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[0001] This invention relates to a two stage hydroprocessing process with
interstage stripping. More particularly, the interstage stripping occurs at high
pressure and temperature with recycle of high temperature gaseous effluent from

the stripping stage.

BACKGROUND OF THE INVENTION

[0002] Current regulations on the specifications for diesel fuel in North
America, and more generally around the world, present a patchwork of standards
that must be met for properties such as cloud point and sulfur removal. Factors
such as geography and local concerns about the environment mean that a single
refinery must often consider a wide variety of standards in determining how to
set the processing conditions for producing diesel fuel. This is further

complicated by variations in crude feeds that are available.

[0003] A common method to remove contaminants such as nitrogen and
sulfur from a hydrocarbon feedstock in diesel fuel production is to use a
hydrotreating step to convert the nitrogen and sulfur contaminants to hydrogen
sulfide and ammonia. The hydrotreating step may then be followed by a catalytic
dewaxing step to improve the flow properties of the diesel fuel, such as cloud
point. The catalyst for such a dewaxing step is typically sensitive to the

presence of sulfur and nitrogen contaminants.
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fuel, such as cloud point. The catal yst for such a dewaxing step is
typically sensitive to the presence of $ulfur and nitrogen contamni nants.
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second catalyst. The cascaded product can be passed through a high temperature
separator prior to being introduced into the dewaxing stage, but sulfur and
nitrogen containing gases are typically not fully removed, which results in faster

aging of the dewaxing catalyst.

[0005] Another conventional approach is to have two separate reactors for
the hydrotreatment and dewaxing steps. While this allows for stripping between
the hydrotreatment and dewaxing stages, two reactor configurations are far more

costly to build.

[0006] U.S. Patent 6,635,170 provides a general system for catalytic
treatment of a hydrocarbon feed. In 6,635,170, a feedstock is hydroprocessed to
remove contaminants, undergoes a first stripping step at a pressure similar to the

operating pressure of the hydrotreatment step, and then is subjected to a second



hydr opr ocessi ng step. The product fromthe second hydroprocessing step is
then stripped, and at | east a portion of the gases fromthe second

hydr opr o ' p are recycled to serve as the strippj t he
first stf‘?g’%!“%sg{sgp. [0007] U.S. Patent 6,623,628 provi ggﬁlasg@égﬂti@%%for
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hydr of i ni shi ng and, cat al yti ¢ dewaxing tregat ts are perfornmed using a
counter-CLﬁrFég‘Eycfl?‘B %ﬁ”%%ﬁb“g%tﬁlpp[rl%%%ﬁtggg“?%t,sgﬁﬁp'g‘gssé‘m'bes anot her
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SUMVARY OF
then refluxed back to the start of the hydroprocessing train.

[0008] U.S. Published Patent Applicatioh 2005/0269245 describes a method
for producing diesel fuel from a gas oil feedstock. The method includes
hydrotreatment, hydrofinishing, and catalytic dewaxing. The hydrofinishing and
catalytic dewaxing treatments are performed using a counter-current flow of

hydrogen.

[0009] US 6,676,828 describes another method for producing a diesel fuel
from a gas oil. The method involves at least two hydrotreatment steps, with a
stripping and washing step between the hydrotreatment steps. The washing step
includes injecting an additional hydrocarbon stream into the liquid product from
the first hydrotreatment step. The additional hydrocarbon stream can be diesel,

gasoline, or a light vacuum gas oil.

[0010] What is needed is a flexible method for producing a diesel fuel
product that allows a refiner to meet a variety of diesel specifications without

incurring substantial additional capital costs.

SUMMARY OF THE INVENTION




WO 2009/ 088454PCT/ US2008/ 014053 [0011] I n an enbodi nent, a nmethod is

provi ded for producing a diesel fuel product. The nethod includes passing a
first hy feedstock having a first initial clou i
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temperature to form a second hydrotreated product having a sulfur content of 15

wppm or less. Once again, the second hydrotreated product is passed to the
stripping zone and stripped to form a second gaseous effluent and a second
liquid effluent. The second liquid effluent is then passed to the catalytic
dewaxing zone and dewaxed at the second catalytic dewaxing temperature to
form a second dewaxed product, the second dewaxed product having a cloud

point at least 10°C lower than the second initial cloud point.

BRIEF DESCRIPTION OF THE DRAWINGS -

[0012] Figure 1 depicts a reaction system suitable for performing a process

according to the invention.



advant ages. A high pressure stripper is not needed after the dewaxing
stage, in part because nake-up gas is used for the stripping stage between
t he hydqupg&bﬁggg4and dewaxi ng stages. Additionally, ngc&ﬁkgaﬁlgbsproduct

i s needed Trom any of the process stages. Mre generally, an a 3| i onal

hydr ocar bon stream does not need to be introduced into the effluent from
the hydrotreatnent stage prior to passrﬁg the effluent to the catalytic
dewaxi ng stage. [0015]Still another advantage of various enbodi nents of the
invention is the ability to i ndependently control the tenperatures of the
hydr ot r eat mrent and dewaxi ng stages. This flexibility provides many benefits
with regard to diesel fuel production. For exanple, by adjusting only the

t enper at urREFA N IED DISGREYTON (I BREFERRER BENMBODIMENS,
hydrotreat ment stage, diesel fuels matching various specifications can be
produced froma single feedstock while maxim zing the diesel fuel yield at

each speci dy i on. . SS. | va% | :
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hydr opr oc eseielfigs P1H twtStage SOAARGrafiva IR 20 Eedifed apRiakecostn Thk@rodess common
practice in the art, the first separation zone is operated at the pressure

of the prenekiéswsehgfta stpippires bighgtemperatufh separator botwicarethgdysiretneatmentg . |
depressuri zation between first and second hydroprocegzri,n . zones. After the
second hyshrabelybisideyaxing stagre Withar 3 rerqtormyhe degyl h%j’g’(j’é'o[eaf‘@éﬂ] The

various | o i.on- ba I {: If] [ . di esel fuel
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requi renent that sulfur be reduced in the diesel product to 15 wppm or

| ess. Addisulfideiid the ddsalfotized ligaidt Irsadditibn calyome comndalrgcyelei abl e, but
wi nter nonth specifications routinely require a cloud point well below OC
[ 0018] Di esKIMPIER$Arrg requitpd toeseaye betdnthe desulinrizatian and dewaxingaepetosent

Both the hydrotreatment and dewaxing stages are operated in a co-current

manner.

[0014] The various embodiments of the invention also provide further
advantages. A high pressure stripper is not needed after the dewaxing stage, in
part because make-up gas is used for the stripping stage between the
hydrotreatment and dewaxing stages. Additionally, no reflux of product is
needed from any of the process stages. More generally, an additional
hydrocarbon stream does not need to be introduced into the effluent from the
hydrotreatment stage prior to passing the effluent to the catalytic dewaxing

stage.

[0015] Still another advantage of various embodiments of the invention is
the ability to independently control the temperatures of the hydrotreatment and
dewaxing stages. This flexibility provides many benefits with regard to diesel
fuel production. For example, by adjusting only the temperature of the

dewaxing stage while maintaining the temperature of the hydrétreatment stage,



invention boil within the range of about 215F to about 800F. Preferably,
the diesel boiling range feedstream has an initial boiling point of at

| east 25 ljleast 300F, or at |east 350F, or at | at
0 28§9/d@b4sls » eas ’ $ehus2Neorao
| east 45%&. Pr e@er ably, the diesel boiling range feedstream %as a %nal

boi |l i ng point of 800F or less, or 775F_gr less, or 750F or less. In an
enbodi nent, the diesel boiling range feedstream has a boiling range of from
451F to about 800F. In another enbodi nent, the diesel boiling range
feedstream al so i ncl udes kerosene range conpounds to provide a feedstream
wi th a boidiese} fnelsgeatohinfg variaisapecidkarons cabbatpradifed ffomsesihgkdst r eans

can have a_nitrogen content, from about 50 to about 2000 wppm nitrogen,
pr ef er abl yfegg¥aek l‘cedn%mltm%% &Sfﬁhﬁ%ﬂt)ﬂﬁb&ﬁe“h Spemﬁ&ﬁgoﬁore preferably

about 75 to about 1000 wppm nitrogen. In an enbodi nent, feedstreans
suitable for use herein have a sulfur content from about 100 to about

40, 000 wpprmosgl f ur, G0 RR9 alfirsf nor e
pr ef er abl Smgbo]ut 3;3%%&3%@3%%%%%0000%‘)% %hgygpggg%e?ggés%ﬁ?gﬁﬁe for use

can i ncl ucephmtidnt zonarfelldeing ¢k firsinydyoprbe¢ssingszone; and asecbnds
Fi scher-Tropsch hydrocarbons, or feedstreans derjved from bi oconponent
sources, Sixdioprocgssingzone. Walike thy eoramon pragtice ingthefagt, the fisstdeparaion] The

primary purpose of hydrotreating is . typically.to reduce.the sulfur, .

Pt rogen LA 18 PR C i hasioy of tielsseding HydrHBPCERInarPRS THHE E ned
Wi th boili I i ; |y contain at

| east one r{)&?d%@%%ﬁée\f}ﬁ‘fg{%, g{é‘%%%s@rz]%ltlfoﬁe‘?%gy g%é]ﬁg%:dbgp%ré such as al unina or
silica. EXgpbpcessthgdendd./ Nﬁer%&&oﬁd%y@fdﬁ%@ﬁsﬁ?’ﬁéﬁe, thiy feedstoRRt | N
condi tions tygl cally 1 nclude tenperatures of 315-425C, pressures of

300- 3000 psiy beldispmgdgedur |y Space Vel ocities (LHSV) of 0.2-10 111 and

hydr ogen treat rates of 500- 10000 scf/bbl. [0020]1n order to satisfy
regul atory requirenents, the sulfur present in the diesel product nust be

re ul fur present n the diesel product mu
nave a T ong T Ty gett ot i pA i b BB e oAt BBL LR\

not resul tdiesel fu€leRdiphdvidba is RESTN DY 5 0DthdhéifniRlr Yogwaashs eRistferar gi n for
error in case subsequent contam nation of the diesel fuel occurs, such as

duri ng tr dhwppet Cafai? ahdathdryaountriesiakiesg spetificationotypiealtyeimmhade and/ or
i somerization of |ong chain, payaffinic nolecules fromfeeds. Hydrodewaxing
can be ac&S%‘I"?@ﬁB’dthgys‘QZ‘i"e'éﬂ Ry dn the dierelRoductsp Ik wpBmsemissszi ng t hese

such s crySRUPrHE e SNPEESHEXLRACERAL IS VR Spiebier Bu wief ftbsfhsphat oo

(SAPOs) ,  specifications routinely require a cloud point well below 0°C.

[0018] Diesel boiling range feedstreams suitable for use in the present
invention boil within the range of about 215°F to about 800°F. Preferably, the
diesel boiling range feedstream has an initial boiling point of at least 250°F, or at
least 300°F, or at least 350°F, or at least 400°F, or at least 451°F. Preferably, the
diesel boiling range feedstream has a final boiling point of 800°F or less, or
775°F or less, or 750°F or less. In an embodiment, the diesel boiling range
feedstream has a boiling range of from 451°F to about 800°F. In another
embodiment, the diesel boiling range feedstream also includes kerosene range
compounds to provide a feedstream with a boiling range of from about 250°F to
about 800°F. These feedstreams can have a nitrogen content from about 50 to

about 2000 wppm nitrogen, preferably about 50 to about 1500 wppm nitrogen,



such as zeolite Beta. Preferably, the nolecular sieve can be a 10-ring

si eve such as ZSM 5, ZSM 22, ZSM 23, ZSM 35, ZSM 48, SAPO 11, SAPO 41 and
the |ike.wdhgsmssahal ysts may also carry a netal hydrog?@aimyds%bsfbgmpnent,
preferably Goup VIII metals, especially Goup VIII noble netals.

Hydr odewaxi ng conditions include terrpe[?t_ur es of 280-380C, pressures of
300- 3000 psig, LHSV of 0.1-5.011' and treat gas rates of from 500-5000
scf/bbl. [0022]1n a preferred enbodi ment, the dewaxing catalyst is
selected to al so provide additional desulfurization. In such an enbodi nent,
t he hydr otamglambngprdferabbaabde Asstechtont 1 600 vepprhaisogénr In an embedinentck to a
first level, such as fromabout 12 wopmto about 25 Addi tional sul fur

. ! wppm
i s then rciepdsiteams suitableorisgehereig havem sudtug sontent deom pheut @0 tabent | evel
is below 1 m_ By rel axi ng t.he sul equi r of .t he dr.ot r eat nent
step, the ‘goe@@‘pry’%?“@%&r?‘l%{ﬁ@yiaﬁoPﬁz‘S%Efﬁf‘]‘&?@;@mWP% e reduced,
whi ch al | | i i I RRYd i ncl ude
bound nol cufééf%lg?{eb\?u F?Q%ﬁg??%%%ﬂ??ﬁﬁ‘ﬁg %48, t%%h%‘?{a?z%ﬁrﬁgeBet a,
and a G ouwanVhthidedbédstians derbredhfram syntlsticsburdéy, sach as FischeeIrépseh are
isostructural with ZSM 48, ZSM 23, or zeolite Beta, such as ZBM 30, EU 2,
or EU 11, hysiroedrbongerfeedstreaosadirivad fram hipgempoaert sousers, su¢h abl e f or
conversion i.ntp a diesel fuel product cap have initial cloud points ranging
from aboutam‘?’égo’c’ﬁe%‘ﬁ% QSE’.’ fa Q)‘r@gyatc $orma suitable diesel fuel
product for winter conditions, the catal ytic dewaxi ng conditions can be
selected to reduce the cloud point by at |east about 10C, or at |east about
20C, or at[obw][st abrhi prifery plrpdse lof Hr@t%ﬂﬂhg“i@@y;gi_@ﬁllﬁ‘to k&hfle thout 50C.
In order to satisfy this type of cloud point reduction, the dewaxing
t enper at ursalftamitwgedCandammaticaconttmt dfyalfesds and femot prémpahacencerned 20C
| ower, or 25C | ower, or 30C | ower \QD@%OOQ/ 088454PCT/ U S2008/ 014053
[ 0024] The Hihbeiling pempepayersonsed] theieed. (aatalystsoiweally roniain akeast ope e

di esel fuel. prod ) L Hen. t.h [ j . Be t he

t enper at ur S@B%UPWLA@?%W@W ﬁ‘?étsﬂén g ZSHE%"E%“%%%EE@%W%b"E’%g@%%r ately
controll efExdrﬁple§ inQadé NM?C%M%Q&NQW%W&%QHW&HHQ%oh&itﬁ%%ch, a
desired specification. For exanple, it may be desirable to fmake sonme diesel
fuel at a typicailydhclude panperasyres iof 3¢ 5t4257C, poesstutesrofs3 (03000 phigs Eiquid
diesel fuel intended for different winter climte that has a correspondi ng
change i n Hewly Spare Vetoatieud HoVitof 0210t aed budeogendreat sptes &f 3P8- i s not
di ctated b]E/ b%e E&)g) otreatnent tenperature, the dewaxing tenperature for
produci ng TAPYOBCYLRL- "¢ el at the first cloud point specification can be
optim zed. Wen sufficient diesel fuel at the first cloud point
specification has been produced, the dewaxing tenperature can be increased
by at | eaq0020put 96 ordér tatsakiehistegabatoty ddd@ireaients, the sslfunprsentlinGhe

Al ternatively, the dewaxi n%cﬁerrper ature can be decreased by at |east about
5C, or at diesed proadunimmusibe belowt1S wapm. alsoender sesatisdy shissaecificatipn sit

| t tiwv nbqdi t wh t d i t t i s degcr. d,
Gevaxi ng. of SENERIP 48 DRV BIPWPL URES) SLBHr A1, SPABACYALIROns Y bR ng
temper at Urgodes PhorGR5GIE AP BRGhln  ERlpkelialond TS aldbGproiRKiang st age.

Thus, the 'decrease i n the tenperat ewaxi ng stage 1s less than

100C. Thi smampdh forcaronin @se lsibsdlpiopk ogaimnatsrbiiR diesdd\aell 6dcudg) sudRr oved
yield at diesel product specifications with a | ess severe cloud point

r equi r emeréts, duginig @ansport. al | owi ng for production of diesel fuels with | ower
cl oud poi nts when necessary.

[0021] Catalytic dewaxing relates to the removal and/or isomerization of

long chain, paraffinic molecules from feeds. Hydrodewaxing can be

accomplished by selective hydrocracking or by hydroisomerizing these long

chain molecules. Hydrodewaxing catalysts are suitably molecular sieves such as

crystalline aluminosilicates (zeolites) or silico-aluminophosphates (SAPOs),



[ 0025] A common practice in the art is to disengage, i.e., depressurize
bet ween hydroprocessing steps. The reason for such di sengagenent is to

stript hf\ﬁgfzig#%%gh“f romthe first hydroprocessing step kgrmgs?&)g)otl@ggeor e

passi ng uent to a second hydroprocessing step. Aninters
stripping zone is enployed to renpbve gaseous contam nants created in the
first hydroprocessing step such as H2S dnd NH3 and nmay al so be used to
strip light (low boiling) products fromthe effluent. Such gaseous

contam nants nmay adversely inpact the WO 20091088454PCT/ U S2008/ 01 41)53 -

10 - perf ojuchrasecofitecBetal \referablyl tiee mobsntariyyelreogumisea 10Adng sieweanckione.

However, before Eassu;g the stripped effluent to the second hydroprocessing
Step, 11 i85 ZSMab) FSNEaasEEM- 20 ZiSrss ZSNIAS, SAPO e SAP A Land thint |

[ 0026] Hi g aratorg are known art. T i nclude fl ash

. ' h h
dr uns, prgélg‘{ur %g‘% E?% éFSsm\i?ini T’PFW&J@“&‘E& %Engté‘b‘hf’%%’épgg%or separati ng
li quids ar}g'eg?gﬁg dﬁ’{od?)' gﬁlglﬁémfsr e | é:ﬁzfl{y G?o@%ﬁ%ﬂl@@ﬁetﬁl@?r eof . These

units are ‘dé 0 ‘operate af enperat ures such as the tenperature
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representative process shown in FIG 1. Fresh feed is fed through line 15
to hydrotreater 20 to produce a hydrotreated product, hydrogen sulfide,
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zone 30 ichis a stripping separator operated at a tenpérature and -
pressure sitep tar be as¢dto redupethd arber iatafeedstodk po afinst kevel, subk as from
hydrotreater. £0028] The liquid hydrotreated product is stripped with
make- up hyahoyléA wppm to about 25 wppm. Additional sulfur is then removed during the
dewaxing step to guarantee that the sulfur level is below 15 wppm. By relaxing
the sulfur requirement of the hydrotreatment step, the severity of conditions in
the hydrotreatment step can be reduced, which allows for an improved yield.
Suitable dewaxing catalysts can include bound molecular sieve catalysts
containing ZSM-48, ZSM-23, zeolite Beta, and a Group VIII noble metal, such
as Pt or Pd. Molecular sieves that are isostructural with ZSM-48, ZSM-23, or

zeolite Beta, such as ZBM-30, EU-2, or EU-11, can also be used.

[0023] Typical distillate feeds suitable for conversion into a diesel fuel
product can have initial cloud points ranging from about -20°C to about 5°C. In
order to form a suitable diesel fuel product for winter conditions, the catalytic
dewaxing conditions can be selected to reduce the cloud point by at least about
10°C, or at least about 20°C, or at least about 30°C, or at least about 40°C, or at
least about 50°C. In order to satisfy this type of cloud point reduction, the
dewaxing temperature can be 15°C lower than the hydrotreatment temperature,

or 20°C lower, or 25°C lower, or 30°C lower.



gas that is passed to first separation zone 30 via line 25. Light
hydr ocar bons, hydrogen sul fide and anmonia are separated fromthe

hydrotre r t and sent to a second separation zo i
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separat i Zone can be a conventional separator at a coole erature.
The gas phase products from second separati on zone 40 are sent to recycle
apparatus 70. The stripped hydrotreated’product is sent to the second
catal yti c dewaxer 50. There is no di sengagenent (no depressurization)

bet ween hydrotreater 20 and catal yti c dewaxer 50. For purposes of pressure
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t he
temperature of the dewaxing stage is less than 100°C. This modification of the

dewaxing temperature allows for an improved yield at diesel product
specifications with a less severe cloud point requirement, while still allowing for

production of diesel fuels with lower cloud points when necessary.

[0025) A common practice in the art is to disengage, i.e., depressurize
between hydroprocessing steps. The reason for such disengagement is to strip
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 the



tenperatures of the hydrotreatnent and dewaxi ng steps can be controlled
I ndependently. In particular, this allows the tenperature of each reactor

to be i nﬁﬁg%&%yﬁ nodi fied to achieve a desired speci Ek%ﬂ}rsg(ﬁ)gloﬂ%%a

result, reaction conditions can be readily nodified I'n Tésponse to a
change in product specification or a c_h@nge in the type of avail able

f eedst ock. [0032] As an exanple, the process of the invention could be used
for production of diesel fuels intended for a variety of |ocations. The
cloud point requirenment for a diesel fuel varies significantly by nonth and
region, apesfopivanted of batabRecinf theattomd hydroppocessigdtemor\Eine. Ddosevard/ or
regul ations in other countries. It is nost economc for a user ;to be able
to vary t thefatepassing thestripped afflusricto the seeand hydreprsespipEsten: dgisi r ement .
For a given f?edstock, t he hydrotrea nt eveiritﬁ wi |l not need to change,
as the sulusuallypeeqsparyH0TgRI4ssuZs pRY F ef‘b@‘&‘] PPRta singl e stage reactor,
there is limted ability to adjust the dewaxi ng tenperature independently
of the hydrotreating stage. There nay be sone hydrogen quench between the

hydr ot r eatfppgejand GHEBRProGustaarstors retkndvwin Bbihleidry. Theyasiay shcludeper at ure
is very limted. So, for a constant feed, a user may have to

over - hydr dlashalrums, pressure stripperhavhich sndugopressergrsgparatoxs for geparating j ust
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to be at l'east 1 or at | eas 5C, o | east” 20C, or at |east 25C
| ower in aheeo-cusremtbe boanteran MOBSWithRETArd t6206 3irijiping®as- 13 -

[0027] The process is further described with reference to a representative
process shown in FIG. 1. Fresh feed is fed through line 15 to hydrotreater 20 to
produce a hydrotreated product; hydrogen sulfide, ammonia and light
hydrocarbon gases. The hydrogen for the first hydroprocessing zone is provided
from recycle apparatus 70 via line 35. The products from the hydrotreater are
passed through to a first separation zone 30 which is a stripping separator
operated at a temperature and pressure similar to the output temperature and

pressure of the hydrotreater.

[0028] The liquid hydrotreated product is stripped with make-up hydrogen
gas that is passed to first separation zone 30 via line 25. Light hydrocarbons,
hydrogen sulfide and ammonia are separated from the hydrotreated product and
sent to a second separation zone 40. This separation zone can be a conventional
separator at a cooler temperature. The gas phase products from second
separation zone 40 are sent to recycle apparatus 70. The stripped hydrotreated
product is sent to the second catalytic dewaxer 50. There is no disengagement
(no depressurization) between hydrotreater 20 and catalytic dewaxer 50. For

purposes of pressure balance, catalytic dewaxer 50 may be operated at a pressure



desired cloud point specification. Alternatively, the higher tenperature
may be in the dewaxing step, in which case the tenperature of the dewaxing

step canc}pﬁ2 olsga3t 10C higher, or at least 15C or at k‘fﬁ%&oo%ﬁ%o pr at
ig F Speci P

| east 25 er 1n order to match a desired cloud poin i'cation. By

mat chi ng the desired cl oud point speciftcation, I nstead of sinply operating
at the tenperature of the hydrotreatnment stage, the yield of diesel fuel
fromthe process can be increased. [0035] Applicants note that when
referring to the tenperatures for hydrotreatnment and catal yti c dewaxi ng,
the t enpergiiilag o hgditreater29, althoayle shgletly higher at lower préssuragerd slgper at ur es
are used as the catal yst beds (or reaction stages) wll typically have sone
vari ati on aqsep@bier ature fromthe top to the bottom of a catal yst

bed/ reaction stage. [0036] The process of the invention allows a further
advantage in that multiple types of product specifications can be
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f eedst ock, 60 sepapgtebtiqdisprogocefrom gasekoThe higdidprodachéhe detvaxede or | ess
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product from separator 60 is passed to the same recycle loop used for the gas
phase product from separator 40. Thus, a common recycle apparatus can be

used for all hydrogen in the system.

[0030] In the process described for FIG. 1, most of the hydrogen sulfide and
ammonia is removed in separation zone 30 except for the equilibrium
concentration dictated by the partial pressures of theses gases in the effluent
from the first hydroprocessing zone. This equilibrium amount is further reduced
by incorporating the needed make-up hydrogen for the system as a stripping gas
in separator 30. The liquid product that enters catalytic dewaxer 50 thus contains
almost no hydrogen sulfide or ammonia. This can be important if the catalyst
used in catalytic dewaxer 50 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 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.



require additional severity to neet the desired sulfur target.
Alternatively, one mneral feed nay be simlar in overall profile to a
second f , for a change in the sulfur or nitro The
process 3&@39@%&%8%0 the invention allows the hydrotrea?ﬁgﬁﬁﬁgéégﬁﬁiy to be
nodi fied without harmng the ability to _neet a desired cloud point

speci fication. Exanple [00381Applicants ‘have di scovered that the inpact of
contam nants on a catal ytic dewaxi hg process is nore severe than previously
expected. A pilot plant was used to investigate the cloud point performance
of a dewaxi ng catal yst conposed of al um na bound ZSM 48 with about 0.6 W %
Pt. The catal yst was used to dewax a mddle distillate feed with a_cl oud

poi nt of d0031] - 5CDuhicstheandigusatien usndgfor yhe by dresreaigsandrdevangrithet woul d
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cont am nanlg géé\énﬁgmalgdelgﬁagﬁ glﬁgéﬁélg%%g\%]ﬁ%gﬁpﬁgﬁfrﬁgdﬁe%%é?gaégﬁf gﬂéﬁd poi nt,
and the priﬁﬁ@ﬁe?ndeﬁfl?%@&i‘ffeﬂ toerHRIetandéxitedapecificationd Axoa rdsultf-thest , 50 ppm
of NI-13 was ‘added fo the feed. After about 5 days, the cloud point of the
resul ti ng neactibrctonditions care he ecadily siodified HOCspaiise toeehange inNpgodre t hen

i ncreased to about 250 ppm faqr 3 days.. This, resulted in a cloud point of

j ust aboveSpeplicatipROr A FhARE 1Ndke EXP@rPfraé’ﬁH%f? é?@frﬁ’glﬁe feed for about a
week, which caused the process to recover to a product cloud point of about
-40C. [00401Next, 25 ppmof aniline was added for 3 days. This once again
rai sed the[to@ké d POA hin £RaRPRY She pRfeess BEtHARPERGSN ESuMESe tdtdforncr eased to
630F, and the aniline ambunt was I ncreased to 50 ppm for about 7 days. The
- 15 - production of diesel fuels intended for a variety of locations. The cloud point

1

‘requirement for a diesel fuel varies significantly by month and region, as shown
in the specification maps provided in ASTM D975 and/or regulations in other
countries. It is most economic for a user to be able to vary the dewaxing
severity to meet a specific cloud point requirement. For a given feedstock, the
hydrotreatment severity will not need to change, as the sulfur specification is

uniform.

[0033] With a single stage reactor, there is limited ability to adjust the
dewaxing temperature independently of the hydrotreating stage. There may be
some hydrogen quench between the hydrotreating and dewaxing catalyst, but its
ability to adjust temperature is very limited. So, for a constant feed, a user may
have to over-hydrotreat to get to a higher cloud point target. Or a user may just

settle for an average cloud point improvement that is not the most economic.

[0034] The process of the invention overcomes the above problem by
allowing the hydrotreatment and dewaxing temperatures to be set separately.
This allows a first, higher temperature to be selected for the hydrotreatment step.
The temperature of the dewaxing step can then be set to be at least 10°C lower,

or at least 15°C, or at least 20°C, or at least 25°C lower in order to match a



cloud point of the resulting product stabilized around -25C. The aniline
was then renoved while maintaining the 630F tenperature. After about 2

weeks, ”ewg%@c s‘fo%?i nt recovered to the initial value O%c?ﬁ%%osfogﬁl

[0041] Th sul fur content was then investigate e sarre% eed was
spi ked wi th 5000 wppm of sul fur and pr gessed at 630F for 5 days. The cl oud
poi nt of the product quickly stabilized at a |level just bel ow -10C.

I ncreasing the tenperature to 650F reduced the cloud point to about -25C,
and further increasing the tenperature to 680F resulted in a cloud point of

about - 4Q@Gsired cldud-pdih¥dpdoiflcatidnreA ltenhativelyp thhighey temperetet majebe
conpri si ng: passing a first hydrocarbon feedstock having a first
initial clioghe gowaxingstep,higpavhich sasarthettempseatureolihgdopvaxang ppiase be

f eedst ock under ctive hydrotr nt | 1 f ) d
product_nabiey 15 iahercontidietdn ts hab RS R & Rashom G e “zone
aving a r . o ; inPtHe e t d
pr oduct -t Fb e B o B et o m

gaseous efdlbPpbintBpedifitatioh, dnsttad e€simply operating at the temperature of the

hydrotreatment stage, the yield of diesel fuel from the process can be increased.

[0035] Applicants note that when referring to the temperatures for
hydrotréatment and catalytic dewaxing, the temperatures herein refer to average
temperatures. Average temperatures are used as the catalyst beds (or reaction
stages) will typically have some variation in temperature from the top to the

bottom of a catalyst bed/reaction stage.

[0036] The process of the invention allows a further advantage in that
multiple types of product specifications can be accommodated. For example,
during the transition from summer to winter, it would be desirable to continue
making summer type diesel for any locations which permit the fuel for as long as
possible, as the yield is improved. However, other locations may switch earlier
to a lower cloud point requirement. The process of the invention allows the
dewaxing temperature to be varied in order to produce multiple diesel product
types, thus maximizing yield while still meeting desired product specifications.
The change in cloud point between locations can be at least 5°C, or at least

10°C, or at least 15°C, or at least 20°C.

[0037] Another example of the process flexibility provided by the invention
relates to the types of initial feedstocks available for use. Depending on the
original source of the feedstock, it may be desirable to perform hydrotreatment
at more or less severe conditions. For example, a Fischer-Tropsch type feed

might require little processing, while a feed including biocomponent might



passing the liquid effluent to a catal ytic dewaxi ng zone and dewaxi ng the
liquid effluent under effective catal ytic dewaxing conditions to forma
dewaxed ing a cloud point at |east 10C | ower Lt st
initial %Q%&pﬂg?‘%, the catal ytic dewaxi ng conditions Fk?ﬁﬁé‘?oﬁélgﬂs#i rst
catal ytic dewaxing tenperature that is at |east 10C | ess than the
hydr ot r eat nent tenperature; | owering the tenperature of the catalytic
dewaxi ng zone to a second catal ytic dewaxi ng tenperature, the second

catal yti c dewaxi ng tenperature being at | east 5C |l ess than the first

catal yti c rdquie additionabsevarity @0 meet the destseidnml fur sapend Afitednatidel yycone

f eedstock having a second initial cloud point to the hydrotreatnment zone
and hydr otmingralfged meaysbe similaninrayesalbprofile da gtseernd feads exegpirfor peat nent
tenperature to forma second hydrotrea roduct havi.ng.a sulfur .content
of 06 npprianer 4 e SuBarRECE SobEat rheRrores adorBg 8 iy iiehuoR
stripping X Lo v dr l%rﬁ : rma
second gasaggﬂgs te fqyﬁgﬁé%@ggﬁ%ﬁéaﬁﬁgﬁgﬁ%g f‘?%}felﬁltit an ﬁg%ab%@é&?ng t he
second | i qHeét £4direddlotd pohift spatifiction. dewaxi ng zone and dewaxi ng the
second liquid effluent at the second catal ytic dewaxi ng tenperature to form
a second - 17 - dewaxed product, the second dewaxed product having a cl oud

point at | east 10C |l ower than the second initial cloud point. 2. A nethod
for produdi@inpledi esel fuel, conprising:

[0038] Applicants have discovered that the impact of contaminants on a
catalytic dewaxing process is more severe than previously expected. A pilot
plant was used to investigate the cloud point performance of a dewaxing catalyst
composed of alumina bound ZSM-48 with about 0.6 wt% Pt. The catalyst was
used to dewax a middle distillate feed with a cloud point of about -5°C. This
corresponds roughly to the type of feed that would be provided after the
hydrotreatment and stripping stages of the invention. After dewaxing at 610°F,

the catalyst reduced the cloud point of the hydrocarbon stream to about -65°C.

[0039] After several days, various contaminants were added to the feed to
determine the impact on cloud point, and the process temperature needed to
achieve a cloud point. First, 50 ppm of NH; was added to the feed. After about
5 days, the cloud point of the resulting product was increased to about -50°C.
The level of NH; was then increased to about 250 ppm for 3 days. This resulted
in a cloud point of just above -20°C. The ammonia was then removed from the
feed for about a week, which caused the process to recover to a product cloud

point of about -40°C.

[0040] Next, 25 ppm of aniline was added for 3 days. This once again
raised the cloud point to above -20°C. The temperature was then increased to

630°F, and the aniline amount was increased to 50 ppm for about 7 days. The



passing a first hydrocarbon feedstock having a first initial cloud point to
a hydrotreatnent zone and hydrotreating the feedstock under effective
hydrotre itions to forma hydrotreated produc i | fur
cont ent ??Hﬁﬁ&ﬂﬁgﬂgor | ess, the hydrotreatnent zone hav?ﬁgﬁ§bﬂ59?%§$eatnent
tenperature and pressure; passing the pﬁgrotreated product to a stripping
zone; stripping the hydrotreated product”to forma gaseous effluent and a
liquid effluent; passing the liquid effluent to a catal ytic dewaxi ng
zone and dewaxing the liquid effluent under effective catal ytic dewaxing
condi ti onsclbad poinnod thieraxtithgproduct stabilized arowhd+25Ghi The ahilineasas 10C

| ower than the first initial cloud point, the catalytic dewaxing conditions
i ncl udi ng then rempvediwhiletmainteining thy Q3055 demperaturen oA fipr about| 2weeks,0C | ess

than the hydrotreat.nent te rature,. increas) t he tenperature of
t he catal ﬁ(‘Fﬁ%ﬁ%‘?&ﬁ&%ﬁ?@&%ﬁélé'é'&haa'é’ﬁtﬂﬁq%f’@%%&axi ng tenperature, the
second catal ytic dewaxi ng tenperature being at |east 5C greater than the
first catalytic dewaxing tenperature; passi hg a second hydrocarbon

feedstock jeaying a Hreefiectiofisulfar cohrut wagithén invettigatey d Thiersagiofeetl zone
and hydrotreating the second hydrocarbon feedstock at the hydrotreatnent

t enper at urwag spiked mith S@bwpphy of sulfemaraiprocesiedtat 930° R domS dlays.uTheont ent
of 15 wppm. or | ess; passing the, second, hydrotreated prqduct t he

Stri ppi ng Qe Ppoint of the pradist Ht}mﬁ’és@g&b%g %%Pmlﬂ@a&p@ﬁom-dah to forma
second gasl?lg%sdsﬁlfgfthg ?&Inp@pcﬁiul% RSP r%ﬂ%djth%fcfl&ﬁﬂaﬂ&ht W dbout -§§°C, and

further increasing the temperature to 680°F resulted in a cloud point of about -

40°C.



dewaxed product, the second dewaxed product having a cloud point at

| east 10C | ower than the second initial cloud point. 3. A nethod for
produci ng a di esel fuel, conprising: passing a first

hydr ocarbon feedstock to a hydrotreatnent zone and hydrotreating the
feedst ock under effective hydrotreatnggt conditions to forma
hydrotreated product having a sul fur content of about 12 wppmto
about 25 wppm of sulfur, the hydrotreatnent zone having a

hydr ot r eaEb8AMSt enper at ure and pressure; passing the hydrotreated
product to a stripping zone; stripping the hydrotreated product to
forma gaseous effluent and a liquid effluent; passi ng the

| i id effl t tal vti i d d i the |i id
o 1 uent Ui tofesdictnds biesd RO aRBERET condi ¢+ ons. 19 form &
d d duct havi | d i nt . 10C.| th th
firorcinrtial merome bot fforiortBediofneviae adut i S monndo &

i ncl udi NOhyArdtidathent 28R dntl hGddav@tisNBe feedkainbé:icbdte Hylirdtfealn@ast 10C
| ess than the hydrotreatnent tenperature, wherein the sul fur

cont ent ofondiiengwiased hpdietieated producs heying h gy furicentsull Gidp vawm eressothe
t he hyd i . Th f
e hyadr %(;{d?cgl’ﬂeﬁ%é?ﬁ %Hé%‘avﬁg‘% ;{a@r&l%ﬁ&eh%glpégau\ggmgi rPdeS%“”e e process o

clainms 1 ereln the otreated second

hydr ot r eat ed i i mke- nydrogen. 5. The

process of an3hggﬁg%§?k@°§%%%P§$gﬁﬁ%égfﬁggﬁéggy%cess is carried out

wi t hout reflux_ of .produc [ th talytic dewaxi ng zgne. to the .

hydr ot r eat r’rentsu}p(% tgF H{(&#{g{r%ag%q %‘Bﬁthcé ?%%ﬁléa gaseous efﬁuel% an8 aeﬁqu% efﬁuent,

passing the liquid effluent to a catalytic dewaxing zone and dewaxing the liquid

effluent under effective catalytic dewaxing conditions to form a dewaxed product having
a cloud point at least 10°C lower than the first initial cloud point, the catalytic dewaxing

conditions including a first catalytic dewaxing temperature that is at least 10°C less than

the hydrotreatment temperature;

lowering the temperature of the catalytic dewaxing zone to a second catalytic
dewaxing temperature, the second catalytic dewaxing temperature being at least 5°C less

than the first catalytic dewaxing temperature;

passing a second hydrocarbon feedstock having a second initial cloud point to the
hydrotreatment zone and hydrotreating the second hydrocarbon feedstock at the
hydrotreatment temperature to form a second hydrotreated product having a sulfur

content of 15 wppm or less;
passing the second hydrotreated product to the stripping zone;

stripping the second hydrotreated product to form a second gaseous effluent and a

second liquid effluent; and

passing the second liquid effluent to the catalytic dewaxing zone and dewaxing

the second liquid effluent at the second catalytic dewaxing temperature to form a second



- 19 - 6. The process of clainms 1 or 2, wherein stripping the first
hydrotreated product conprises stripping at a tenperature and
pressure corresponding to an exit tenperature and pressure of the
hydrotreat ment zone. 7. The process of claim3, wherein stripping
the hydrotreated product conprises stnippping at a tenperature and
pressure corresponding to an exit tenperature and pressure of the
hydr otreat ment zone. 8. The process of clains 1 or 2, wherein the
first cat@m&émpIdEWmagecbﬁdrﬁemmedpmtht lavingaatdud ot laekast i DB 1dvwhe
hydrotrea t tenper.ature. . The process of clainms 1 or 2, wherein
the first! EQFVFP-”HE%&%WH@OPEnperature is at |east 25C less than
the hydrotreatnent tenperature. 10. The process of claim3, wherein
the catal ytic dewaxi ng tenperature is at | east

2. A method for producing a diesel fuel, comprising:

passing a first hydrocarbon feedstock having a first initial cloud point to a
hydrotreatment zone and hydrotreating the feedstock under effective hydrotreatment
conditions to form a hydrotreated product having a sulfur content of 15 wppm or less, the

hydrotreatment zone having a hydrotreatment temperature and pressure;
passing the hydrotreated product to a stripping zone;
stripping the hydrotreated product to form a gaseous effluent and a liquid effluent;

passing the liquid effluent to a catalytic dewaxing zone and dewaxing the liquid
effluent under effective catalytic dewaxing conditions to form a dewaxed product having
a cloud point at least 10°C lower than the first initial cloud point, the catalytic dewaxing
conditions including a first catalytic dewaxing temperature that is at least 10°C less than

the hydrotreatment temperature;

increasing the temperature of the catalytic dewaxing zone to a second catalytic
dewaxing temperature, the second catalytic dewaxing temperature being at least 5°C

greater than the first catalytic dewaxing temperature;

passing a second hydrocarbon feedstock having a second initial cloud point to the
hydrotreatment zone and hydrotreating the second hydrocarbon feedstock at the
hydrotreatment temperature to form a second hydrotreated product having a sulfur

content of 15 wppm or less;
passing the second hydrotreated product to the stripping zone;

stripping the second hydrotreated product to form a second gaseous effluent and a

second liquid effluent; and

passing the second liquid effluent to the catalytic dewaxing zone and dewaxing

the second liquid effluent at the second catalytic dewaxing temperature to form a second



15C | ess than the hydrotreatment tenperature. 11. The process of
claim3, wherein the catalytic dewaxing tenperature is at |east 25C

| ess than the hydrotreatnent tenperature. 12. The process of claim
1, wherein the second catalytic dewaxing tenperature is at |east 10C
greater than the first catalytic dewaxgng tenperature. 13. The
process of claim1, wherein the second catal ytic dewaxi ng tenperature
Is at | east 15C greater than the first catal ytic dewaxi ng

t enper at u:teevaxed pi2Quet, th&élecoffd]éevmxed esslucithagingiaridhd pohe peliesst il 6% beeond
catalytic XII’] aturels at least 10C less than the first

Cat ol ot OB RTREd FER IR ot

3. A method for producing a diesel fuel, comprising:

passing a first hydrocarbon feedstock to a hydrotreatment zone and hydrotreating
the feedstock under effective hydrotreatment conditions to form a hydrotreated product
having a sulfur content of about 12 wppm to about 25 wppm of sulfur, the hydrotreatment

zone having a hydrotreatment temperature and pressure;
passing the hydrotreated product to a stripping zone;
stripping the hydrotreated product to form a gaseous effluent and a liquid effluent;

passing the liquid effluent to a catalytic dewaxing zone and dewaxing the liquid
effluent under effective catalytic dewaxing conditions to form a dewaxed product having
a cloud point at least 10°C lower than the first initial cloud point, the catalytic dewaxing
conditions including a first catalytic dewaxing temperature that is at least 10°C less than

the hydrotreatment temperature,

wherein the sulfur content of the dewaxed product is lower than the sulfur content

of the hydrotreated product and is less than 15 wppm.

4, The process of claims 1 or 2, wherein the hydrotreated product and second

hydrotreated product are stripped with make-up hydrogen.

5. The process of any of claims 1 to 3, wherein the process is carried out without
reflux of product from the catalytic dewaxing zone to the hydrotreatment zone or the

stripping zone.



15. The process of claim2, wherein the second catal ytic dewaxi ng
tenperature is at least 15C less than the first catal ytic dewaxing
t enper at ur e.
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6. The process of claims | or 2, wherein stripping the first hydrotreated product
comprises stripping at a temperature and pressure corresponding to an exit temperature

and pressure of the hydrotreatment zone.

7. The process of claim 3, wherein stripping the hydrotreated product comprises
stripping at a temperature and pressure corresponding to an exit temperature and pressure

of the hydrotreatment zone.

8. The process of claims 1 or 2, wherein the first catalytic dewaxing temperature is

at least 15°C less than the hydrotreatment temperature.

9. The process of claims 1 or 2, wherein the first catalytic dewaxing temperature is

at least 25°C less than the hydrotreatment temperature.

10.  The process of claim 3, wherein the catalytic dewaxing temperature is at least

15°C less than the hydrotreatment temperature.

11.  The process of claim 3, wherein the catalytic dewaxing temperature is at least

25°C less than the hydrotreatment temperature,

12. The process of claim 1, wherein the second catalytic dewaxing temperature is at

least 10°C greater than the first catalytic dewaxing temperature.

13.  The process of claim 1, wherein the second catalytic dewaxing temperature is at

least 15°C greater than the first catalytic dewaxing temperature.
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14.  The process of claim 2, wherein the second catalytic dewaxing temperature is at

least 10°C less than the first catalytic dewaxing temperature.

15.  The process of claim 2, wherein the second catalytic dewaxing temperature is at

least 15°C less than the first catalytic dewaxing temperature.





