ocessi ng zone 32 which is a hydrodewaxer operating under

hydr odewaxi ng conditions. There is no di sengagenent (no depressurization)
bet ween hydroprocessing zones 20 and 20 32. For purposes of pressure

bal ance, it is preferred to operate the second hydroprocessing zone at a
hi gher pressure than the first hydroprocessing zone. [0022] The

hydr odewaxer renoves waxy paraffins freHi-the hydrocrackate by selective
hydr ocracki ng, isonerization or sonme conbination thereof. Fresh 25 hydrogen
is added to zone 32 through |ine 34 as needed. The dewaxed product and any

depar at | ontBongpiot Mt Anlies e BAHGARE R0 ShRRE INGHN B0G0A0RGM, 001
VY 2905 YBc02 TR BGHASRR (638 axdPproiiey e BRERHThrduAH ifOUDTHS S

separation zone 40 separates |liquid product f gases. e liquid product

(t he dewaxfuther paocdspings Tesgasdotdhprodyfet fione ségardtor 40fisiphssed thraogssi ng. The
gaseous product from separator 40 is passed through Iine 44 to separation
zone 20 whBpe4dtoisgparstian zene 20twhespiihis usad af erstitippjog @esifar Bquidsdnat or 20.

In the alternativ 0 f the gaseous.product from separator 4.0 may be
sent 10 t HEFPREEAY PB- Y APl anate o RE e E A e R ARF BOmESCPRREIOT 4D at | vo

ts of f t 4 50.
[0023) "1 n Ty Y St S RERHEARE BOFIn Gesite S DO ST Md A SMERIALE, 77
and 10 am@mbanissoff REW\GTEabsbigRBaaEt DRy HERAnEB1IEd boRial¥r 44 Bed SQui | i brium

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

10  ammonia is removed in separation zone 20 e 2ept 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) hydrogeh 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.



concentration dictated by the partial pressures of theses gases in the
~effluent fromthe first hydi oprocessing zone. By treating w t|iy Mhe)igfnseous
product fwogrssgeparator 40, which gaseous product contai noehdhilsbtshl e (i f
any) hydrogen sulfide or ammonia, the equilibriumconcentration of these
~gases is further reduced. 15 The liquid product that enters hydroprocessing
zone 32 thus contains al nost no hydrogen sulfide or ammonia. This can be
inmportant if the catalyst used in zone (2 is sensitive to these

contam nants. The equilibriumis shifted in favor of desorption of any
remai ni ng hydrogen sul fi de and ammoni aliln the liquid product fromthe first
hydr opr ocessi ng zone. Not only is greater catalyst protection 20 afforded
for the second hydroprocessi ng zone, but higher reaction rates nmay al so
occur. By (oA INg®s essuri zing between or after hydroprocessing zones, a
consi der abre expense savi ngs occurs as the need for depressurizing and
repressurizing gaseous streans is avoided. 17 MAY 2905 WO 02/48284-S

PCT/ USQl / 46234 A CofliMBuslprofessodt | RSP AOBTD beivebRtwhst age stripping
bet ween two hydroprocessing zones whiC rises: 5 a. passing a

hydr ocar bdiydtemdsessikg zones whichtcolystisepr OCGSSI ng zone and hydroprocessing
t he feedstock under first hydroprocessing conditions to forma first
“hydr opﬁocessed product, said fi rst hydr oprocessing zone having a first

hydr opr ocessi ng t emper at ur e
ydrop g tenp; . passing a aﬂ Rcarbon f%edstock 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 hydioprocéssing conditions to fohn a second

20 hydroprocessed product, said second hydroprocessihg 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



|

b. passing the first hydroprocessed product to a first stripping zone; c.
stripping the first hydroprocessed product to forma first 15 gaseous and
liquid effluent; d. passing the liquid effluent fromthe first 57 MAYPEIHY
zone to a second hydroprocessi ng zone and hydroprocessing the |iquid

ef fl uent under second hydroprocessing conditions to forma second 20
hydr opr ocessed product, said second bydroprocessi ng zone having a second
hydr opr ocessi ng tenperature and pressure; c. passing the second
hydr opr ocessed product to a second stripping zone; 25 f. stripping the
second hydroprocessed product to form aldecond gaseous and liquid effluent;
and 17 MAY 2005 g. passing at |east a por-Lion of the second gaseous
ef-fluent to the first strin)iu zone and coritactin~ said second gaseous

effluent witb the fjirst liguid, effluenl ~-N7.7herein said portion,of the
second gaseous effl ué’n?’d‘%élggggtpe{a ngg lfloiflgEé %%CPPﬁp%aﬁao%ﬁ eatg%g as a
strippin as ifn.sal -] i PRI : : i f or
nt ef ot age et r i L B R e R B Pees:
a. passing a hyfdsdopudefiluteeddesoksaidpartibiof thetpgdnmipgasems siffigenz pased and

hydr oprocess- 1 ng. the feedst ock wader first bydroprocessing conditions to
forma first bysgngtgrs’o%]é@%% Zﬁ?eo‘ciﬁ‘é?({ assadqudpl?lilg §es W&Pdo’é‘tsb%gggli“ﬁéoﬁ%ne
2. A contimuous process for interstage stripping between two

bhydroprocessing zones which comprises: -

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

having a first hydroprocessing temperzature and pressure;

b. passing the first hydroprocessed product to a first stripping

[N

one, said first stripping zone including a flash separatcr and a pressure

siripper;

c. {lashing the first hydroprocessed product to form a first gaseous

and liquid effluent;

d. passing the first liquid effivent 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
to 2 second hydroprocessing zone and hydroprocessieg the liqud effluent

under second hydroprocessing conditions to form a second



havi ng~a first hydroprocessing tenperature and Pressure b. passing the first

hydr opr ocessed product to a first stripping zone, -12id. first str* E[@é ng

zone including a flash separator and 2 pressure stripper; c.

1 TR MA t he

first hydroprocessed product to forma first gaseous and liquid effluent;

d. passing the first liquid effluent fromthe flash sepFratol
pressure stripper and stripping the liquid effluent to fori-i

to the
F second

P-aseous and liquid ef-fluent: e. passing the secorid liquid effluent from

the first stnippi-ne zo;ie to a second bydroprocessing zone and

hyd-, oprocessing fhe liquid effluent _k3under second hydroprocessing

conditions to f0O=1 a second 17 MAY 2005 hydroprocessed product, said second

hydr opr ocessi n, o zone h2ving a second hydropi oces-sing teniperatuie and

pTessure; f. passing the second hydiop. Tocesseci product to a second

st Ti ppi Dy ZoDBYdmppreeqssppprrfucheaybeeson CHproprasesss8doped@usE 2o forria a

third gaseous and Jl.iquid effluent: and h. pa-1siDg at |east a portion of
By A BT

the third gasedt P P BEROEE P LPPrge

> zone and contacting said

third gaseous effluent with the first liquid effluent, wherein said portion
of the third gaseous effluent passed to said first stripping zone is used

as a stripping gas ifnpaadifle tihd SdcofllHyBPSHScE8RR product to a second stripping

ZOne;

g. strpping the second hydreprocessed product to form a third

gaseous and Jiquid effluent; and

“h. passing at least a portion of the third gaseous effluent to the first

stripping zone and contacting said third gaseous effluent with the first liquid

effluent, wherein said portion of the third gaseous effluent passed to said first

stripping zone is used as a stripping gas in said first stripping zone.

)

The process of ¢laim 1 wherein a portion of the secend gasecus efflvent

is passed to the first stripping zone 2nd 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

passed to the first hydroprocessing zone.

-~

passed through a heat exchanger to the first hydroprocessing zone.

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

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

following the first and second hydroprocessing zones.



-on D. [he process of claim1 wherein a portion of the second gaseous
effluent is passed to the first stipping zone and a second poft]i kY 7085
passed towlph@/fgbgss, p hydroprocessing Zone. 4. The processc@fysel/ad2m 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 passed to the
first hydroprocessing zone. 5. The process of claim4 -wherein the portion
of the third gaseous effluent is passed through a heat exchanger to the
first hydroprocessing zone. The process of claim1 wherein there is at |east
one heat excban2er folloivingo the firkt and second hydi - op- Tocessi ng
zones. 17 MAY 7005 WO 02148285 PCT/ US01/46234 -14 7. The process of claim
2 wherein there is at | east one heat exchanger following the first and
second hydyopr 0q@gSirees OFetaint2 wHtPeiRtAERSE apledt ahéméatv!a@hghgeﬂ he first
stripping zone includes a flash 5 separator and a pressure stTipper. 9. The
process of fal@vmglthetfaseand tdvend hydroprycéssigpe@nsi ng zone conpri ses
hydrotreating and the second hydroprocessi ng zone conprises catalytic

dewaxi ng. 10 10. The process of claim2 wherein the first hydroprocessing

rpses . : inDi i
Zone conpr: 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.



hydrotreati ng and the second hydroprocessi ng zone conprises catalytic
~dewaxing 01 15 11. The process of claim1l wherein the first hydy pmapQsssi ng
zone conpyios@agaddydrocracki ng and the second hydroprocessi pgr/eQsiishHes

catal ytic dewaxing, 12. The process of claim2 wherein the first

~hydr oprocessi ng zone conprises hydrocracking and the second hydroprocessing
conprises catal ytic dewaxing. 20 13. The process of claiml wherein the
first hydroprocessi ng zone conprises hydrotreating and the second

hydr opr ocessi ng conpri ses hydrocracking. 14. The process of claim2 wherein
the first hydroprocessing zone conprisek- 25 hydrotreating and the second
hydr opr ocessi ng conpri ses hydrocracki ng. 17 MAY 2095 WO 02/ 48285
PCTI USO / 46234 -15- 15. The process of claim|l wherein the first

hydr opr ocesgsi ng [l I r_h : (l% e
second hyd?%pr ogégiﬁﬂé&gg) c?aﬁ?els%%{/e%%l?%ﬁ%ﬁﬁg@?o@%%&%@% ?g%@ggséé] claim
2 wherein Bff'&ro.ﬁehﬁﬁ hﬂdﬁﬁ%&%ﬁg Bed ﬂ.@@c@ﬁﬂﬂfﬁ&&ﬁrec@éﬁ@ﬂ@ééﬁ tishg or

hydr ocracki hg and the sécond hydroprocessing conprises “hydr f 1 ni shing.

hydrofinishing.

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





