PROCESS FOR CONVERTI NG WAX- CONTAI NI NG HYDROCARBON FEEDSTOCKS | NTO :
H GH GRADE M DDLE DI STI LLATE PRODUCTS The present invention rel ates to
a process for reducing the wax content of wax-containing hydrocarbon
feedstocks. More particularly, the invention relates to a synergistic
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to hinder the flow of the liquid hydrocarbon and prevent it from being

pumped or transmitted from one location to another. The temperature at
which the hydrocarbon o0il will not flow is commonly referred to as the

"pour point". The temperature at which a cloud or haze of wax crystals
is formed in the o0il is commonly referred to as the “éloud point".

These parameters are determined by way of standardized test procedures.

One way of converting such wax-containing feedstocks into high-grade
products is by means of catalytic conversion, a process in which the
waxes and other high-molecular weight hydrocarbon components are
cracked in the presence of hydrogen to lower-molecular weight
components. In this way middle distillates can be produced, and
because of the ever increasing need for middle distillates, such as jet
fuel, diesel fuel, and heating oil, it is of major importance to have
good processes for their production, i.e., processes which effect
efficient conversion of the objectionable high-molecular weight
feedstock components to give middle distillate products with desirable

properties.

Such processes are known e.g. from US-4,743,354-A and from
WO-9510578-A, each of which discloses a specific combination of

hydrocracking and dewaxing or hydrodewaxing.



f eedst ock conponents to give mddle distillate products with desirable
properties. Such processes are known e.g. from US-4, 743, 354-A and from
WO 9510578- A, each of which discloses a specific conbination of
hydr ocr acki ng and dewaxi ng or hydr odewaxi ng.

2 There is however an ongoi ng demand for mddle distillate products
havi ng i nproved | owtenperature properties, i.e. a lower freeze point in
the case of jet fuel and a | ower pour point as well as a |lower cloud point
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In accordance with the foregoing, the invention provides a process for
converting a wax-containing hydrocarbon feedstock containing a
substantial proportion of hydrocarbonaceous material boiling above
343°C into a middle distillate product having a reduced wax content

compared with that of the feedstock, which process comprises

{(a) contacting the feedstock with a homogeneous solvent mixture
comprising a dilute agueous acid solution, the acid being an inorganic
acid or an organic acid, and an alcohol having from 1 to 6 carbon
atoms, the volume ratio of alcohol/dilute aqueous acid solution being
from 90/10 to 10/90, the volume ratio of solvent mixture/feedstock
being from (0.5 to 5, and the acid content of said solvent mixture being
from 1 to 5 vols;

{b) recovering the feedstock:

{c) contacting the feedstock in the preseiice of hydrogea with at least
two catalysts in sequence, with no intermediate separation, said

catalysts being seiected from

(1, at least one crystalline, intermzdiate pore size
molecular sieve selected from the group of metallosilicates
and siiicoa.uminophosphates and having a pore diameter in
the range of 0.5 to 0.7 nm, in a hydrodewaxing zone under

conditions of elevated temperature and pressure; and



being fromO0.5 to 5, and the acid content of said solvent m xture being
fromlto 5 vol% (b) recovering the feedstock; (c) contacting the
feedstock in the presence of hydrogen with at |east two catalysts in
sequence, wWith no internedi ate separation, said catalysts being sel ected

from (1) at least one crystalline, internediate pore size
nol ecul ar sieve selected fromthe group of netallosilicates and
si |l i coal um nophosphat es and having a pore dianeter in t he range

of 0.5 to 0.7 nny)idt @emdsmﬁv@acagc@aeecaaﬁw containing aCONdi tions of
el evated tenperature and gr essure;

and
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the process according to the invention include waxy raffinates, waxy
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cracki ng_operations General ly, these feedstocks contain from2 to 20 w.%
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cont ai nswaxy products from thermal and catalytic cracking operations.
Generally, these feedstocks contain from 2 to 20 wt.% of wax and have
their pour points in the range of 0° to 55°C. The boiling ranges of
these feedstocks usually are such that a substantial proportion of the
feedstock, i.e., at least 20 wt.%, boils above 343°C. The boiling

ranges mostly are in the range of 180" to 600°C.

It is known, e.g. from W0-9510578-A, that if the feedstock contains
objectionably large quantities of nitrogen, it may be subjected to a
conventional hydrodenitrogenation using a hydrotreating catalyst which
will normally comprise Group VIB and Group VIII metal components on a
porous inorganic refractory oxide support, prior to being passed to the
hydrocracking zone; as circumstances require, such a hydrotfeatment
step may be carried out separately, with the formed hydrogen sulphide
and/or ammonia_being removed from the effluént, or else the entire
effluent may be recovered from the hydrotreatment zone and used as
feedstock in the present invention. Such a hydrodenitrogenation step
however reguires éperation at high pressure and cemperature followed by
a separation step, resulting in large operating costs; there is thus a
need in the art for a process which is more economical yet which
enables to treat feedstocks containing objectionably large quantities

0f nitrogen.



obj ectionably |arge quantities of nitrogen, it may be subjected to a
conventional hydrodenitrogenati on using a hydrotreating catal yst which
will normally conprise Group VIB and G oup VIII netal conmponents on a
porous inorganic refractory oxide support, prior to being passed to the
hydr ocracki ng zone; as circunstances require, such a hydrotreatment step
may be carried out separately, with the fornmed hydrogen sul phide and/or
anmoni a being renoved fromthe effluent, or else the entire effluent may
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The pretreatment step'is preferably carried out continuously, using a
mixer-settler and passing the feedstock + acid-solvent mixture into a

separation column in order to recover the pretreated feedstock.

The pretreated feedstock is then contacted, in the presence of
hydrogen, with at least two catalysts in sequence, with no intermediate
separation, said catalysts being selected from (1) at least one
crystalline, intermediate pore size molecular sieve selected from the
group of metallosilicates and silicocaluminophosphates and having a pore
diameter in the range of 0.5 to 0.7 nm, in a hydrodewaxing zone under
conditions of elevated temperature and pressure; and (2) at least one
hydrocracking catalyst containing a carrier, at least one hydrogenation
metal component selected from Grcup VIB and Group VIII of the Pericodic
Table, and a large pore zeolite having a pore diameter in the range of
0.7 to 1.5 nm, in a hydrocracking zone under conditions of elevated

temperature and pressure.



The pretreatnment step is preferably carried out continuously, using a

m xer-settler and passing the feedstock + acid-solvent mxture into a
separation colum in order to recover the pretreated feedstock. The
pretreated feedstock is then contacted, in the presence of hydrogen, with
at least two catalysts in sequence, with no internediate separation, said
catal ysts being selected from (1) at |east one «crystalline, internediate
pore size nol ecul ar sieve selected fromthe group of netallosilicates and
silicoal um&bn%nes@qahe&saadlehayﬂ Ngam beoay HiypeTelesequanddettiamger of 0.5 to
0.7 nm in_ waxi.ng zone under conditions of elevated tenperature
and pressur ?’f "4t" Teast one hydr ocracki ng catal yst containing a
carrier, at Ieast one hydrogenation netal conponent selected from G oup VIB
and Group_ Y lenRf {fhe Periodic Table, and a large pore zeolite having a
pore dianmeter 1n the range of 0.7 to 1.5 nm in a hydrocracki ng zone under
condi ti ons ‘8t Weavet'ed tenperature and pressure.
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si npl e ones be| él{? then (2); - (2) then (1); - (1) then (2) then
(1); and - heghé’ﬁ {“’) thkn (2). Each bed of catalyst (1) or (2) can
itself be a mxture or a sequence of catal ysts (1) respectively (2).
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with dewaxing catalyst (1) in the presence of hyd en. Cenerally, the
respectively (2) in a sequence. Also, mixtures of ca alysts (1) and

(2) can also be envisaged although less preferred.

In the hydrodewaxing zones, the feedstock stream is contacted with
dewaxing catalyst (1) in the presence of hydrogen. Generally, the

temperature in this zone is in the range of 260° to 455°C, preferably
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in the range of 315° to 427°C; the total pressure usually is between
and 21 MPa, preferably Between 5 and 15 MPa:; the liquid hourly space
velocity commonly is of from 0.3 to 10, preferably of from 0.5 to 5,

while the hydrogen flow rate generally is above 89 m3/m3 of feedstock,

preferably between 265 and 1780 m3/m3.

The essential component of the dewaxing catalyst is a crystalline,
intermediate pore size molecular sieve having a pore diameter in the
range of 9.5 to 0.7 nm, selected from the group of metallosilicates and
silicoaluminophosphates. Such molecuiar sieves can also be
characterized by means of the Constraint Index, which will have a value
in the range of 1 to 12. The Constraint Index is indicative of the
shape selective properties of the zeolite; for its determination
reference is made to US-A-4,016,218, US-A-4,711,710, and
US-A-4,872,958. Frequently, the pores of these materials are defined

by :0-membered rings of oxygen atoms.



tenperature in this zone is in the range of 260[err] to 455[err] C
preferably in the range of 315[err] to 427[err] C, the total pressure
usually is between 3 and 21 MPa, preferably between 5 and 15 MPa; the
liquid hourly space velocity commonly is of from0.3 to 10, preferably of
fromO0.5 to 5 while the hydrogen flowsrate generally is above 89
nmMerr]/mMerr] of feedstock, preferably between 265 and 1780 nferr]/nferr].
The essential component of the dewaxing catalyst is a crystalline,
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6 Useful netallosilicates include borosilicates (as described, for
exanple, in EP-A-0,279,180), iron silicates (as described, for exanple, in
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and ZSM-38 (described in US-A-4,046,859). Preference is given to
ZSM~5. The silica:alumina molar ratio may be in the range of 12 to
500, with ratios in the range of 20 to 300, more particularly 30 to
250, being preferred. The preparative process usually yields the
aluminosilicates in the form of their sodium salts, and it is
recommended to replace as many sodium ions as possible with hydrogen
ions, e.g., by means of one or more exchanges with ammonium ions,

followed by a calcination step.

Next to the molecular sieve, the hydrodewaxing catalyst will usually
contain a binder material in the form of a porous, inorganic refractory
oxide, such as (gamma) alumina. The proportion of molecular sieve in
the molecular sieve/binder composition may vary in the range of 2 to 90

wt.%.

In addition, the dewaxing catalyst may contain one or more
hydrogenation metal components selected from the metals, oxides, and

sulphides of the Group VIB and Group VIII metals.

Tncidentally. if the dewaxing catalyst contains said one or more
hydrogenation metal components, it may also be yeferred to as a
hydrodewaxing catalyst, but for the purpose of this specification tke
term “dewaxing catalyst" is used to designate both of these

embodiments.



US- A-3,709,979), ZSM 12 (described in US- A-3,823,449), ZSM 23 (descri bed
in US-A-4,076,842), ZSM 35 (described in US-A-4,016,245), and ZSM 38
(described in US-A-4,046,859). Preference is given to ZSM5. The
silica:alumna nolar ratio may be in the range of 12 to 500, with ratios
in the range of 20 to 300, nore particql arly 30 to 250, being preferred.
The preparative process usually yields the alumnosilicates in the form of
their sodiumsalts, and it is recomended to replace as many sodi umions
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(gamma) alumina. The proportion of nolecular sieve in the nolecul ar
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t hese eﬁEﬁRﬁ“ﬁ%&ﬁﬁs°f cobalt and molybdenum. In general, the amount of these 7 I n
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component., calculated as oxide. If a noble metal is employed, the

amount thereof may be in the range of 0.1 to 2 wt.%.

The preparation of the dewaxing catalyst may be carried out in an
otherwise known manner by mixing the molecular sieve with a binder
precursor material such as an alumina hydrogel - e.g., peptised
Catapal®, peptised Versal®, or a precipitated alumina gel - extruding

the mixture, and then calcining the extrudates.

If it is desired to include one or more hydrogenation metal components,
conventional techniques, such as incorporating an appropriate solid or
a solution containing one or more metal component precursors into the
molecular sieve/binder precursor mixture prior to extrusion, or
impregnating the metal-free extrudates with a solution containing one

or more metal component precursors, may be employed.

Also, a phosphorus component may be part of the dewaxing catalyst. One
convenient way of introducing the phosphorus component involves
impregnating the extrudates - whether or not containing one or more
hydrogenation metal components - with a solution containing an
appropriate amount of a phosphorus-containing compound, such as

phosphoric acid.



of whether the dewaxing catal yst contains a hydrogenation netal conponent
or not, this because of the presence of hydrogen in the zone. The nost
sui t abl e hydrogenati on netal conmponents are selected fromthe group
consisting of the netals, oxides, and sul phides of platinum palladium

ni ckel , the conbination of nickel and Bungsten, and the conbination of
cobalt and nol ybdenum |n general, the anount of these netals is of from5
to 30 wt.% of Group VIB netal conponent, calculated as trioxide, and of
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i mpregnating the netal-free extrudates w uti on containing one or
nmore met & t8eMgISARPONDERAUr sors, nmay be enpl oyed. Al so, a phosphorus
conponent may be part of the dewaxing catalyst. One convenient way of

i ntroduci ng t he phosphorus conponent involves inpregnating the extrudates
- whet hef® 3P BT BGTACAL T 7§ The ™t LRBIEhyEF i AatTBRhaTelaYit®onponent s -
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preferably in the range of 315° to 427°C; the total pressure usually

is between 3 and 21 MPa, preferably between 5 and 15 MPa; the liquid

hourly space velocity (LHSV) commonly is in the range of 0.3 to 8,

preferably in the range of 0.5 to 3, and the hydrogen flow rate

generally is higher than 89 m3/m® of feedstock, preferably between 265

and 1780 m3/m3.

Use may be made of all hydrocracking catalysts which contain a large
pore zeolite (i.e. a zeolite having a pore diameter in the range of
0.7 to 1.5 nm), which catalysts are known to be suitable for use in

producing middle distillates.

The suitable carrier materials in such catalysts include alumina,
silica-alumina, dispersions of silica-alumina in alumina,

titania-alumina, tin oxide-alumina, and aluminophosphate.

The suitable hydrogenation metal component is selected from the metals,
oxides, and sulphides of the Group VIB and Group VIII elements. The
most suitable metal component is selected from the group consisting of
the metals, oxides, and sulphides of platinum, palladium, nickel,
cobalt, molybdenum, and tungsten; in addition, combinations of these
metal components may be employed, in particular nickel and tungsten,

cobalt and molybdenum, and nickel and molybdenum components.



8 Evidently, if the catalyst is to be made to contain one or nore

hydr ogenati on netal conponents as well, another convenient way to

i ntroduce the phosphorus conponent is to include an appropriate amount of
a phosphorus-cont ai ni ng conpound, such as phosphoric acid, into an

i npregnation solution containing a precyrsor or precursors of said one or
nore hydrogenation netal conponents. In"an alternative nmethod it is
contenplated to include a phosphorus-contai ning conpound into the mxture

compr i 51 nnd URolHR! SEHe2k %bﬁe/&eaaqnt bfe my@ﬂ@raazlﬁsuceascgﬁ%&r l@herat @, t he

extrusion step. rocracki ng zones, the feedstock streamis
cont act edlwlﬂhth%yﬂ?‘?&%c‘k?n@ daf afty§tviep) 2 |“ﬁ’b%?1é‘eﬁ?1e§én§@16!?e%ydr ogen. In

general , (¢1RuiHgacsalHE Gashs dH 6heZ QBEa1)S ¥ bb&pr ﬁﬂgﬁn@fotgég[(fﬂbﬁﬂ: to
455[err] C Flreflerab }é%@ tge rangllf gf 315 r]. to 427[err] C;, the total
pressure USURPPYALS & BF5EeRRY aha 2519 NP éfe’l”aﬁﬁ“il TRERSREATE FARFF 15 MPa;
the |iqui df Shoarioywspacelamdhosi by t(zhbl&@e em:m@oﬁlty: LS wtnstdwcubigd &f 0.3 to
8, prefegahly in the range of 0.5 to 3, and the hydrogen flow rate
generally 1s higher than 89 nferr]/nferr] of feedstock, preferably between
265 and 1780 nmerr]/nferr]. Use may be nade of all hydrocracking

cat al yst s rphieerLONERAL Rada1hBE Gy PALERQAALL phbsdhords ¢6MbdrlRe NAYLNY a pore
diameter in the range of 0.7.t0 1.5 nm), which catal ysts are known to be

sui tabl e Pot! BECIAT G5 BERIGKALE S BRASER APet| Pleaferyenient way Gt abl e carri er
mat eri al s ihtrc@Uu€inge ahal ysﬁrﬁasbmuudeou@bumtnamo shé icaaawsunmag di sper si ons
of S|I|caalumn in alumna titani a-al u de-al um na,. an

nd
al uni nophdSPREFE™ ™S “HHEPERRART & RVt S5eh’ °‘°3’nbrust af’ntaml%éﬁf'mué‘%el ected
fromthe ﬁe@alas plmspuretsc and. Smtphﬂrdes\m)ifgnbh@n@@qulm Boamin@mwp VI

el ement s. I@@,rsgpiir SHid.abl.e oEtak &RBPREAL Agarégeéngﬁo%dmggaqm the group
consisting of the netals, oxides, and sul phides of platinum palladium
ni ckel components.

Suitable large pore zeolites include zeolite X, zeolite Y, zeolite L,
zeolite omega, ZSM-4, zeolite beta, mordenite, and modifications
thereof. The pore diameter of these zeolites is in the range of 0.7 to

1.5 nm, with the preferred range being 0.7 to 1.2 nm.

Preferred among these zeolites are zeolite Y and modifications thereof,
that is, Y type zeolites having a unit cell size in the range of 2.420

to 2.475 nm and a silica:alumina molar ratio of from 3.5 to 100.

The suitable Y-type zeolite is exemplified by the Y zeolite itself,
which is a zeolite having a unit cell size in the range of 2.452 to
2.475 nm and a gilica:alumina molar ratio in the range of 3.5 to about
7; for a description of this zeolite reference is made to
US-A-3,130,007. Other examples include ultra-stabilised Y zeolites
prepared by subjecting a Y zeuirite to one or more (steam) calcinations
combined with one or more ammonium ion exchanges. The latter zeolites
have a unit cel) size of batween 2.420 and about 2.455 nm and a
silica:alumina molar ratio in the lattice of up to 130, preferably up
to 0. For a description of such ultrastable Y zeolites reference is

made to US-A-3,293,192, US-A-3,449,070, and US-A-3,929,672.



cobalt, nolybdenum and tungsten; in addition, conbinations of these netal
conponents may be enployed, in particular nickel and tungsten, cobalt and
nol ybdenum and ni ckel and nol ybdenum conponents. '

9 The anount of netal conmponent in the hydrocracking catal yst generally
isin the range of 0.2 to 2.0 wm. % when @ noble nmetal is enpl oyed
(calculated on the basis of the netal); if Goup VIB and other Goup VIII
netals are used, they are used in anpunts in the respective ranges of 5 to
30 wt. % calenhatedstasid 1vi eedldeeqinde (alsot dbmhbrodal Y cahtldbechdas swuexi de.

| f desired %hg cat a}:}/ s%z?l 0 CPenta%Q ;& Phasphorus. conponent; it wll
be clear 621h&e &I PFETHaF S50 FndP BRE L RVET ent Gway BF i ntroduci ng such
a phosphomgsa-Conpdredal andt BZ-lRellmgh atapgtadtgred byndmiopotaxbédan appropriate

anount of 3 DHAsPROLHST CORLAicNE DY GOFRLAY LesUED @scRhRgPRoric acid, into

an |rrpregnat| on sol ution containing a precursor or precursors of the one
or nore hydiigpepietion miigl in shepanentcs. 3-5 S0 &-aBl BIfaPYArpdri@ el i tes

i nclude zeghid @sX5002@0! 1doCm¥ig, Z&QUNk E Gelll siZ@014 tthe OXERGA, 0fZDM 2, tgeol it e
beta, nordenite, and nodifications thereof. The pore dianeter of these

zeol i tes i%*h Fhe® MahTe 2GFOFEHO1 §2PACIEY ) 167% FPeRe BF o 8Fr 8 Sr #¥ifh8 bei ng
0.7 to 1. Zanar pref¥afest e.dsam)ng talﬂ&SB:szelﬂiantm afethz:eodm te@changad

nodi ficatigns thergof | i g unij t eII size in
t he range SF° ?LXZf)F omﬁ“ogllél nm and Egpesf)fletgla %1 Tum nacg T?umur!%tﬂag of from
3.5 to 100. The suitable Y-type zeolite is exenplified by the Y zeolite

itself, whiehe %u?ta%@@'dﬂ:@aé’@\ék@@ aem'tte &Lhhe %néedés'&riﬁ'& tange of 2.452
to 2.475 nmand a silica alumna nolar ratio in the range of 3 5 to about

7; for a dBsripgirorPier 195 Brepasrtice 3lereiwivires & Arhintion of

ammonium exchange and steam calcination, but instead cof the steam
calcined zeolite being further exchanged with ammonium ions, it is
leached with an organic chelating agent, such as EDTA, or an organic or
inorganic acid to remove extra-framework alumina. Yet another suitable
ultrastable Y zeolite may be obtained by treating a Y zeolite with
diammonium hexafluorosilicate in the manner disclosed in
US-A-4,503,023; these zeolites, which are known by the designation
LZ-210, are also available from Union Carbide Corporation/UOP and have
a unit cell size in the range of 2.420 to 2.455 nm and a silica:alumina

molar ratio (SAR) in the lattice in the range of 8 to 60.

When used in its acidic form, the Y type zeclite has a sodium oxide

content which is generally less than 0.5 wt.%, preferably less than 2.2

wt.$%.

The amount of large pore zeolite in the hydrocracking catalyst

composition usually is in the range of 5 to 50 wt.%.

The preparation of the hydrocracking catalyst composition may be
carried out in the usual manner, including well-known comulling,

extruding, calcination, and impregnation techniques.



US- A- 3,130, 007. Ot her exanples include ultra-stabilised Y zeolites

prepared by subjecting a Y zeolite to one or nore (stean) cal cinations
conbined with one or nore anmoni umion exchanges. The latter zeolites have
a unit cell size of between 2.420 and about 2.455 nm and a silica:al um na
nolar ratio in the lattice of up to 100;;preferably up to 60. For a
description of such ultrastable Y zeolites reference is made to

US- A- 3, 293,192, US-A- 3,449,070, and US-A-3, 929, 672.

10 Suchrrdl éxtast adir@ushtZ @0dn besh abke AkSHassedN®Y Ehallnkyt aené |@bkre under such
trade designations as LZY-82 E} r%%ar ed in gcor dance w tJ] US- A- 3, 929, 672)
and LZ- 1B nhrfuf atturfetf 5 PER1C8r bithe TB5FIAY 591 657‘?5’@3) LZ-10 is a

nodi fi ed (fempetattiee Wokedsulas LHSV Siahil Gevdabaem partrial imressureheinr ange of 3.51to0

6, a SUI‘f\%Q_? lgsr}ggéégg\gp}ell %}%?Cﬂf ngtO tBQS gonm ?E rgd aTHQI 1}: ?ESSSi ze in

the range m a water adsorptio capamtyo than 8
. % at 22re€sunedand thatlidrpgess §Love rafte 4ncuemerdy wikhdel BRSs spigan tPO% of t he

I on exchangq r&ARCidaYaBfstabedindDdiebi 8L41Y a§Obd e iRfenkhfatiaMunge of
silica:alumina ratio. Anot her suitable ultrastable Y zeolite is the one

descri bed®i?nt° GB- 28D the £emBIratire P EFEPaR iRA¥Hi™s b9 F#63WEE R€%onbi nati on
of amMmDMmdtikEXC Rasg@oanskcsé®anTcal ci nati on, but instead of the steam
calcined zeolite being further exchanged with anmoniumions, it is |eached
wi th an organic chel ati ng agent, such as EDTA, or an organic or inorganic
acid to renpvéerxbrebthiambeordstabassinbe eYedctanithehe suptedsl eccarkdir@ast abl e Y

zeol ite npy (R QQEﬁél%%duQV rbA&3bh %n@lt!ozxgcufl Eﬁe Walrfbusdkcﬂ{é@mslé”b

e
hexafl uorosilicate 1n the manner discl osed US- A- 4, 503, 023; these
zeolites, CW‘FIfEHYaFél?FﬁGM%WQ"Hée d&si é?F&FF%r?mY_%SZT(‘) raé?% a&?sb’""avﬁ’ﬂ abl e
from Uni ogsm(&ar hi1daa GuiRes ahiadY Pedzanghinady @lepandifigt of@bhe size in the range
of 2.420 tp 2.455 nmagd a silica: alg na

circumstances ile minimizing the conversion to undesired

lower-boiling products. Generally, the optimum reaction conditions

will depend on the activity of the <catalysts, the nature of the

feedstock, and the desired balance between conversion and selectivity,

which are inversely correlated. Higher conversion will generally

result in lower selectivity. The optimization of the reaction

conditions is well within the scope of the artisan’s skill.

Preferably, the reaction conditions in the various zones are soO
selected or matched that a product is obtained of which a substantial
proportion, preferably over 50 wt.%, has a boiling point below 371°C,
more specifically, between 149" and 371°C in the middle distillate

range.

In commercial practice it is often desirable to minimize the amount of
product boiling below the middle distillate range. In those cases it
is preferable to select the reaction conditions such that the overall
conversion of feedstock constituents into product components boiling at
or below 149°C is not more than 50 wt.%, preferably not more than 30

wt.%, most preferably not more than 20 wt.$%.



molar ratio (SAR) in the lattice in the range of 8 to 60. When used in
Its acidic form the Y type zeolite has a sodium oxide content which is
generally less than 0.5 w.% preferably less than 0.2 w.% The anmount
of large pore zeolite in the hydrocracking catalyst conposition usually is
in the range of 5 to 50 wt.% The prej@aration of the hydrocracking

catal yst conposition may be carried out in the usual manner, including

wel | - known conul l'ing, extruding, calcination, and i npregnat i on techni ques.
The enti Petimliienthe ffleanth czroﬁepqr§upfa§§e&:-t By the Aebdecteshéoin t he

sequence cataBeit h@@eo;sz%cegsﬁgpa!ha& | Q). nyd¥8géRAGbh URagONGHiid ONS
(tenperature, pressure HSV, and hydrog enggartlal pressure) in the

various F¥RERCTAEKINge |"8’éﬁt'1‘°é’a}’e 990t chhP%sﬁ‘ fde sdge reffivatteoyen &l
pr essur e hyatbgrbeednidy apealydtoned at—emgadgﬁnermrupfdcebemgheoxwrre the LHSV

for all ca al yst . bed coII i vel in the ratio cLange of 0.2to
L o Lo, SOl LEGhE Vil TR YA 2

5 and t & 't’errperature erence WO cat 2 7 yst“Peds nornal | y does
not exceddt&0jagivél®, one ma:orpaess qn(bycabpartn Otfhealldesfflps%mbbe tdef ect with the

process %&.ggtqiegxgrhé,?poééa@ega\esnéatgiyéthetﬁeea&uﬂae;%@h& 5@9@ &f e various

zones nust y selected to prOV|de t he desired conversion rates
and | ow Fadfle G&Ftitllaks FEECYFEY Nl tand6Pr ey pHinProHEhetidier ton t he
Ci r cunst aaCRydropbdded sl Mafi d BEpdiked WENyey gagébueoc&@,dﬁ&wse%tkewr - boi I'i ng

roducts. ner al | theotlrrumreactlon onditions .wll depend on the
vty TR OTR EAEA P ol g BV, B I5PE (Y000 LSBT PYRRSSeR P PARSHosi I 0g

bal ance hetivean conhedsipgncessdngaltegtivity, which are inversely

correl ated. Hi gher conversion will generally
Typical hydroprocessing conditions include a temperature in the range
of 260° to 455°C, preferably 260° to 380°C, a total pressure in the
range of 2 to 21 MPa, a liquid hourly space velocity in the range of
0.3 to 8, and a hydrogen flow rate higher than 89 m3/m?, preferably in
the range of 100 to 2000 m*/m®. Normally, the hydroprocessing catalyst
will comprise a porous inorganic refractory oxide support, such as
alumina, silica-alumina, or silica-alumina dispersed in alumina, and at
least one metal component selected from Group VIB and Group VIII

including the noble metals.

Such an after-treatment may be of advantage if a product is desired
which has to meet certain requirements with regard to, for example,
cetane index and/or oxidation stability under the influence of
ultraviolet light and it is found that the product obtained after
hydrocracking and dewaxing according to the invention fails to met
these requirements. Such a situation may arise, e.g., if in the
hydrodewaxing zone use is made of a catalyst which does not contain a
hydrogenation metal component or hydrogenation metal components, but
even when it does, the amount of these metals components and/or the
severity of the process conditions may prove insufficient to effect the
hydrogenation of unsaturated compounds needed to obtain the required

cetane index andsor oxidation stability.



result in lower selectivity. The optim zation of the reaction conditions
is well within the scope of the artisan's skill. Preferably, the reaction
conditions in the various zones are so selected or matched that a product
i's obtained of which a substantial proportion, preferably over 50 wt. %
has a boiling point below 371[err]C, nble specifically, between 149[err]
and 371[err]Cin the mddle distillate range. In commercial practice it -
is often desirable to mnimze the anount of _product boiling bel ow the

m ddl e diTeei $itdvent SRg the Paanenes ehe8e 1 °st‘ﬁF‘e'f‘€r spPseePtsel ect the
react i on nyQnshrokO4Eing Ufdhet NRlthé T fOvaItal dr GOPasRr 6 cm Oﬁasf Beshst ock
constituents |ntdo roduct con'eﬁnents boi | i ng at or TJ%eer‘éilc IS not
mor e t harPU8°h® (Vt SPRISERtT PYATER RETE 1 PHafe s Sﬁf”‘%y S Eab| y not
nor e t hancopbemtt,. 4d as stated above, a substantial proportion of 1t boils

Opti onal 'Q’eho&- NG16E T | YaDlgesPLe P Po%ruEL A% PhedvbredBYoR& U&’ét‘iﬁ% &d {p

catal yti ¢ hydroprocessi ng, thafb 1 R ydr ogenati on an

hydr ocr acigefigbe PHi %fanayomlﬁbneI%yhgmw@ phedusit g @ 244 [fueht ibver a

hydr opr 0Gg3$i Rdma el bySi Haekked! Sagerho Naf AY¥EOREPCESE Hdve e si tuat ed
downstream_of the above described sequence of zones. Alternatively, one

may pass THPy E1¥atd™ SFesss opidti | YBRE2 13V ePeleK e 40dEwieer RESFERIY opr ocessi ng
cat al yst ,bdibe féanai nderthrebogirae trotact he a WidsHie fadiSbild ata.eurr@cm/ler y unit.

Al ternati veI t he duc reamt. Yy C ssed be deprived of
its gaseousw)é%)lrrp 19 %o tlskfﬁtweerh ?‘bt gﬂgsu ph| gegan G iad a?mDnl a, after

whi ch fresdiahymlagbw psuxadade@h apql|a0|rela¢1tr¢ﬂer Aydradprdcesst ngysiceply Typi cal
hydr opr ocggs|,ng«conditions include a tenperature in the range of 260[err]
to 455[er§iﬁc preferably 260[err] to 380[err]C, a total pressure in the
range of 2 to 21 MPa, a liquid hourly space velocity in the range of 0.3
to 8, andrie EYTRGRH HxafMidsat Bulthier cidhanv@listerr]/ nferr], preferably in

In the Examples, the cloud points are determined in accordance with
ASTM D2500, the pour points are determined in accordance with ASTM D97,
the bromine index is determined in. accordance with ASTM D2710, the
colour is determined in accordance with ASTM D1500, and the cetane
index is determined in accordance with ASTM D976. Distillation figures
were obtained in accordance with ASTM D86 or D2892 as indicated. CFPP

is used for “cold filter plugging point*.



the range of 100 to 2000 merr]/nferr]. Normally, the hydroprocessing
catalyst w Il conprise a porous inorganic refractory oxide support, such
as alumna, silica-alumna, or silica-alumna dispersed in alumna, and at
| east one netal conponent selected from Goup VIB and G oup VIII including
t he nobl e netal s. Such an after-treatgent may be of advantage if a
product is desired which has to neet certain requirenents with regard to,
for exanple, cetane index and/or oxidation stability under the influence
of ul trayy ty light and it is found that the product obtained after
hydr ocr a%@?“r%‘land dewaxi ng according to the invention fails to net these
requi renents. Such a situation nmay arise, e.g., if in the hydrodewaxing
zone useai feelBERxOEnd chatathySistibd Gl Waes 4¥et gLwnt ah raBidiMdi pgesat i on net al
conponent or hydr ogenati on .net al cci:ongonent , but eve en it does, the
amount  OF T HES aAToPERSe BB rASRPE IR Bt e PERSTER i1y *BT TR PPBtess
conditions may prove insufficient to effect the hydrogenati on of
unsat ura npounds needed to obtain the required cetane index and/or
oxXi datiotrﬁgﬁ ility. 13
The ef f| aeeterfiemm t he sequence of zonesfee@stockom t he subsmguergated
hydr opr ocessi ng zone if the effluent, or a part of it, has been subjected
to subseg&’eﬂﬁ’tﬂhydroprocess(ipﬁ@), has a st4®6hgly decreased waxX7gbntent, and as
stated aBB¥tYadtsdBst anti al9/Btloporti on R8Pt boils bel ow 3P C. The
desired PrROHUEEEIYSRecover®8™trom the €f*fl uent, if need bel y
fracti onéf’??)]n.’.‘lﬁ"gfﬂg, desi 1%8)6 roguct i Of‘,a jet fuel, it wil¥2normally boil
bet ween ah ‘fﬁsni’ﬁag"t Ahd abollf Z’@E‘){g and Jidye a relatively |qy freeze point,
. cétane 1nde -1 s 4 .
typically, g’]row -IO[err] C,(_qnd preferably below -60[err]C. Jf the desired
product i§.2; di.esel fuel or..a heating oy, it will typically boil between
about 20Qf,grrd,;gnd 371[err|G, or have ayrelatively |ow pour_;goint and a
rel ativel¢phow cl oud point;-&ypically bgl ow 5[err]C The ¢ ol | owi ng
Exanpl es d4nkiust peie the i nyention. | n74 he Exanpl es, the cliowd points are
det er mi ned idhcagedtdance Wds) ASTM D2500,0.bhe pour points are.eletermined in
accor danGeswdnaeASEMEED7, thm)bromi ne i adexiis determ ned i~oaerordance
Wi t h ASTMcB2ddH2ent dae i6®| ourwdss det er m ned.iom accordance w t$ 0ASTM D1500,
and t he optanecmadex i s determ ned in accordance with ASTM DO76.
Distillation mdangures were obt¥ai ned i n agtdrdance with ASTMZ88 or D2892 as
i ndi cated. CRPP is used fofwt%old fil teitSSpI uggi ng point". 11.1

tri (wt%) 3 1.4
total {wt%) 46.2 37.3
distillation ASTM D86

IBP ("c) 280 274
5 vol% {"C) 305 307
10 vol$ (" 313 315
20 vol% ("C) 321 323
30 volg ("C) 329 331
40 vols {(‘c) 334 3136
50 vol% {(‘c) 339 340
60 vol% {(°C) 343 345
70 voi$% {"C) 347 349
80 vol% {°Cy 353 355
9C vol% {"C} 362 363
95 vol% {("C) 368 371
FBP {‘c) 371 375
distilled (vol%) 98 98

residue (vol%) 2 2

The feedstock was pretreated by introducing in @ mrxer-settler :
- .27 parts by volume (pbv) of feedstock,

- 19.8 pbv of water,

- 2.1 pbv of sulphuric acid (95%), and

- 178.1 pbv of methanol.



14 Exanmple 1 A feedstock the characteristics of which are given in
Table 1 (first columm) was processed in accordance wth the process of the

i nvention. TABLE 1 properties f eedst ock
pre-treated sul phur (ppm 2866

2736 density at 15[err]C (g/m) 15 0. 886

0. 8841 basic nitrogen (ppm 116

12 total nitrogen (ppm 404 184
Vi scosi t yafater 4fli[xéng | iIChour (atOt{oecra}xrq @00 Jrby) the mixtur® wds settled and a

(g:OrOSEt an;?rétgg%d feedst c wgs recovered wh:.ch fad4c,7ha¥acter1st1cs as given <1 47.5
cl oud poi ¥ Table 1 (second (qodpm])C) 8 7 pour
poi nt ([err]C) 0 -15 CFPP

g % 2:: H 8 The feedstoqll was then introduced into a se%igx?clelclgpce’zeﬁgl%m ration

(Wt % < 0.01 < 0.01 i 4 concentration

(Wt % The first ang 'io catalyst beds consisted og Oho r nca Cl%ncerlt E’LattI on

(Wt % <00 £ B I IGPEC R o EY

nono containing éw@t% 4 wt.% of nicked7¢@rponent (calculated as NiO), 24), 8 di
Ex?’jg wt.% of a %ngls.ybdenum component (calculated %;.;114003) imptrgéljéﬁted on

(Mﬁ9© extrudates4éogpisting of activated aluminajgfpgﬁqf £9 jvUskat irenctSTRE DS 6

I B:D(y was presulp‘li@é’d’ Lgng a mixture ofshy%gggen and hydrogen sulpggc;é1 13
xgl (%(; under cc(r[ gPFT%Sa)l temperatugisprogrammmg conditions. 315 20 vol %
([err] O 321 323 30 vol %

E%Z;;} Eg The second.%ggglyst bed consisted of a dewé%%%g catalyé%gﬁg%ggg%%ng 20
([err]C) wt-% of an 39mina carrier and 80 wt.% of gg@calite. 60 vol %

([err] O 343 345 70 vol %

([err] O 347 349 80 vol %

([err] C) The volume of e%xscata_.lyst bed was as fo\?g%csvs : 90 vol %

([err]C) - first baB2 35.6 vol% (top) 363 95 vol %

([err]C _ 368 371 FBP

([err]C) =~ second bedt dlpp2 vold 375 distilled

(vol % - third b@B8: 19.2 vol% (bottom) 98 resi due

(vol % 2 2 The feedstock was
pretreated by introducing in a mxer-settler - 100 parts by vol une (pbv)

of feedst J&R, flow. wag fsmbts\veo“fw\/\%ﬂ@wards Jrhe ﬁwrefeféavmﬁr%n &etil be959%) |
and - 17&ad plaéedftdTehdaBe! one.

The operating conditions were as follows :

- temperature ("C}) 375
.- LHSV (total) 0.8

- gauge pressure {MPa) 4.14

- Hp/feedstock (N1/1) 423

The hydrogen used was refinery hydrogen (85 vol% hydrogen and 15 vol$%

methane) .

The total liquid effluent has been recovered. Its characteristics were
as indicated in Table 2 (first column) under TLP (total liquid

product). Characteristics of two fractions have alsoc been indicated.



15 After mxing 1 hour at 60[err]C and 800 rpm the m xture was settled
and a pretreated feedstock was recovered which had characteristics as
given in Table 1 (second colum). The feedstock was then introduced into
a sequence of zones. The first and third catal yst beds consisted of a
hydr ocracki ng catal yst containing about 41&t. % of ni ckel conponent
(calculated as NO, 20 w.%of a nol ybdenum conponent (cal cul ated as

Mod err]) inpregnated on extrudates consisting of activated alum na; prior
to use, talyst was presul phided using a m xture of hydrogen and

hydr ogen sul phi de wunder conventional tenperature progranmm ng conditions.
The second catal yst bed consisted of a dewaxi ng catal yst containing 20

wt. % of an mleumi na carrier and 80 wt. % of Esadgilealite, CobmberativelRRafflecach
catal yst bed was as follows - first bed 35.6 vol % (top) - second bed
45.2 vol % - t heglebubed 19. 2 vol % (bott sny The flow wa% fromthe top
downwar ds. The @htcopeergfrtisant f dwkbleach Be®R was passddO®o the next one.
The operating ciffdcenesnsraior as (We¥) ows 0-0% enper at ur -03 ([err] O
375 - LHSV (tO?Qﬂ Foncentration (we$)g g O

; - / 'ghuge pr essut-&3 (MPa)  4.14
- Herr]/feedstggeity at 15 ‘{NI/l)t?é’?PQS 0.8824° 0.8843

cloud point - 23 - -7
pour point {(°C) - 45 - 39
sulphur {ppm) 273 383
total nitrogen {ppm) 115
basic nitrogen {ppm} 4
TBP distillation ASTM D2892
IBP-150 (wtd) 5.7 3
150+ (wth) 94.3 - 97
IBP-150 ‘
density at 15°C (g/ml) 0.7117 0.7053
basic nitrogen (ppm) n.d. 7
150+

density at 15°C (g/ml) 0.8937 0.891
sulphur (ppm) 267 366
pour point ("ci - 51 - 15
cloud point (°C) - 21 -7
CFPP (°C}) 5 )
total nitrogen {ppm} 123 341
basic nitrogen {ppm) 17 54
viscosity at 40°C (10"%m2/g) 10.2 9.5
cetane index {-) 45.2 45.7
colour (-) < 2 < 2
aniline point {"C) 66.2 66.9
HPLC aromatics

mono {wt$) 29.4 27.6

di (wt%) 11.2 11.6

tri (wts) 1.3 2.2

total {wt%) 41.9 41.4



The hydrogen used was refinery hydrogen (85 vol % hydrogen and 15 vol %

nmet hane) . The total liquid effluent has been recovered. |Its
characteristics were as indicated in Table 2 (first colum) under TLP
(total liquid product). Characteristics of two fractions have al so been
i ndi cat ed. 16
TABLE 2 TLP 17 Exampl e 1
Conparative exarrpl e col our < 6

I<C}l gonce'lr?ﬂer 8??8 Haci)ar}x(égg\;qrf?t 1nd1cated bné‘WLl/g 3 (first col(uj.mbi3 n%402
concentration (wt % 0.11 0.03 - density at
15[err] C (g/m) 0. 8824 0. 8843 cl oud poi nt

([err] O - 23 -7 pour poi nt ([err] O
- 45 TABLE3 - 39 sul phur (ppm 273

383 total nitrogen (ppm 115 basi ¢ nitrogen
(pprT) Mggg‘ﬁalance(m parts @Reﬂlltiit illation ASTM Dzaaamp_le Comparative Exalhﬁ? - 150
(Wm 9% 150+ (w9

94. 3 reactor in97 | BP- 150 density at 15[err]C (g/m)
0.7117 feedktd0b3 basic nitrogen 100 (ppmpo n. d.

7 150+ H2 density at 15[err]C (ot .82) 0. 8937

0. 891 CH4 sul phur (ppm 6.16267 6.93 366
pour poi nt ([err] O - 51 - 15 cl oud
poi nt reactor oufl err] ) - 21 -7 CFPP

([err] O H2 5 5 total $i%trogen 4-12 (ppm

123 H2S 341 basic nitrogen %% “(ppm?-17 17

54 \i.sTosity at 40[err]C  (10[err] ubndl g) 10.2%

9.5 giet ane i ndex (-) 2{% 2 18 45.7

col our C5-150 (-) < 2 ) < 2 ani | i ne
poi nt 1501 err] C 66. 2 66. 9 jjlz’ép aromati cs
nono (Wm 9% 29. 4 27. é di

(wt % 1581 c8nversion (%) 11.6 10 ok 7.48 (w9
1.3 2.2 t ot al (Wm % 41.9
41. 4 H2 chemical consumption (NL/L) (36) (33.1)

First comparative example

Example 1 was repeated but the pretreatment step was omitted. The

results are indicated in Table 2 (second column) and Table 3 (second
column) .

The results show that improved properties are obtained even when che
first catalvst bed is a hydrotreatment catalyst.



17 The mass bal ances are indicated in Table 3 (first col umm) TABLE 3

Mass bal ance (in parts by weight) Exanple 1 Conparative
Exanple reactor in f eedst ock 100
100 H2 4.62 4. 33

CH4 18 6. 16 6.93 reactor out
H2 4.21 4.12 H2S
0.18 0.17 Cl- C2 5. 45

6. 09 CAIMS ' ' 1.16 1.02

c4 2.69 2.18 C5- 150
7.18 5.17 150+ 89.91
02. 51 158+ ®spsasssfiem ce%erting a wax-containing hydrocar.bon feedygock 7. 48

H2 chem cabnta@Asiy Rt tRed&d¥ihk)proportion of hydrocarbdndfdous material 33. 1)

First conparative exanple . Exanpfe 1 was repeated but the pretreatnent step
was onitt ?ll?ﬂea‘?”(‘-fgtﬂ“tzscdt“éﬂ%&F‘é@teeﬁl"rtﬁ“r%tﬂ BroucE RayAee @oFeTrSand Tabl e
3 (secondweolcdhtent cdipare® ikl Shabl thatfebdgtiooX £hpelo Ppebddsas are obt ai ned
even whenc&agiggést catal yst bed is a hydrotreatment catal yst.

{a) contacting the feedstock with a homogeneous solvent mixture
comprising a dilute aqueous acid solution, the acid being an inorganic.
_acid or an organic acid, and an alcohol having from 1 to 6 carbon
atoms, the volume ratio of alcohol/dilute aqueous acid solution being
from 90/10 to 10/90, the volume ratio of solvent mixture/feedstock

being from 0.5 to 5, and the acid content of said solvent mixture being

from 1 to S volg;
{b) recovering the feedstock;

(c) contacting the feedstock in the presence of hydrogen with at least
two catalysts in sequence, with no intermediate separation, said

catalysts being selected from

(1) at least one crystalline, intermediate pore size molecular
sieve selected from the group of metallosilicates and
silicoaluminophosphates and having a pore diameter in the range
of 0.5 to 0.7 nm, in a hydrodewaxing zone under conditions of

elevated temperature and pressure; and

(2) at least one hydrocracking catalyst containing a carrier, at
least one hydrogenation metal component selected from Group VIB
ana Group VIII of the Periodic Table, and a large pore zeolite
having a pore diameter in the range of 0.7 to 1.5 nm, in a
hydrocracking zone under conditions of elevated temperature and

pressure;

{(d) recbvering the middle distillate product having improved

low-temperature properties.

A A



CLAIMS 1. Process for converting a wax-containing hydrocarbon feedstock
contai ning a substantial proportion of hydrocarbonaceous material boiling
above 343 Cinto a mddle distillate product having a reduced wax content
conpared with that of the feedstock, which process conprises (a)
contacting the feedstock with a honngenggus solvent m xture conprising a
di l ute aqueous acid solution, the acid being an inorganic. acid or an
organi c acid, and an al cohol having from1l to 6 carbon atons, the volune

ratio of gigeRit@ls GORICONVERIING WAXICORIATNIRGPAYDBROCARBON SPLERSTOCKS 90,
the volunme—Tario 05€§§£E@Eh_ kﬁbgrﬁ&bgﬁgsbegilL RiﬁgPﬁéﬁﬁbﬁgs T0 5, and the
9

acid content of sat (b)
recovering the feedstock; (c) contacting the feedstock in the presence of
hydrogen with at least two catalysés i n sequence, with no internedi ate
separation, said catalysts being ed from (1) at |east one
crystalline, internedi ate pore size nol ecul ar sieve selected fromthe
group of metallosilicates and si |l i coal um nophosphat es and havi ng a
pore dianeter in the range of 0.5to 0.7 nm in a hydrodewaxi ng zone
under conditions of el evated tenperature and pressure; and (2)
at | east one hydrocracking catal yst containing a carrier, at | east
one hydrogenation nmetal conponent selected from G oup VIB and G oup
VIl of tﬁ’%‘-‘ PRYT SR RINRAE| W Arararban | feERto5kT Areel g tESated by, 50t AGEE or e
di amet er tRed RetH anP@ncabnébué $Qutidn BBAtdiAi®y 1-5 volhydl@cdrmakidg zone under
conditiong, of elevated t erature and essure, . d),.recovering
the m ddl élPltse i 11 g?eﬁﬁfgcgﬁpg “Halt Ry re rrS\E/Gér(T%rlyIC(?ﬁ/-E?lenﬁﬁ réot%? evogr'o%erti es.
alcohol). The pre-treated feedstock is then contacted, in the presence

of hydrogen, with at least two catalysts in sequence and with no
intermediate separation, comprising at least one hydrodewaxing
catalyst and one hydrocracking catalyst, to recover high-grade middle

distillates.



