-1- MULTI STAGE REMOVAL OF HETEROCATOMS AND WAX FROM DI STI LLATE FUEL FI ELD OF
THE | NVENTI ON [ 0001] The invention relates to a nultistage process for
renovi ng heteroatons and wax fromdistillate fuel. In an enbodi nent, the
process involves hydrotreating a distillate fuel feed to renove

het eroat ons, separating the treated feed into |ight and heavy fractions,
with the heavy fraction catalytically dewaxed. BACKGROUND OF THE | NVENTI ON
[0002] Mddle distillate fuel stocks such as diesel, kerosene, jet fuel and
hone heating oil, are produced fromdistillate hydrocarbon feeds that

cont ai n undesi rabl e conmponents including aromati cs and het er oat om conpounds
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 renove the heteroatons as H2S and NH3, and
remove SoRe, AR kivalbrS@ttkatiofl adNESCrd GEEPeAL 20 C?Gﬁ% alin waxy

hydr ocar bon nol ecul es. There are 1 ncreasing requirenents r distillate
fuels to have better |ow tenperature properties, including |ower pour,
cloud, freeze and fuel filter plugging tenperatures and cold filter

pl uggi ng point (CFPP). To obtain fuel stocks that wll neet nore severe
cold tenperature requirenents, distillate fuel fractions nust be dewaxed in
addi ti on tBIERDQFIAEINYENIdJON/ar i ous process schenes have been proposed
and wused for hydrotreating distillate fuel stocks, sone of which
incorporate catalytic dewaxing into the process, and sonetines into the
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hydrotreating a distillate fuel feed to remove heteroatoms, separating the treated

feed into light and heavy fractions, with the heavy fraction catalytically dewaxed.

BACKGROUND OF THE INVENTION

[0002] Middle distillate fuel stocks such as diesel, kerosene, 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 NH;, 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



fuel hydrotreating facilities have neither dewaxing capability nor ground
space avail able on which to add new units to provide it, there is a need
for a process that wll renove both heteroatons and wax fromdistillate
fuel feeds. Desirably, such a process could readily be adapted for use with
exi sting hydrotreating facilities, with mnimal investnent in dewaxing
equi pnent and facilities. SUMVARY OF THE | NVENTI ON [ 0003] The present

i nvention relates to a process for renoving heteroatons and wax from a
distillate fuel feed which conprises (i) hydrotreating the feed in one or
nore hydrotreating reaction stages to produce a hydrotreated fuel reduced
i n heteroatons, (ii) separating the treated fuel into a light and a heavy
fraction, and (iii) dewaxing the heavy-2kraction in one or nore dewaxi ng
reaction stages to inprove one or nore |ow tenperature properties. The
heavy fraction conprises |ess than 80 and preferably |l ess than 60 vol . % of

the feed. \igparagiag. 4&3@,61%“’4299'7585@”4,846,959%?[9,?9%*’%,?90,'8??@/765,6§2‘;i on, as
enabl es t

compared to the total ' hydrofreated feed, e 'use of”’ dne ’or 'nore of

(a) |ess aatd,}03104anddhsxPaignt ApplicationdNo. 200260746QcA 1.y Sirkce ehigtihg qui d
t hrough t he dewaxi ng. caft al yst bed, with caoncom tant deeper dewaxing due to
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the hydrotreated |iquid heavy fraction and a gaseous effluent “"conpri sing

t he hydr otpreeisedowlddeadipobe adapted fphtusé withtexistingdiydngtresting facitides) svithr eact i on
products whjc¢h jnclude upreacted hydrogen, H2S and NH3. The -3- hydrotreated

liquid hedpipimpbiayesmentins@qymang el yipmantand fgeditigss ef f1 uent. The gaseous
effluent is cooled to condense the hydrotreated light fraction to |iquid,

SUMMARY OF THE INVENTION

[0003] The present invention relates to a process for removing

heteroatoms and wax from a distillate fuel feed which comprises (i) hydrotreating
the feed in one or more hydrotreating reaction stages to produce a hydrotreated fuel
reduced in heteroatoms, (ii) separating the treated fuel into a light and a heavy
fraction, and (iii) dewaxing the heavy fraction in one or more dewaxing reaction
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, HS and NH3. The



which is then separated fromthe gaseous reaction products. |If desired, al
or a portion of the hydrotreated [ight fraction nay be reconbined with al
or a portion the hydrotreated and dewaxed heavy fraction. [0004] Dewaxi ng
catal ysts are known to be sensitive to organic heteroatom containing
conpounds, NH3 and H2S. Catal ysts that dewax nostly by isonerization with
m ni mal cracking of the feed to | ower boiling hydrocarbons are typically
particularly sensitive. In an enbodi nent, therefore, the hydrotreated heavy
fraction liquid be stripped to renove di ssol ved H2S and NH3 before it is
dewaxed. Fol |l owi ng dewaxi ng, the hydrotreated and dewaxed heavy fraction,
and the hydrotreated |ight fraction, are typically stripped to renove

resi dual and dissolved heteroatons, gd&s and other inpurity species, either
separately or as a reconbined stream A single stripping vessel with
separate stripping stages may be used to strip (a) the hydrotreated heavy
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feed into one or nore hydrotreating stages, at reaction conditions

effective for the feed and _hydrogen to react ,in the presence of a
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isomerization with minimal cracking of the feed to lower boiling hydrocarbons are
typically particularly sensitive. In an embodiment, therefore, the hydrotreated
heavy fraction liquid be stripped to remove dissolved H,S and NH; befdre itis
dewaxed. Following dewaxing, the hydrotreated and dewaxed heavy fraction, and
the hydrotreated light fraction, are typically stripped to remove residual and
dissolved heteroatoms, gas and other impurity species, either separately or as a
recombined stream. A single 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



passi ng the separated heavy fraction liquid and hydrogen into one or nore
dewaxi ng reaction stages, at reaction conditions effective for the hydrogen
to react wth the heavy fraction in the presence of a catalytically
effective amount of a dewaxing catalyst, to inprove one or nore of the
fuel's low tenperature properties. The preferred enbodi nent in which the
hydrotreating reaction vaporizes the light fraction, elimnates the need
for distillation or fractionation external of the hydrotreating reactor. In
this enbodi nent the process conprises (a) passing hydrogen and a wax and
het eroatom 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 hydrotreating catdryst, to (i) produce a feed reduced
in heteroatons and (ii) vaporize at least a portion of the lighter feed
conponents to produce a light fraction vapor and a heavy fraction |iquid,

(b) separ afiindrdafifig Remypkt, thpasducer febditiddedd RIMdi®atont){(bY depatatinl tyapor . and
(c) passing the heavy fraction 1liquid and hydrogen into ‘one or re
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to react wth the heav% Iraction in the presence of a catalytically
ef f ect i ve PRRDRGHICOICPAT vy fraction liguid andhiydregen intp oRg,F BYE one or nore of
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the sanme tHydPotreBli¥§ reactor. In this embodiment the process 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 faed and hydrogen to

react in the presence of a hydrotreating catalyst, to (i) produce a feed reduced in

heteroatoms and (ii} vaporize af least a portion of the lighter feed components to

produce a light fraction vapor and a heavy fraction liquid, (b} separating the heavy

fraction liquid from the light fraction vapor, and (c) passing the heavy fraction

liquid and hydrogen into one or more dewaxing reaction stages, at reaction

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



anot her enbodi ment relates to retrofitting or addi ng catal ytic dewaxi ng
capability to an existing distillate fuel hydrotreating facility. In this
enbodi ment, (a) one or nore catalytic dewaxing stages are added to a
distillate fuel hydrotreating facility conprising one or nore hydrotreating
stages and (b) enploying the process steps conprising-hydrotreating,
separation and dewaxi ng only the hydrotreated heavy fraction, etc.,
including any or all the various enbodi nents set forth above. The one or
nore dewaxi ng stages can be in a separate reactor added to the facility, but
in at |east sone cases they may be added to an existing hydrotreating
reactor, either internally in the reactor or as an extension welded to the
top of the reactor and nore preferablas-interior of the reactor with gas
comuni cation, but not with liquid conmunication, between the one or nore
dewaxi ng and hydrotreating stages. In an enbodinent, one or nore
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hydr ocar bdfeationcetk e inaheding agy g&all tha variqus embhediments setfiorthjabove. The

one or more dewaxing stages can be in a separate reactor added to the facility, but

in at least some cases they may be added to an existing hydrotreating reactor, either
internally in the reactor or as an extension welded to the top of the reactor and more
preferably interior of the reactor with gas communication, but not with liquid
communication, between the one or more dewaxing and hydrotreating stages. In an
embodiment, one or more hydrotreating stages in a hydrotreating reactor are
converted to one or more dewaxing stages. If the hydrotreating reactor has
interstage gas-liquid separation trays, then hydrotreating catalyst in one or more

hydrotreating stages may be replaced with dewaxing catalyst.

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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fuel s range, which may broadly range between 300 to 700F (149 to 371C) and
nore typically 400 to 650F (204 to 343C). In an enbodi nent, the cut point
separating the heavy fraction fromthe lighter fraction is typically in the
range of from 450 to 580F (232 to 304C). Most of the wax is concentrated in
the heavy fraction; consequently, only the heavy grade need be dewaxed in
order to obtain inproved |ow tenperature properties. This heavy fraction is
typically less than 80 and preferably |ess than 60 vol.% of the total
liquid feed. Major benefits are achieved by hydrotreating to renove
heteroatominpurities prior to dewaxing and by dewaxing only the separated
heavy fraction. For a given dewaxing reaction stage volune, reducing the
vol une of waxy feed being dewaxed resulfs in an increased residence tine
for the waxy liquid and a concom tant increased hydrogen treat gas to waxy
hydrocarbon ratio in the dewaxi ng stage(s). Alternately, |ess dewaxing
catal yst cBETELEDODESCRIPTION t he sane | evel of dewaxing and, therefore,
a snmall er dewaxing stage can be used, resulting in a desirable decrease in

t he dewaxi ng reaction residence tine. Renoval of the heteroatominpurities
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from 450 to 580°F (232 to 304°C). Most of the wax is concentrated in the heavy

fraction; consequently, only the heavy grade need be dewaxed in order to obtain
improved low temperature properties. This heavy fraction is typically less than 80
and preferably less than 60 vol.% of the total liquid feed. Major benefits are
achieved by hydrotreating to remove heteroatom impurities prior to dewaxing and
by dewaxing only the separated heavy fraction. For 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



m | der dewaxi ng conditions, and particularly a | ower dewaxing pressure,
permt both dewaxi ng and hydrotreating stages to be in the sanme reaction
vessel with gas flow between dewaxi ng and hydrotreati ng. The anount of

di ssol ved and entrained H2S and NH3 renoved by stripping prior to dewaxing,
while mnor, would be desirable to prevent a reduction in dewaxing catal yst
activity, should a sulfur or nitrogen sensitive dewaxing catal yst be used,
such as one that dewaxes nostly by isonerization and not by cracking. A

hi gher treat gas to liquid ratio will reduce the partial pressure, in the
dewaxi ng stage, of any remaining H2S and NH3 in the waxy |iquid, thereby
contributing to preventing a reduction in dewaxing catalyst activity which
is particularly inportant with a heteréatom sensitive dewaxi ng catal yst.

[ 0010] By heteroatons is nmeant primarily sulfur and nitrogen, which are
present in the feed as sul fur and nitrogen containing conpounds, but the
term al so priditGh e [ 16 RA : t he one or
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sul fur andiftbléPe8Ritive dewaxing catalyst be used, such as one that dewaxes mostly by

isomerization and not by cracking. A higher treat gas to liquid ratic will reduce the
partial pressure, in the dewaxing stage, of any remaining H,S and NH; in the waxy
liquid, thereby contributing to preventing a reduction in dewaxing catalyst activity
which is particularly important with a heteroatom sensitive dewaxing catalyst.

v
[0010] By heteroatoms is meant primarily sulfur and nitrogen, which are
present in the feed as sulfur and nitrogen containing compounds, 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 NH,, with oxygen removed as H;O. The hydrotreating also converts at
least a portion of aromatics and other unsaturates that may be present by
hydrogenaeting 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



content to from5 to 100 wpopm and 10 to 100 wppm depending on the inpurity
|l evels in the feed. Inproved | ow tenperature properties, include one or nore
of lower pour, cloud, freeze and CFPP tenperatures. Low tenperature
property requirenments will vary depending on the fuel and some depend on

t he geographical location in which the fuel will be used. For exanple, jet
fuel should have a freeze point of no higher than -47C. Diesel fuel has
both sunmer and wi nter cloud point specifications, varying by region, from
-15 to +5C and -35 to -5C. Both fuels have fuel filter plugging
requirenents. Heating oils typically have | ow pour point requirenents. The
feed may be derived fromlight and heavy whol e and reduced crude oils, as
straight run distillates, fromvacuum tower resids, cycle oils, FCC tower
bottons, gas oils, vacuumgas oils, deasphalted residua, tar sands, shale
oil and the |like. The heavier sources tend to have nore heteroatom
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di scussed, the invention relates to a fuel upgrading process involving
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specifications, varying by region, from -15 to +5°C and -35 to -5°C. Both fuels

have fuel filter plugging requirements. Heating oils typically have low pour point

requirements. The feed may be derived from light and heavy whole and reduced

crude oils, as straight run distillates, from vacuum tower resids, cycle oils, FCC

tower bottoms, gas oils, vacuum gas oils, deasphalted residua, tar sands, shale oil

and the like. The heavier sources tend to have more heteroatom impurities and

therefore require more severe processing,

[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 VII 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,



such as alum na. The G oups referred to herein refer to Goups as found in
the Sargent-Welch Periodic Table of the Elenents copyrighted in 1968 by the
Sargent- Welch Scientific Conpany. Qther suitable hydrotreating catal ysts
include zeolitic catalysts, as well as noble netal catalysts, wherein the
noble metal “is selected from Pd and Pt. It is within the scope of the
present invention that nore than one type of hydrotreating catalyst may be
used in the sane reaction stage or zone. Catalysts wuseful for saturating
aromati cs include nickel, cobalt-nolybdenum nickel- nolybdenum

ni ckel -tungsten and noble netal (e.g., platinum and/or palladium

catalysts, with the noble netal catalysts being sulfur sensitive, but nore
selective for aromatics renoval. Typie® non-noble netal hydrotreating
catal ysts include, for exanple, Ni/M on alum na, Co/M on alum na,

Co/Ni /M on alumna, and the |ike. Hydrotreating conditions typically
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catalysts, with the noble metal catalysts being sulfur sensitive, but more selective
for aromatics removal. Typical non-noble metal hydrotreating catalysts include, for
example, Ni/Mo on alumina, Co/Mo on alumina, Co/Ni/Mo on alumina, and the
like. Hydrotreating conditions typically include temperatures in the range of from
530 to 750°F (277 to 400°C), preferably 600 to 725°F (316 to 385°C), most
preferabiy 600 to 700°F (316 to 371°C), at a total pressure in the range of 400 to
2000 psi, at a hydrogen treat gas rate in the range from 300 to 3000 SCF/B (53 to
534 S m°® of H, /m’ of oil), and a feed space velocity of 0.1 to 2.0 LHSV. Inan
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 fraption 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



liquid. This is acceptable for the hydrotreating of this enbodi nment. Having
descri bed the hydrotreating, the dewaxi ng can now be nore fully descri bed.
[0012] By dewaxing herein is neant catal ytic dewaxing in which the waxy,
heavy fraction reacts with hydrogen in the presence of a dewaxing catalyst
at reaction conditions effective to reduce its pour and cloud points, and

I ncrease the cold cranking performance of the dewaxed fuel. Wile sone
hydrotreati ng catal yst conpositions may be used to dewax the heavy fraction
(e.g., those which include one or nore of Co, Ni and Fe and which wil|
typically also include one or nore of Mo or W as well as Pt and Pd noble
metal s"on an acidic support such as alumna, as is known), in sone cases it
will be preferred to enploy a dewaxinglleatal yst that dewaxes nostly by

i sonmeri zation and not by cracking, to meximze yield of the dewaxed fuel.
However, this may not always be a viable option. The dewaxing is conducted
at reacti otiqeidnditis recceptable fortie c&reaﬁﬁgléﬂlﬂé Bh®otlAReHN $ 300 to 900F
(149 to 482C), preferably 550 to 800F (289 to 427C) and pressures in the
range of f Aeseribed toinoirgireafingTihe depeaxdngenn nonbainmra dully dedcripad. rate wil |
range- between 300 to 5000 SCF/B (53 to 890 S nB/nB) with a preferred range
of 2000 to 4000 SCF/B (356 to 712 S nB/nB), while the liquid hourly space
vel oci ty. YoDIsg! UB3Adethl h@&ﬂ{isgf{é\!nﬁﬁﬂmlﬁwevwaﬁ n nlg})g’ee“ 0.1 to 10 and

preferably 1 t0 5. "The acidi ¢ oxl de support or carrier i nclude silica,

al umi na, sile waryg hoarynfractidreracis evidrhydregeminabie bedseftCyPs ddaihe  When
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i ncludi ng SAPO- 11, = 36, "37 and 40 as Sl eves, d stable
Y sieves atimhst wtich mslude one or more of Co, Ni and Fe and which will typically also

include one or more of Mo or W, as well as Pt and Pd noble metals on an acidic
support such as alumina, as is known), in some cases it will be preferred to employ
a dewaxing catalyst that dewaxes mostly by isomerization and not by cracking, to
maximize yield of the dewaxed fuel. However, this may not always be a viable
option. The dewaxing is conducted at reaction conditions which include a
temperature ranging from 300 to 900°F (149 to 482°C), preferably 550 to 800°F
(289 to 427°C) and pressures in the range 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 ulira stable Y sieves and like, as is



-11- known. If stripping is not available prior to dewaxing and/or if the
sul fur content of the hydrotreated and separated heavy fraction is high
enough to result in dewaxing catalyst activity reduction or |oss, zeolites
containing franmework transition netals having inproved sul fur resistance
(c.f., US. Patent Nos. 5,185, 136; 5,185,137 and 5,185, 138) maybe enpl oyed.
[0013] Atreat gas is used in the hydrotreati ng and dewaxi ng. The terns
"hydrogen", "hydrogen treat gas" and "treat gas" are used synonynously
herein, and nay be either pure hydrogen or a hydrogen-containing treat gas
which is a treat gas stream contai ning hydrogen in an anmount at | east
sufficient for the intended reaction(s), plus other gas or gasses (e.g.,
nitrogen and |ight hydrocarbons such astl-met hane) which will not adversely
interfere with or affect either the reactions or the products. Inpurities,
such as H2S and NH3 are undesirable and would typically be renoved fromthe

treat gas h@cﬁ\@ﬂﬁfbﬁﬁﬁngﬁm@.ﬁﬁﬁbﬂ@?ﬁmmdemﬁfg anther if tiepdulfi Sonehf §AM
introduced into a reaction stage will preferably contain at |east 50 vol.%
and nore phedtydreimajedhand sepsratebhesyy foackou ivlgigh enpogh 1) resuldin dewaxing f uel
base stock produced.b hi s _prqcess be, .hydrofrni shed at. mld

condi ti ons?ﬁffésﬁ qf%rWée‘i‘%ﬁt’@P o&ﬁasssg%pgﬁ%/si q%p}a@%gffgqrﬂ?\goaq tensttion mptalsy  pase
stock. Hydpof:ipkshi [ ) | col r i

ot ocoss, "t ChC LRRIISA Qi NS (G, D Tl os PR 8, FITIAN, ons 10
renove traggd8a/i88nimydfe dmppleyedit om conpounds, aronmatics and olefins, to

I nprove oxidation stability and col or. Hydrofinishing reaction conditions
typically include a tenperature of from 300 to 660F (150 to 350C) and
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and may be either pure hydrogen or a hydrogen-containing treat gas which is a treat

gas stream containing hydrogen in an amount at least sufficient for the intended

reaction(s), plus other gas or gasses (e.g., nitrogen and light hydrocarbons such as

methane) which will not adversely interfere with or affect either the reactions or the

products. Impurities, such as H,S and NH; are undesirable and would typically be

removed from the treat gas before it is conducted to the reactor. The treat gas

stream introduced into a reaction stage will preferably contain at least 50 vol.% and

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



-12- scfB (44.5 to 1780 nB/ nB). The catalyst will conprise a support
conponent and one or catalytic netal conponents of nmetal from G oups VIB
(Mo, W Cr) and/or iron group (Ni, Co) and noble netals (Pt, Pd) of G oup
VIIl. The netal or netals may be present fromas little as 0.1 w.%for
noble netals, to as high as 30 wt.% of the catal yst conposition for
non-nobl e netals. Preferred support nmaterials are low in acid and include,
for exanpl e, anorphous or crystalline nmetal oxides such as alumna, silica,
silica alumna and ultra |arge pore crystalline materials known as
mesoporous crystalline materials, of which MCM 41, available fromthe
ExxonMobi | Conpany, is a preferred support conponent. The preparation and
use of MCM 41l is disclosed, for exanplE- in U S. Patent Nos. 5,098, 604,
5,227,353 and 5,573,657. [0015] Two rel ated enbodi ments will be descri bed
with reference to the Figures. For the sake of sinplicity, not all process
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ExxonMobil Company, is a preferred support component. The preparation and use
of MCM-41 is disclosed, for example, in U.S. Patent Nos. 5,098,604, 5,227,353

and 5,573,657.

[0015] Two related embodiments will be described with reference to

the Figures. For the sake of simplicity, not all process reaction vessel internals,
valves, pumps, 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, iltustrated 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



respective gas and liquid flow distributor, 28 and 30, |ocated near the top
of the -13- bed. In this illustration, the gaseous effluent fromthe
dewaxi ng stage flows directly down into the hydrotreating stage below. In
this enbodi nent, one or nore existing hydrotreating stages can readily be
converted to dewaxing stages, with the hydrotreating catalyst previously
used in these stages replaced by a dewaxing catalyst, or a reactor may be
i nstal |l ed having both dewaxi ng and hydrotreating stages in it. Stripper 14
conprises two stripping stages 32 and 34, separated by a chimmey type
gas-liquid separation tray 36, with the dewaxed fuel stripping stage 34

| ocat ed bel ow the hydrotreated heavy fuel fraction stripping stage 32. Each
stripping stage preferably contains pacdked beds (not shown) of high surface
area packing material, such as conventional structured packing trays and
the like, or both, to enhance the efficacy of the stripping. An existing,

single or bed tinthisifiestration, meegaseaacfloentSrdrh FR doyBhyY sﬁgérﬂ%Wseat ed liquid,
can be converted to two stages by nmeans well known in the art, to
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packing material, such as conventional structured packing trays and the like, or

both, to enhance the efficacy of the stripping. An existing, single or multi-stage

stripper used for stripping only hydrotreated liquid, can be converted to two stages

by means well known in the art, to separately strip the hydrotreated and dewaxed

liquids. In the process illustrated in Figure 1, a feed comprising a waxy,

heteroatom-containing diesel fuel fraction boiling in the range of 400 to 700°F (204

to 371°C) is passed, via feed line 38, into the hydrotreating reaction stage 22

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



beds may contain the sane or different catalysts. Wile not shown, a
sequential plurality of the sane or different hydrotreating catal yst beds
may be vertically separated fromeach other, with gas and liquid flow

di stribution neans between -14- them defining a plurality of hydrotreating
zones in the hydrotreating stage, wherein the entire effluent froma
precedi ng zone flows into the next sequential zone. In one enbodi nent the
het eroatons will be renoved first, with the waxy, heteroatom reduced feed

t hen passed down through one or nore catal yst beds nore effective for
aromatics renoval. The hydrotreating reaction vaporizes hydrocarbons boiling
bel ow 500F (260C) and produces a hydrotreating stage effluent conprising the
hydrotreated |iquid heavy fracti on and-l&-gaseous effluent conprising the
hydrotreated and vaporized light fraction, along with gaseous reaction
products which include unreacted hydrogen, H2S and NH3. Most of the wax is
concentr at i hRk ' ' | assed. .t .at or
drum 16 vi gﬁln}’r?gﬁglg% %@%lﬁgg;ﬁ%‘?{rgg&gﬂgﬁ% %&F?F@yﬁ ?ﬁr?t(;';{icL gobrlld%oan%fefi@s | ess
than 60 anthepméiteeffhient fromsa piraeding@oneflows ditotthenéasdqeaital kag, A3 Vi a |ine
38. Optional cooling means such as an indirect heat exchanger (not shown)
may be i ncPReiEabodiment thecheteroatoss wihboremayed first, wath the vaxy, betarbatse- sone’ of
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in the liquid heavy fraction, which is passed to separator drum 16 via line 40. The

hydrotreated liquid heavy fraction comprises less than 60 and preferably less than
80 vol.% of the feed entering 22 via line 38. Optional cooling means such as an
indirect heat exchanger (not shown) may be included with line 40 upstream of 16,
if desired to condense some of the vaporized feed to liquid. The hydrotreating
reaction conditions can vary during the hydrotreating and therefore the extent of
feed vaporization occurring from the hydrotreating 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 siripping 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



reaction gas and hydrotreated fuel vapor in 16. This heavy fraction |iquid
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 renmoved from 16 via line 44, and passed through heat exchanger
20, in which the vaporized -15- light fraction is cool ed and condensed out

as liquid. The resulting liquid and gaseous reaction products are then
passed into separation drum 18, via line 46. [0016] In the stripper (14),

t he hydrotreated, waxy heavy fuel fraction liquid contacts a steam stri pping
gas flow ng up through the gas-liquid separation tray 36, fromthe dewaxed
fuel stripping stage 34 below. The steam strips dissolved and entrained

het er oat om conpounds (H2S, NH3 and H2O)%ut of the heavy liquid. In
addition to resulting in | ess dewaxi ng catal yst activity |loss downstream
stripping out the dissolved heteroatom conpounds enables the use of a nore

het er oat omigkidtionss 66318 g cERdeHs¥® but i®S tﬁ%ar mostly by
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I's cracked into hydrocarbons, including nmethane, boiling below the desired
fuel range. The stripped heavy liquid collects on tray 36 and is w thdrawn
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catal yst, agwastream, stripping out the dissolved heteroatom compounds enables the use of

a more heteroatom sensitive dewaxing catalyst, such as those that dewax mostly by

isomerization and not by cracking. A catalyst that dewaxes mostly by

isomerization produces a greater yield of dewaxed fuel, because less of it is cracked

into hydrocarbons, including methane, boiling below the desired fuel range. The

stripped heavy liquid collects on tray 36 and is withdrawn from the stripper via line

52, with the steam and stripped components 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 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



plurality of dewaxing zones, into each of which the entire effluent froma
precedi ng zone passes. |In dewaxing reaction stage 24, the hydrogen reacts
with the waxy conponents in the hydrotreated and stripped heavy di esel
fraction to reduce its pour and cloud points, and inprove its | ow
tenperature properties. The dewaxing reaction is operated at m | der

condi tions than would ot herw se be possible if -16- dissolved H2S and NH3
had not been renoved fromthe heavy fraction and/or if the entire feed,
instead of only the heavy fraction, was being dewaxed. The snmaller volune
of waxy feed being dewaxed results in an increased |iquid residence tine

and a concomtant increased hydrogen treat gas to waxy hydrocarbon ratio in
the dewaxing stage. The stripping pridf-to dewaxi ng reduces the H2S and NH3
partial pressures in the dewaxing stage, and the higher treat gas to liquid
ratio further decreases them This neans the dewaxing catal yst activity
will be hi j SHRSHK I éﬁfﬁﬁ : : r. The
hydr ogen t?ﬁgﬁ({mgggzg %(tlp%g\ﬁgg I I}])t%O 24 %ﬁegffgorlgyeyﬂéco taloﬁ?ﬁgaﬁgﬁgﬁfﬁ%rogen
for both t&eirddvel)insgadrad only thedienen fiaogon, @astbetsdewhedn yiifedinidRkE ed and
dewaxed liquid collects on tray 26, fromwhich it is renmoved via |ine 58.
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introduced into 24 preferably contains enough hydrogen for both the dewaxing and

hydrotreating reactions. The hydrotreated and dewaxed liquid collects on tray 26,

from which it is removed via line 58.

[0017] In this particular illustration, the condensed, hydrotreated

light fuel fraction is separated from the heteroatom-containing, gaseous
hydrotreating reaction products in drum 18, and passed via line 60, into line 58,
where it recombines with the hydroireated 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 NHj 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 H,S, NH3, H,O,
hydrogen and light, normally gaseous (e.g., C,-C4) hydrocarbons. A hydrotreated,
dewaxed and stripped diesel stock is removed from 14 via line 49. If needed, and

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



fractions are stripped with steamentering the bottomof the stripper via
line 48. In both stripping stages 32 and 34, the stripping renoves

di ssol ved H2S, NH3, H2O, hydrogen and light, normally gaseous (e.g., Cl-C4)
hydr ocarbons. A hydrotreated, dewaxed and stripped di esel stock is renoved
from1l4 via line 49. If needed, and irrespective of whether or not the

di esel stock conprises only the heavy fraction or -17- has been reconbi ned
with the light fraction, the diesel stock can be mldly hydrofm shed either
before or after stripping. [00181 Wile only two stages are shown in this

Il lustration of an enbodi nent, nore than two stages may be used for either
or all of the hydrotreating, dewaxing and stripping. For exanple, the

di scl osure of U S. Patent No. 5,705, 05217-which is incorporated herein by
reference, illustrates the use of three reaction stages in a single vessel,
I n conmbination with three stripping stages in a single stripper. Those

skil'led i nhhé"@eéﬁr%cﬂﬁnbineﬁ@ﬂ&?ﬂie@fg?? Haafior, Iﬂ?é@ieﬁﬂ{% d'ec}!llﬁaameﬁ{e]ﬂdlgfin al so be

applied to four or nore stages, desired. Fur , cocurrent gas
and | i qui dhfdwfinished kither beforet dreafiey strippirgat i ng and catal yti c dewaxi ng stages
above, one or nore stages could have countercurrent gas and liquid flow

[ 00191 Figure 2 schematically illustrates an in which one hydrotreating

stage and de ' t.age t.l ich both st s afein a

Singl e roalfiid) CYTHIEH S SR RS e RE i iR s S8 RBES ' 07 ¢
there wer e o tERRR RACkd R5edBE Sigh s %m&k eshiibat e fuel
hydr otreating and dg\?%fgleﬁg ani t%7\(§6corrpe?i0§eis]%g I%ééqz;ctor veséglbﬁl%%nba

stri pper l4nd sirippmng. i Kpriedtamppa the disciostrawf 1BS dPatentdNeR 70505 avigeh i20. The
catal yti c dewaxi ng iﬁtage is defined by one or mpre catal yst beds

i 11 ust r at edncgEparated ferain By gaterenca, Musiiates theaiie of three RackPn 3B2EOWR ed near

the top. A i qui d-.l Lt 6.separat es and. sol at es
the dewax F%‘gfes%geel’ @}%fﬁlégﬁﬁgﬁﬁ%fﬁgﬁﬁ[gﬁ%@%@a@ @‘%glséﬁ'meﬁ Frqh‘t)si?i s type
of skilled in the art will appreciate that these configurations can also be applied to four

or more stages, if desired. Further, while cocurrent gas and liquid flow is shown in

the hydrotreating and catalytic dewaxing stages above, one or more stages could

have countercurrent gas and liquid flow.

[0019] F igure 2 schematically illustrates an in which one hydrotreating stage
and one dewaxing 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 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 retrofitied 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 represents

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



arrangenent, a single reaction vessel can be retrofitted by placing the
partition 86 into the vessel. Alternately, a smaller reactor for the
dewaxi ng can be placed on top of an existing hydrotreating reactor,

provi ded the hydrotreating reactor and its foundation are able to support
the additional weight. Either way, it represents another way of enabling an
exi sting hydrotreating reactor to be retrofitted or -18- converted into a
dual function reactor for hydrotreating and catal ytically dewaxing
distillate fuel. The sane feed used in the Figure 1 illustration is
conducted, via feed I|ine 38 above distributor 28, where it conbines with

t he hydrogen-rich dewaxing reaction gas effluent renoved from gas space 81
bel ow 24, but above 86, and passed betl8w 86 and above 28 via line 79. The
conbined treat gas and feed pass down through the gas and liquid flow
distributor 28 and into and through the one or nore hydrotreating catal yst

beds 22, atoregte@tntoatldid firdohiredtarfohjdiotsatdid aed éaglytibaly ddwatiged to
react with the hydrogen in the gas to renove heteroatons an(}, aromatics. The

one or nor distilatalfyedt Thedemesfped osadinrihe Rigusa héllustratiohfiecemtuctedaviml fped s, as
I s di scl osgd r, the Figure 1 enbodinent, The fee drocarbons  boiling
bel ow & ho. g 5BV JiaibRST 28 WSOt ZPBOYIES St B MALQRRASIG SeJeaiBs and
produce th ' ' ljgure 1
process. %&@%F@%ﬁﬁ%ﬁﬁmﬁgﬁ%ﬁ?ﬁ%@ﬁ%?’%ﬁ) gbé’tetg"g aPp‘é%F&fArﬁgction vapor
and the gapgRedbelo®e®s athatyv@stia lipe 9. MheQombaRst lrédt\Wad afig Bidfakodn space
under 22, where the gaseous effluent is separated fromthe hydrotreated

heavy | i quilewsdhrough tte gaslanddiquid Howtdigiributor 2fhanfl intecandahraugh the oshomn.
o000 T bt ot e, LSRG LU E SRS e e g 1 0o
oL 110 CRUMEL Bl e il 0 pSactn o Ot Ao maBegpil oo,
passed t hr gté@utics. The one or more catalyst beds may contain the same or different

catalysts, as is disclosed for the Figure 1 embodiment. The feed hydrocarbons

boiling below the range of from 450 to S80°F are vaporized in this stage to and

produce the same hydrotreating stage effluent produced in the Figure 1 process.

However, in this embodiment the hydrotreated light fraction vapor and the gaseous

reaction products pass into a gas-liquid separation space under 22, where the

gaseous effluent is separated from the hydrotreated heavy liquid) 89, which collects

at the bottom of the reactor as 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



heat exchanger 20, which cools and condenses the hydrotreated vapor to
liquid. As in Figure 1, the mxture of condensed |liquid and gaseous
reaction products are passed into separation drum 18, where they are
separated., The liquid is renbved from 18 via line 60 and the gaseous
reaction products via line 62. As in Figure 1, the condensed |ight fraction
is passed, via line 60 to line 58, where it reconbines wth the
hydrotreat ed and dewaxed heavy fraction. The stripped, waxy heavy -19-
fraction is renmoved from 14 via |line 52 and passed into the dewaxi ng stage
24, via line 56. Fresh hydrogen treat gas is passed into 24 via lines 54
and 56. The hydrogen treat gas and the hydrotreated and stripped heavy
liquid are distributed over the dewaxildg stage catal yst by gas and |iquid
distributor 30. The sane reactions, catalyst, configurations and dewaxi ng
stage effluent is produced here as in 24 of Figure 1, but with the

hydr ot r eat fdctiidis demoxed ffontitd diallgR\S2 dridasissehints e/ @%&ﬂ%}ﬁb@é@%@a as
l'iquid 83, which is renoved and passed via line 58, into the “stripper in
thi's enbodlingeht. Frdshbhydrgenyhabgenis passed detodduda éinks fénnd fasThd to 80 via

line 79, instead of passi fhrough,a tray, This permts the option of
oper ating H@OaMQ?%Séflag@dﬁwaﬁFﬁt&ﬁgﬁd W@E%‘ih@%ﬂw&ﬁ@ saroytadeat i ng
stage. A . i : i ine 79, to
heat or co{% rm%&e‘ﬁ%bggteaﬁéﬁ%@%g%%%@E@ggtﬁﬁﬂg&ggguﬁég ent before it
passes i nt geattishs, batdlyst, confipnatishoarl deWsingd stepeBiiiRhnE frodwedn@resy of the
stripper 14 are the sane as those described for Figure 1, and need not be

repeat ed hisr24 offhigursy birtaxt wath the hydenseated dndrnlgwaned tiguid licasy fiastioenoved from
(e L1 phel i LEOG 49, AaR it Rosncl ol potet 205, T ot ers o
described Wiper iBIRECmBdlifabAl Withithe By @DeBRPIcY daledldlcHm&iTRaciedRA R0 - 20-
via line 79, instead of passing down through a tray. This permits the option of
operating the dewaxing stage at a higher pressure than the hydrotreating stage. A
further option is the use of a heat exchanger with line 79, to heat or cool the
hydrogen-rich dewaxing reaction gaseous effluent before it passes into the
hydrotreating stage. The streams going into and out of the stripper 14 are the same
as those described for Figure 1, and need not be repeated here. The hydrotreated,
dewaxed and stripped fuel is removed from the stripper via line 49 and sent to
blending or storage. The options of hydrofinishing, the use of multiple stages,
countercurrent flow, etc., described with respect to Figure 1, also apply to this

embodiment.



CLAIM5 1. A process for renoving heteroatons and wax froma distillate fue
feed having an end boiling point of about 700F. conprising: (i)
hydrotreating the feed in one or nore hydrotreating reaction stages to
produce a hydrotreated fuel reduced in heteroatons, (ii) separating said
treated feed, at a cut point from about 450F. to about 580F., into a |ight
fraction boiling bel ow about the cut popnt, and (iii) dewaxi ng said heavy
fraction in one or nore dewaxi ng reaction stages, to inprove one or nore

| ow tenperature properties. 2. A process according to claiml wherein said
feed and hydrotreated heavy fraction is |liquid. 3. A process according to
claim2 wherein said heavy fraction conprises |ess than about 80 vol. % of
said feed on a liquid basis. 4. A process according to claim3 wherein said
| i ght fraif' tS separated fromsaid hydrotreated fuel as vapor. 5. A
process aeé%gzhgg to claim4 wherein unreacted hydrogen from sai d dewaxi ng
is used for said hydrotreating. 6. A process according to claimb5 wherein
said hydrotreated heavy fraction liquid is stripped to renove dissol ved
het er oat om conpostbetss Bafremevingimdtepivmnd il walfrom/a dibtilMt® GRS FeedHaOingiang t o
claim6 wherein at |east one said dewaxing stage is in a hydrotreating
react or i Andbeibing poiatraf ahpet 7ORE. spmpBsiag'sai d hydrotreati ng stages. 8. A
process accor di, I 1% r el t | i on. of id se ated |ight
fraction is cohgg%%é%éatqggg Iﬂé{%ﬁlﬂg Hg?l ?rerﬁ%gr{})l?’%rgﬁg%\n&qghm%@mpZs’gaéf" S t;) P?)g‘iﬁ"%%n of
sai d dewakedtotrbal/ el feaodeld dinhdter@hboths, 9. A process according to claim8
wherein said heavy fractio cogPrises | ess than 60

(i1) separating said treated feed, at a cut pomt trom about 450°F. to about 580°F,,
into a light fraction boiling below about the cut point, and
(iii) dewaxing said heavy fraction in one or more dewaxing reaction stages, to

improve one or more low temperature properties.

2. A process according to claim 1 wherein said feed and hydrotreated heavy fraction is
liquid.
3. A process according to claim 2 wherein said heavy fraction comprises less than

about 80 vol. % of said feed on a liquid basis.

4. A process according to claim 3 wherein said light fraction is separated from said

hydrotreated fuel as vapor.

5. A process according to claim 4 wherein unreacted hydrogen from said dewaxing is

used for said hydrotreating.

6. A process according to claim 5 wherein said hydrotreated heavy fraction liquid is

stripped to remove dissolved heteroatom compounds before said dewaxing.



vol. % of said feed on a liquid basis. 10. A process for renoving

het eroatons and wax froma distillate fuel feed having an end boiling point
of about 700F. conprising: (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 hydrotreating catalyst, to produce a feed reduced in
het er oat ons, (b) separating the heteroatomreduced feed, at a cut point from
about 450F. to about 580F., into a light fraction boiling bel ow about the
cut point and a heavy fraction |liquid boiling above about the cut point,
and (c) passing the separated heavy fraction liquid and hydrogen into one or
nore dewaxing reaction stages, at reaction conditions effective for the
hydrogen 0 reach  wid Qc&&&ingngac‘t'a)f?'lf(f WhkteRat Rad e RELSEAGR; fst?Lgfdi@“ﬁ)é' ng
catalyst, to inprove one or “nore |l ow tenperature properties. A pr ocess
accor di ng hydrotrbaingird@tostue mhich thae dretopd ootmosedai Hgydr@satingstagssndi t i ons
vaporize at |east nost of said light fraction, to produce a hydrotreated
light fraction vapor 22 and a hydrotreated heavy fraction liquid and
wherein sai d vapgiocks a_'i:%&f’dh%t 8ink 7OPh&RIndar lehqU ?oni%a-qfﬁsaw Qe high di ng
to claim 10 wherein said hydrotreated heavy fraction liquid 1's stripped to
renove di drolicres ¢tvatdensed o higuidnandurcdemiia¢d withsaileasti evaxiiorg of $8d dewpredcess
accordinghtql%ugln1é2.§herein sai d heavy fraction conprises |less than about
80 vol . %61 YsKdt ¢84%n a liquid basis. 14. A process according to claim
13 wherein unreacted hydrogen fromsaid dewaxing is wused for said

hydrotreating. 15. A process according to claim 14 wherein said hydrotreated
heavy fr aétionA Prgeqss ageprding to claim 8 wherein said heavy fraction comprises less than 60

vol. % of said feed on a liquid basis.

10. A process for removing heteroatoms and wax from a distillate fuel feed having an
end boiling point of about 700°F. comprising:

(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 hydrotreating catalyst, to produce a feed reduced in
heteroatoms,

(b) separating the heteroatom-reduced feed, at a cut point from about 450°F. to
about 580°F., into a light fraction boiling below about the cut point and a heavy fraction
liquid beiling above about the cut point, and

(c) passing the separated heavy fraction liquid and hydrogen into one or more
dewaxing reaction stages, at reaction conditions effective for the hydrogen to react with the
heavy fraction in the presence of a dewaxing catalyst, to improve one or more low

temperature properties.

11. A process according to claim 10 wherein said hydrotreating reaction conditions

vaporize at least most of said light fraction, to produce a hydrotreated light fraction vapor



stripped to renove dissol ved heteroat om conpounds before said dewaxi ng. 16.
A process according to claim1l5 wherein said one or nore dewaxi ng stages
have been added to an existing hydrotreating facility. 17. A process
according to claim 16 wherein at |east a portion of said separated |ight
fraction is condensed to liquid and reconbined with at |east a portion of
sai d dewaxed heavy fraction liquid. 18, A process according to claim16
wherein said conbined |ight and heavy fiactions are stripped. -23- 19. A
process according to claim18 wherein said reconbined |ight and heavy
fractions and said hydrotreated heavy liquid fraction are stripped with a
stripping gas in separate stages in a single stripper and wherein said gas
first strips said dewaxed product and then said heavy liquid prior toits
bei ng dewaxed. 20. A distill ate fyel hydrotreating process conprising: (a)
addi ng on@"$ hygraireals ety &aciianaliag a8¢ Aty said vapay is| yepprated fgqm sai
hydrotreatj,pg facility conprising one or nore hydrotreating stages, (b)
passi ng hydrogen and a wax and heteroatomcontaining distillate fuel feed
havi ng an end boiling point of about 700F. into said one or nore

hydr ot reating stages in aid facilit at reaction canditi.ons effective for
20T eod 'And AvMIPEIEACCT G SuriSi ¢ ibereRy wlERbko G Higuy SR Ba Tl

catal yst, stippéd tbo rBkmeedIgiSsoR iR ftrd @i 6QHpdun dIB BB dBvaring. (1 1) vaporize at

| east a portion of the lighter feed conponents to produce a |I|ight fraction

vapor boiling bel ow about a cut point and a heavy fraction |Iliquid boiling

above abo th i . . (o] hei fro ou 450F, bout
580F., ( c;ﬁ"s epgr gr;d ft’ensg gl'gée.{)ﬁ%‘n% gg&ga% rlgc‘wé&?fgl Sf'@gl?egv}/ @&%%“afg%l"?ﬁ?%ﬁ% es% ?tg%t ion
vapor, andbout 80 vol. % of said feed on a liquid basis.

14. A process according to claim 13 wherein unreacted hydrogen from said dewaxing is

used for said hydrotreating.

15. A process according to claim 14 wherein said hydrotreated heavy fraction liquid is

stripped to remove dissolved heteroatom compounds before said dewaxing.

16. A process according to claim 15 wherein said one or more dewaxing stages have

been added to an existing hydrotreating facility.

17. A process according to claim 16 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.

18. A process according to claim 16 wherein said combined light and heavy fractions

are stripped.



(d) passing said heavy fraction liquid and hydrogen into said one or nore
dewaxi ng reaction stages, at reaction conditions effective for said
hydrogen to react with said heavy fraction in the presence of a dewaxing
catal yst, and inprove one or nore |ow tenperature properties.

223 -

19. A process according to claim 18 wherein said recombined light and heavy fractions
and said hydrotreated heavy liquid fraction are stripped with a stripping gas in separate
stages in a single stripper and wherein said gas first strips said dewaxed product and then

said heavy liquid prior to its being dewaxed.

20. A distillate fuel hydrotreating process comprising:

(a) adding one or more catalytic dewaxing stages to a distillate fuel hydrotreating
facility comprising one or more hydrotreating stages,

(b) passing hydrogen and a wax and heteroatom-containing distillate fuel feed
having an end boiling point of about 700°F. into said one or more hydrotreating stages in
said facility, at reaction conditions effective for said feed and hydrogen to react in the
presence of a hydrotreating catalyst, to

(1) produce a feed reduced in heteroatoms and

(ii) vaporize at least a portion of the lighter feed components to produce a
light fraction vapor boiling below about a cut point and a heavy fraction
liquid boiling above about the cut point, the cut point being from about
450°F. to about 580°F.,

(c) separating said heavy fraction liquid from said light fraction vapor, and

(d) passing said heavy fraction liquid and hydrogen into said one or more dewaxing
reaction stages, at reaction conditions effective for said hydrogen to react with said heavy
fraction in the presence of a dewaxing catalyst, and improve one or more low temperature

properties.



