| NTERNATI ONAL S d Rules 43

and 44) Appli car%%rg&ﬁ?égﬁ ﬁl\i Fﬁﬁ ce FOR
wOULNEHER3see Form PCT/ | SA ZZﬁE‘f 03J0 8 8 - ACTIUShI0a®33499

wel | as, where applicabl e, bel ow. I nternational

application No. International filing date
(day/ nont h/year) (Earli est Priar

i

(d?y/ /m)nt h/ year) P@‘?‘T‘EBEA@ QA ?%@@@P@EO/ 2004
05/ 11/ 2003 Appl i can AND

ENG NEERI NG COVPANY PFH.%“‘"FE/EB’P:%{F. o *Bear ch Repor t

Appiichrasor peresiipeieper ed by FORFURTHERAt i onal SealGhiNGrisaeso

P200§)I9Q8?5ﬂ! Lx ?Ed/\lr?.t ansGTON O the apphiicanters apicavke, tem s below.

T Fe SR O T ARG e @ :
Intern%’t‘onal an)‘['ca? {\ler nat i onk ntegé“hona :‘g é_lt%(ldél fﬁrz‘]?'%y'gr)nm onaﬁﬁ @ a%( ay/month/year)

pcw%@,@@@t/o@ﬁb%l sts of |a total 1@/1oﬂzoof$heets fxl t I§5/11/2oo3

Appllcﬁﬂt"u u\,\,uupoun et u' &—€oPY of—each P10t art—cdoctment
cited in this report. . Basis of the report a. Wth
regard to the | anguage, the international search was

EXXQNHPP1le BEYHRCH rANOh BNBAGFBINGS COMRAY Nt er nat | onal

This %&lnaﬁr&l Séﬁr&h@few'!'t B3 béeRl ﬁﬂagﬁuadl 1§ GhisUnfeehtondl $bsning Bttty dhiae tran,smitted to the applicant
accojcig t8 gkt 1P drvetl IsSHEIMERMIRA Y e AiePiel! YR on the basis of a
Thls'inlzeﬁlgﬁrta?éegr&rﬁ]&tt colhps% o} aﬂgtﬁ EN at h onal agpéefs.lc ation furnished

i Y R & 23 LR el bl o§gar d to
nucTasoflcc%ngame d'/ampy%ﬁ?cng' aCid sequence drscl osed in
1 sg\ hnetrernatl onal _application, See Box No. . 2.

! T de tg lh 'a@ag\éﬁ}‘!’e%tetna%dﬂgﬁeé"gﬂ%gﬂ’argg%alon?thc(bggs%f tﬁé) %(terhal'( gnal application in the

etlb/wl'ﬁb |tWe@Yﬂ&[ﬂnle§$rdthénﬁse lrﬂleal@d[lr@iertkﬁia&é}n OX

Wthr ard to the title, thtext %)rov ;
subrri t d Tmsl Ef%’o?‘%éﬁgc aﬁlcﬁme qu(jn ﬂ}eﬁ@'sffé){ slﬁ’ug%ofﬁg étﬁrnatlonal application furnished to
bl i shed this Authorityto read as foll ows:

I wﬁ@rﬁEwEotﬁamWeﬁﬁﬂsw mrgmﬂmatlona! application, see Box No. .
DI STI LLATE FUEL

2. Certain claims were found unsearchable (See Box II).
3. ]:I Unity of invention is lacking (see Box iil).

4. With regard to the title,
D the text is approved as submitted by the applicant.
the text has been established by this Authority to read as follows:
MULTISTAGE REMOVAL OF HETEROATOMS AND WAX FROM DISTILLATE FUEL

5. With regard to the abstract,
the text is approved as submitted by the applicant.

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments 1o this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. __1
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (January 2004)



5. Wth regard to the abstract, [x] the text is
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applicant failed to suggest a figure. as selected by
MULTTISSAGR REOIVALYQF BIECBRSEONH | 2FDT WA FROM @TEBFLLATE FUEL
characterizes the invention. b. none of the figures is
to be published with the abstract. Form PCT/| SA/ 21
(first sheet) (January 2004)-1- ULTI STAGE REMOVAL F
HETEROATOVE AND WAX FROM DI STI LLATE FUEL FI ELD OF THE
hpvention relates to a nmultistage
¥ c,gg\?qwmgigogter oatons and wax from
distillate fuel. In an enbodi nent, the process
i nvol ves hydrotreating a distillate fuel feed to
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Therefore, the distillate fuel feed is typically

BACGKGROAIND OF THECINVENTIONt h hydrogen in the

presence of a hydrotreating catalyst, to renove the
het eroatons as HS and NH , and renove sone aromatics

[Owa 22 é&%{sﬂg agfc@gfﬁs@gf §t$ §§lllcifaescc%§e ,' Ker08&ie, jet

fuel and home heating oil, are produced from distillate hydrocarbon feeds that

contain undesirable components including aromatics and heteroatom compounds
containing sulfur and nitrogen. Therefore, the distillate fuel feed is typically
hydrotreated by reacting it with hydrogen in the presence of a hydrotreating
catalyst, to remove the heteroatoms as H,S and NHs, and remove some aromatics
by saturation. These feeds also contain waxy hydrocarbon molecules. There are
increasing requirements for distillate fuels to have better low temperature
properties, including lower pour, cloud, freeze and fuel filter plugging temperatures
and cold filter plugging point (CFPP). To obtain fuel stocks that will meet more
severe cold temperature requirements, distillate fuel fractions must be dewaxed in
addition to being hydrotreated. Various process schemes have been proposed and
used for hydrotreating distillate fuel stocks, some of which incorporate catalytic
dewaxing into the process, and sometimes into the same reactor vessel used for

hydrotreating. Tllustrative examples may be found, for example, in U.S. Patent



i ncreasing requirenents for distillate fuels to have
better |ow tenperature properties, including | ower
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tenperatures and cold filter plugging point (CFPP). To
obtain fuel stocks that wll neet nore severe cold
tenperature requirenents, distillate fuel fractions
nmust be dewaxed in addition to being hydrotreated.
Vari ous process schenes have been proposed and used
for hydrotreating distillateaéuel st ocks, sone of
whi ch incorporate catal ytic dewaxing into the process,
and sonetinmes into the sane reactor vessel used for
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present invention relates to a process for renoving
het eroatons and wax froma distillate fuel feed which

SEMMARNSOR THE ANMENIION the feed in one or nore
hydrotreating reacti on stages to produce a
hydrotreated fuel reduced in heteroatons, (ii)
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stages to improve one or more low temperature properties. The heavy fraction

comprises less than 80 and preferably less than 60 vol.% of the feed. Separatiﬁg
and dewaxing only the hydrotreated heavy fraction, as compared to the total
hydrotreated feed, enables the use of one or more of (a) less catalyst for dewaxing,
(b) lower space velocity of the liquid through the dewaxing catalyst bed, with
concomitant deeper dewaxing due to greater residence time, and (c) lower
dewaxing temperature and pressure. In an embodiment, the hydrotreating
conditions result in the vaporization of most, and preferably all of the light fraction,
but not the waxy heavy fraction. In this embodiment the hydrotreating reaction
products comprise the hydrotreated liquid heavy fraction and a gaseous effluent
comprising the hydrotreated and vaporized light fraction, along with gaseous

reaction products which include unreacted hydrogen, H,S and NH3. The



(b) Iower space velocity of the liquid through the
dewaxi ng catal yst bed, with concom tant deeper
wdewsodngidue to greater residence tine, and (eELTIUSI®A/033499
dewaxi ng tenperature and pressure. In an enbodi nent,
the hydrotreating conditions result in the
vapori zation of nost, and preferably all of the |ight
fraction, but not the waxy heavy fraction. In this
enbodi nent the hydrotreating reaction products
conprise the hydrotreated |iguid heavy fraction and a
gaseous effluent conprising tthe hydrotreated and
vaporized light fraction, along with gaseous reaction
products which include unreacted hydrogen, and
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re@Behbiyelt stt¢apat @dsingle stripping vessel with separate stripping stages may be
used to strip (a) the hydrotreated heavy fraction liquid prior to and after dewaxing,
(b) the hydrotreated and condensed light fraction liquid, and/or (c) the recombined
stream comprising the hydrotreated and dewaxed heavy fraction and hydrotreated
light fraction. In another embodiment, any of these three streams may be
hydrofinished, with or without prior stripping, to form a fuel stock. In a preferred
embodiment, fresh hydrogen treat gas is introduced into the one or more dewaxing

stages, with unreacted hydrogen from the dewaxing used for hydrotreating.

[0005] A more détailed embodiment of the invention comprises (a)
passing hydrogen and a wax and heteroatom-containing distillate fuel feed into one
or more hydrotreating stages, at reaction conditions effective for the feed and

hydrogen to react in the presence of a catalytically effective amount of



light fraction. In another enbodi ment, any of these
three streans nay be hydrofinished, with or w thout
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enbodi nent, fresh hydrogen treat gas is introduced
into the one or nore dewaxi ng stages, with unreacted
hydr ogen fromthe dewaxi ng used for hydrotreating.
[ 0005] A nore detail ed enbodi nent of the invention
conprises (a) passing hydrogen and a wax and
het eroat om containing distillate fuel feed into one or
nore hydrotreating stages, at reaction conditions
effective for the feed and hydrogen to react in the
presence of a catal y{i cal effectLv?wanDunt of - 4-
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conditions effective for the hydrogen to react with the heavy fraction in the
presence of a catalytically effective amount of a dewaxing catalyst, in order to

improve one or more of the feed's low temperature properties.

[0006] The process can be retrofitted into an existing distillate fuel hydrotreating
unit, which typically operates at a similar, but sometimes lower, temperature and
pressure than a typical catalytic dewaxing unit. This is because hydrotreating, and
preferably hydrotreating combined with stripping the waxy heavy fraction to
remove the heteroatom impurities prior to dewaxing, permits the use of lower
dewaxing temperatures and pressures. Lowering the dewaxing temperature and

pressure, and particularly the pressure, makes it easier for both hydrotreating and



presence of a catalytically effective anmount of a
dewaxi ng catalyst, in order to i nprove one or nore of
woheosfoaedis | ow t enperature properties. [0006] PTNAIS2004/033499
process can be retrofitted into an existing distillate
fuel hydrotreating unit, which typically operates at a
simlar, but sonetines |ower, tenperature and pressure
than a typical catalytic dewaxing unit. This is
because hydrotreating, and preferably hydrotreating
combi ned wi th stripping the waxy heavy fraction to
renove the heteroatominpurities prior to dewaxing,
permts the use of |ower dewaxing tenperatures and
pressures. Lowering the dewaxing tenperature and
deyadng tebe aekicyed i the samereppdonvessslpicthe samedime. Thus,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 schematically illustrates a flow diagram of an

embodiment having the hydrotreating and dewaxing in the same vessel.

[0008] Figure 2 is a schematic flow diagram of an embodiment in
which hydrotreating and dewaxing stages are in a single vessel operated in blocked

fashion.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] Figure 1
schematically illustrates a fl ow di agram of an
wenhsdumsnt having the hydrotreati ng and dewaxPag/usSen04/033499
the sane vessel. [0008] Figure 2 is a schematic flow
di agram of an enbodi nent in which hydrotreating and
dewaxi ng stages are in a single vessel operated in
bl ocked fashi on.-6- DETAI LED DESCRI PTI ON [ 0009] The
invention relates to a nethod for upgrading a
hydrocarbon by hydrotreating and dewaxing. In an
enbodi nent, the hydrocarbon feed is a distillate fuel
feed conprising a hydrocarbon fraction boiling
enerally in the diesel and jet fuels range, which may
DETANEDRESCRIBTION 300 10 700 F (149 fo 371 O and
nore typically 400 to 650 F (204 to 343 C). In an
enbodi ment, the cut point separating the heavy
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ti me. Renobval of the heteroatominpurities prior
by dewaxing only the separated heavy fraction. rT1E”)or a given dewaxing reaction
stage volume, reducing the volume of waxy feed being dewaxed results in an
increased residence time for the waxy liquid and a concomitant increased hydrogen
treat gas to waxy hydrocarbon ratio in the dewaxing stage(s). Alternately, less
dewaxing catalyst can be used to achieve the same level of dewaxing and,
therefore, a smaller dewaxing stage can be used, resulting in a desirable decrease in
the dewaxing reaction residence time. Removal of the heteroatom impurities prior
to dewaxing results in greater catalyst dewaxing activity and this too enables the
use of less catalyst and a smaller stage. In a combined hydrotreater/dewaxer
reactor retrofit, a smaller dewaxing stage would make more space available for
hydrotreating catalyst. Moreover, employing a smaller dewaxing stage enables the
addition of a smaller dewaxing reactor or combined dewaxing and hydrotreating

reactor to an existing hydrotreating facility, if it is not possible to add a dewaxing

stage to an existing hydrotreating reactor. Another benefit of heteroatom removal



to dewaxing results in greater catal yst dewaxing
activity and this too enables the use of |ess catal yst
wandsa4ssml | er stage. In a conbi ned PCT/US2004/033499
hydr ot reat er/ dewaxer reactor retrofit, a snmaller
dewaxi ng stage woul d make nore space avail able for
hydrotreating catal yst. Moreover, enploying a smaller
dewaxi ng stage enables the addition of a snaller
dewaxi ng reactor or conbi ned dewaxi ng and
hydrotreating reactor to an existing hydrotreating
facility, if it is not possible to add a dewaxi ng
stage to an existing hydrotreating reactor. Another
benefit of heteroatomrenoval -7- prior to dewaxing is
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conpounds, the termalso 1 ncludes oxygen I n oOxyge
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reaction stages, the feed reacts with hydrogen in the
[0816% en By béteroatemalisymeant plym@nbes;ulﬁuear@?/mtmge@,f which are

prréggrgt%}lrtﬁg %ei‘,elglgascs%ﬁﬁllr %ﬁgl nliltrr]ggern ((::oar}tgilnYrEgi gompounds, but the term also
includes oxygen in oxygen containing compounds. In the one or more
hydrotreating reaction stages, the feed reacts with hydrogen in the presence of a
catalytically effective amount of a hydrotreating catalyst under catalytic
hydrotreating conditions, to produce a hydrotreated fuel having fewer heteroatoms.
Sulfur and nitrogen in organic heteroatom compounds in the feed are removed as
H,S and NHa, with oxygen removed as H,O. The hydrotreating also converts at
least a portion of aromatics and other unsaturates that may be present by
hydrogenagting them. The sulfur content of the feed may vary, but will typically be
from 0.5 to 2.0 wt.% sulfur in the form of various sulfur-bearing compounds. If
previously hydrotreated, the feed sulfur could be lower than 0.5 wt.% (e.g., 500
wppm). The nitrogen content of the feed will range from 20 to 2000 wppm and



hydrotreating conditions, to produce a hydrotreated
fuel having fewer heteroatons. Sulfur and nitrogen in
wonrgEmUTi3net er oat om conpounds in the feed are Pemwse@4/033499
as HS and NH, with oxygen renoved as H O The
hydrotreating al so converts at |east a portion of
aromati cs and ot her unsaturates that nay be present by
hydrogenati ng them The sul fur content of the feed nay
vary, but will typically be from0.5to 2.0 w.%
sul fur in the formof variousgsulfur-bearing
conpounds. |If previously hydrotreated, the feed sul fur
could be Iower than 0.5 wt. %(e g , 500 wppm . The
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otreating foll owed by dewaxing a portion of the
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[0011]  As discussed, the invention relates to a fuel upgrading process involving
hydrotreating followed by dewaxing a portion of the hydrotretaed feed. The
hydrotreating will be described first, followed by a description of the dewaxing. As
used herein, hydrotreating refers to a process in which a

feed to be hydrotreated and a hydrogen-containing treat gas react in the presence of
one or more suitaBle catalysts primarily active (selective) for the removal of
heteroatoms, such as sulfur, and nitrogen, and for the saturation of aromatics and
other unsaturates with hydrogen. Conventional hydrotreating catalysts can be used
including, for example, catalysts comprising one or more Group VIII metal
catalytic components, preferably Fe, Co and Ni, more preferably Co and/or Ni, and

most preferably Co; and one or more Group VI metal catalytic components,



hydrotreating will be described first, followed by a

description of the dewaxing. As used herein,
waypdrsoureat i ng refers to a process in which a PeeaStm4/033499

be hydrotreated and a hydrogen-containing treat gas

react in the presence of one or nore suitable

catal ysts primarily active (selective) for the renoval

of heteroatons, such as sulfur, and nitrogen, and for

the saturation of aromatics and other unsaturates wth

hydr ogen. Conventional hydrotgeating catalysts can be

used including, for exanple, catal ysts conprising one

or nore Goup VIIl netal catalytic conponents,

preferably Fe, Co and Ni, nore preferably Co and/or .
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ltenggpgturaeﬂggi n the rsggge o? from 5??8%0 750 F %277gto

5306 750 Hr¢2H etoal0f Yppreferaiisoto (3125 (33850685 M) smost
referably 600 40 700 F to 371 C, at,a total
pistarsbbr a0 to (HSF G 1doc 1350, 416 S ETHSNLC if th Fange of 400 to
2%%9%2%%{1 %tgelq fteal gatlsera't@int ﬁ]l% raﬁggﬁo{ﬂ 260 199066 se298 (53 to
534 S m’ of H, /m’ of oil), and a feed space velocity of 0.1 to 2.0 LHSV. In an

embodiment, the hydrotreating conditions are selected so as to be sufficient to
vaporize at least a portion of the lighter feed fraction, but not the wax-containing
heavy fraction, thereby eliminating the need for a separate fractionation or
distillation zone for separating the two fractions. However, if desired and/or if
distillation capacity is available, separation of the light fra}ction may be achieved
using fractional distillation. It will be understood by those skilled in the art that,
unlike fractional distillation, reaction conditions effective to vaporize the light
fraction in one or more hydrotreating stages may result in some of the heavy

fraction being vaporized and some of the lighter fraction remaining in the heavy



534 S B OH/ 3 of oil), and a feed space velocity of
0.1 to 2.0 LHSV. In an enbodi nent, the hydrotreating
woandiou7eans are sel ected so as to be suffici enPCrawsS2004/033499
vaporize at least a portion of the lighter feed
fraction, but not the wax-containing heavy fraction,
thereby elimnating the need for a separate
fractionation or distillation zone for separating the
two fractions. However, if desired and/or if
distillation capacity is avaifpble, separation of the
light fraction nay be achi eved using fractiona
distillation. It will be understood by those skilled

in the art that, unlike fractignal djstil]laf.ion, )
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fracti | n.one or re, hydrotreaf st age .
a5t %o hditeaRhe Bl i oo Y3t Gulldesoued
and sone of the lighter fraction remaining in the
heavy-10- liquid. This is acceptable for the
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ydrotreating catalyst conpositions nay be use
thbgeavhith endiede yné onotoreof Ce, i antd esmdawhich wiiktypaeally also
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ingllds anecpimersAEMs orBhasarelhes Br ang Pdaohia mells pp aargidic
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nkirhive yleleofate idealaxediduelv dowétersthigsnagatot alwaysbde viable
vi abl e ‘option. The dewaxing is conducted at reaction
opienli Thedswakinghisicontlucted at reaspen gondidionaghialy inclode a

30k e 80 PP P S B8980 oo
(fi&o AP0 Cesain%'prg&%rgby ge ¥dhge of from 400-2000 psig. The hydrogen
containing treat gas rate will range between 300 to 5000 SCF/B (53 to 890 S
m>/m?) with a preferred range of 2000 to 4000 SCF/B (356 to 712 S m’/m’), while
the liquid hourly space velocity, in volumes/volume/hour (V/V/Hr), will range
between 0.1 to 10 and preferably 1 to 5. The acidic oxide support or carrier may
include silica, alumina, silica-alumina, shape selective molecular sieves which,
when combined with at least one catalytic metal component, have been
demonstrated as useful for dewaxing such as silica-alumina-phosphates, titania,
zirconia, vanadia, and other Group II, IV, V or VI oxides, ferrierite, mordenite,
ZSM-5, ZSM-11, ZSM-23, ZSM-35, ZSM-22 also known as theta one or TON,
ZSM-48 and the silicoaluminophosphates known as SAPQO’s, including SAPO-11,

36, 37 and 40 as well as Y sieves, such as ultra stable Y sieves and like, as is



containing treat gas rate will range between 300 to
5000 SCF/B (53 to 890 S nvnB) wth a preferred range
woR0@30a03t 0 4000 SCF/ B (356 to 712 S m/nB), whCiraStdee/033499
l'iquid hourly space velocity, in volunes/vol unme/ hour
(WAWVHr), will range between 0.1 to 10 and preferably 1
to 5. The acidic oxide support or carrier may include
silica, alumna, silica-alumna, shape selective
nol ecul ar si eves which, when conmbined with at | east
one catalytic netal conponent;; have been denonstrated
as useful for dewaxi ng such as
silica-al um na- phosphates, titania, zirconia, vanadia,
and other Group I, IV, V or oxi des, ferrierite
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more preferably at least 75 vol.% hydrogen.

[0014] A distillate fuel base stock produced by this process may be
hydrofinished at mild conditions, to improve color and stability, to form a finished
fuel base stock. Hydrofinishing is a very mild, relatively cold hydrogenating
process, which employs a catalyst, hydrogen and mild reaction conditions to
remove trace amounts of heteroatom compounds, aromatics and olefins, to improve
oxidation stability and color. Hydrofinishing reaction conditions typically include
a temperature of from 300 to 660°F (150 to 350°C) and preferably from 300 to
480°F (150 to 250°C), a total pressure of from 400 to 2000 psig. (2859 to 20786
kPa), a liquid hourly space velocity ranging from 0.1 to 10 LHSV (hr!) and
preferably 0.5 to 5 hr'!. The hydrogen treat gas rate will range from 2550 to 10000



nore preferably at [east 75 vol.% hydrogen. [0014] A
distillate fuel base stock produced by this process
waoayoslma743ydr of m shed at mild conditions, to i NPCOAS2004/033499
color and stability, to forma finished fuel base
stock. Hydrofinishing is a very mld, relatively cold
hydr ogenati ng process, which enpl oys a catal yst,
hydrogen and mld reaction conditions to renove trace
anount s of heteroat om conpounds, aromatics and
olefins, to inprove oxidation,stability and color.
Hydr of i ni shing reaction conditions typically include a
tenperature of from300 to 660 F (150 to 350 C) and
preferably from300 to 480 F (150 to 250 C), a total
sqffie €441 do df78P rr@m%m Tihe catadyst yaillpompragson seppryygemponent and
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theratalysti commp api oo ferion-1Bat)le ametalso mrefmmdadu@poﬁtmaﬂéd)ds are low
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oyt st sHR AR 0t B SRRAR 108 Pl AR s fnown as
n%gg%@ah WARtalliRE nBt&HAL Sof @HRthi?I@M-M, aghisB18!tdhehe

oxi des such as al’um na, lica, 'silica alum na

EagcaMobilaCompary . s aprefeyredaubpore contpomeat. STherprepasation and use
mesoporous crystalline materials, of which MCM 41,
oEVHIMaBI 65 disclosehdoErxanpsoin Ucoiadnyt, Nos 509%,604:3,227,353
S rt nponent. The preparation and use of MCM 41
afi“ggﬁlo@eﬁ sed, for exanple, in U S. Patent Nos.
5,098, 604, 5,227,353 and 5,573,657. [0015] Two rel ated
enmbodi nents will be described with reference to the

[0018Y" €SFwh 6latddeerBBEdEnntSWilPbe detotibedowithlrbfepseass
reacti on vessel internals, valves, punps, heat

therBigafesr Riethe eakecotsimplieityatrall plosess ngactien sessel internals,
V:ltvcrasi%rlrlsmps, heat transfer devices etc. are shown. Also, units and streams
common to the embodiments of both Figures have the same numbers and features.
Thus, what is described for a common unit with regard to Figure 1, is not
necessarily repeated for the same unit in Figure 2. Referring now to Figure 1, a
combined distillate fuel hydrotreating and dewaxing unit 10 is schematically
illustrated as having a hydrotreating reaction stage and a dewaxing reaction stage in
the same vessel 12. Thus, unit 10 comprises a hollow, cylindrical reactor 12, a
stripper 14, gas-liquid separation drums 16 and 18, and a heat exchanger 20. The
two reaction stages in 12 comprise a hydrotreating stage and a dewaxing stage,
each respectively defined by one or more beds of hydrotreating catalyst and
dewaxing catalyst, illustrated as 22 and 24, respectively. These two reaction stages
are separated by a chimney type gas-liquid separation tray 26, and each stage has a

respective gas and liquid flow distributor, 28 and 30, located near the top of the



common to the enbodi nents of both Figures have the
same nunbers and features. Thus, what is described for
weaesmapiiunit with regard to Figure 1, is not PCT/US2004/033499
necessarily repeated for the sane unit in Figure 2.
Referring now to Figure 1, a conbined distillate fue
hydrotreating and dewaxing unit 10 is schematically
illustrated as having a hydrotreating reaction stage
and a dewaxing reaction stage in the sanme vessel 12.
Thus, unit 10 conprises a hokbow, cylindrical reactor
12, a stripper 14, gas-liquié separation druns 16 and
18, and a heat exchanger 20. The two reaction stages

in 12 conprise a hydrotreating stage and a dewaxin
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conprises two stripping stages 32 and 34, separated by
pezkitg matgrialypehgaconyquiiehad spuetredpacking trags and the like or
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, or both, to enhance the efficacy of the
o o e oty byCrorrent od L1 qul de ean ber !
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located below the dewaxing reaction stage 24. At the same time, the hydrogen-rich
gas effluent from the dewaxing reaction stage 24 above, is passed down into stage
22 through the chimneys in tray 26. While not shown, fresh treat gas may also be
passed into the hydrotreating stage, to increase the hydrogen for the hydrotreating.
The gas and the feed pass down through the gas and liquid flow distributor 28, and
into and through the one or more hydrotreating catalyst beds 22, at hydrotreating
reaction conditions effective for the feed to react with the hydrogen in the presence
of the catalyst, to remove heteroatoms and aromatics. The one or more catalyst
beds may contain the same or different catalysts. While not shown, a sequential

plurality of the same or different hydrotreating catalyst beds may be vertically

separated from each other, with gas and liquid flow distribution means between



liquids. In the process illustrated in Figure 1, a
feed conprising a waxy, heteroatomcontaining diese
woéueads/oiracti on boiling in the range of 400 to POD/US2004/033499
(204 to 371 C) is passed, via feed line 38, into the
hydrotreating reaction stage 22 | ocated bel ow t he
dewaxi ng reaction stage 24. At the sane tinme, the
hydrogen-rich gas effluent fromthe dewaxi ng reaction
stage 24 above, is passed down into stage 22 through
the chimeys in tray 26. Wilg not shown, fresh treat
gas may al so be passed into the hydrotreating stage,
to increase the hydrogen for the hydrotreating. The
gas and the feed pass down through the gas and_|i qui-d .
thémodefiniigra plwradity 26 hydrefréating zongs imthsugrdrotreating stgge, wherein
nore hydrotreating catal yst beds 22, at hydrotreatin
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| ess than,60 and preferabl ess than .
feed vaporization occumgg %rom the I\{yérotreatmg can vary. Also, separation of

the light and heavy hydrocarbon fractions in a drum is not nearly as precise as
fractionation. Therefore, some of the waxy heavy fraction may also be vaporized
and this cooling means option may be useful when too much of the heavy liquid
fraction is being vaporized in 22. In drum 16, the hydrotreated waxy liquid
comprises the waxy, heavy diesel fraction. This fraction is preferably less than 80
and more preferably less than 60 vol.% of the total feed, and is separated from the
reaction gas and hydrotreated fuel vapor in 16. This heavy fraction liquid is passed
into the upper stripping stage 32 of stripper 14, via line 42. The heteroatom-
reduced, light fuel fraction vapor and the gaseous reaction products are removed

from 16 via line 44, and passed through heat exchanger 20, in which the vaporized



80 vol.%of the feed entering 22 via |line 38. Optiona
cool i ng neans such as an indirect heat exchanger (not
weoehaesi743ay be included with Iine 40 upstream 8€TAB2004/033499
desired to condense sone of the vaporized feed to
l'iquid. The hydrotreating reaction conditions can vary
during the hydrotreating and therefore the extent of
feed vapori zation occurring fromthe hydrotreati ng can
vary. Al so, separation of the |light and heavy
hydr ocarbon fractions in a qi mis not nearly as
preci se as fractionation. Therefore, sone of the waxy
heavy fraction may al so be vaporized and this cooling
means option may be useful when too nmuch of the heavy
light dractionris.cooled and dosilersedqys s Higyid. nThe resulting lighidend
the hydrotreated waxy, |iquid, conprises. th ,_.heavy
gagpesaicar el PrSRICtSTHP 4o HRNSPA MO SCRRRRaRARPYT | ada fRgHO.
80 and nore preferably | ess than 60 vol.%of the tota
feed, and is separated fromthe reaction gas and
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quid is pasSed into thé upper stripping stage 32 of
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uel fraction vapor and_ the gasequs reactjon products
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heavy fuel Traction liquid contacts a steam stri pping
a gase heeroatgmusensitiveudshvaxiies gatalyist, surk as dsedhatodewasaipostly by
36, fromthe dewaxed. fuel strippi tage 34 | .ow.
isqrgTigeEenPad APHRY Araskilg; e catalyshihat devatos é‘i}%ﬁ?@a‘%m
. conpounds NH t (TN TN
ispReB A BiPages REptPgleld of dhyBled (81 VRMlee Iol bt is cracked
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stﬁﬁb@d padwnigeidsiolievs atetrayx B6gndas wlithsiraws dicn sse sttﬁpper via line

that dewax nostly by isonerization ,and not b
52 ruitk ithgysteamemdzatsipped pRMPORSHK BISSHIE VP ytméyu¥ the top of the
stripper via line 50. Line 52 passes the stripped heavy liquid into line 56 and then
down into the dewaxing reaction stage 24 in vessel 12. At the same time, a
hydrogen treat gas is passed, via lines 54 and 56, down into the dewaxing stage.
Flow distributor 30 distributes the downflowing hydrogen treat gas and the liquid,
waxy, stripped and hydrotreated heavy diesel fraction across the top of the one or
more dewaxing catalyst beds 24. The dewaxing catalyst may comprise one or more
separate and sequential beds of the same or different dewaxing catalyst, as a
plurality of dewaxing zones, into each of which the entire effluent from a preceding
zone passes. In dewaxing reaction stage 24, the hydrogen reacts with the waxy
components in the hydrotreated and stripped heavy diesel fraction to reduce its pour

and cloud points, and improve its low temperature properties. The dewaxing

reaction is operated at milder conditions than would otherwise be possible if



i sonerization produces a greater yield of dewaxed

fuel, because less of it is cracked into hydrocarbons,
wonaeilsuwd743g et hane, boiling bel ow t he desired PA€iUS2004/033499

range. The stripped heavy liquid collects on tray 36

and is withdrawn fromthe stripper via line 52, with

the steam and stripped conponents passing up and out

the top of the stripper via |line 50. Line 52 passes

the stripped heavy liquid into line 56 and then down

into the dewaxing reaction sﬁgge 24 in vessel 12. At

the sane tine, a hydrogen treat gas is passed, via

lines 54 and 56, down into the dewaxi ng stage. Flow

distributor distributes the downflow ng hydrogen treat
digagvethH,§ laad NHyhad notkeen remavsddomrtbe hyavpfiactor and/or if the

heavy diesel fraction across the top of the o

entise &atkirsteatolenlythe hemaytagtion, s bfé%féPW@ngit %9 smaller
velpineiad Cavetcst L PEeieay Wy b HCAFGR S LoshRéiRe time
P R SO ey b n i
R o
pregaiys i ths elewfaxang stage,tandrthd higher treapgas toeligiridiratid further

points, and inprove its |ow tenperature properties.
deriensds thon.n§ hissaeansothei devesingeatalyat aGHViBEWLIL bR g ad the

t han woul d ot herw,se be possible if-16-, dj I S
AR RERTRRGTAHEE BUERCR BV [ GHTR sy DEe HE8h S
oL o SRR shASths BN hpdrit o REpaving and
hyWsitehiaasrdaetions. denakigdroteatdd énd deveaxaditodd setletts gui oy 26,

residence tine and a concom tant increased hydrogen
fromewhiohas ist renwesed g dimoS&k bon ratio in the dewaxi ng

stage. The stripping prior to dewaxing reduces the HS
and NH3 partial pressures in the dewaxi ng stage, and

) 94T SRR e G s oo
28, A a0G e mnRsLekycomaniyt groute
h%dek\?/aﬁ%@ﬂ?]lgg gér?dgﬁoﬁ pRdduots iredamg i 8 hartt papsed fie liho 60, inheline 58,
where it recombines with the hydrotreated and dewaxed heavy diesel fraction. The
gaseous reaction products from drum 18 are conducted away from the process via
line 62 for storage or further processing, e.g., H,S and NH; clean up. The cleaned
gas may be used as fuel or, if it contains sufficient unreacted hydrogen, it may be
passed into one of the reaction stages as a source of hydrogen. Line 58 passes the
combined fractions into the lower stage 34 of the stripper. In 34, the combined
fractions are stripped with steam entering the bottom of the stripper via line 48. In
both stripping stages 32 and 34, the stripping removes dissolved HyS, NHj, H0,
hydrogen and light, normally gaseous (e.g., C1-C4) hydrocarbons. A hydrotreated,
dewaxed and stripped diesel stock is removed from 14 via line 49. Ifneeded, and

irrespective of whether or not the diesel stock comprises only the heavy fraction or



hydrotreating reactions. The hydrotreated and dewaxed
liquid collects on tray 26, fromwhich it is renoved
woi2e0slums158. [0017] In this particular ill ustpariusmo4/033499
t he condensed, hydrotreated |ight fuel fraction is
separated from the heteroatom containing, gaseous
hydrotreating reaction products in dram 18, and passed
via line 60, into line 58, where it reconbines with
the hydrotreated and dewaxed heavy di esel fraction.
The gaseous reaction products~fromdram are conducted
away fromthe process via line 62 for storage or
further processing, e.g., HS and NH3 cl ean up. The
cl eaned gas may be used as fuel or it contains

: it

has ek ceeommbined swith e hghtrfcagsion, the diaselistockeandee malddy
one _of .the reactjon stages.as. a source of hydrogen.

hldrﬁﬁnﬁheﬁéﬁ@g%rsabquﬁée %ﬁ"ﬁ?gfn%apl?lpgcti ons into the | ower
stage 34 of the stripper. In 34, the conbined
fractions are stripped wwth steamentering the bottom

[(msghe Whilé BARS two StabédaredBownninkbishiliattritiei ofars badediment,
32 and 34, theé stripping renmoves dissolved HS, NH3, H
mGre thudrtogestagesdniy bbused formmthiey ogall @ftke hpdrpireating Glgwaxing

hydr ocarbons. A hydrotreated, dewaxed and stri C g
arel $EPDINE: JE HaTTndpe d oL AT Ui PatAE Mo S7D5052, which is
. heeded, .and.irrespecti ve,of et her or . di .
ingpgreied g by T3REgnoeh gty TP oo B fIg ridfiL s in o

. (o) i . i- . i . H -t H . Th
N S
slaflé@in GHerdrpRiiin apptel@it8ihathhdse configutationscagedscabeapplied to four

shown in this i_ﬂjust ration of an enbodi nent, nore than .
ot morsstages; ihdgsitsd. wther.owhide coeurrent ggs pnddiquid flow is shown in

A SR SRS R P50k o PP covt

i R B B RIS g1 Vesea i

conbination with three stripping stages in a single
stripper. Those skilled in the art will appreciate
[0019] t Rigere®sdliematiallpibusteatessdrsin whidipprd kytirotreptong stage
or nore stages, if desired. Fur_thgr whi |l e cocurrent .
anhenedewpxiggi strga A used.dne i which oth stages are in a single reaction

vessel that is blocked off into two separate stages, as if there were two separate
reaction vessels. Thus, a combined distillate fuel hydrotreating and dewaxing unit
70 comprises a reactor vessel 72, a stripper 14, a gas-liquid separation drum 18 and
a heat exchanger 20. The catalytic dewaxing stage is defined by one or more
catalyst beds illustrated as 24, with a gas and liquid flow distributor 30 located near
the top. A gas and liquid-impermeable partition 86 separates and isolates the
dewaxing stage 24, from the hydrotreating stage 22 below. In this type of
arrangement, a single reaction vessel can be retrofitted by placing the partition 86
into the vessel. Alternately, a smaller reactor for the dewaxing can be placed on
top of an existing hydrotreating reactor, provided the hydrotreating reactor and its
foundation are able to support the additional weight. Either way, it repreéents

another way of enabling an existing hydrotreating reactor to be retrofitted or



the hydrotreati ng and catal yti c dewaxi ng stages above,
one or nore stages could have countercurrent gas and
woOizopsiod743 ow. [ 0019] Figure 2 schenmatically il Pastusaioes33499
an in which one hydrotreati ng stage and one dewaxi ng
stage are used, but in which both stages are in a
single reaction vessel that is blocked off into two
separate stages, as if there were two separate
reaction vessels. Thus, a conbined distillate fue
hydrotreating and dewaxi ng upgt 70 conprises a reactor
vessel 72, a stripper 14, a gas-liquid separation drum
and a heat exchanger 20. The catal yti c dewaxi ng stage

is defined by one or nore cat al%st beds illustrated as |
copavrerted infoz dizad fumetion rpari@r by dpbenting eed caplytyely dewaxing

o570 50 o TR BT TG v s
5 026188 3 s iy W doving

reﬁ@c‘idr?%dist dERchY rdth@eddBoinErsRpatd 81 BRIGHE 2UNbwt dbwve 86, and

vessel. Alternately, a smaller reactor for the
padssdbcloy SGandeabpve2@vinhing 39 dheaonthined inegt gas and feed pass
hydr ot reati ng reacfor, provjde hydr.otrea

. th i
doveadirengh dhe gassandhligid K GistEOwWSr 289 19%%@4 thagh the one or

it SO bl BRACES. A R B R G ReRBp O teive
fo? %hd fégm{) gt;:écﬁ%i% ﬂile%;/tcﬁe Meld o %a@tté’ rémeV@heferbabi@ind

eac rotredting and catal ytically dewaxing

ardhtick | The oheelr.mdtecasalyst Hede dnajseshthim thbeafiegurdifférent
illustration is conducted, via feed |ine 38 above
catalysts aisatisdesedsfositee Figueo disimhadipienh, The feed hydrocarbons

hydr ogen-rich de i ng reactinqp-.gas effluent renpved
botfiBmPSLes SRERREE AN GPB AS0n0 O SULBYE KepoTRg pAbEEeEe to and
bel ow.;86 iAo L i r
g QOB e L a e Hope clferf prod Ned TR} Rt fbcess.
H@(&%%i‘, By S edfboiisehnthe deotiduted Hbht figctidievaiormidehe gaseous
hydrot'reati ng catal yst béds 22, at hydrotreating
reaeiei protuconplissiintsa gds-Beuidwepimtionispa¢eender@, adere the
with the hydrogen in the gas o re e het.erpat ons and
caseonnettbient T Deraicd from b Mﬁﬁf?%*gg beawy Lﬂyl‘ﬁé)%t"éhlﬁﬂ collects

atttﬁg b%agﬁl 81[ th%lrfe,gc“atgn(re Qst shown.

[0020]  The hydrotreated heavy liquid is removed via line 43 and

passed into the top stripping stage 32, of the stripper 14. The separated gaseous
effluent comprising the hydrotreated light faction vapor and gaseous reaction
products is removed from gas separation space 88 via line 47 and passed through
heat exchanger 20, which cools and condenses the hydrotreated vapor to liquid. As
in Figure 1, the mixture of condensed liquid and gaseous reaction products are
passed into separation drum 18, where they are separated. The liquid is removed
from 18 via line 60 and the gaseous reaction products via line 62. As in Figure 1,
the condensed light fraction is passed, via line 60 to line 58, where it recombines

with the hydrotreated and dewaxed heavy fraction. The stripped, waxy heavy



catal ysts, as is disclosed for the Figure 1

enbodi nent. The feed hydrocarbons boiling bel ow t he
woanmg®4of31f rom 450 to 580 F are vaporized i n t RCS/USE@@O33499

to and produce the sane hydrotreating stage effl uent

produced in the Figure 1 process. However, in this

enbodi nent the hydrotreated |ight fraction vapor and

t he gaseous reaction products pass into a gas-liquid

separation space under 22, where the gaseous effl uent

is separated fromthe hydrotrgated heavy liquid 89,

whi ch collects at the bottomof the reactor as shown.

[ 0020] The hydrotreated heavy liquid is renoved via

l'ine 43 and passed into the top stripping stage 32, of )
fracteorsisireponed fom tdevia ding O a0 Rpsseb o die dewaxing stage 24, via

2RSS B LSS L6 Bl 89 mhe
RSB SRRy A e T NS L Gt

overdheterakig stagocathlyst bygadandiqiid dEsigibueor30.t The same
m xture of condensed |iquid and gaseous reaction

repcioons; catalyss, andigudationsandejesraning stage @iilu@t inpeodsiced here as
in P40 BiEan g, bWav i as REdiobRRted SRR ii Bt frggtion

el e S gl B3 FAIOE bk BB i g 3, ot
sﬁgﬁa& ﬁﬂﬁi%ﬁb@&iﬁ?@ﬁ,@&ﬁﬁ@ﬁe Hedrsed-riayascbhastivent pa{é}@d to 80

I pped, waxy heavy-19- fraction is renoved from 14

vidiline 79 énsidadofippsigedown through adeayaxThiy peragts thel ppiidm of
l'ine 56. Fresh hydrogen treat gas is paisglg/ into 24

onerating fhesdeuaxing stge atadighenyewsyre thag: thg hydeefeeating stage. A

SR S RS TR 01
h %r%%léﬁ—?féﬁlodev%ﬂdn% g&gﬁe abERRANEnt UedbA Y Phsses into the

gurations a ewaxi ng stage effluent is produced
hi®oedting Btagd, Thefsu@une gbindlitto whi lout bé tHeysiripperebd ek the same

and dewaxed |iquid heavy fraction collecting above 86
asthoké desatited, fonigireils ané needdotbrirgpgsicddhere.a The hydggreated,
into the stripper i.n this odiment, w th. the
dewyerresindd strippe Tucdds ge@@wﬁgtﬁm fbﬁ gryigdine 49 and sent to
blending or storage. The options of hygiroﬁnishing, the use of multiple stages,
countercurrent flow, etc., described with respect to Figure 1, also apply to this

embodiment.



via line 79, instead of passing down through a tray.
This permts the option of operating the dewaxing
woetegdiatsiia hi gher pressure than the hydrotreaPCngS2004/033499
stage. A further option is the use of a heat exchanger
with line 79, to heat or cool the hydrogen-rich
dewaxi ng reaction gaseous effluent before it passes
into the hydrotreating stage. The streanms going into
and out of the stripper 14 are the sanme as those
described for Figure 1, and pggd not be repeated here.
The hydrotreated, dewaxed and stripped fuel is renoved
fromthe stripper via line 49 and sent to bl ending or
torage. The options of hydrof m shing, the use of
Qﬁﬂ&lﬁié‘e stages, countercurrent flow, etc., described
Wth respect to Figure 1, also apply to this
enbodi ment . -20- CLAIMS ; . A process for renoving
het ef 0at OB RYLss/ ¥ rérh@ﬂin% Kttsloatdrad end Wk k&Rt distillate
conpri ses (|) hydrotreating the feed in one or nore
fire} decat cempiings (i papdrotmwatingtesferd iponeoe mare hydrotreatmg reaction
hydrotreated fuel reduced_in_heteroatons,

stappmtoapriodyce aibey droterstedifirel spducge dn betqf@ﬁpﬂﬁnﬁl)aseﬁéwl}ﬂg said

@ gLt Behbasds MR RGO L Angd ﬁ)vﬁf%f%rvﬁﬁtgég@ {gy fraction
iPbndBf o€ We%ﬁj%%r@%& vﬁle &ertcs il‘iéﬁl}; Ve an(gr R6fSdw temperature

according t n’sail

fopditdd, eat ed heavy fraction is liquid. 3. A process
according to any preceding clai mwherein said heavy
fraction corrpri ses Iess t han 80 vol . % of said feed on
aliquid Si s. roces ordin

pr ecgdl ng @ P&‘P?ﬁsﬁﬂ% Medtg; Geim ;H’i’hefr gﬁag}]?qeé and hydrotreated

gsaﬂc aid hydrotreated fuel as vapor. 5. A

h%l‘ cégét?og’c%ol?cmlé'g to any precedi ng clai mwherein
unreact ed hydrogen fromsaid dewaxing is used for said
hydr ot reati ng.

3. A process according to any preceding claim wherein said heavy

fraction comprises less than 80 vol.% of said feed on a liquid basis.

4, A process according to any preceding claim wherein said light faction

is separated from said hydrotreated fuel as vapor.

5. A process according to any preceding claim wherein unreacted

hydrogen from said dewaxing is used for said hydrotreating.

6. A process according to any preceding claim wherein said
hydrotreated heavy fraction liquid is stripped to remove dissolved heteroatom

compounds before said dewaxing.



6. A process according to any precedi ng clai mwherein
said hydrotreated heavy fraction liquid is stripped to
woenwsya743i ssol ved het er oat om conpounds bef ore BaraS2004/033499
dewaxi ng.-21- 7. A process according to any preceding
clai mwherein at | east one said dewaxing stage is in a
hydrotreating reactor in which there are one or nore
said hydrotreating stages. 8. A process according to
any preceding claimwherein at |east a portion of said
separated light fraction is ggndensed to liquid and
reconbined with at |least a portion of said dewaxed
heavy fraction liquid. 9. A process according to any
precedi ng .cl ai m wherej.n sai d heavy. ciion canprises

fr )
ess 7t hanAGropsts agserding IR BEcsHing Hlrmighepsiaat least one said

dewaxing stage is in a hydrotreating reactor in which there are one or more said

hydrotreating stages.

8. A process according to any preceding claim wherein at least a portion
of said separated light fraction is condensed to liquid and recombined with at least a

portion of said dewaxed heavy fraction liquid.

9. A process according to any preceding claim wherein said heavy

fraction comprises less than 60 vol.% of said feed on a liquid basis.



