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paraffins and slightly branched paraffins e.g., n-methyl paraffins,
are often waxy materials which confer an unacceptably high pour
point on the lube stock and are therefore removed during the
dewaxing operations in the conventional refining process described
above. It is, however, possible to process waxy feeds in order to
retain many of the bemefits of their paraffinic character while
overcoming the undesirable pour point characteristic. A severe
hydrotreating process for manufacturing lube oils of high Viscosity
Index is disclosed in Developments in Lubrication PD 19(2}, 221-228,
S. Bull et al., and in this process, waxy feeds such as waxy
distillates, deasphalted oils and slack waxes are subjected to a
two-stage hydroprocessing operation in which an initial
hydrotreéting unit processes the feeds in blocked operation with the
first stage operating under higher temperature conditions to effect
selective removal of the undesirable aromatic compounds by
hydrocracking and hydrogenation. The second stage operates under
relatively milder conditions of reduced temperature at which
hydrogenation predominates, to adjust the total aromatic content and
_influence the distribution of aromatic types in the final product.
The viscosity and flash point of the base o0il are then controlled
by topping in a subsequent redistillation step after which the pour
point of the final base o0il is controlled by dewaxing in a solvent
dewaxing (MEK-toluene) unit., The slack waxes removed frgm the
dewaxer may be reprocessed to produce a base oil of high Viscosity
Index.

Processes of this type, emp]oying a waxy feed which is
subjected to hydrocracking over an amorphous bifunctional catalyst
such as nickel-tungsten on alumina or silica-alumina are disclosed,
for example, in British Patent Nos. 1,429,494; 1,429,291; and
1,493,620 and U.S. Patent Nos. 3,830,273; 3,776,839; 3,794, 580; and
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typically a bifunctional catalyst containing a metal hydrogenation
component on an amorphous acidic support. The metal component is
usually a combination of base metals, with one metal selected from
the iron group {Group VIII) and one metal from Group VIB of the
Periodic Table, for example, nickel in combination with molybdenum
or tungsten. Modifiers such as phosphorus or boron may be present,
as described in GB 1,350,257; GB 1,342,499; GB 1,440,230; FR
2,123,235; FR 2,124,138; and EP 199,394, Boron may also be used as
a modifier as described in GB 1,440,230. The activity of the
catalyst may be increased by the use of fluorine, either by
incorporation into the catalyst during its preparation in the form
of a suitable fluorine compound or by in situ fluoriding during the
operation of the process, as disclosed in GB 1,390,359,

Although the process using an amorphous catalyst for the
treatment of the waxy feeds has shown itself to be capable of
producing high V.I. lubricants, it is not without its limitations,
At best, the technique requires a significant dewaxing capability,
both in order to produce the feed as well as to dewax the
hydrocracked product to the desired pour point. The reason for this
{s that although the amorphous catalysts are effective for the
saturation of the aromatics under the high pressure conditions which
are typically used (about 2,000 psig) their selectivity to high VI
lube range components is not high. The waxy paraffins which pass
through the unit therefore need to be removed during the subsequent
dewaxing step and recycled, thus reducing the capacity of the unit.
The restricted selectivity of the amorphous catalysts also limits
the single-pass yields to a value below about 50 percent, with the
corresponding wax conversion being about 30 to 60 %, even though
higher yields would obviously enhance the efficiency of the process.
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4,975,177, In this process, a waxy feed, typically a waxy gas oil,
a slack wax, or a deoiled wax, is hydroprocessed over a highly
siliceous zeolite Beta catalyst. Zeolite Beta is known to be highly
effective for the isomerization of paraffins in the presence of
aromatics, as reported in U.S. 4,419,220, and its capabilities are
effectively exploited in the process of U.S. 4,919,788 and 4,975,177
in a manner which optimizes the yield and viscametric properties of
the products. The zeolite Beta catalyst isomerizes the high
molecular weight paraffins contained in the back end of the feed to
Tess waxy materials while minimizing cracking of these components
to materials boiling outside the lube range. The waxy paraffins in
the front end of the feed are removed in a subsequent dewaxing step,
either solvent or catalytic, in order to achieve the target pour
point. The combination of paraffin hydrojsomerization with the
subsequent selective dewaxing process on the front end of the faed
is capable of achieving higher product V.I. values than either
process on its own and, in addition, the process may be optimized
either for yield efficiency or for V.I. efficiency, depending upon
requirements.

Additionally, an isomerization process using a highly
siliceous zeolite catalyst, including highly siliceous forms of
2eolite Beta and mordenite, is disclosed in U.S. Patent 4,962,269
for producing Tow pour point lubricating oils from highly paraffinic
feedstocks.

While these zeolite-catalyzed processes have shown themselves
to be highly effective for dealing with highly paraffinic feeds, the
high isomerization selectivity of the highly siliceous zeolite Beta
and mordenite catalysts, coupled with lesser capability to remove
Tow quality aromatic components, has tended to 1imit the application
of the brocesses to feeds which contain relatively low quantities
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desirable to increase 1sumerizat1on selectivity and simultaneously
to reduce hydrocracking selectivity in order to imprave lube yield
while retaining the high V.I. numbers in the product.

In summary, therefore, the processes using amorphous catalysts
can be regarded as inferior in terms of single pass conversion and
overall yield because the amorphous catalysts are relatively non-
selective for paraffin isomerization in the presence of polycyclic
components but have a high activity for cracking so that overall
yield remains low and dewaxing demands are high. The zeolite-

_ catalyzed process, by contrast, is capable of achieving higher
yields since the zeolite has a much higher selectivity for paraffin
isomerization but under the moderate hydrogen pressures used in the
process, the aromatics are not effectively dealt with in Tower
quality feeds and operation is constrained by the differing
selectivity factors of the zeolite at different conversion Tevels,

The present invention provides a process for producing high
quality, high Viscosity Index (V.I.) lubricants by a two-stage wax
‘hydrocracking-hydroisomerization process. The process {s capable
of producing products with very high viscosity indices, typically
above 130, usually in the range of 140 to 155 with values of 140 to
150 being typical. The process is capable of being operated with
faeds of varying composition to produce high quality Tube basestocks
in good yield. Compared to the process using amorphous catalysts,
yields are higher and the dewaxing requirement for the product is
markedly lower due to the effectiveness of the process in converting
the waxy paraffins, mainly 1inear and near linear paraffins, to less
waxy isoparaffins of high Viscosity Index. Compared to the zeolite-
catalyzed procass, it has the advantage of being able to accommodate
-a wider range of feeds at constant product quality since it is more
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step, either sol ventatatystatcambyisiay a metal dgdrogenaisbn eempdnent oarageimopphous
acidic support undar relatively mild conditions of limited
conversion. The second stage comprises a hydroisomerization step
which is carried out over a noble metal-containing zeolitic catalyst
of low acidity. 1In the first stage, the Tow quality aromatic
components of the feed are subjected to hydrocracking reactions
which result in complete or partial saturation of aromatic rings
accompanied by ring opening reactions to form products which are
relatively more paraffinic; the limited conversion in the first
stage, however, enables these products to be retained without
undergoing further cracking to products boiling. below the lube
bailing range, typically below 343°C (650°F). Typically, the
conversion in the first stage is 1imited to vno more than 30 weight
percent of the original feed,

In the second stage, the conditions are optimized for
hydroisomerization of the paraffins originally present in the feed
together with the paraffins produced by hydrocracking in the first
stage. For this purpose a low acidity catalyst with high
isomerization selectivity is employed. Low acidity is desirable so
that wax isomerizatiaon reactions are favored as compared to non-
selective cracking reactions. For this purpose, a low acidity
zeolite catalyst which has been modified by the use of a
dicarboxylic acid treatment to reduce the acidity has been found to
give excellent results, A particular acid shown to be effective is
oxalic acid. Steaming may also be utilized to reduce the acidity
of the zeolite catalyst to low levels. A noble metal, preferably
platinum, is used to provide hydrogenatiun-dehydrbgenation

functionality in this catalyst in order to promote the desired
hydroisomerization reactions.
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gquantities directly into the _second stage or, alterpatively, by passing the

first stage products through an interstage separator to remove
inorganic heteroatoms. In both cases, however, the process is well
suited for upgrading waxy feeds such as slack wax with oil contents
less than about 50 weight percent to high Viscosity Index
lubricating oils with high single pass yields and a limited
requirement for product dewaxing,

Figures 1, 2 and 3 are graphs illustrating the results of wax
hydroprocessing experiments reported in the Examples.

FEED

The feed to the process comprises a petroleum wax which
contains at least 50 weight percent wax, as determined by ASTM test
D-3235. In these feeds of mineral oil origin, the waxes are mostly
paraffins of high pour point, comprising straight chain and s1ightly
-branched chain paraffins such as methylparaffins.

Petroleum waxes, that is, waxes of paraffinic character are
derived from the refining of petroleum and other 1iquids by physical
separation from a wax-containing refinery stream, usually by
chilling the stream to a temperature at which the wax separates,
usually by solvent dewaxing, e.g., MEK/toluene dewaxing or by means
of an autorefrigerant process such as propane dewaxing. These waxes
have high initial boiling points above 343°C (650°F) which render .
them extremely useful for processing into lubricants which ailso
require an initial bailing point of at least 343°C {650°F). The
presence of lower boiling components is not to be excluded since
they will be removad together with products of similar boiling range
produced during the processing during the separation steps which
follow the characteristic processing steps. Since these components
will, however, load up the process units they are preferably
excluded by suitable choice of feed cut point. The end point of wax
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occ]uded 0i1 comprising ise- paraff1ns, aromat1cs and naphthenics.
The non-wax content of aromatics, polynaphthenes and highly branched
naphthenes will normally not exceed 40 weight percent of the wax and
preferably will not exceed 25 to 30 weight percent. The aromatic
content is typically in the range of from § to 30 weight percent and
usually in the range of from 8 to 15 weight percent. These waxy,
highly paraffinic wax stocks usually have low viscosities because

~ of their relatively low content of aromatics and naphthenes although
the high content of waxy paraffins gives them melting points and
pour points which render them unacceptable as lubricants without
further processing.

Feeds of this type will normally be slack waxes, that is, the
waxy product obtained directly from a solvent dewaxing process,
e.g., an MEK or propane dewaxing process, The slack wax, which is
a solid to semi-solid product, comprising mostly highly waxy
paraffins (mostly n- and mona-methyl paraffins) together with
occluded o0il, may be fed directly to the first step of the present
processing sequence as described below without the requirement for
any initial preparation, for example, by hydrotreating.

The compositions of some typical waxes are given in Table 1

.____J
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A typical slack wax feed has the composition shown in Table
2 below. This slack wax is obtained from the solvent (MEK) dewaxing
of a 300 SUS (65 mmz/s) neutral oil obtained from an Arab Light

crude.
Table 2
$lack Wax Properties

AP1 39
Hydrogen, wt.% 15.14
Sulfur, wt.% 0.18
Nitrogen, ppmw 11
Melting Point, °C (°F) 57 (135)
KV 6100°C, mm?/s 5.168
PNA, wi%:

Paraffins ' 70.3

Naphthenes 13.6

Aromatics 16.3

Simulated Distillation:

% ol bl 3]
5 375 (710)
10 413 (775)
30 440 (825)
50 460 (860)
70 482 (900)
90 . 500 (932)

95 507 (945)

1 \
!
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support under rel aﬁ!‘%ﬁ‘t% F@gﬁﬁgpmhg % sg‘gdr’fvgsr? %mq%? gg%:ond
stage conprises a Egtueot dewaxing nf orﬂ5§t$i5 MUCWI |/§)d&ﬂ1’-‘i‘3édriflft‘“iﬁer a nobl e
nmet al -containing zeolitic catalyst of low acidity. In the first stage,

the low quality aromatic conponents of the ffga i{e subjected to

hydr ocracki ng reacti ons which result in co partial saturation of
aromatic rings acconpani ed by ring openi nglack:axjenegertiet or m product s whi ch
are relatively nore paraffinic; the [imted conversion in the first stage,
however, enables these productg to be retained wifho un |g further
cracking to product@?mglﬂﬂgebel Cowl‘tle | ube boi |$’£'H%géf3€g’?§%cal |y bel ow
343[err] C (650][ er APF) . Typically, the conversion in the first stage is

the ' second st age, Niytodeh, B TSN Cont i ped for |- "
Sulfur, wt.% .10
Hydrogen, wt.%
KV @ 100°C, mm2/s " 7.3 -
0i1 Content, wt.% 34

(D3235)

Simulated Distillation:

wh.% 2 (R

IBP (Initial Boiling Point) 391 (736)

5 429 (805)

50 491 {(916)

95 558 (1037)

EP (End Point) 591 (1095)
Ed Hydroprocessina-Hydrocrackin

The waxy feed is subjected to a two-step hydrocracking-
hydroi#omerization procass in which both steps are normally carried
out in the presence of hydrogen. In the first step, an amorphous
bifunctional catalyst is used to promote the saturation and ring

opening of the low quality aromatic componen'ts in the feed to

\ _
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with the paraffinsfF¥p8luced by hydrocracking in the first stage. For-

this purpose a low acidity catalyst with high isomerijfafjon, = —

sélectivity is enployed. Low acidity is desi-d@bl e so that %Eih'sggﬁgﬁ%éfﬁéﬁN*”
reactions are favored as conpared to non- sel ective cracki ealFHASED [
For this purpose, a low acidity zeolite catal yst which has been nodified by

the use of a dicar | | ] edilc o ; n
Found to gi ve excePfiaies FlrracegBaREhs AN IR RAT i YapiBRET |
oxalic acid. Steafhfidstapy # QArPRJUBIY RS high pAessaré o faved ayomatidshe
zeolite catalyst to low l'evels. A noble netal, preferably platinum is
used to provide siptabpanbai the dednyersignnis imabntfadmed iabnal relativelyhlow
catalyst in order to pronote the desired hydroi sonerization reactions.

- 6- The prodevsd imgrdse Wominimize mciws of the panaffipifesompenentsAf

the feed and of the products obtained from the saturation and ring

opening of the aromatic materials. Consistent with these process
objectives, the hydrogen pressure in the first stage is at least
5620 kPa (800 psig) and usually is in the range of 7000 to 20800 kPa
(1,000 to 3,000 psig). Normally, hydrogen partial pressures of at
least 10440 kPa (1500 psig) are best in order to obtain a high level
of aromatic saturation with pressures in the range of 10500 to 17340
kPa (1500 to 2500 psig) being-suitab1e for most high pressure
equipment. Hydrogen circulation rates of at Jeast 180 n.1.17" (1000
SCF/BBL), preferably in the range of 900 to 1800 n.1.1."" (5,000 to
10,000 SCF/BBL) are suitable. ,

In this stage of thé process, the conversion of the feed ta
products boiling below the lube boiling range, typically to 343°C-
(650’?-) praducts is limited to no more than 50 weight percent of
the feed and will usually be not more than 30 weight percent of the
feed in order to maintain the desired high single pass yields which
are characteristic of the process while preparing the feed for the
second stage of the processing; an initial V.I. for the first stage
product of at least about 130 is normally desirable for the final
product to have the desired V.I. of 140 or higher. The actual
conversion is, for this reason, dependant on the quality of the feed
with slack wax feeds requiring a lower conversion than petrolatums

where it {s necessary to remove more low quality po1ycyclic_

—
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nmaxi m ze renoval of-6&&matic conponents in the fe
pressures of at |east 5620 kPa (800 psig), usually from
(800 to 3,000 psig) are-suitable. The secondistage may b EH@%“E’EEIT BAS BEEN
by cascading the first stage effluent directly into the econd?~svtag_e"@r s
alternatively, by passing the first stage products t hrough—ani t‘é“r”st"age"":“"‘“”‘
separator to renove inorganic heteroatons.

é) as S, tg‘g\/\ﬁaﬁver t he

process is wel|l sufeRpEnenss. upﬁ?@dﬁﬁ?%ﬁ’& ff"é%ls ariyed af§°‘%| GURX109 +9F oi |
tents | th Q t t d

fﬁgrsgatsi ngsgilsa\?\f'&ﬁ?ﬁ ??“&stfg?‘@t“pgg y "d33§ngpa‘\g ' d“ﬂgguﬁétén%]nlt for

product dewaxi ng. mmﬁ' ﬂl%h@?eslnotzbﬁgfba%e@rtﬁarg1@39520'ﬁehb‘l‘ﬁt Bé’ftdeﬁg When

results of wax hyd Oprocessi ng experinents reporte FEED

The feed to the pra§er@ighonreerts baimetiyplc mivesheshy Cieutedtt ailack alaxkeast
50 wei ght percent wax, as determ ned by ASTMtest D 3235. In these feeds of

mneral oil origi nRigher conyersienscmayolse bncopatered iwhth pétriol gumpiiseds joiomder
conprising straight chain and slightly branched cha| n paraffins such ahs
met hyl paraffins. to premareothanfegdx&er theasecand \ghages chﬂﬂ‘!f bni #it

h d h f | h b
ohysi cal separ at| oReTURRE feBdse citeaTTvhic AR I9PRrSrHaes Sah tutranyy gy n
chilling the streamgyufed SFPRS Th WsCwiightferPerdth PoRXgl QPR Phéducts. The

conversion may be maintained at the desirad value by control of the

temperature in this stage which will normaily be in the range 316°
to 430°C (600° to 800°F) and more usually in the range of 343° to
400°C (656‘ to 750°F). Space velocity variations may also be used
to control severity although this will be less common in practice |
1n view of mechanical constraints on the system.

The exact temperature selected to achieve ‘the desired
conversion will depend on the characteristics of the feed and of the
catalyst as well as upon the extent to which it is necessary to
remove the low quality aromatic components from the feed. In
general terms, higher severity conditions are required for
processihg the more aromatic feeds up to the usual maximum of about
30 percent aromatics, than with the more paraffinic feeds. Thus,
the properties of the feed should be corralated with the activity
of the selected catalyst in order to arrive at the required
operating temperature for the first stage in order to achiave the
desired product properties, with the objective at this stage being
-t0 remove the undesirable, low quality aromatic components by

hydrocracking while minimizing conversion of the more desirable

- This Sheet Has Been Replaced
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autorefrigerant pr@s6658 such as pr opane deMBX|ng hese maxes ave h gh

initial boiling points above 343[err]C (650[err]F) which rpraer

extrenely useful for processing into |ubricants which also ﬂ%wﬁBHérﬁh#EEDEcN ‘
initial boiling point of at least 343[err]C (650[err]F). The prd¥enc& sy

| ower boiling conponents is not to be excluded since they Wit be renoved

together with products _of simlar boiling range produced th
processi ng during thRaEatfipic nompanentso3a RHRAEELST 6P RAt °Eh§\ea3&@r ibaiing

o7 ocess Ui L ¢ hey TR L@?EF%B”?P"”GE dactie, pesIRTHREr i AR pEEE-

point. The end poi he space vel 1thouah’-
feeds derived from{%‘g o) ven?‘y é‘eﬁ%iﬁ ﬁ%"oe a%eguﬂtglt Si Tp ? oc1c+]|y8atl Igthe

fractions produced ¢ hRfRt¥aqUpkBsehsst tid gﬁacgmeqbciuynm'lqrnormaﬂy be held at

a fixed value in accordance with mechanical and other constraints

such as minimizing pressure drop. Generally, the space velocity

will be in the.range of 0.25 to 2 LHSV, he'! and usually in the
range of 0.5 to 1,5 LHSV. |

A characteristic feature of the first stage operation is the

use of a bifunctional lube hydrocracking catalyst. Catalysts of
this type have a high selectivity for aromatics hydrocracking

| reactions in order to remove the low quality aromatic components
from the feed. In general terms, these catalysts include a metal
component for promoting the desired aromatics saturation reactions
and usually a combination of base metals is used, with one metal
from the iron group (Group VIII) in combination with a metal of
Group VIB. Thus, the base metal such as nickel or cobalt is used
in combination with moiybdenum or tungsten. The preferred
combination is nickei/tunésten since it has been found to be highly
effective for promoting the desired aromatics hydrocracking
reaction. Noble metals such as platinum or palladium may be used
since they have good hydrogenation activity in the absence of sulfur
but they will norma]]y not be preferred. The amounts of the metals
present on the catalyst are conventional for lube hydrocracking
catalysts of this type and generally will range from 1 to 10 weight
percent of the Group VIII metal and 10 to 30 weight percent of the
Group VI metal, based on the total weight of the catalyst. If a
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that they may norrrﬁi-ﬁﬁﬁsbe classifi as distillate rather than resi dual

streans but high boiling wax feeds such as petrol atum waxes e Waxe
séparated from bright stock dewaxing, which mgy typically hav"é"aﬁ“e dE&%%@EN
of up to 705[err]C (1300[err]F), may al so be enpl oyed. The %i& !

content of the feed is high, generally at |east 50, nore usual 'y at Ieast
60 to 80, weight percent with the bal ance fro occlu
i so-paraffins, ar oﬁ'ﬂﬂ%@e%o‘mﬂaﬂlﬂ‘ﬁéﬁ' Fias PRAL er’"v\&&qé% géo‘{ s&"rgql cs

bl ynaphthenes an i &t BEAIC UG, JRRPEATIRD b, ALK '%’ ey RS
percent. The ar OWEQnC@GE\e% v'i§w To?&'hsfhli?iyeﬁ ﬁydtrb@enra@mea&ﬁv{ﬁ‘lgg‘o? fhase0

wei ght percent and usually in the range of from8 to 15 wei ght percent.

These waxy, highly nabTefmétals, WeypigiNgksfrusual$ y thate vedghtvimeroentt i iexing
because of .their relatively |ow content of aromatics and napht henes
al t hough the high cefifmientf Taxyetads ady ibesingovperated by mayt suigale nethodnd

pour points which render, them unacceptable as lubricants t hout fyrther
processi ng. Haglhudiag ‘E“HY%Q“’PH?«? qutor theo PREAUSySYRROTLY éﬂ@%&&e@ y?'ﬂ'&& is,

an NEK o propane dBBRb JrBsthe FREEs ¥ A oF YO AL IE o ¥

e ot hi) st SRESEE TR 18 Ootpieeh. PoBH R W e

the first step of thieférredcbéchnique when relatively high amounts of the metal
components are to be added e.g., above 10 weight percent of the
Group VIII metal and above 20 weight percent of the Group VI metal.
These techniques are conventional in character and are employed for
the production of lube hydrocracking catalysts.

The metal component of tha catalyst is supported on a porous,
amorphous metal oxide support and alumina is preferred for this
purpose although silica-alumina may also be employed. Other metal
oxide components may also be present in the support although their
presence is less desirable. Consistent with the requirements of a
lube hydrocracking catalyst, the support should have a pore size and
distribution which is adequate to permit the relatively bulky
components of the high boiling feeds to enter the interior pore
structure of the catalyst where the desired hydrocracking reactions
“occur. To this extent, the catalyst will normally have a minimum
pore size of 50x10° mm (50 A) i.e with no less than § percent of the
pores having a pore size less than 50%10" "mm (50 A) pore size, with

~ the majority of tha pores having a pore size in the range of 50-400

A (no more than § percent having a pore size above 400 A),
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initial preparatiorf- Gﬁﬁﬁr exarrpl e, by hydrotreating. he conpositi

of sone typical waxes are given in Table | bel ow. H

Table | | Wax Conposition - Arab-l4ght Crude L 'S SHEET HAS B ’?Euﬂj
A B C D Paraffins, w.% 2 PBHLACED

70.5 51.4 Mbno- naphthenes w . % 2. 6 11. 0 6.3 16 5 - ===
Pol y- napht henes, Aromatj cs

0 "preterasly with nomprs thansbpit 30 percant hayiag PURaLEoRAL

feed has the composyli of 3 ¥R 200 406 x®10-7mm (200-400 A). Preferred catalysts

for the first stage have at least 60 percent of the pores in the
(50-200) x 10" 7mm (50-200 A) range. The pore size distribution and
other properties of some typical lube hydrocracking catalysts

suitable for use in the first stage are shown in Table 4 below:

Table 4
LHDC Catalyst Properties

Form 1.5mm cyl. 1.5 mm. tri. 1.5 mm.cyl.
Pore Volume, mi/gm 0.331 0.453 0.426
Surface Area, me/gm 131 170 116
Nickel, wt.% 4.8 4.6 5.6
Tungsten, wt.% 22.3 23.8 17.25
Fluorine, wt.% - - 3.35
Silica, wt.% - - 2
Alumina, wt.% - - 60.3
Real Density, gm/ml 4,229 4.238 4.023
Particle Density, gm/mi 1.744 1.451 1.483
Packing Density, gm/ml 1.2 ~0.85 0.94

If nacessary in order to obtain the desired conversion, the
catalyst may be promoted with fluorine, either by incorporating
fluorine into the catalyst during its preparation or by'operating
the hydrocracking in the presence of a f1uor1né“comnound which is

added to the feed. Fluorine compounds may be 1ncorp0rated into the

This Sheet Has Been
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300 SUS (65 mr[err]’ﬁ&@SSneutral oil obtained froman Arab Li

996 AT 533E69‘t
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crude.

Table 2 Sl ack Wax Properties LeAPL :
3 Hydr ogen, wt. % 15 15. 14 TH'SSF;‘E;E.%;;Q%BEEN
Sul fur, w.% 0.18 Ni tkegen—pomu—

11 Melting Point, [err]C ([err]F) 57 (135)

KV [err]100[err]C, nn{erréés 5.168 PNA,

w % catalyshr -hmnsggnation during its preparationmgwith a suitable
Napht henes . , tics

16. 3 ﬂsvrmnpasmowdsﬁusv at§ gmonium fiuoride (A'f'h OF” | 3TPpR ium
([err]F) . . s 7 10},

10 - b1f}&1§1de (Nl-ﬂ(ﬁgli} of which the TatteR 43 pre\g)%mfez. Yhe amount
440 (825) - iwOcatalysts which contafiPOthis e16fAR) is

20 of 4f§lgorlne uzg%oatﬁ catalys i 00

500 (932) preferably from 1 to 10 weight percent, based on the total weight

of the catalyst, usually from 2 to & weight percent. The fluorine
may be incorporated by adding the fluorine compound to a gel of the
metal oxide support during the preparation'of the catalyst or by
impregnation after the particles of the catalyst have been formed
by drying or calcining the gel. If the catalyst contains a
relatively high amcunf of fluorine as well as high amounts of the
metals, as noted above, it is preferred to incorporate the metals
and the fluorine compound into the metal oxide gel prior to drying
and calcining the gel to form the finished catalyst particles,
The catalyst activity may also be maintained at the desired
level by in situ fluoriding in which a fluorine compound is added
to the stream which passes over the catalyst in this stage of the
operation. The fluorine compound may be added continuously or
intermittently ta the feed or, alternatively, an initial activation
step may be carried out in which the fluorine compound is passed
over the catalyst in the absence of the feed e.g., in a stream of
hydrogen in order to increase the fluorine content of the catalyst
prior to initiation of the actual hydrocracking. In situ fTuoriding
of the catalyst in this way is preferably carried out to induce a
fluorine content of 1 to 10 percent fluorine prior to operation,
after. which the fluorine can be reduced to maintenance levels

sufficient to maintain the desired activity. Examples of suitable

—_—
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[err]C ([err]F)
wt

32
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%

Sul fur,

sl ack-668& suitable for use in the present process has the

properties set out in Table 3 below This wax is prepared [f " W&@%EEN
dewaxi ng of a 450 SUS (100 mmierr]/s) neutraljgraffinate: H8reer

. %
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Sl ack Wax Properties

REPLACED

\

391-591 (736-1095) API Ni t rogen, pph

compounds for in situ fluoriding are orthofTﬁ%Qntoltgﬁg-ogﬁH1

difluoroethane.

The metals present on the catalyst are preferably used in
their sulfide form and to this purpose pre-sulfiding of the catalyst
should be carried out prior to initiation of the hydrocracking.
Sulfiding is an established technique and it is typically carried
out by contacting the catalyst with a sulfur-containing gas, usually
in the presence of hydrogen. The mixture of hydrogen and hydrogen
sulfide, carbon disuifide or a'mercaptan such as butyl mercaptan is
conventional for this purpose. Presulfiding may a]sd be carried out
by contacting the catalyst with hydrogen and é sulfur-containing

hydrocarbon 011 such as a sour kerosene or gas oil.

Because the feeds are highly paraffinic, the heteroatom

content is low and accordingly the feed may be passed directly into

the first process step, without the necessity of a preliminary

hydrotreatment.

Hydrojsomerization

During the first stage of the process, the low quality,

relatively aromatic components of the feed are _ponverted by
hydrocracking to products which are relatively more paraffinic in
character by saturation and ring opening. The paraffinic materials
present in the stream at this stage of the process passess good V.I.
characteristics but have relatively high pour points as a result of
their paraffinic nature. The objective in the second stage of the
process s to effect a selective hydroisomerization of these

paraffinic components to iso-paraffins which, while possessing good
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Cont ent, Wt . M- OPC( 03235%0654 #2041
Slrrulated D|st|IIat|on w %

(ferr]F) IBP (Initial Boiling Point) -17- 391 TH'SE @6’)HA8 BESN
429 (805) 50 . I§F¥LACED

(916) 95 | 558 (1037)

(End Poi nt)

591
Hydr opr ocessi ng- Hy discamgndicngroperties, pigo a&‘f&]?"@&'dpqué)%ﬁﬂfé i‘&si‘st Smg’q“
two-step hydrocracl%le pour point of the final product to be obtained without anm

excessive degree of dewaxing following the hydroisomerization.
Because the low quality aromatic components have been removed by the
initial hydrocracking step, ihere is no requirement for achieving
any significant degree of aromatic saturation in the second stage
of the operation so that it is possible to carry it out under Tower
pressures, typically in the range of 1480 to 7000 kPa (200 to 1000
psig) although pressures from 2860 to 7000 kPa (400 to 1000 psig)
are more typical. In the low pressure mode of operation, it is
preferfed to operéte the second stage with hydrogen partial
pressures ffom at least 1480 kPa {200 psig).

Another mode of operation is with higher hydrogen pressures
in the second stage, typically over 7000 kPa (1000 psig }. This
mode of operation is preferred as it retains all aromatic saturation
accomplished in the first step and since the second stage can be
operated in cascade with the first stage, at an inlet pressure equal
to the outlet pressure of the'first stage,

In the preferred modes of operation, therefore, the second
stage will operate at a hydrogen partial pressure of 2860 to 7000
kPa (400 to 1000 psig) in the low pressure mode or at hydrogen
partial pressures of 7000 to 20700 kPa (1000 to 3000 psig), usually
10500 to 17340 kPa (1500-2500 psig) in the high pressure mode.
Hydrogen circulation rates are comparable to those used in the first
stage. .

The catalyst used in tha second stage is one which has a high

selectivity for the isomerization of.waxy, linear or near linear
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paraffins to less waxy, isoparaffinic products, Cg%alysts of this

type are bifunctional in character, comprising a metal component on

a large pore size, porous support of relatively low acidity. The

acidity is maintained at a low level in order to reduce conversion

to products boiling outsiée the Tube boiling range during this stage

of the operation. In general terms, an Alpha Value below 25 should

be employed, with preferred values balow 15, best results being

obtained with Alpha Values below 10.

When Alpha Value is examined, it is noted that the Alpha Value

is an approximate indication of the catalytic ¢racking activity of

the catalyst compared to a standard catalyst and it gives the-

relative rate constant (rate of normal hexane conversion per volume

of catalyst per unit time). It is based on the activity of silica-

alumina cracking catalyst taken as an Alpha of 1 {Rate Constant =

0.016 sec '1). The Alpha Test is described in

u.S, Patent

3,354,078; in the Journal of Catalysis, Vol. 4, p. 527 (19658); Veol.
6, p. 278 (1966); and Vol. 61, p. 395 (1980), each incorporated

herein by reference as to that description. The

experimental

conditions of the test used herein include a constant temperature

of 538°C and a variable flow rate as described in detail in the

Journal of Catalysis, Vol. 61, p. 395. For the

bifunctional

catalysts used in this stage of the present process, the Alpha Value

is determined in the absence of the metal component.

The support material for the paraffin hydroisomerization

catalyst is a highly siliceous zeolite, including zeolite beta and

mordenite, in a form which has the required low Jevel of acid

activity to minimize paraffin cracking and to maximize paraffin
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Qehfevati® BPeheSEd BBy diRhFbokY FRE 1@ treatment to reduce the

acidity of the zeolite. Steaming may also be utilized to further

reduce the acidity of the zeolite.

Zeolite Beta is a preferred support since this zeolite has_

been shown to possess outstanding activity for paraffin
isomerization in the presence of aromatics, as disclased in U.S.
4,419,220, Zeolite Beta is described in U.S. Patent Nos. 3,308,069
and Re 28,341, incorporated herein by reference.

Suitable dicarboxylic acids for use in the process of this
invention- include oxalic, malonic, succinic, glutaric, adipic,
maleic, phthalic, isophthalic, terephthalic, fumaric, tartaric, or
mixtures thereof. Oxalic acid is preferred. The dicarboxylic acid
may be used in solution, such as an aqueous dicarboxylic acid
solution. |

Generally, the acid solution has a concentration in the range
from 0.01 to 4 M. Preferébly, the acid solution concentration is
in the range from 1 to 3 M.

 The dicarboxylic acid is geperally in a volume solution to
volume catalyst ratio of at least 1:}, preferably at least 4:1.

Treatment time with the dicarboxylic acid solution is as long

as required to provide the desired dealumination. Generally, the

treatment time is at least 10 minutes. Preferably, the treatment

time {s at 1east 1 hour,

More than one dicarboxylic acid treatment step may be employed

for enhanced dealumination.
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boi | i ng belom/theiF§ boiling range; typically to ts

is limted to no nore than 50 wei ght percent of the feed G $hEtSUAS IREEN
be not nore than 30 weight percent of the f@&d in order t
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preferably from 48° to 82°C (120° to 180°F).

The dicarboxylic acid treatment results in a dealum1nated
zeolite having a lower acidic activity than the starting materials,
since acidity is related to the number of sites available for
protonation and removal of aluminum reduces the proportion of these
sites., The dicarboxylic acid treatment results in the production
of dealuminated zeolite Beta having an Alpha Value below 25,
preferably below 15, more preferably no greater than 10, and even
more preferably no greater than 5.

The dicarboxylic acid treatment may also be combined with
other conventional dealumination techniques, such as steaming and
chemical treatment. '

In a further embodiment. the dicarboxylic acid treatment is
combined . with steaming to obtain a low acidity mordenite. The
crystal structure, X-ray diffraction pattern and other properties .
of mordenite are described in pertinent portions (e.g., p. 231) of
Zeolite Molecular Sieves by Danald W. Breck, published by
John Wiley, New York, NY (1974).

Steam traatment may be done prior to, concurrent with or after
dicarboxylic acid treatment. Steam treatment after dicarboxylic.
acid treatment is preferred,

The zeolite sample is exposed to 100% steam at a partial
pressure in the range of from 10.1 to 1011 kPa (o.llto 10 atmi and
preferably in the range of from 50.5 to 202 kPa (0.5'to 2 atm), and
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H gimer ACE

the feed for the second stage processing . . Wth petrolatun1feeds

1200° F} and preferably in the range of from 482° to 593°C (900° to
1100°F ).

Steaming is generally for as long as required to provide the
desired dealumination. The steam treatment is at least 1 hour.
Preferably, the steam treatment time is at least 3 hours and more
preferably at least 10 hours.

The zeolite may be contacted with steam and dicarboxylic acid
in mdltip]e alternate cycies of steaming and acid treatment until
the desired deatumination is achieved.

More than one acid treatment step may be employed in

‘conjunction with steaming for enhanced dealumination.

The dicarboxylic acid/steam treatment results in the
production of dealuminated mordenite having an Alpha Value below 25,

preferably below 15, and more preferably below 10.

The dicarboxylic acid/steam treatment may also be combined ;

with other conventional dealumination techniques, such as chemical
treatment. '

Prior to or following dicarboxylic acid treatment, the zeolite
will be composited with a matrix material to form the finished
catalyst and for this purpose conventional non;acidic matrix
materials such as alumina, silica-alumina and silica are suitable
with preference given to silica as a non-acidic binder, although
non-acidic aluminas such as alpha- boehmite (alpha alumina
monchydrate) may also be used, provided that they do not confer ahy
substantial degree of acid{c activity on the matrixed catalyst. The

use of silica as a binder is preferred since alumina, even if non-
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to 20:80 by weight, typically from 80:20 to 50:50 zgolite:matrix.
Compositing may be done by conventional means including mulling the
materials together followed by extrusion of pelletizing into the
desired finished catalyst particles. A preferred method for
extruding the zeolite with silica as a binder is disclosed in U.S.
4,582,815. If the catalyst is to be steamed in order to achieve the
desired low acidity, it is performed after the catalyst has been
formulated with the binder, as is conventional.

The second stage catalyst also includes a metal component in
order to promote the desired hydroisomerization reactions which,
proceeding through unsaturated transitional species, require
mediation by a hydrogenation-dehydrogenation component. In order
to maximize the isomerization activity of the catalyst, metals
having a strong hydrogenation function are preferred and for this
reason, platinum and the other noble metals such as palladium are
given a preference. The amount of the noble metal hydvogenation
component is typically in the range 0.5 to 5 weight percent of the
total catalyst, usually from 0.5 to 2 weight percent. The plgtinum
may be incorporated into the catalyst by conventional techniques
including 1on exchange with complex platinum cations such as
platinum tetraammine or by impregnation with solutions of soluble
platinum compounds, for example, with p]atinum tetraammine salts
such as platinum tetraamminechloride. The catalyst may be subjected_

to a final calcination under conventional conditions in order to
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mechanical strength on the catalyst. Prior to use the catalyst may
be subjected to presulfiding as described above for the first stage
‘catalyst.

The objective in the second stage is to isomerize the waxy,
linear and near-linear paraffinic components in the first stage
effluent to less waxy but high V.I. isoparaffinic materials of
relatively lower pour point. The conditions in the second stage are
therefore adjusted to achieve this end while minimizing conversion
to non-lube bdiling range products (usually 343°C-(650°F-)
materials). Since the catalyst used in this stage has a low
acidit&, conversion to lower boiling products is usually at a -
relatively low level and by appropriate selection of severity,
second stage operation may be optimized for isomerization over
cracking., At conventionyl space velocities of about 1, using a
Pt/dicarboxylic acid-treated zeolite Beta catalyst with an Alpha
Yalue of about 5, temperathres in the second stage will typically

“be in the range of 290° to 371°C (550° to 700°F) and usually in
the range of 302° to 357°C (575° to 675°F) with 343°C+ (650°F+)
conversion typically being from about 10 to 30 weight percent, more
usually 12 to 20 weight percent, of the second.stage feed. However,
temporatures may be used outside this range, for example, as low as
260°C (500°F) up to 400°C (750°F} although the higher temberatures
will usually not be preferred since they will be associated with a
lower isomerization selectivity and the production of less stable
lube products as a result of the hydrogenation reactions being

thermodynamically less favored at progressively higher operating
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low pressure aperation; in the high pressure mode, temperatures of
290° to 371°C (550° to 700°F) will be preferred, as compared to

the preferred fange of 316° to 371°C (600° to 700°F) for this stage

of the operation in the low pressure mode. ' Space velocities will

typically be in the range of 0.5 to 2 LHSV (hr'l) although in most

cases a space velocity of 1 LHSV will be most favorable. Hydfogen

c¢irculation rates are comparable to those used in the first step,
as described above; but since there is much lower hydrogen

consumption, lower circulation rates may be employed if feasible.

In the cascade operational mode, the excess hydrogen from the first

stage will be found adequate for the second stage operation.

A particular advantage of the present process is that it
enables a functional separation to be effected in the entire
operating scheme. In the first stage, the undesirable low V.I,
components are removed by a process of saturation and ring opening
under conditions of high pressure and relatively high temperature.
By contrast, the second stage is intended to maximize the content
of iso-paraffins in the product and because the Tow V.I. materials
have been dealt with in the first stage, can be optimized to effect
a selective isomerization of the paraffinic materials. The low
temperature conditions which are appropriate for the paraffin
isomerization 1imit the cracking reactions as noted above but are
thermodynamically favorabla for the saturation of any lube range

olefins which may be formed by cracking reactions, particularly in
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especially stabjlity to ultravicolet radiation, a property which is
frequently lacking in éonventiona] hydrocracked lube products. The
hydrofinishing is particularly effective when the second step is
carried out under high hydrogen partial pressures e.g.; over 7000kPa
(1000 psig). The isomerized product may therefore be subjected
simply to a final dewaxing step in order to achieve the desired
target pour poiht and usually there will be no need for any further
- finishing steps since a low unsaturates content, both of aromatics
and of lube range olefins, results from the optimized processing in
the two functionally separated steps of the process. The product
may therefore be subjected to a final fractionation to remove lower
boiling materiais, followed by a final dewaxing step in order to

achieve target pour point for the product.

Qewaxing

Although a final dewaxfng step will normally be necessary in
order to achieve the desired product pour point, it is a notable
feature of the present process that the extent of dewaxing required
is relatively small. Typically, the loss during the final dewaxing
step will be no more than 15 to 20 weight percent of the dewaxer
feed and may be lower. Either cafa]ytic dewaxing or solvent
dewaxing may be used at this point and if a solvent dewaxer is used,
the removed wax may be recycled to the first or second stages of the

procaess for further treatmenf. Since the wax removed in a solvent
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netal, based on tfe66%& al wei ght of the catalyst.
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order in view of the higher hydrogenation activities of the&ke—nabl ,
netals, typically fromO0.5 to 5 weight percent being sufficient. The

metal s may be | nco&epwg)r(g (?(sj ht%hf‘yn%a?ﬂfrigpcl,eipe :Ea?%’e ‘réacycled directly to the

second stage 1f this is feasible, for example, in the embodiment

where the second stage is operated at a relatively low pressure.

The preferred catalytic dewaxing processes utilize an

intermediate pore siza zealite such as ZSM-5, but the most preferred

~ dewaxing catalysts are based on the highly constrained intermediate
pore size zeolites such as ZSM-22, ZSM-23 or ISM-35, since these
zeolites have been found to provide highly selective dewaxing,
giving dewaxed products of low pour peint and high V.I. Dewaxing
processes using these zeolites are deseribed in U.S. Patent Nos.
4,222,855, The =zeolites whose use is preferred here may be
characterized in the same way as described in U.S. 4,222,885, i.e.,
as zeolites having pore openings which result in the possession of
defined sorption properties set out in the patent, namely,

(1) a ratio of sorption of n-hexane to o-xylene, on a voiume
percent basis, of greater than about 3, wﬁich sorption is determined
at a P/P0 of 0.1 and at a temperature of 50°C for n-hexane and 80°C
for o-xylene and (2) by the ability of selectively cracking 3-
methylpentane (3MP) in preference to the doubly branched 2,3-
dimethylbutane (DMB) at 538°C (1000°F) and 1 atmosphere pressure
from a 1/1/1 weight ratio mixture of n-hexane/3-methyl-pentane/2,3-
dimethylbutane, with the ratio of rate constants Kqyp/Kpup
determined at a temperature of 538°C (1000°F) being in excess of
about 2. The expression, “P/Po“, is accorded its usual
significance as described in the literature, for example, tn The
Dynamical ghgrﬁcter of Adsorption by J.H. deBoer, 2nd ed., Oxford
University Press (1968) and is the relative pressure defined as the
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enents of a
k= (1/Tc) Tn (1/1-€ )

where k is the rate constant for each component, T. is the contact
time and € is the f‘raction-al conversion of each component.

Zeolites conforming to these sorption requirements include the
natura]_]y' occurring zeolite ferrierite as well as the known
synthetic zeolites ZSM-22, ZSM-23 and Z3M-35. These zeolites are
at least partly in the acid or hydrogen form when they are used in
the dewaxing process and a metal hydroge'nation component, preferably
a noble metal such as platinum is preferably used. Excellent
results have been obtained with a Pt/ZSM-23 dewaxing catalyst.

The preparation and properties of zeolites ZSM-22, ZSM-23 and
ZSM-35 are described respectively in U.S.Patents Nos. 4,810,357
(ZsM-22); 4,076,842 and 4,104,151 (ZSM-.23) and 4,016,245 (Z5M-35),
ta which reference is made for a description of this zeolite and its
prepaf'ation. Ferrierite is a naturally-occurring mineral, described
in the literature, see, e.g., Breck, Zeoljte Molecylar Sieves, pages
125-127; 146; 219; and 625, to which reference is made for a
description of this zeglite.

In any event, howaver, the demands on the dewaxing unit for
the product are relatively low and in this respect the present
process provides a significant improvement over the process
employing solely amorphous catalysts where a significant degree of
dewaxing is required. The functional separation inherent in the

process enable higher single pass wax conversions to be achieved,
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of the high boiling feeds to enter the interior pore struclupgsed dBe o pree |
cat al yst where the desired hydrocracking rea?g8« ons occur. Jfo thiﬁé’r‘;@{ 4 ?E‘:N
the catalyst will normally have a m nimum pore size of 50x B

A i.e wth no less than 5 percent of the pores having a pore size |les

t han 50x10[err] mm (50 A) pore si.ze, with  the Lori of t.he_par avi ng
a pore size in t het¥pasaldy A0 40 -80foas AOTMSE%PESQ[}EJgW §“%é‘“869h°“ﬁa‘iﬁtﬁgysg por e
size above 400 [erfldacs so that unit throughput is significantly enhanced with

raspect to the conventional process. Although conversions levels
above 80 percent may be employed so that the load on the dewaxer is
reduced, the product V.I. and
yield decrease at the same time and generally, the final dewaxing
stage cannot be complstely eliminated unless products with a V.I.
below 136 are accepted.
Products

The products from the process are high V.I., low pour point
materials which are obtained in excellent yield, Besides having
excellent viscometric properties they are also highly stable, both
oxidatively and thermally and to ultraviolet 1ight. V.I. values in
the range of 140 to 155 are typically obtained, with values of 143
to 147 being readily achievable with product yields of at least 50
weight percent, usually at least 60 weight percent, based on the
original wax feed, caorresponding to wax conversion values of almost
80 and 90 percent, respectively. Another notable feature of the
process is that the products retain desirable viscosity values as
a result of the limited boiling range conversions which are inherent
in the process: conversely, h{gher yields are obtained at consfant

product viscosity.

Examples
The following examples are given in order to illustrate
various aspects of the present process. Examples 1 and 2, directly

following, illustrate the preparation of dicarboxylic acid-treated
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the range of (200 ﬂﬂﬁ?sx 10[ err] mm (200-400 A). Preferred catalysts fo
the first stage have at |east 60 percent of the pores in the—{50-200) X

o[ err] mm (50-200 A) range. The pare size di-88ribution and @N@Q&%TTHA\n?EV

properties of sone typical |ube hydrocracking catalysts s |tablﬁhﬁ95ny§e
in the first stage are shown in Table 4 bel ow

et m—

I?gié; §y|, 1. 5 nRt/Zgp]ite Beta qpﬂlQﬁ/pé#jgﬁ%éga35¥a¥§§tsp¥6yjﬁ§Jﬂo?§omerf§Hiqbn.

Example 1

65 parts by weight on a dry basis of TEA wordenite, prepared
in accordance with U.S, Patent 4,052,472, is mixed with 35 parts by
weight on a dry basis of commercial silica (Ultrasil). The material
is extruded to form 1.50mm (1/16") cylindrical pellets. The pellets
are ammonium exchanged and calcined at 538°C (1000°F) for 3 hours
in air.

The calcined extrudaté is slurried with 8 ml oxalic acid/ml
catalyst of a 2.0 M oxalic acid solution at 82°C (180°F) for 2
hours. The oxalic acid-treated catalyst is dried at 121°C (250°F)
for 8 hours and calcined in air for 3 hours at 538°C (1000°F). The
oxalic acid treatment results in mordenite having an Alpha Value of
133. The oxalic acid-treated catalyst is then exposed to 100%
s;eam, 103 kPa (0 psig) at 552°C (1025°F) for 24 hours. The oxalic -
acid/steam treatment results in mordenite having an Alpha Value of
11,

The oxalic acid/steam-treated mordenite is competitively ion
exchanged with Pt{NH3)4C12°H20 in a 0.05 N NH,NO, solution at a pH
of 7. The exchanged catalyst is washed with distilled water and air
calcined at 349°C (660°F) for 3 hours. The finished catalyst has

the properties shown in Table 5.

Example 2
Zeolite Beta, prepared in accordance with U.S. Patent Nos.

3,308,069 and Re 28,341 is exchanged with a solution of NH,NO; to

—_—
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fluorine, either RyihREO5HLE Ay Wsight on a dry basis of sxhca and extended into
1.59mm (1/16") pellets. The pellets are dried at 121°C (250°F) for
8 hours. Organics are removed by first treating in N2 at 510°C
(950°F) for 3 hours followed by air calcination at 538°C (1000°F)
for 6 hours. The calcined extrudate is treated with a 2 M solution
~ of oxalic acid at a valume ratio of solution to catalyst of 8 to 1.
Treatment is conducted at 71°C (160°F) for 6 hours. The treated
catilyst is dried at 121°C (250°F) overnight. The dried material
is air calcined at 538°C (1000°F) for 3 hours. The treatment
results in zeolite Beta having an Alpha Value of 8.
| The oxalic acid-treated zeolite Beta catalyst is exchanged'
with a sotution of Pt(NH3)4012°H20 in water at a pH of 4.
The exchanged catalyst is washed with distilled water and air
calcined at 349°C (660°F) for 3 hours. The finished catalyst has

the properties shown in Table 5.
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fluorine conpound such as ammonium fluoride (NH err]F) or anmoni um
bifluoride (NH err]F [err] HF) of which the latter is preferred. The anpunt
of fluorine used in catalysts which contain this elenent is preferably
from1l to 10 wei ght percent, based on the totaﬁﬂubﬁght

Oxalic Acid/Steam- Oxalic Acid-Treated
Treated Mordenite Zeolite Beta

Platinum, wt.% 0.43 0.48
Surface area, mz/g 267 316
Pore Volume, ml/qg 0.59 0.74
Particle Density, ¢/ml 0.89 0.98
Example 3

A high boiling point heavy neutral slack wax with the
properties shown in Table 3 and containing 34 wt.% oil as measured
by ASTM D3235 {s processed by hydrocracking over a NiW/fluorided
catalyst described in Table 4, second cotumn, The catalyst is
sulfided and fluorided in-situ using o-fluorotaluene at a level of
600 ppm fluorine for one week at a temperature of 385°C (725°F)
before 1htroduc1ng the slack wax. The hydrocracking is carried out
with fluorine maintenance at 25 ppm F usiﬁg o-fluorotoluene under

the following conditions:

©LHSY, hel | 1
Pressure, kPa (psig) 13900 (2000)
Hy circulation, n.1.1°' (SCF/BBL) . 900  (5000)

This Sheet Has Been Replaced .
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of i t RENEBY5] yst , y froe-26-90 ;61 enplt ber BRI Thadt | ugy may be
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support during the preparation of the catal yst or by |npre ratFon=—aiter

the particles of the catal yst have been forrg2k by drying o EHE%SWE&EFr$BgEN
~gel . If the catal yst contains a relatively high anDunt f fl uBEPh&CES
wel | as high amounts of the netals, as noted above, s pr

oL T e R SRR T T e o
particl es. teﬁberaamwaa e | 4 WYOTEY 7205 QD F7EE N B et P

desired level by in situ fluoriding 1n which uorln conpound i s added
to the stream whi chaxpacmapsivacoft 4 toayalwtsk. | Wdxhiconveraton dk H&Fned as

follows:

Wax conversion=(Wax in oil feed-wax obtained by solvent dewaxing)

Wax in 011 Feed

Total Tiquid product (TLP) is obtained from the mild hydrocracking
of the heavy neutral slack. This material has the properties listed
in Table 6.

—_—
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may be carried out in which the fluorine conmpound i s passe the

catalyst in the absence of the feed e.g., i+83a stream of WA oS REdy @eg\I
to increase the fluorine content of the catalyst prior to |n|t|agpgﬂﬂpi _
the actual hydrocracking. |In situ fluoriding of the catal '

is preferably carried out to induce a quori? optent of 1 to 10 percent
fluorine prior to operation, after which the—§¥§o§|ne can be reduced to

mai nt enance levels sufficient to y. Exanpl es
of suitable _ .

Boiling Range, °C (°F) 188-577 (370-1070)

Hydrogen, wt.% 14.87

Nitrogen, ppm 5.0

Sulfur, wt.% .008

“AP1 , 37.6

KV @100°C, mm?/s 5.157

Pour Point, °C (°F) 49 (>120)

~ Simulated Distillation:

wi.% Mo F

IBP (Initial Boiling Point) 188 370

5 272 521

50 467 872

9§ 548 1018

EP (End Point) 577 1070
gxamnle 4

A sample of the TLP material of Example 3 is processed over
the oxalic acid-treated mordenite catalyst of Example 1 under the

following conditions:

LHSV, hr-l 1.0
Pressure, kPa (psig) ' 13900 2000
M, circulation, n.1.1""" (SCF/BBL) 900 5000
Temperature, °C (°F) 323 to 354 614 to 670

The waxy product is then distilled to a nominal 343°C+ (650°F+)
cut-point. The distilled material is subsequently dewaxed using a

conventional MEK/toluene process. The results are given in Table

This Sheet Has Been Rep
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are
used in their sulfide formand to this purpose pre-sulfidi
catal yst should be carried out prior to inig4ation of the hydnoeras 7)o
Sulfiding is an established technique and it is typically rri E@EPQE‘EEBQ}E%
contacting the catalyst with a sul fur-containing gas, usual ' -
presence of hydrogen. The m xture of hydrogen and hydrogen sulfide, carbon
disulfide or a nertd81®h such as butyl nercaptan is conventional for this
pur pose. Presul fiding may al so be carried out

o BRR SR 156 o R 14y A T e dRbT 5 0P, o bl

di fl uoroet hane.  F-6658The mefal s present on the ySt e rably i¥37/47

Example §
A sample of the TLP material of Example 3 is processed over
the oxalic acid-treated zeolite Beta catalyst of Example 2 under the

following conditions:

LHSY, bl o 1.25
Pressure, kPa (psig) 13900 (2000)
H, circulation, n.1.1°' (scF/BBL) 720 {4000)
Temperature, °C (°F) 307 to 335 (585 to 635)

The waxy product is then distilled to a nominal 343°C+
{650° F+) cut-point. The distilled material is subsequently dewaxed
using a conventional MEK/taluene process.

Table 7 summarizes the yield and product property data for the
oxalic acid-treated catalysts. Yield is determined by the amount
of lube material remaining after solvent dewaxing and is based on
the feed to the hydrocracker in Example 3.

Figure 1 compares the lube yield versus wax conversion for the
products of Examples 3, 4 and 5. The Figure shows that the two-step .
processing _of‘ Examples 4 and § using oxalic acid-treated catalysts
achieves a higher maximum lube yield of 54 te 62 wt.% in comparison
to a maximum lube yield of 40 to 42 wt.% for the single-stage
process of Example 3.

Figure 2 shows the Viscosity Index (V.I.) of tﬁe praduct
obtained versus wax conversion. The V.I. of the products obtained

from the oxalic acid-treated catalysts is above the desirable V.I.

~This Sheet Has Been Replaced
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hydrocarbon oil sudt688 a sour kerosene or gas o
feeds are highly paraffinic, the heteroatom content-is |ow and. accordingly

the feed may be passed directly into the firLg§. process ste -Mhéggg;TpmgB:FN
necessity of a prelimnary -hydrotreatnent. Hydr oi sonmeri zation peps acen =
During the first stage of the process, the low quality, rekatvely

aromatic conponents of the feed are converted by hydrocracking to-broducts
which are rel ati vel{argek of gneaten #han 130. character by saturation and ring

opening. The paraffinic fMahe ' &' Shok” S reRedolndh' "SR b Siflafic”"
viscosity (0100°C) of the product at varying wax conversions for
Examples 3, 4 and 5. The Figure shows that at a given wax
conversion the oxaIic'acid-treated catalysts produce a basestock
‘with a 0.5-1.0 ma?/s higher viscosity. The process of Examples 4
and 5 enables viscosity to be retained to a greater degree than with
the single-stage process of Example 3 as a result of the selactive
conversion of wax to high V.I. ail without excessive conversion of
o1l out of the Tube boiling range. This valuable feature enabies
products of varying viscosities to be manufactured by suitable
selection of condition&. Further, higher wax conversion is achieved
at the same viscosity with the oxalic acid-treated catalyst. Higher
wax conversion is desirable to reduce the load on the downstream
solvent dewaxing unit. Higher viscosity is desirable because
viscosity reduction when the slack wax is hydroprocessed is

minimized in the runs of Examples 4 and 5 compared to the Example

3 run.
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char agENTBRL1 Cs bt Rave Tel abi TRk JOUF TR SRR S90d 5. 1 es their,
par af fi ni ¢ nat ur e. FI§880bj ectib'v\ge?yn flhgéigecond st%ﬁ[’of oﬁle %‘lrj@ggiss i s t JFeT
effect a selective hydroi sonerization of these paraffinic cprporeRrts=to

i s@-paraffins which, while possessing good -36- THIS SHEET HAS BEEN
-17- visconetric properties, also have |ower pour points. [[his &W/r&ED

the pour point of the final product to be obtained w thout an €excessiVve
degree of dewaxing foll ow ng the hydroi sonerizati.on Because the | ow

qual ity aromatic conponents have been renoved

Isomerization of Low Conversion Hydrocracked

Wax QOver Pt/Oxalic Acid-Treated Mordenite

Run Number 1 2 3 4 | ]

Reictor Temp, °C 323 338 343 352 354
(°F) (614) (640) (650) (665) (670)

LHSV, hr~ 1 1 1 1 1
Wax Conversion 40 62.1 71.1 92.0 94.3
KV €100°C 6,03 5.40 5.21 536  5.32
V.1, 142 141 142 142 137
Pour Point, °C -12 -21 -9 -15 -12
(°F) (10}  (-5) (15) (5)  (10)
Lube Yield, wt.% 39 51.3  54.4 45 44

Isomerization of Low Conversion Hydrocracked

$lack Wax Over Pt/Oxalic Acid-Treated Zeolite Beta
Run Number 1 2 3 i 5 [}
Reactor Temp, °C 324 327 332 335 321 307
(°F) (615) (620) (630) (635) (610) (585)
LHSY, hr! 1,25 1.25 1.28 1.25 1.25  1.25
Wax Conversion 87 90 96 ) 84 20
KV 8100°C 5.17 §.10 502 4.91 5.7 6.11
v.I. 144 139 138 132 144 184
Pour Point, °C -18 -15 -18 - -18 -18 ~18
{°F) 0y (+5) (0) (v) (o) (0)
Lube Yield, wt.% 64 60 56 48 60 46

_—
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S|gn|f|cant degree of aromatic saturation in the secon
operation so that it is possible to carry it out under |owel=—pressut aesr
t?plcally D ﬁ

pressures

the | ow pressure node of operatlon Is preferred to operate thne SecontT——=
stage with hydrogen parti al pressures fron1at | east 1480 kPa (200 psig).

node of operation is with higheB37hRydrogen pressures

typically over 7000 kPa (1000 m This node of operation is
preferred as it retains all aromatic

Anot her
st age,

age

e range o
r 2860 to 7

AL

a (200 to 1000 psi|gTHiel SHIEIGHAS BEEN
000 psig) are norg typi BAPLACED l

step and siince Agos&s esthro@indsy & BighMscosity Index lubricant having a Viscosity Index

of ut least 130 from a hydrocarbon feed of mineral oil origin having a wax content of at
least 50 weight percent, which comprises:;

(i) hydrocracking the feed at a hydrogen partial pressure of at least 5620 kPa over
a bifunctional lube hydrocracking catalyst comprising a metal hydrogenation component
on an acidic, amorphous, porous support material to hydrocrack aromatic components
present in the feed at a severity which results in a conversion of not more that 50 weight
percent of the feed to products boiling outside the lube boiling range;

(ii) isomerizing waxy paraffins present in the effluent from the hydrocracking step in
the presence of a low acidily isomerization catalyst having an Alpha Value of not more
than 25 and comprising a noble metal hydrogenation component on a porous zeolite
support material to isomerize waxy paraffins to less waxy iso-paraffins, characterized in
that the zeolite support material comprises a dicarboxylic acid treated zeolite selected
from zeolite Beta and mordenite.

2. The process according to claim 1 in which the feed comprises a petroleum wax
having the wax content of at least 50 weight percent and an aromatic content of from S
to 30 weight percent.

3 A process according to claim 1 or 2in which the isomerization catalyst comprises:
a dicarboxylic acid/steam-treated mordenite isomerization catalyst having an Alpha
Value not greater than 15; an oxalic acid/steam-treated mordenite isomerization catalyst,
preferably with from 0.5 to 2 weight percent platinum on a support comprising oxalic
acid/steam-treated mordenite; a dicarboxylic acid-treated zeolite Beta isomerisation
catalyst having an Alpha Value not greater than 10; or an oxalic acid-treated zcolite Beta
isomerization cutalyst, preferably with from 0.5 to 2 weight percent platinum on a
support comprising oxalic acid-treated zeolite Betu,
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usual Iy 10500 to 17340 kPa % 15002590 Psig) in the high p

he preferred nodes
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Hydrogen circul ation rates are conparable to those used in the first

st age.

The catal yst used in the sgecond stage is one which has a

selectivity for the isonerization of waxy, linear or near | inear

4. A process according to any preceding claim in which the ispmcrization step is
carried out in the presence of hydrogen at a pressure of at least 200 psig; and/or the
isomerization step is carried out in the presence of hydrogen at a conversion to 343°C-
product of not more than 30 weight percent, preferably 10 to 20 weight percent based
on the feed to the isomerization step,

5. A process according to any preceding claim in which the isomerization step is
carried out at a temperature not greater than 343°C.

6. A process according to any one of claims 1 to 4 in which the isomerization step
is carried out at a temperature from 302° to 357°C.

i A A process according to any preceding claim in which the effluent from the

hydrocracking step is cascaded directly to the hydroisomerization step; and/or the
effluent from the hydrocracking step is treated to remove heteroatoms prior to being
cascaded to the hydroisomerization step.

8. A process according to any preceding claim in which the Alpha Value of the
hydroisomerization catalyst is not greater than S.

9. A process according to any preceding claim in which the isomerization catalyst
comprises a Pt/oxalic acid-treated zeolite Beta catalyst having an Alpha Value not

greater than 5 and a platinum content from 0.5 to 1.5 weight percent based on the total
weight of the catalyst. '

10. A process according to any preceding claim in which the hydroisomerization
product is subjected to a dewaxing to achieve a target pour point, with a loss during the

dewaxing of not more than 20 weight percent; and/or the product has a V.I. of greater
than 140.

hi gh
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bi f‘uncﬁ%ﬁ%l I n chagggser . corrprl n lsgi'ﬁgf al % 55%953% pore 347
si ze, porous support. of éiatlvely |OM/aCIdIty' The aC|d|ty i s maintai ned
at-Za.low |l evel in order t® reduce convgr3|on to products baj
the lube boiling range during this stage ¢f the operation. ﬁ*@eﬁ'?éfifGEELN
terns, an Al pha Val ue bel ow 25 should be enployed, with pr er r ed¥ VA GED
bel ow 15 best results being obtained with' Al pha Val ues bel ow IU:
When Al pha Value is exanined, it is notedpbgtect he Al pha Val ue

Petroleum wax fe:dk- aré’ converted to high Viscosity Index
lubricants by a two-step hydrocracking-hydroisomerization process
in which the wax feed is initially subjected to hydrocracking under
mild conditions with a conversion to non-lube range products of no
more than 30 weight percent of the feed. The hydrocracking is
carried out at a hydrogen pressure of at least 7000 kPa (1000 psiq)
using an amorphous catalyst which preferentially removes the
aromatic components present in the initial feed. The hydrocracked
effluent is then subjected to hydroisomerization in a second step
using a low acidity dicarboxylic acid-treated 2zeolite Beta or
mordenite catalyst which effects a preferential isomerization on the
paraffin components to less waxy, high ¥Y.I. isoparaffins. The
second stage may-be operated at high pressure by cascading the first
stage pr.'oduct' into the second stage or at a lower pressure,
typically from 1480 to 7000 kPa (200 to 1000 psig). The second
stage catalyst is preferably a noble metal containing zeolfte Beta
catalyst which is treated with oxalic acid to give a low Alpha
Value, typically below 10. The second stage is carried out at
relatively low temperature, typically from 316° to 343°C {600° to
650°F) with a 343°C+ (650°F+) conversion in the range of 10 to 20
weight percent of the second stage feed but with high selectivity
for isomerization of the paraffins.
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catal yst conpared to a standard catal yst an |t g “es the relative rat @zeszosc9s
constant (rate of normal hexane conversion per volune of catalyst per unit
time). It is based on the activity of silica- alumna cracking c
taken as an Al pha of 1 (Rate Constant 0.016 sec [err]. Th P“@Q§“fTHAs
Test is described in US.  Patent 3,354,078, in the Journal of REPLACED‘
Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol :
395 (1980), each incorporated herein by reference as to that descrlptlon
The experinental conditions of the test used herein include a constant
tenperature of 538[err]C and a variable flow rate as described in detai
in the Journal of Catalysis, -Vol. 61, p. 395.  For the bifunctional

IS an

80

70

a2
4

-

LUBE YIELD VS WAX CONVERSION - HN SLACK WAX

‘F‘

’.
B0

WAX CONVERSION

2
50

2
40

+ - PTIOXALIC ACID TREATED ZEOLITE BETA
]
30

a - PT/OXALIC ACID TREATED MORDENITE

2 - NiIW/ALUMINA

FIGURE 1

o/ TTIA 3607

-

—
This Sheet Has Been Rep

e IIIIIIIHIIIIHIIHIH"I



{ RECEIVED $2/87 BB:24% 1996 AT 5330634 Pass 43 (PRINTED PR piss -
catal sBNTBYased in this stage f 6tde: i 46am proceMB,lLt-hePoé\l pha3d&ddue | s i#43/47
determ ned in the absence of the rret‘éf“co‘r?pbn‘ e, The support 35%42¢84882 U
material fort the paraffin hydroisonerization catalyst is a highly
siliceous zeolite, including zeolite beta and nordenite, in a FforATWIT<
has the required low level of acid activity to nininize paraf’ﬂﬁ“%$%%@ﬁh S BEEN
and to maximze paraffin HEPLACED

i sonerizati.on. Low acidity values in the zeolite may be obtained —
B
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by use*of a sufficieftiy high sil3chIihiseanratio | Zaglite
achi evabl € by the use of a dicarboxylic aci d*t4%es'Aent to reduce TAEM 3 ¥4
1 educeS%eeoise

acidity of the zeolite. Steamng nay also be utilized to further
the acidity of the zeolite. Zeolite Beta is a preferred support
shown to possess outstanding | aghgBHEET HAS BEE

since this zealite has been
i sonerization in the presence of aromatics, as djscl osgthiidben

a

for paraffin
US. 4,419,220. Zeollte Beta is described in U S. Patent Nos.
and Re 28, 341, ‘i ncorporated herein by reference. Suitable

i nvention include

di carboxylic acids for use in the process of this _ _
mal ei c, phtha]”?‘ heetHasBeenReplaced_

oxalic, 'malonic, succinic, glutaric, adipic,
i sophthalic, terephthalic, fumaric, tartaric, or mxtures tf '
acid is preferred. The di carboxylic acid I .
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n solution, such gspgafyTaginatrnar & VP be.261 Bagofed Ut i ON. syqean
Gﬁnerally the acid solutlon has a concentratloﬁﬁ?ﬁgthgﬁﬁange ? m 0¥ 0
4 M Preferably, the acid solution concentration is in the range fron11
to-3 M

The dicarboxylic acid is generally in a volune solution to
vol une catalyst ratio of at least 1:1, preferably at |east 4:1. -
Treatnent tinme with the dicarboxylic aC|d solution is as long

as required
to provide the desired deal um nati on. GEneraImbBERQQ' agbLment time is at

| east 10 m nutes. Preferably, the treatnment tTne is at Ieast 1 hour.

More than one dicarboxylic ach treaknent st@gp may e enpl ofed

for® -
enhanced deal um nati on. .- n
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range of fromO[err]C (32[err]F) to reflux.
tenperature is from 15 to P4[err]C
preferably from48 to 82C (12Q]
acid treatnment results in a ded um nated
activity than the starting mat
nunber of sites avail able for
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zeolite Beta having an Al pha Val ue helow 25, preferafly bel owls, nore

preferably no greater than 10, @nd even anoré& preheralty n® great erwt haran5 ®
The di carboxylic acid treatnmerft

conventional deal um nation techfpi ques,
treat ment. In a further gnbodi nent, the dicarboxylic
is conbined with steamng to ain a low acidity nordenite
crystal structure, X-ray diffragtion pattern and other propérties
nordenite are described in pertgnent portions (e.g., p. 23L) of Ze
Mol ecul ar Si eves by Donald VVIEL?Ck’ publ i shed by
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John Wley, New York, MY (1974). St eam t reat ment may be done prior
tof“cunﬁurrent with or after dlcarboxyllc acid treatnent §§E %] g@h@n@#
after dicarboxylic acid treatnent is preferred. Il?e sanp1
is exposed to 100% steamat a partial pressure in the ra Q,f 3f[ﬂdhﬂ_1¢996
to 1011 kPa (0.1 to 10 atm and preferaQIy in the range
202 kPa (0.5 to 2 atm, and

PROQUCTTION OF HIGH V TY_IN RICANTS

This invention relates to the production of high Viscosity
Index lubricants by hydrocracking mineral oil feedstocks, especially
petroleum waxes.

~"In theory, as wall as in practice, lubricants should be highly
paraffinic in nature since paraffins possess the desirable
combination of oxidation stability and high Viscosity Index. Normal
paraffins and stightly branched paraffins e.g., n-methyl paraffins,
are often waxy materials which confer an unacceptably high pour
point on the lube stock and are therefore removed during the
dewaxing operations in the conventional refining process described
above. It is, however, possible to process waxy feeds in order to
retain many of the benafits of their paraffinic character while
overcaming the undesirable pour point characteristic. A severe
hydrotreating process for manufacturing lute gils of high Viscosity
Index is disclosed in Qevelooments in Lubrication PO 13(2), 221-228,
S. Bull et al., and in this process, waxy feeds such as waxy
distillates, deasphalted oils and slack waxes are subjected to a -
_ two-stage hydroprocessing operation ia which an initial
hydrotreating unit processes the feeds in blocked operation with the
first stage aperating under higher temperature conditions to effect
selective removal of the undesirable aromatic compounds by
hydracrackinj and hydrogenation. The second stage operates under
relatively milder conditions of reduced ‘temperature at which
hydrogenation predominates, to adjust the total aromatic content and
influence the distribution of aromatic types in the final product.
The viscasity and flash point of the base oil are then controlled
by topping in a subsequent redistillation stap after which the pour
point of the final base oil is contrelled by dewaxing in a solvent
dewaxing (MEK-toluene) unit. The slack waxes removed from the
dewaxer may be reprocessed to produce a base oil of high Viscosity
Index.

Processes of this type, employing a waxy feed which is
subjected to hydrocracking over an amorphous bifunctional catalyst
such as nickel-tungsten on alumina or silica-alumina are disclosed,
for example, in British Patent Nos. 1,429,494; 1,429,291; and
1,493,620; and U.S. Patent Nos. 3,830,273; 3,776,839; 3,794,580; and
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at a tenperature in the range of from3l16[err] to 648C (6Q0Lerti—t =

1

1200[ efr] F) and preferably in the range of from 482[err] tmEﬁﬂxqéﬁﬁﬂTﬁHEET_

(900[err] to 1100[err]F). Steaming is generally forllas lon@@ﬁﬁl
required to provide the desired dealum nation. The steaf bateat. ._.uksﬁﬁﬁw

| east 1 hour. Preferably, the steamtreatnent tine is at
more preéferably at |east 10 hours. The zeolite may be contacted with
steam and di carboxylic acid in nultiple alternate cycles of steam ng and
acid treatnent until the desired deal udnation is achieved. Mor e

than one acid treatnent step may be enployed in conjunction with steam ng

for enhanced deal um_nation. The dicarboxylic acid/steam treatnent
results in CHE2.$30duln tes podcess drsanithed da Rl at2% #34:nA\SAGK ¥AX Al pha

Val ue bel ow 2produpedf By aRhy BakaRtglSef aBd wiRy € fRéel a8 alsuyjdzetdwed .
hydrocracking over a bifunctional hydracracking catalyst at hydrogen
pressures of 2,000 psig of higher, followed by dewaxing of the
hydrocracked product to obtain the desired pour point. Dewaxing is

~ stated to be preferably carried cut by the solvent process with
racycle of the separated wax to the hydrocracking step.

In processes of this kind, the hydrocracking catalyst is
typically a bifunctional catalyst containing a metal hydrogenation
component on an amorphous acidic support. The metal component is
usually a combination of base metals, with ane metal selected from
the iron graup (Group VIII) and one metal from Group VIB of the
Periodic Table, for example, nickel in combination with moiybdenum
or tungsten. Mod{fiers such as phosphorus or beren may be present,
as described in G8 1,350,257; GB 1,342,499; GB8 1,440,230; fR
2,123,235; FR 2,124,138; and EP 199,394. Boron may also be used as
a modifier as described in G3 1,440,230. The activity of the
catalyst may be increased by the use of fluorine, either by
incarparation into the catalyst during its preparation in the form
of a suitabie fluorine compound or by in sity fluoriding during the
operation of the process, as disclosed in GB 1,390,359.

Although the process using an amorphous catalyst for the
treatment of the waxy feeds has shown itself to be capable of
producing high V.[. lubricants, it is not without {ts limitations.
At best, the technique requires a significant dewaxing capability,
both in order to produce the feed as well as to dewax the
hydrocracked product to the desired pour point. The reason for this
{s that although the amorphous catalysts are effective for the
saturation of the aromatics under the high pressure conditions which
are typically used (about 2,000 psig} their selectivity to high VI
lube range compeonents is not high. The waxy paraffins which pass
through the unit therefore need to be removed during the subsequent
dewaxing step and recycled, thus reducing the capacity of the unit.
The restricted selectfvity of the amorphous catalysts also limits
the single-pass yields to a value below about 50 percent, with the
correspending wax conversion being about 30 to €0 %, even though

" higher yields would obviously enhance the efficiency of the process.




The di carboxylic acid/steamtreatnment may also be combi ned__with other——
conventional ~deal uni nation techni ques, such as cheni cal thgﬁ[ﬂ@nvLNTSHEET

Prior to or follow ng dicarboxylic acid treatnment, the ze
conposited with a matrix material to formthe finished ¢
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this purpose conventional non-acidic matrix materials st
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silica-alumna and silica are suitable wit3 preference given to silica as a
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relatively high, at least in comparison to zeolit
typically being about 700° - 80QG°F.
Another approach to the upgrading of waxy faeds

even i thdWpperature requirement of the amorphous catalysts is also

e catalysts,

to high V.I.

Tubricant basestocks is disclosed in U.S. Patent Nos. 4,919,788 and
4,975,177. In this process, a waxy Feed, typically a waxy gas oil,

-3 slack wax, or a deoiled wax, is hydroprccassed o

ver a highly

siliceous zeolite Beta catalyst. Zeolite Beta is known to be highly

effective for the isomerization of paraffins in the

presence cf

aromatics, as repartad in U.S. 4,419,220, and its capabilities are

effectively exploited in the process of U.S. 4,919,788

and 4,975,177

in a manner which optimizes the yield and viscometric properties of
the products. The za0lite Beta catalyst isomerizes the high

molecular weight paraffins contained in the back end o

f the feed to

less waxy materials while minimizing cracking of these components

to materials boiling outside the lube range. The waxy

paraffins in

the front end of the feed are removed in a subseguent dewaxing step,
either solvent or catalytic, in order to achieve the targe: pour

point. The combinatisn of paraffin hydroisomerizat

jon with the

subsequent selective dewaxing process on the front end of the feed

is capable of achieving higher product V.[. values
process on its own and, in addition, the process may

than either
be optimized

either faor yield efficiency or for V.I. efficiency, depending upon

requirements.

Additionally, an isomerization process using a highly
siliceous 2eolite catalyst, including highly siliceous forms of
zeolite Beta and mordenite, is disclosed in U.S. Patent 4,962,259
for producing low pour point lubricating ¢ils from highly paraffinic

feedstocks.

While these zeolite-catalyzed processes have shown themselves :

to be highly effective for dealing with highly paraffin
high isomerization selectivity of the highly siliceous

ic feeds, the
zeolite Beta

and mardenite catalysts, coupled with lasser capability to remove
low quality aromatic components, has tended to 1imit the application -
of the processes to feeds which contain relatively low quantities
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-22- acidic in character, my tend to react with the -

hydr ot Hermal reaction conditions to enhance its aci dijf REPLATREENY &biEETe

is usually conposited with the matrix in anounts from 8Q; 20 t 118 0108t
ot e

wei ght, typically from80:20 to 50:50 zeolite: matri x. Pptesi
done by conventional neans including mulljing the mat er i ‘&St -
foll owed by extrusion of pelletizing into the desired finished catalyst
particles. A preferred method for extruding the zeolite with silica

as a binder is (%¥S§¥og§¥%gs! thlgébmatics as well as other polycyclic material

are less readily attacked by the zeolite with the result that the
pass through the process and remain in the product with a consequen
reduction in ¥.I. The lube yield also tends to be constrained b:
the Tow wax isomerisation selectivity at low conversions and by wa
cracking out of the lube boiling range at high conversions: maximur
Tube ylelds are typically cbtained in the 20 to 30 weight percent
conversion range (343°(C/650° F+ conversion). It would therefore be
desirable to increase isomerization selectivity and simultaneousl;
to reduce hydrocracking selectivity in order to {mprove lube yielc
while retaining the high V.l. numbers in the product.

In summary, therefore, the processes using amorphous catalysts
can be regarded as inferior in terms of single pass conversion and
averall yield because the amorphous catalysts are relatively non-
selective for paraffin isomerization in the presence of polycyclic
components but have a high activity for cracking so that overall
yield remains low and dewaxing demands are high. The zeolite-
catalyzed process, by contrast, is capable of achieving higher
yields since the zeolite has a much higher selectivity for paraffin
isomerization but under the moderate hydrogen pressures used in the
process, the aromatics are not effectively dealt with in lower
quality feeds and operation is constrained by the differing

. selectivity factors of the zeolite at different conversion levels.

The present invention provides a process for producing high
quality, high Viscosity Index (V.I.) lubricants by a two-stage wax
hydrocracking-hydroisomerization process. The process is capable
of producing products with very high viscosity indices, typically
above 130, usually in the range of 140 to 155 with values of 140 to
150 being typical.  The process is capable of being operated with
feeds of varying composition to produce high quality lube basestocks
in good yield. Compared to the process using amorphous catalysts,
yields are ﬁigher and the dewaxing requirement for the product is
markedly lower due to the effectiveness of the process in converting
the waxy paraffins, mainly linear and near linear paraffins, to less
waxy isoparaffins of high Viscosity Index. Compared to the zeolite-
catalyzed process, it has the advantage of being able to accommodate
a wider range of feeds at constant pruduct quality since it {s more
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4,582,815. If the catalyst is to be steanmed in order to acf e
desired low acidity, it is performed after the catal yst hals REERAASEMENT SHEET
formulated with the binder, as is conventional. - The gecond

tieet§ hy -G ot (1%95

catal yst also includes a netal conponent in order to pro ‘desiTr

hydr oi soneri zati on reactions which, proceeding through nsaturated~
transitional species, require nedi atior]s_1 by a i

hydr ogenat i on- dehydr ogenati on conponent. “9°n order to naxim ze the

I sonmerization activity of the catalyst, nmetals having a strong
hydrogenation function are preferred and for this reason, platinumand the
ot her nobl e net #ffectineh for thal temayalnofiride yow ayakbityr aruréie omponpetsanount

of the nobl e netfpbn Bhed FQESNRL4130 prEeTdRONE e 1d advypiagal inythienrdnbe whepede 0.5

:)gr ge\r’]vtell g%epglr jﬁ?{mﬁjluw?ie]tdo;[salobtca%eeg ¥§‘:;[oht%9‘%é ¥0Ne99%o%5ast Qeﬁ avgel ght
providing a higher product V.l. across a wide conversion range from
about.5 to 40 percent conversion.

According to the present invention, the waxy feed is subjected
to a two-stage hydrocracking-hydroisomerization. In the first
stage, the feed is subjected to hydroprocessing over a bifunctional
catalyst comprising a metal hydrogenation componant on an amorphous
acidic support under relatively mild conditioas of limited
conversion. The second stage comprises a hydroisomerization step
which is carried out over a noble metal-containing zeolitic catalyst
of low acidity. In the first stage, the low quality aromatic
components of the feed are subjected to hydrocracking reactions
which result in complete or partial saturation of aromstic rings
accompanied by ring opening reactions to form products which are
relatively more paraffinic; the limited conversion in the first
stage, however, enables these products to be retained without
undergoing further cracking to products boiling below the lube
boiling range, typically below 343°C (850°F). Typically, the
conversion in the first stage is limited to no more than 3G weight
percent of the original feed.

In the second stage, the conditions are optimized for
hydroisomerization of the paraffins originally present in the feed
together with the paraffins produced by hydrocracking in the first
stage. For this purpose a low acidity catalyst with high
isomerization selectivity is employed. Low acidity {s desirable so
that wax isomerization reactions are favored as compared to non-
selective cracking reactions. For this purpose, a low acidity
zeolite catalyst which has been modified by the use of a
dicarboxylic acid treatment to reduce the acidity has been found to
give excellent results. A particular acid shown to be effective is
oxalic acid. Steaming may also be utilized to reduce the acidity
of the zeolite catalyst to low levels. A noble metal, preferably

platinum, 1is wused to provide hydrogenaticn-dehydrogenation _
functionality in this catalyst in order to promote the desired
hydroisomerization reactions.




may be i.ncorporated into the catalyst by conventional tec
i on exchange with conplex platinumcations such as plati
by inpregnation with solutions of soluble platinum conpo nﬁh
with platinumtetraamm ne salts such as platinumtetraa ﬁ@&hlgﬂlggﬁ &
catal yst may be subjected to a final cal ¢§shation under c nt T ofmal
conditions in order to -23-
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The process may be operated in two different modes, both of
which require relatively high pressures in the first stage in order
to maximize removal of aromatic components in the feed and for this
purpose pressures of at least 5620 kPa (800 psig}, usually from 5620
to 20,800 kPa (800 to 3,000 psig) are suitable. The second stage
may be operated either by cascading the first stage effluent
directly into the second stage or, alternatively, by passing the
first stage products through an interstage separator to remove
inorganic heterocatoms. In both cases, hawever, the process is well
suited for upgrading waxy fesds such as slack wax with oil contents
less than about 50 weight percent to high Viscosity Index
lubricating oils with high single pass yields and a limited
requirement for product dewaxing.

-Figures 1, 2 and 3 are graphs illustrating the results of wax
hydroprocessing experiments reported in the Examples.

EEED

The feed to the process comprises 2 petroleum wax which
contains at least 50 weight percent wax, as determined by ASTM test
0-3235. In these feeds of mineral cil origin, the waxes are mostly
paraffins of high pour point, comprising straight chain and slightly
branched chain paraffins such as methylparaffins.

Petroleum waxes, that is, waxes of paraffinic character are
derived from the refining of petroleum and other liquids by physical
separation from a wax-containing refinery stream, usually by
chilling the stream to a temperature at which the wax separates,
usually by solvent dewaxing, e.g., MEK/toluene dewaxing or by means
of an autorefrigerant pracess such as propane dewaxing. These waxes
have high init1al boiling points above 343°C (650°F) which render
them extremely useful for processing into lubricants which also
require an initfal boiling point of at least 343°C (650°F). The
presence of lower boiling components is not to be excluded since
they will be removed together with products of similar bailing range
produced during tha processing during the separation steps which
fo]]ow_the characteristic processing steps. Since these components
will, however, load up the process 'units they are preferably
excluded by suitable choice of feed cut point. The end point of wax
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convert t he noble nmetal to the oxide formand to confer the: '
nechanlcal strength on the catalyst. Prior to use the cathﬁEFLﬁﬂy“LhEaHEET

st age
The objective in the second stage is to isonerize the waxyl, Datei.n Afﬁgﬁdﬁébm
near-1linear paraffinic conponents in the first stage effI:“" Fo—FESS—Warcy
but high V.1. isoparaffinic materials of rklatively |ower pour point. The
conditions in the second stage are therefore adjusted to achieve this end
while mnimzing conversion to non-lube boiling range products
(usual |y 343[ er fpeis( aiBO{vedr fFen) theasaliveat Sdewaxingi r€enedtratactlisydteused in

this stage has fﬂlkﬁ\’l’laﬁcfﬂ'ci?’onscp‘w&' g&'n&”’ché%&ﬂiﬂ%s'%?ﬂa't@% QFQGN%?&S s
usually at a rel %aspﬁe%c resrdse\;nen usual y be %Q{ (:)nglr-é %an 59 '?E (1100°F) so
severity,
that they may normally be classified as distillate rather than
residual streams but high boiling wax feeds such as petrolatum waxes
i.e., the waxes separated from bright stock dewaxing, which may
typically have an end point of up to 705°C (1300°F), may also be
employed.

The wax content of the feed is high, generally at least 50,
more usually at least 60 ta 80, weight percent with the balance from
occluded 011 comprising isc-paraffins, aromatics and naphthenics.
The non-wax content of arohatics, palynaphthenes and highly branched
naphthenes will normally not exceed 40 weight percent of the wax and
preferably will not exceed 25 to 30 weight percent. The aromatic
cantent is typically in the range of from S to 30 weight percent and
usually in the range of from 8 to 15 weighf percent. These waxy,
highly paraffinic wax stocks usually have law viscosities because
of their relatively low cantent of aromatics and naphthenes although
the high content of waxy paraffins gives them melting points and
pour points which render them unacceptable as lubricants without
-further processing. _ .

Feeds of this type will normally be slack waxes, that is, the
waxy product obtained directly from a solvent dewaxing process,
e.g., an MEK or propane dewaxing process. The slack wax, which is
a solid to semi-salid product, comprising mostly highly waxy
paraffins (mastly n- and menc-methyl paraffins) together with
occluded 011, may be fad directly to the first step of the present
processing sequence as described belaow without the requirement for
any initial preparation, for example, by hydrotreating.

The compositions of-sqme typical waxes are given in Table 1
below.

: et e geseen e i et e e e Py R Ay A L S a SRR S S U ST U R
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segond stage operation may be optimi zed for isonerization over .. cracking. .
At conventional space velocities of about 1, using a Pt/ di gasboxliGry
acid-treated zeolite Beta catalyst with an Al pha Val ue of § &ﬁ?ﬁhdéﬁTbHEET
tenperatures in the second stage will typically be in t
371[err]C (550[err] to 700[err]F) and usually in the range 2
357[err]C (575[err] to 675[err]F) with éﬁ3[err]Cﬁ (650[err] F+ conver si on
typically being fromabout 10 to 30 wei ght percent, nore wusually 12 to 20
wei ght percent, of the second stage feed. However, tenperatures may be
used outside this range, for exanplIablasl | ow as 260C (500[err]F) up to 400
C (750[err]F) although t e, i it {0RP R K cwidel usual ly not be
preferred since they wl crate

ower is rization
selectivity and the production of |ess s ableéh WE %f?

Paraffins, wt.% 94.2 81.8 70.5 5l.4
Mono-naphthenes, wt.% 2.6 11.0 6.3 16.5
Paly-naphthenes, wt.% 2.2 3.2 7.9 9.9
Aromatics, wt. % 1.0 4.0 153 22.2

A typical slack wax feed has the composition shown in Table
2 below. This slack wax is obtained from the solveat (MEK) dewaxing
of a 300 SUS (65 mm%/s) neutral oil abtained from an Arab Light

crude.
Table 2
Slack Wax Progerties
APl 39
Hydrogen, wt.% 15.14
Sulfur, wt.% 0.18
Nitrogen, ppmw 11
Melting Paint, °C (°F) 57 (135)
KV €100°C, mm’/s 5.168
PNA, wt%:
Paraffins - 70.3
Naphthenes 13.6
_ Aromatics 16.3

Sfmulated Distillation:

% bl £e)
5 375 (710)
10 413 (775)
30 440 (825}
50 460 (860}
70 482 (900}
90 500 (932}

95: | 507 (345)
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| upe prqQducts as a result of the hydrogenation reactions
t her nodynani cal |y | ess favored at oroqressively higher op@rBES #ﬂPhMENTSHEET
- 24- tenperatures. Wth the increased activity resultin fro mgugsEpsof
hi gh hydrogen pressures in the high pressure node, tenper tRless e {
second stage may be sonmewhat | ower than those appropriate tTO |0m1pressure
operation; In the high pressure node, teﬁperatures of 290[err]to 371[err]C
(550[err] to 700[err]F) will be preferred, as conpared to

Another stack wax suitable for use in the present process has the
properties set out in Table 3 below. This wax is prepared by the
solvent dewaxing of a 450 SUS (100 mm2/s) neutral raffinate:

Table 3
Slack Wax Properties
Bailing Range, °C (°F) 391-591 (736-1095)
APl '
Nitrogen, ppm : _ - 32
Sulfur, wt.% .10
Hydrogen, wt.% '
KV @ 100°C, mn?/s 7.3
0i1 Content, wt.% 34
(D3235) |

Simulated Distillation:

wt % ¢ LCF)

IBP (Inftial Boiling Point) 391 (736)

5 - | 429 (805)

50 491 (916)

95 558  (1037)

EP (End Point) | 91 . (1095)
Fi ge_Hvdr ssing-Hydrocracking

The waxy feed is subjected to a two-sﬁep hydrocracking-
hydroisomerization process {n which both steps are normally carried
out in the presence of hydragen. In the first step, an amorphous
bifunctional catalyst is used to promote the saturation and ring

- opening of the low quality aromatic components in the feed to

e
¥
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the preferred range of 316 to 371[err]C (600[err] to 700[@rTiF—Tor this="=
stdge of the operation in the |ow pressure node. Space VplfGEIHFES G| FHEET
typically be in the range of 0.5 to 2 LHSV (hr[err]) althpu h |ndqp§wL 1098
cases a space velocity of 1 LHSV will be nost favorabl e. [HyftOgefr: -
circulati.on rates are conparable to those used in the first step, as
descri bed above; but since there is muchl8ower hydrogen consunption, |ower
circulation rates may be enployed if feasible. |In the cascade operational
node, the excess hydrogen fromthe first stage will be found adequate for

t he second sta | , I cul gg% cpresent
process ist hgﬁdﬁ?@ﬁg&ﬂ g\plé:slfe%pmﬁ%ﬁ gﬁ{cﬁ' asgp'%?%?aéﬁﬂ"o 89 afr?ggt ed in the
entire operat THG S€4RPs cartidd!GR [ddeP! highoPRssiie tUNERGET ehgticow V. 1.
conponents are renoved by a process of saturation and ring opening

saturation but the conversion is maintained at a relatively low

level in order to minimize cracking of the paraffinic companents of
the faed and of the products obtained from the saturation and ring
opening of the aromatic materiazls. c°dsistept with these process
objectives, the hydrogen pressure in the first stage is at least
5620 kPa (800 psig) and usually is in the range of 7000 to 20800 kPa
(1,000 to 3,000 psig). Normally, hydrogen partial pressures of at
least 10440 kPa (1500 psig) are best in order to obtain a high Tevel
of aromatic saturation with pressures in the range of 10500 to 17340
kPa (1500 to 2500 psig) being suitable for most high pressure
equipment. Hydrogen circulation rates of at least 180 n.1.1°! (1000
SCF/BBL), preferably in the range of 900 to 1800 n.1.1."" (5,000 to
10,000 SCF/BBL) are suitable.

In this stage of the process, the conversion of the feed to
products beiling balow the lube boiling range, typ1ca11y to 343°C-'
(650°F-) products is limited to no more than 50 weight percent of
the feed and will usually be not more th;n 30 weight percent of the
feed in order to maintain the desired high single pass yields which
are characteristic of the process while preparing the feed for the
second stage of the processing; an initial V.I. for the first stage
product of at least about 130 is normally desirable for the final
product to have the desired V.I. of 140 or higher. The actual
caonversion is, for this reason, dependant on the.quality of the fead
with slack wax feeds requiring a lower conversion than petrolatums

where 1t 1s necessary to remove more low quility polycyclic




under conditions of high pressure and relatlvely high te FEEFE:

cont rast,

"the second stage is intended to maxim ze the c

| so- parafflns in the product and because the low V. I.

rials
dealt with in the first stage, can be optimzed to effect E@Eseﬁéigmﬁe
i sonerization of the paraffinic materials. The | ow
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condi tions which are appropriate for the p@{ﬁffin isonerlzatlon limt the

cracking reactions as noted above but are
the saturation of any |ube range

.reactions, particularly in

components. With slack wax feeds derived from the dewaxing of
neutral stocks, the conversion (343°C (650°F+)) will, for alil
practical purposes not be greater than 10 to 20 weight percent, with
15 weight percent being typical for heavy neutral slack waxes.
Higher conversions may be encountered with petrolatum feeds in order
to prepare the feed for tﬁe second stage processing . With
petrolatum feeds, the first stage conversion will typically be in
the range of 20 to 25 weight percent for high V.I. products. The
conversion may be maintainaed at the desirad value by cqnirol of the
temperature in this stage which will normally be in the range 316°
to 430°C (600° to 800°F) and more usually in the range of 343° to
400°C (650° to 750°F). Space ve1oc%ty variations may also be used
to control severity although this will be less common in practice
in view of mechanical constraints on the system.

The exact temperature selectad to achieve the desired
conversion will depend on the characteristics of the feed and of the
catalyst as well as upon the extent tq which it is necessary to
remove the low quality aromatic components from the feed. In
general terms, higher severity conditions are required for
processing the more aromatic feeds up to the usual maximum of about
30 Percent aromatics, than with the mere paraffinic feeds. Thus,
the properties of the feed should be correlated with the activity
of the salected caialyst in order to arrive at the required
operating temperature for the first stage in or&er to achieve the
desired product properties, with the objective at this stage being
to remove the undesirabla, low quality aromatic components by

hydrgcracking while minimizing conversion of the more desirable

S ek e o e e B L T i
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her nodynami cal |y favorable for
ol efins which may be fornmed by cracking
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- 255 t he presence of the highly active'hydrogenation'conpgnents on the

catalyst. In this way, the second stage is also effectiv AAERENT S -
hydr of i ni shing the product so that product stability is i E%E%deﬁtﬂtshEET

especially stability to ultraviolet radiation, a property wRLgh %ﬁ] JUL 1996
frequently lacking in conventional hydrocracked |ube prod —lhe e

poars vy

hydrofinishing is particularly effective whepihe second step is carried
out under hi gh hydrogen partial pressures e.g., over 7000kPa (1000 psig).
The isonerized product may therefore be subjected sinply to a final
dewaxi ng step in order_{q achieve the desired target pou

usual ly there will pﬂ'éfﬁ!f;ﬁe{:;‘!ﬂpf’@ﬂ"t&nﬁﬂ PLAUARY bof] tadsheloy g’!*‘gglggéih??ggfﬂa : ow
unsat urates cont en;g}%ot £Wor?59$’ﬁ%t éc%?eveartl.ﬁje cheswe%e sé@g}g@y o‘JneftHgs,stggees’u ts

fromthe optim zed ces
temperature may also be correlated with the space velocity a1though

for practical reasons, the space velocity will normally be held at
a fixed value in accordance with mechanical and other constraints
such as minimizing pressure drop. Generally, the space velacity

! and usually in the

will be in the range of 0.25 to 2 LHSY, hr’
range of 0.5 to 1.5 LHSV.

.A characteristic feature of the first stage opération is the
use of a bifunctional lube hydrocracking catalyst; Catalysts of
this type have a high selectivity for aromatics hydrocracking
reactions in order to remove the low quality aromatic component:
from the feed. In general terms, these catalysts include 3 metal

| component for promoting the desired aromatics saturation reactfon:
- and usually a combination of base metals {s used, with one meta
from the iron group (Group VIII) in combination with a metal o
Group VIB. Thus, the base metal such as nickel or cabalt is usec
in combination with molybdenum or tungsten. The- preferres
cambination is nickel/tungsten since it has been found te be highl:
effective for promoting the desired aromatics. hydrocrackin
reaction. ~Noble metals such as'platinum or palladium may be use
since they have goad hydrogenation activity in the absence of sulfu
but they will ﬁurmaIly nat be preferred. The amounts of the metal
present on the catalyst are conventional for lube hydrocrackin
catalysts of this type and generally will range from | to 10 weigh
percent of the Group VIII metal and 10 to 30 weight pircent of th

Group VI metal, based on the total weight of the catalyst. If a




the two,functionally separated steps of the process. The ey .
therefore be subjected to a final fractionation to renove Iﬁﬁﬂéﬁsﬁ%ﬁ?‘mﬂéﬁd
materials. followed by a final dewaxing step in order to achieggkggtggpﬁ
pour point for the product. Dewaxi ng - Al t hough a f|ilPai¢ -#enaxrng =
step will normally be necessary in order to achieve the product
pour point, it is a notable feature of thelypresent process that the extent
of dewaxing required is relatively small. Typically, the | oss during the
final dewaxing step will be no nore than 15 to 20 wei ght percent of the

d f eed d be, | ) Eit | vt i
ot wod 2 e dRta T Finens Such 5, M3k Pt CpfPAEND B QbePPsEH
removed wax may bge rae&\éﬁ'gféggfe ?,Ex%m‘?sfnii{:fé‘[ gF cgeslagografamw Qbwdr@nouRt HCESS

for further treatnent. e wax renove sol vent
are in order in view of the higher hydrogenation activities of these

noble metals, typically from 0.5 to S weight percent being
sufficient. The metals may be incarporated by any suitable method
including imp}egnation onto the porous support after it is formed
into particies of the desired size or by addition to a gel of the
support materials prior to calcination. Addition to the gel is a
preferred technique when relatively high amounts of the metal
components are ta be added e.g., above 10 weight percent of the
Group VIIT metal and above 20 weight percent of the Group VI metal.
These techniques are conventional in character and are emplayed for
the production of lube hydrocracking catalysts.

The metal component of the catalyst is supported on a porous,
amorphous metal oxide support and alumina is preferred for this
purpose although silica-alumina may also be employed. Other metal
oxide components may also be present in the support although their
presence is less desirable. Consistent with the requirements of a
Tube hydrocrackingicatalyst, the support should have a pore size and
distribution which is adequate to permit the relatively bulky
components of the high boiling feeds to enter the interior pore
structure of the catalyst where the desired hydrocracking reactions
occur. To this extent, the catalyst will normally have a minimum
pore size of 50x10°7nm (50 A} i.e with no less than § percent of the
pores having a pore size less than 50x10 mm.(50 A) pore size, with
the majority of tha pores having a pore size in the range of 5C-400°

A (noc mare than § percent having a pore size above 400 A},




- 26~ dewaxer is highly paraffinic, it may be recycl ed di by 10t Ny

second stage if this is feasible, for exanple, in the enbgdreemcowber HERE

second stage is operated at a relatively | ow pressure. The, preferred
sbrz;e..&ﬁ.ofdh.elﬁﬁ....

catal yti c dewaxi ng processes utilize an internediate por
such as ZSM 5, but the nost preferred de\/\@iq_ng cat al ysts i

hi ghly constrained internediate pore size zeolites such as ZSM 22, ZSM 23
or ZSM 35, since these : -

preferably with no more than about 30 percent having pore sizes in
the range of (200:400) x 10"7mm (200-400 A). Preferred catalysts
for the first stage have at laast 60 percent of the pores in the
(50-200) x 10" 7mm (50-200 A) range. The pore size distribution and
other properties of some typical lube hydrocracking catalysts

suitable for use in the first stage are shown in Table 4 below:

Table ¢
LHOC Catalvst Progerties

Form 1.5am cyl. 1.5 mm. tri. 1.5 mm.cyl.
Pore Volume, ml/gm 0.331 0.453 0.426
Surface Area, mz/gm 131 170 - 116
Nickel, wt.% ‘ 4.8 4.6 5.6
Tungsten, wt.% 22.3 23.8 17.25
Fluorine, wt.% - - 3.3s
Silica, wt.% . - 2
Alumina, wt.% - - 60.3
Real Density, gm/ml 4,229 4.238 4.023
Particle Oensity, gm/mt 1.744 1.451 1;483
Packing Density, gm/ml 1.2 0.85 0.94

If necessary in order to obtain the desired conversion, the
Catalyst may be promoted with fluorine, either by incorporating
fluorine into the catalyst during its preparation or by operating
the hydrocracking in the presence of a2 fluorine comoound which is

idded to the feed. Fluorine compounds may be incorporated into the
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zeolites have been found to provide highly selective dewaxing, . giving .
dewaxed products of |ow pour point and high V.I. Dewaxi ngi 85588 US:

t hese zeolites are described in U S. Patent Nos. 4,222.8 g§§$%%“2€bﬁifﬁé?k
whose use is preferred here nmay be characterized in t-he,‘a}jggewa 0asul, 1996
described in U S. 4,222,855, i.e., as ze_%Ltes havi ng po "”3_§§4  19““
result in the possession of defined sorpti‘on properties set out in the
pat ent, nanely, (1) a ratio of sorption of n-hexane to o-xylene, on
a volume percent basis, of greater than about 3, which sorptionis
deternmined at axaRiBfserby sebrégnitivnddating ttampeemrationowitBopestitabter
n-hexane and 80[err]C for o-xylene and (2) bg‘the ability of selectively
cracking 3- netflyppisat serpopmivuch naspraanenisnc Bl wosidendNiFlboy QARG 2, 3-

di met hyl but ane (b%t)mr%e ?g}a % E{J:)Coﬁlg?c?x[ tehrer‘]ali)tergqg p%e?grggds.phﬁreeanfa\rm SSure

of fluorine used in catalysts which contain this element is

preferably from 1 to 10 weight percent, based on the tatal weight
~of the catalyst, usually from 2 to 6 weight percent. The fluorine
may be incorperated by adding the fluorine compound to a gel of the
metal axide support during the preparation of the catalyst or by
imprggnation after the particles of the catalyst have been formed
by dryiné or calcining the gel. If the catalyst contains a
relatively high amount of fluorine as well as high amounts of the
metals, as noted above, it is preferred to incorporate the metals
and the fluorine compound into the metal oxide gel prior to drying
and calcining the gel to form the finished catalyst particles.
The catalyst activity may also be maintained at the desired
level by in situ fluoriding is which a fluorine compound is added
to the stresam which passes over the catalyst in this stage of the
operation. The fluorine compound may be added continuously or
intermittently to the feed or, alternatively, an initial activation
step may be carried out in which the fluorine compodnd is passed
over the catalyst in the absence of the feed e.g., in 2 stream of
hydrogen in order to increase the fluorine content of the catalyst
prior to initiation of the actual hydrocracking. 1g‘§i;g fluoriding
of the catalyst in this way is preferably carried out to induce a
fluorine content of 1 ta 10 perceat fluorine prior to operation,
after which the fluorine can be reduced to maintenance levels

sufficient to maintain the desired activity. Examples of suitable



froma 1/1/1 weight ratio m xture of n-hexane/3-nethyl-p

di met hyl but ane,

determned at a tenperature of 538[err]C (1000[err]F) bei
2.
significance as described in the literaturg- for exanple,

about

The
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with the ratio of rate constants

expression, "P/Plerr]", S accordq'

F@PL}\ﬂkVeNﬁ]aHEET |

Character of Adsorption by J.H deBoer. 2nd ed., Oxford University Press
(1968) and is the relative pressure defined as the
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difluaroethane.

The metals present on the catalyst are preferably used in
their sulfide farm and tao this purpase pre-sulfiding of the catalyst
should be carried out prior to initiatfon of the hydrocracking.
Sulfiding is an established technique and it is typically carried
out by contacting the catalyst with a sulfur-containing gas, usually
in the presence of hydragen. The mixture of hydrogen and hydrogen
sulfide, carbon disulfide or a mercaptan such as butyl mercaptan is
conventional for this purpose. Presulfiding may also be carried out
by contacting the catalyst with hydrogen and a sulfur-containing
hydrocarbon oil such as a sour kerosene or gas oil.

Because the feeds are highly paraffinic, the heteroatom
content is low and accordingly the feed may be passed directly inte
the first process step, without the necessity of a preliminary

hydrotreatment.

Hydrojsomerization

During the First stage of the process, the low quality,
relatively aromitic components of the feed are converted by
hydrocracking to products which are relatively more paraffinic in
character by saturation and ring opening. The paraffinic materials
present in the stream at this stage of the process passess good V.1.
characteristics but have relatively high pour points a§ a result of
their paraffinic nature. The objective in the second stage of the
process is to effect a selective hydroisemerization of these

paraffinic components to isa-paraffins which, while possessing good
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sorbate at the tenperature of sorption. The ratio of the rate

I's determ ned from 1st order kinetics, in tf S RPBRE
by the followi ng equati on: k = (1/T[e*ﬁ?§¢ﬁlw (17?i
) Where k is the rate constant for each conponent, T[err] Hsphb
tine and e is the fractional conversion of .each conmponent . lL—-
confornming to these sorption requirenments

Klerr]/k[err],

constants

err

T;.

L7

i‘ficl ude the naturally occurring

zealite ferrierite as well as the known synthetic zeolites ZSM 22, ZSM 23

and ZSM 35.

These zeolites are at least partly in the acid or hydrogen

form when they ariecometreici propeided\édid Agve i OWeeSournshiatset Tishgmbberenat i on

conmponent,

preferably a noble netal such as platinum is preferably used.

Excel | ent resul t%hehpane petnt oft thnddnadi tpimoduckt ¥ She 2btabwrdx whihouht 1 yst .
The preparation and properties of zeol ites ZSM 22, ZSM 23 an

HETL L SRR L e e LT SWEE R L - R =

excesstve degree of dewaxing following the hydroisamer?zation.
Because the low quality arcmatic components have been remaved by the
initial hydrocracking step, there is no requirement for achieving
any significant degree of aromatic saturation in the second stage
of the operation so that it is possible to carry it out under lower
pressures, typically in the range of 1480 to 7000 kPa (200 to 1000
psig) although pressures from 2860 to 7000 kPa (400 to 1000 psig)
are more typical. 1In the low pressure mode of operation, it is
preferred to operate the second stage with hydragen partial
pressures from at least 1480 kPa (200 psig).

Anﬁther made of operatian is with higher hydrogen pressures
in the second stage, typically over 7000 kPa (1000 psig }. This
mode of operation is preferred as it retains all aromatic saturation
accomplished in the first step and since the secand stage can be
operated in cascade with the first stage, at an inlet pressure equal
to the outlet presiure of the first stage.

In the preferred modes af operation, therefore, the second
stage will operate at a hydrogen partiallpressure of 2860 to 7000
kPa (400 tc 1000 psig) in the low pressure mode or at hydrogen
partial pressures of 7000 to 20700 kPa (1000 to 3000 pfig), usually
10500 to 17340 kPa (1500-2500 psig) in the high pressure mode.
Hydrogen circulation rates are comparable tb those used in the first
stage. _ '

The catalyst used in the sscond stage is one which has a high

selectivity for the isomerization of waxy, linear or near linear
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ZSM 35 are described respectively in U S Patents Nos. 4,810,357 (ZSM 22);
4,076, 842 and 4,104, 151 (ZSM 23) and 4, 016.245 (ZSmM 35), t (&1 —— g
reference is nade for a description of this zeolite and its %ﬁ%ﬁﬁ%@ﬁ?%thEEf
Ferrierite is a naturally-occurring mneral, described in | i tepapyr
see, e.g., Breck, Zeolite Ml ecular Sievesjgpages 125-127; q%%e"éﬁgﬁﬂEHEQQ§m
625. to which reference is nmade for a description of this zeolite.
In any event, however, the demands on the dewaxing unit for the product are
relatively low and in this respect the present process Frovide Hg_
si gni fi cant | nprBArafigins o tesst Wxyprivesra ff inip | spdyrdssolCd ?‘Yéﬁbt"g FIGE
cat al ysts where si gnifi.cant degree, of . dewaxi s _requir
functional separ g’m oH'®; ‘Hﬁg’f‘éﬁf’"ﬁnh ﬁ%‘“ﬁ?’dce‘s"@"%%éﬁq é '?ﬁqéhec(rgg%"l?ﬁg gn pass
wax conversions o gs 360 SYLE porous support of relatively low acidity. The

acidity is maintained at a low level in order to reduce conversion

to products bailing outsi&e the lube boiling range during this stage
of the operation. 1In general terms, an Alpha Value below 25 should
be employed, with preferred valuss below 15, best results being
obtained with Alpha Values below 10.

When Alpha Value is examined, it is noted that the Alpha Value
is an approximate indication of the catalytic cracking activity of
the catalyst compared to a standard catalyst and it gives the
relative rate constant (rate of normal hexane caonversion per voiume
of catalyst per unit time). It is based on the activity of silica-
alumina cracking catalyst taken as an Alpha of 1 (Rate Constant =
0.016 sec '1). The Alpha Test is described in U.S. Patent
3,354,078; in the Journal of Catalysis, Vol. 4, p. 527 (1965}; Vol.
6, p. 278 (1966); and Vol. 61, p. 395 (1980), each incorporated

herein by reference as to that description. The experimental
conditions of the test used herein include a constant temnérature
of 538°C and a variable flow rate as described in detail'in_the
Journal of Catalvsis, Vel. 61, p. 395. For the bifunctional
catalysts used in this stage of the present process, the Alpha Value
is determined in the absence of the metal component.

The support material for the paraffin hydraisomerization
catalyst is a highly siliceous zeelite, including zeolite beta and
mﬁrdenite, in a form which has the required low level of acid

activity to minimize paraffin cracking and to maximize paraffin

€
i
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- 28- typically 70 to 80% as conpared to 50% for the anorphous _catalyst .
process so that unit throughput is significantly enhanced .Q,CégﬁﬂgghEg@
t he conventional process. Although conversions |evels e %0'35 eﬁp

may be enployed so that the |oad on the dewaxer |Is redu 6@4@@9 _____ ﬁm

V.l. and, yield decrease at the sanme tinme and generally, e fina dowasine
-19-

isomerization. Low acidity values in the zeolite may be obtained
by use of a sufficiently high silica:alumina ratio in the Zeolite.
achievable by the use of a dicarboxylic acid treatment to reduce the
'acid1ty of the zeelite. Steaming may also be utilized to further
reduce the acidity of the zealite.

Zeolite Beta is a preferred support since this zealite has
been shown to possess outstanding activity for paraffin
isomerization in the presente of aromatics, as disclesed in U.S.
4,419,220, Zeolite Beta is described in U.S. Patent Nos. 3,308,069
and Re 28,341, iﬁcarporated herein by reference.

Suitable dicarboxylic acids for use in the process of this
fnvention include oxalic, malonic, succinic, glutaric, adipic,
maleic, phthalic, isophthalic, terephthalic, fumaric, tartaric, or
mixtures thereof, Oxalic acid is preferred. The dicarboxylic acid
may be used in solution, such as an aqueous dicarboxylic acid
solution. |

Generally, the acid solution has a concentration'in the range
from 0.01 to 4 M. Preferably, the acid solution concentration is
in the range from 1 to 3 M.

The dicarboxylic acid is generally in a volume solution to
volume catalyst ratio of at least l:!, preferably at least 4:1.

Treatment time with the dicarboxylic acid solution is as long
as required to provide the desired dealumination. Generally, the
treatment time is at least 10 minutes. Preferably, the treatment

~ time is at Teast 1 hour.

More than one dicarboxylic acid treatment step may be employed

for enhanced deatumination.



stage canhot be conpletely elimninated unless products with a V.1. bel ow

—

135 are accepted. Products The products fromthe prj A=yl §
V.l., low pour point materials which are obtained in excel gaﬁﬁ‘)iﬁ%é‘lﬁ%‘.’l%ﬁ-r

Besi des having excellent visconetric properties they are afso. hi y
stable, both oxidatively and thermally ang to ultraviol et Lﬁ&ﬂﬁ _._,%b_rJUL,JQQB_,,

values in the range of 140 to 155 are typically obtained, W th val ues of
143 to 147 being readily achievable with product yields of at |east 50
wei ght percent, usually at |east 60 weight percent, based on the original

wax feed, correspondiThg dizarbokytiv vesatnant Yehpeeste & ngemerald9 tmdhe0
percent, respectively. Another notable feature of the process is that the
products retain T383¢ refhifeom il Eo$32°F)vi re€lus  Preferably, the treatment

temperature is from 15° to 94°C (60° to 200°F), and more
preferably from 48° to 82°C (120° to 180°F).

The dicarboxylic acid treatment results in a dealufninated
zealite having a lower acidic activity than the starting materials,
since acidity is related to the number of sites available far
protonation and removal of aluminum reduces the proportion of these
sites. The dicarboxylic acid treatment results in the production
of dealuminated zeolite Beta having an Alpha Value below 25,
preferably below 1S, mare preferably no greater than 10, and even
more preferably no greater than §.

The dicarboxylic acid treatment may also be combined with
other conventional dealumination techniques, such as steaming and
chemical treatment. . |

In a further embodiment, the dicarbexylic acid treatment is
combined with steaming te obtain a low acidity mordenite. The
-erystal structure, X-ray diffraction pattern and other properttes
of mordenite are described in pertinent portions (e.g., p. 231) of
leolite Molecular Sieves by Danald W. Breck, published by
John Wiley, New York, NY (1974).

Steam treatment may be done prior to, concurrent with or after
dicarboxylic acid treatment. Steam trea.tment after dicarboxylic
acid treatment is preferred. |

The zeolite simple is exposed to 100% steam at a partial
pressure in the range of from 10.1 to 1011 kPa (0.1 to 10 atm) and
braferab!y in the range of from 50.5 to 202 kPa (0.5 to 2 atm), and



a result of the limted boiling range conversions which are inherent _in _
the process: conversely, higher yields are obtained at ¢ ng 5{%(“@ QF“%EET
n .F--

viscosity.  Exanples The fol | owi ng exanpl es are giv

illustrate various aspects of the present process. é 1 a@G‘ﬂn_ 1996
directly followng, illustrate the preparation of dlcar """""""""""""""""
aci d-treated -21- 59,

at a temperature in the range of from 316° to 648°C (600° to
1200°F) aﬁd preferably in the range of from 482° to 533°C (900° to
1100°F }.

Steaming is generally for as long as required to provide the
desired dealumination. The steam treatment is at least 1 hour.
Preferably, the steam treatment time is at least 3 hours and more
preferably at least 10 hours.

The zeolite may be contacted with steam and dicarboxylic acid
in multiple alternate Eycles of steaming and acid treatment until
the desired dealumination is achieved.

More than ane acid treatment step may be employed in
conjunction with steaming for enhanced dealumination.

The dicarboxylic acid/steam treatment results in the
production of dealuminated mordenite having an Alpha Value below 25,
preferably below 15, and more preferably belaw 10.

The dicarboxylic acid/steam treatment may also be combined
with other conventional dealumination techniques, such as chemical
treatment. -

Prior to or following dicarboxylic acid treatment, the zeolite
will be composited with a matrix material to form the finished
catalyst and for this purpose conventional non-acidic matrix
materials such as alumina, silica-alumina and silica are suitable
with preference given to silica as a non-actdic binder, although
non-acidié “aluminas such as alpha boehmite (alpha alumina
monchydrate) may also be used, provided that they do nat confer any
substantial degree of acidic activity on the matrixed catalyst. The

use of silica as a binder {s preferred since aluﬁina. agven if non-



Pt/ zeolite Beta and Pt/ nordenite catal ysts for hydroiso
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Exanple 1 65 parts by weight on a dry basis of TEA
prepared in accordance with U S. Patent 4,052.472, is m X

by weight on a dry basis of comercial silica (Utrasil).

extruded to form1.59mm (1/16[err]) cylindrical pellets:
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e sl 8.

Ss—are

anmoni um exchanged and cal cined at 538[err]f (1000[err]F) for 3 hours in
air. The cal ci ned extrudate is slurri with 8 mM oxalic acid/n
catalyst of a 2.0 Moxalic acid solution at 82[err]C (180[err]F) for 2
hours. The oxalic acid-treated catalyst is dried at 121[err]C (250[err]F)
for 8 hours and caidimeid icharacterd,0may tuadr $o afeasB8yhr jthe (1£1000¢ eundpF) . The
oxalic acid treatnment results in nordenite having an Al pha Val ue of 133.

The oxalic aci d-t hydnethgraadt arley@uom scandétiong pbs een UCElOU% %é@irtw 103h&Pa (0

psi g) at 552[err]C 1025 for 24 hours. The oxalic aci
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P NFCer ] For ) O SRRy BRIPET P05 1 PRE g &Y Sl 3, 00T

LS

treat ment results§9
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materials together folilowed by extrusion of pelletizing into the

desired finished catalyst particles. A preferred method for

extruding the zeolite with silica as a binder is disclosed {n U.S.

4,582,815. If the catalyst is to be steamed in order to achieve the

desired low acidity, it is performed after the catalyst has been

formylated with the binder, as is conventional.

The second stage catalyst also includes a metal component in

order to promate the desired hydroisomerization reactions which,
proceeding through unsaturated transitiomal  species, require
mediation by a hydrogenatien-dehydrogenation component. 1In order
to maximize the isomerization activity of the catalyst, metals
having a3 strong hydrogenation function are preferred and for this
reason, platinum and the other noble metals such as palladium are
given 2 preference. The amount of the noble metal hydrogenation
component is typically in the range 0.5 to 5 weight percent of the
total catalyst, usually from 0.5 to 2 weight percent. The platinum
may be incorparated inte the catalyst by conventional techniques
including 1on exchange with complex platinum cations such as
platinum tetraammine or by impregnation with salutions of soluble
platinum compounds, for example, with platinum tetraammine salts
such as platinum tetraamminechloride. The catalyst may be subjected

to 2 final calcination under conventional conditiane in nrder to



the properties shown in Table 5. Exanpl e 2 Zeol ite Beta, prepared,

in accordance with U . S. Patent Nos. 3,306,069 and Re 28, XChangadey

with a solution of NHerr]NJerr] to EPCACEIRERTS

- 30- renmove sodiumand dried at 121[err]C (250[err]F) f

Sixty-five parts by weight on a dry basis of the above :

mxed wth 35 parts by weight on a dry basis of silica and extended into
-23.

.............................

convert the noble metal to the oxide form and to confer the required
mechanical strength on the catalyst. Prior to use the catalyst may
ba subjected ta presulfiding as described above for the first stage
‘catalyst.

The objective in the sacond stage is to isomerize the waxy,
Tinear and near-linear paraffinic components in the first stage
effluent to less waxy but high V.I. {soparaffinic materials of
relatively lower pour point. The conditions in the second stage are
therefore adjusted to achieve this end while minimizing conversion

- to nan-lube boiling range products (usually 343°C-(8§S0°F-)
materials). Since the catalyst used in this stage has a low
acidity, conversion ta lower beoiling praducts is usually at a
relatively low level and by appropriate selection of severity,
second stage operation may be optimized for isomerization over
crackinq. At conventional space velocities of about I, using a
Pt/dicarboxylic acid-treated zeolite Beta catalyst with an Alpha
Value of about S, temperatures in the sacond stage will typically
be.in.the range of 290° to 371°C (5350° to 700°F) and usually in
the range of 302° to 357°C (S75° to 675°F) with 343°C+ (650°F+)
conversion typically being from about 10 to 30 weight percgnt,-more
usually 12 to 20 weight percent, of the sacond stage feed. However,
temperatures may be used outside this range, for example, as low as
260°C (500°F) up to 400°C (750°F} although the higher temperatures
will usually not be preferred since they will be #ssociated with a
Tower isomerization selectivity and the production of less stable
Tube products ds a result of the hydrogenation reactions being

thermodynamically less favared at oraaressively higher ogerating




1.59mm (\1/ 16[err]) pellets. The pellets are dried at 121[err]C (250[err]E) .
for 8 hours. Organics are rempved by first treating in e A P L A =}
‘g'e'i“t”"se*é’ue\;r’rrij C

Jbmige

510[err] C (950[err]F) for 3 hours followed by air calcina i
(1000[err]F) for 6 hours. The calcined extrudate is treat Wit @&

1. Treatnent is conducted at 71[err]C (160[err]F) for 6 hours. The
treated catalyst is dried at 121[err]C t350[ err]F) overnight. The dried
material is air calcined at 538[err]C (1000[err] F) for 3 hours. The
treatment results in zeolite Beta having an Alpha Val ue of 8. The

i I d-t | t t 1% 5 ' ti f
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catal yst is wasifeligni liydretient prels Qte¥ainCtnedRfkhapres s@R fibdegdtempertltey ] C

(660[err]F) for 3 hours. The finished catalyst has
in the second stage may be samewhat lower than those appropriate to
low pressure operation; in the high pressure mode, temperatures of
290° to 371°C (550° to 700°F) will be preferred, as compared to
the preferred range of 315°_to 371°C (600° to 700°F) far this stage
of the operation in the low pressure mode. Space velocitfes will
typically be in the range of 0.5 to 2 LHSV (hr'l) although in most
cases a space velocity of 1 LHSV will be most favorable, Hydrogen
circulation rates are comparable to those used in the first step,
as described above; but since there is much lower hydrogen
consumption, lower circulation rates may be employed if feasible.
In the cascade operational mode, the excess hydrogen from the first
stage will be found adequate for the second stage operation.

A particuylar advantage.of the present process is that it
enables a functional separation to be effected in fhe entire
operating scheme. In the first stage, the undesirable low V.I.
components are removed by a process of saturation and ring gpening
under conditions of high pressure and relatively high temperature.
By contrast, the second stage is intended to maximize the content
of iso-paraffins in the product and because the low V.I. materials
have been dealt with in the first stage, can be optimized to effect
a selective isomerization of the-paraffinic materials. The low
temperature conditions which are: appruﬁriate for the paraffin
isomerization Timft the cracking reactions as noted above but are
thermodynamically ffvorzble for the saturation of any lube range

olefins which maf be formed by cracking reactions, particularly in



the properties shown in Table 5.
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the presence of the highly active hydrogenation components on the
catalyst. In this way, the second stage is also effective for
hydrofinishing the product so that product stability is improved,
espectally stability to ultraviclet radiation, a property which 1s
frequently lacking in conventional hydrocracked lube products. The
hydrofini'sh'lng is particularly effective when the second step is
carried out under high hydrogen partial pressures e.g., over 7000kPa
(1000 psig). The isomerized product may therefore be subjected
simply to a final dewaxing step in order to achieve the desired
target pour point and usually there will be no need for any further
finishing steps since a low unsaturates content, both of aromatics
and of lube range olefins, results from the optimized processing in
the two functionally separated steps of the process. The product
may therefore be subjected to a final fractionation to remove lower
boiling materials. followed by a final dewaxing step in order to

achieve target pour point for the product.

Dewaxing .

Although a final dewaxing step will normally be necessary in
order to achieve the desired product pour point, it is a notable
feature of the present process that the extent of dewaxing requirei!
is relatively small. Typically, the loss during the final dewaxing
step will be no more than 15 to 20 weigb}: percent of the dewaxer
feed and may be lower. Either ca'f;alytic dewaxing or solvent
dewaxing may be used it this point and {f a solvent dewaxer .is used,
the removed wax may be recycled to the first or second stages of the

process for further treatment. Since the wax remaved in a solvent
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Por e* Vol uive, m /g 0. 69 . 0.74 Particle Density,

g/m -~ 0.89 0. 98 Exanple 3 A FFFreF =
poi nt heavy neutral slack wax with the properties shown in PAASEMRIT SHEET
containing 34 w.%oil as neasured by ASTM 03235 is processgd by

hydr ocracki ng over a NNWfluorided catalyst described in T I%t%,--as(laé%dlggﬁ----

col umm. The catalyst is sulfided and fluorided in-situ using
o-fluorotaluene at a level of 600 ppmflygrine for one week at a
tenperature of 385[err]C (725[err]F) before introducing the slack wax. The
hydrocracking is carried out wth fluorine maintenance at 2S ppm F usi ng
o- f | uor ot ol uene under

dewaxer is highly paraffinic, it may be recycled directly to the

second stage if this is feasible, for example, in the embodiment

where the second stage is operated at a relatively low pressure.

The preferred catalytic dewaxing processes utilize an
intermediate pore size zeolite such as ZSM-S, but the most preferred
dewaxing catalysts are based on the highly constrained intermediate
pore size 2eolites such as ZSM-22, ZSM-23 or ISM-35, since these
zealites have been found to provide highly selective dewaxing,
giving dewaxed products of Tow pour point and high V.I. Oewaxing
processes using these zeolites are described in U.S. Patent Nos.
4,222,855, The zeolites whose use f{s preferred here may be
characterized in the same way as described in U.S. 4,222,855, i.e.,
as zeolites having pore apenings which result in the possession of
defined sorption properties set out in the patant, namely,

(1) a ratio of sorption of n-hexane to o-xylene, on a volume
parcent basis, of greater than about 3, which sorption is determined
at a P/‘Po of 0.1 and at a temperature of S0°C for n-hexane and 80°C
for o-xylehé'and {2) by the ability of selectively cracking 3-
methylpentane (3MP) in preference to the doubly branched 2,3-
dimethylbutane.(DMB) at 538°C (1000°F) and 1 atmosphere pressure

from a 1/1/1 weight ratio mixture of n-hexane/3-methyl-pentane/2,3-
dimethylbutane, with the ratio of rate coastants kaup’¥omB
determined at a temperature of S38°C (1000°F) being in -excess of
about 2. The expression, "P/PS", is accorded its usual
significance as described in the literature, for example, tn The
‘Dvnamical Character of Adsorption by J.H. deBoer, 2nd ed., Oxfaord

University Press (1968) and is the relative pressure defined as the



the.foll owi ng conditions: LHSV, hr[err]
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H err] circulation, n.1. 1[err] (SCF/ BBL) 900 (5000)
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ratio of the partial pressure of sorbate to the vapor pressure of
sorbate at the temperature of sorption. The ratio of the rate
- constants, ky.o/knus, is determined from 1st order kinetics, in the
usual manner, by the following equation:

k= (1/T.) 1n (1/1-€ )
where k fs the rate constant for each component, T. is the contact
time and € is the fractienal conversion of éach camponent.

Zeolites conforming to these sorption requirements include the
natural]y occurring zeolite ferrierite as well as the known
synthetic zeolites ZSM-22, ISM-23 and ISM-35. These zeolites are
at least partly in the acid or hydragen form when they are used in
the dewaxing process and a metal hydrogenation companent, preferably
2 noble metal such as platinum is preferably used. Excellent
results have been obtained with a Pt/ZSM-23 dewaxing catalyst.

The preparation and properties af zeolitas ZSM-22, ZSM-23 and
I5M-35 are described respectively in U.S.Patents Nos. 4,810,357
(ZSM-22); 4,076,842 and 4,104,151 (ZSM-23) and 4,016,245 (ZSM-35),
to which reference is made for a description of this zeolite and its
preparation. Ferrierite is a naturally-occurring mineral, described
in the literature, see, e.g., Breck, Zeolite Molecular Sieves, pages
125-127; 146; 219; and 625. to which referehce is made for a
description of this zeslite.

In any event, however, the demands on the dewaxing unit for
the product are relatively low and in this respect the present
process pravides a significant improvement over the process
employing solely amorphous catalysts where a significant degree of
dewaxing is required. The functional separation inhersnt in the

process enable higher single pass wax conversions to be achieved,




wax conversion of 40 to 75 wt.% Wax conversion is define
-Wax conversion[err](Wax in oil feed-wax obtained by solve
Wax in Ol Feed Total liquid product (TLP) is obtained f
hydrocracking of the heavy neutral slack. This materi al
listed in Table 6. .
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typically 70 to 80% as compared to 50% for the amorphous catalyst
process so that unit throughput is significantly enhanced with
respect to the conventional process. Although conversions levels
above 80 percent may be employed so that the load on the dewaxer is
reduced, the product V.[. and
yield decrease at the same time and generally, the final dewaxing
stage cannot be completely eliminated unless products with a V.I.
below 135 are accepted.
Products

The products from the process are high V.I., low pour point
materials which are obtained in excellent yield. Besides having
excellent viscometric properties they are also highly stable, both
oxidatively and thermally and to ultraviolet light. V.I. values in
the range of 140 to 1S5 are typically obtained, with values of 143
te 147 being readily achievable with product yields of at least S50
weight percent, usually at least 60 weight percent, based on the
original wax feed, corresﬁundinq to wax conversion values of almast
80 and 90 percent, respectively. Another notable feature of the
process is that the products retain desirable viscosity values as
a result of the limited boiling range conversions which are inherent
in the process: conversely, higher yields are obtained at constant

product viscosity.

Examples
The following examples are given in order to illustrate
various aspects of the present process. Examples 1 and 2, diractly

following, illustrate the preparation of dicarboxylic actd-treated
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Hydr ocracked Sl ack Wax Properties
188-577 (370-1070) Hydr ogen, wt.
14. 87 Ni trogen, ppm

Sul fur, w.%

37.6 KV [err]100[err]C, mijerr]/s
Point, [err]C ([err]F)

Distillation: wt . %
IBP (Initial Boiling.Point)

272 521 50
95
577 1070

-

Example 1

%

e
Table 6
Boi | i ng Range,

A N e —

[err] G

..............................

5. 157

Si mul at ed
[err]C
5

. 008

~Pour
2349 (>120)

- F
188 370

467 872

Pt/zeolite Beta and Pt/mordenite gatalysts forohpiroisomepizatinn.roi nt)

65 parts by weight on a dry basis of TEA mordenite, prepared

in accordance with U.S. Patent 4,052,472, is mixed with 35 parts by

weight on a dry basis of commercial silica (Ultrasil). The material

is extruded to form 1.59mm (1/16°) cylindrical pellets. The pellets

are ammonium exchanged and calcined at 538°C (1000°F) for 3 hours -

tin air.

The calcined extrudate is slurried with 8 ml oxalic acid/ml

catalyst of a 2.0 M oxalic acid solution at 82°C (180°F) for 2

hours. The oxalic acid-treated catalyst is driad at 121°C (250°F)

for 8 hours and calcined in air for 3 hours at 538°C (1000°F). The

oxalic acid treatment results in mordenite having an Alpha Value of

133.

The oxalfc acid-treated catalyst is then exposed to 100%

steam, 103 kPa (0 psig) at 552°C (1025°F) for 24 hours. The oxalic

acid/steam treatment results in mordenite having an Alpha Value of

11.

The oxalic acid/steam-treated mordenite is competitively ion
exchanged with Pt(NH;),C1,°H,0 in 2 0.05 N NH,NO, salutfon at a pH
of 7. The exchanged catalyst is washed with distilled water and air
cilcined at 349°C (66Q°F) for 3 hours. The finished catalyst has
the properties shown in Table 5. ' ) ‘

Xan

Zealita Bela, pnpared {n accordance with U.S. Patent Nc.:s.
3,308,069 and Re 28,341 is exchanged with 2 solution of NH, MO, to



Exanpl e 4 A sample of the TLP material of Exanple

oo o
over the oxalic acid-treated nordenite catalyst of ExanpliegkpundemstihEHEET
foll owi ng conditions: LHSV, hr[err]

1.0 Pressure, kPa (psig) 13P@Mate 30‘]\%‘601996
Herr] circulation, n.1. 1[err] ( SCF/ BBL) 900 ——5000—"
Tenperature, [err]C ([err]F) 323 to 354 614 to 670

The waxy product is then distilled to a nd@% nal 343[err] C+ (650[err] F+)
cut-point. The distilled material is subsequently dewaxed using a
conventi onal MEK/toluene process. The results are given in Table

remove sodium and dried at 121°C (250°F) for 8 haurs. Sixty-five
parts by weight on a dry basis of the above zeolite Beta is ﬁixed
with 35 parts by weight on a dry basis of silica and extended into
1.59mm (1/16") pellets. The pellets are dried at 121°C (250°F) for
8 hours. Organics are removed by first treating in Nz at 510°C
{(950°F) for 3 hours followed by air calcination at 538°C (1000°F)
for 6 hours. The calcined extrudate is treated with a 2 M solution
of oxalic acid at a volume ratio of solution to catalyst of 8 to 1.
Treatment {s conducted at 71°C (160°F) for & hours. The treated
catalyst is dried at 121°C (250°F) overnighﬁ. The dried material
is air calcined at 538°C (1000°F) for 3 hours. The treatment
results in zeolite Beta having an Alpha Value of 8.

The oxalic acid-treated zeolite Beta catalyst is exchanged
with a solution of PL(NH3) C1,°H,0 in water at a pH of 4.
The exchanged catalyst is washed with distilled water and air
calcined at 349°C (660°F) for 3 hours. The finished catilyst has

the properties shown in Table §.



-34- - 7 bel ow. Exanpl e 5 A sanple of the TLP matigT]
3 1s processed over the oxalic acid-treated zeolite Beta &Y
.Exanpl e 2 under the follow ng conditions: LHSV, hr[ierr
1.25 Pressure, kPa (psiQ) 13900 !‘D
Herr] circulation, n.1. 1[err] (. SCF/88L) 720
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Table 5

Oxalic Acid/Steam- Oxalic Acid-Treated
Treated Mordenite Zeolite Beta

Platinum, wt.% 0.43 0.48
Surface area, mz/g 267 316
Pore Volume, ml/g 0.69 0.74
Particle Density, g/ml 0.89 _ 0.98
Example 3

A high boiling point heavy neutral slack wax with the
properties shown i Table 3 and containing 34 wt.% 0il as measured
by ASTM 03235 is processed by hydrocracking over a NiW/fluorided
catalyst described in Table 4, second column. The catalyst is
sulfided and fluorided in-situ using a-fluorotoluene at a level of
600 ppm fluorine for one week at a temperature of 385°C (725°F)
before introducing the slack wax. The.hydro;racking is carried out
with fluorine maintenance at 25 ppm F using o-fluorotoluene under -

the following conditfons:

LHSY, hr! 1
Pressure, kPa {psig) 13300 (2000)
H, circulation, n.1.1°7 (SCF/BBL) 900  (S000)
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Tenperature, [err]C ([err]F) ~ 307 to 335 (585—+t0-635)
The waxy product is then distilled to a nomnal 343C+ (65 $EF1§G£MLNT¢HEET
cut-point. The distilled material is subsequently dewaxed |{ising a
conventi onal MEK/tol uene process. Tabl e 7 summari zes| Dag y|3e0)dIUé.nd996
product property data.for the__ _oxalic acid-treated catal yst's—=¥retd=
determ ned by the anmount of | ube naterlaI%%enalnlng after sol vent dewaxi ng
and is based on the feed to the hydrocrac in Exanple 3. Figure 1
conpares the |ube yield versus wax conversion for the products of Exanples
3, 4 and 5. The Figure shows that the two-step processing of Exanples 4
and 5 using oxal The acdadtianeatevdrityt alsySidjustethi by esaryinggithe rmscthiom | ube
yield of 54 to 62 w.% in conparison

temperature from 382° ta 410°C (720° to 770°F) which results in

wax conversion of 40 ta 79 wt.%. MWax conversion is defined as

follows:

Wax conversion={Wax in oil feed-wax obtained by solvent dewaxing)

Wax in 011 Feed

Total T{quid product (TLP) is obtained from the mild hydrocracking
of the heavy neutral slack. This material has the properties listed

in Table 6.




~to.a maxi mum | ube yield of 40 to 42 wt. % for the single-stage _

Exanpl e 3. Figure 2 shows the Viscosity Index (V.1.) |p NE~RLS -
obt ai ned versus wax conversion. The V.l. of the products bREE“s *“?ﬁ¥§%Fﬁ§
oxalic acid-treated catalysts is above the desirable V.I. |

- 35- target of greater than 130.
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Table 6

process of

Date

tal ned

ro

-.3.0.JUL 1936,

Hydrocracked Slack Wax Prgoert

Boiling Range, °C (°F) 188-577 (370-1070)

Hydrogen, wt.%
Nitregen, ppm
Sulfur, wt.%

APl

KV €100°C, mm?/s
Pour Paint, °C (°F)

Simulated Distillation:
Wt.%
I8P (Initial Boiling Point)
L]
50
95
EP (End Point)

Example 4

188

272
467
548
577

14.87
5.0
.008
37.§
5.157
549 (>120)

°F
370
521
872
1018
1070

A sample of the TLP material of Example 3 is processed over

the oxalic acid-treated mordenite catalyst of Example ! under the

following conditions:
sy, hel
Pressure, kPa (psiq)
H, circulation, n.1.17" (SCF/BBL)

Temperature, *°C (°F)

1.0
13900 2000
900 5000
323 to 354 614 to 670

The waxy product is then distilled to a nominal 343°C+ (650°F+)

cut-point. The distilled material is subsequently dewaxed using a

cenventional MEK/toluene process. The results are given in Table




S
Fi gure 3°shows the relationship between the kinematic viscosity . ...

(@00[err]C) of the product at varying wax conversions for -EﬁﬁﬁﬂkﬁﬁwéwT%ﬂEET
and 5. The Figure shows that at a given wax conversio xaflc
acid-treated catalysts produce a basestock wth a 0.5-1.0 ser . 0LoK8e
viscosity. The process of Exanples 4 and 5 enabl es viscosi —
retained to a greater degree than with tﬂf si ngl e-stage process of Exanple

3 as a result of the selective conversiofrBf wax to high V.I. oil without
excessi ve conversion of oil out of the |lube boiling range. This valuable
feature enables products of varying viscosities to be manufactured by
suitable selectyqpigf. conditions. Further, higher wax conversion is

achieved at the sane viscosity with the oxalic acid-treated catal yst.

H gher wax conversion is desirable to reduce the | oad on the downstream

Examole §

A sample of the TLP material of Exampie 3 is processed over

the oxalic acid-treated zeo)ite Beta catalyst of Example 2 under the

following conditions:

LHsY, et 1.25
Pressure, kPa (psig) | 13900 (2000)
H, circulation, n.1.17" (SCF/8BL) 720 (4000)
Temperature, °C (°F) 307 to 335 (585 to 635)

The waxy product is then distilled to a nominal 343°C+
(650° F+) cut-point. The distilled material {s subsequently dewaxed
using a conventional MEK/toluene process.

Table 7 summarizes the yield and product property data for the
oxalic acid-treated catalysts. Yield is determined by the amount
of lube matarial remaining after solvent dewaxing and is based on
the feed to the hydrocracker in Example 3.

Figure 1 compares the Jube yield versus wax conversion for the
produtts of Examples 3, 4 and 5. The Figure shows that the two-step '
processing of Examples 4 and 5 using oxalic acid-treated catalysts
achieves a higher maximum lube yield of 54 to 62 wt.% {n comparison
to a maximum lube yield of 40 to 42 wt.% for the single-stage
process of Example 3. ' |
| Figure 2 shows the Viscosity Index (V.I.) of the product
obtained versus wax conversion. The V.I. of the products obtafned

from the oxalic acid-treated catalysts is above the desirable V.I.



solvent .dewaxing wunit. Higher viscosity is desirable because _viscosity

reduction when the slack wax is hydroprocessed is mlﬂrﬁzﬁchéglgdgméﬁ$§ﬂg§1

Exanples 4 and 5 conpared to the Exanple 3 run
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target of greater than 130.

Figure 3 shows the relationship between the kinematic
viscosity (@100°C) of the product at varying wax conversions for
Examples 3, 4 and 5. The Figure shows that at a given wax
conversion the oxalic acid-treated catalysts produce a basestock
with a2 0.5-1.0 mmZ/s higher viscosity. The process of Exampies 4
and 5 enables viscosity to be retained to a greater degree than with
the single-stage process of Example 3 as a result of the selective
conversion of wax to high V.I. 0il without excessive conversion of
oil out of the Tube boiling range. This valuable feature enables
products of varying viscosities to be manufactured by suitable
selection of conditions. Further, higher wax conversion is achieved
at the same viscosity w%th the oxalic acid-treated catalyst. Higher
wax conversion is desirable to reduce the load on the downstream
sojvent dewaxing unit. Higher viscosity is desirable because
viscosity reduction when the slack wax is hydropracesséd is
wminimized in the runs of Examples 4 and 5 compared to the Example

3 run.



Slack Wax Over Pt/ Oxalic Acid-Treated Mrdenite Run Nu

eT ——
1 2 -3 4 5 Reactor Tenp, [er 1 BEPLAGEMENT SHEBT
338 343 352 - 354 ([err] F 61:4)
(640) (650) (665) (670) LHSV, hr[err] : ; Datg 3@}@!_11998
1 - 1 1 Wax Conver si on 40 T©BZT 7T T '
92.0 94. 3 KY [err]100 [err]C 6. 03 5.40
5.21 5. 36 5.32 V. 1. -36- 142 141
142 142 . 137 Pour Point, [err]C -12 -21 -9
-15 -12 ([err] F) (10) (-5) (15)
(5) (10) Lube Yield, w.% 51.3 54. 4 45
44 | someri zati on of Lxﬁﬁnégﬁeersion Hydr ocr acked

fl ack V\gx O/eg Pt/Oxal4i c ACiﬁgﬁféﬁiiﬁd% %%0l gt CanRBE A an RYArderIBRIY
Slack Wax Qver Pt/Oxalic Acid-Treated Mordenite

Run_Nymber 1 2 3 4 3
Reactor Temp, °C 323 338 343 352 354
(°F) (614)  (640) (650) (685) (€70)

LHsY, hrt 1 1 1 1 1
Wax Conversion 40 62.1 71.1 92.0 $4.3
XV @100°C. 6.03 5.40 5.21 5.36‘ 5.32
V.1 142 141 142 142 137
Pour Point, °C -12 -21 -9 -15 -12
(°F) {10) (-5) (18) (3) (10)
Lube Yield, wt.% 39 51.3 54.4 45 44

[somerization of Low Conversion Hydrocracked
Slack Wax Over Pt/Oxalic Acid-Treat oglite Beta

Run Number Iz 3 & 5 s
Reactor Temp, °C 326 327 332 335 321 307
(°F) (615) (620) (630) (635) (610) (585)
LHSY, nrd .25 1.25 1.25 1.25 1.25 1.25
Wax Conversion 87 90 96 99 84 20
KV 9100° C 5.7 5.10 5.02 4.91 5.17 6.1l
v.1. 144 139 138 132 144 184
Pour Potnt, °¢C .18 -1 -18 -8 -18 -18
(°F) (0) (+8) (0) (o) (o) (0)

A

Lube Yield, wt.% 84 60 58 48 60 46
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90 96 ot Date :..9.0 54!1\3..199@3....
5.10 5.02 4.91 5.17 6.11 V. | ‘ 39
138 13 144 144 Pour Potnt, J[err]C _ 18—
-18 166581 | ([err]F) <0> Has Besn lmd
(0) (0) (0) Lube Yield, w.% 64 |
@@ i
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CLAIMS

L Aprocess for producing a high Viscosity Index lubricant having a Viscosity Index
of at least 130 from a bydrocarbon feed of mineral oil origin having a wax content of at
least 50 weight percent, which comprises:

(i) hydrocracking the feed at a hydrogen partial pressure of at least 5620 kPa over
a bifunctional tube hydrocracking catalyst comprising a metal hydrogenation component
on an acidic, amorphous, porous support material to hydrocrack aromatic cdmponents
preseat in the feed at a severity which results in a coaversion of not more that SO weight
percent of the feed to products boiling outside the lube boiling range;

(if) isomerizing waxy paraffins preseat in the effluent from the hydrocracking step in
the presence of a low acidity isomerization catalyst having an Alpha Value of not more
than 25 and comprising a noble metal hydrogenation component on a porous zeolite
support material to isomerize waxy paraffins to less waxy iso-paraffins, charucterized in
that the zeolite support taterial comprises a dicarboxylic acid treated zeolite selected

from zeolite Beta and mordenite.

2. . The process according to claim 1 in which the feed comprises a petroleum wax
having the wax content of at least 50 weight percent and an aromatic conteat of from 5
to 30 weight perceat.

3 A process accarding to claim 1 or 2 in which the isomerization catalyst compriscs:

a dicarboxylic acid/steam-treated mordenite isomerization catalyst having an Alpha

Value not greater than 1S; an oxalic acid/steam-treated mordenite isomerization catalyst,

preferably with from 0.5 to 2 weight percent platinum on 2 support comprising oxalic

acid/steam-treated mordenite; a dicarboxylic acid-treated zeolite Beta isomerisation’
catalyst having an Alpha Value not greater than 10; or an oxalic acid-treated zcolite Beta

isomerization cucalyst, preferably with from 0.5 to 2 weight percent platinum on 2

support comprising oxalic acid-treated zeolite Betu.
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5. A process according to any preceding claim in which the isomerization step is

carried out at a temperature not greater thaa 343°C.

6. A process according to any one of claims 1 to 4 in which the isomerization step

is carricd out at a temperature from 302° to 357°C.

7. A process according to any preceding claim in which the effluent from the
hydrocrackmg step is cascaded directly ta the hydroisomerization step; and/or the
efflucat from the hydrm.rackmg step is treuated (o remove heteroatoms prior to being
cascaded to the hydroisomerization step.

8. A process according to any preceding claim in which the Alpha Value of the
hydroisomerization catalyst is not greater than 5.

9. A process according to any prcécding claim in which the isomerization catalyst
comprises a Pt/oxulic acid-treated zeolite Beta catalyst having an Alpha Value not
greater than § and 1 platinum content from 0.5 to 1.5 weight perceat based on the total
weight of the catalyst,

. A process acchrding 10 any preceding claim in which the hydroisomerization
product is subjected to a dewuxing to achieve a target pour point, with a loss during the

dewaxng of not more than 20 weight percent; and/ar the product has a VUL of greater

than 140.



2. ¥ A process according to claim1 in which the isonerizati
conpri ses: a dicarboxylic acid/steamtreate
i someri zati on catal yst having an Al pha Val-u

than 15; an oxalic acid/steamtreated nordenite i sonerizatio
preferably with from0.5 to 2 wei ght percent platinumon a st
conprising oxalic aci d/ steamtreated nDrdenlte a

di carboxylic acid-treated zeolite Beta isonerisation
catal yst having an Al pha Val ue not greater than 10;
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or an oxalic

acid-treated zeol i t e PBORPUCTION OF HIGH VISOSITY iINDERITiUBRIGamescat al yst,
preferably with from0.5 to 2 weight percent platinumon a

support conprising oxalic acid-treated zeolice Beta.

- 38 - 3. A process accordlngﬂu&_zﬂy preceding claimin which the

| somerization step is

Petroleum wax feaeds are converted to high Viscesity Index
lubricants by a two-step hydrocracking-hydroisomerization process
in which the wax faed is initially subjected to hydrocracking under
mild conditions with a conversion to non-lube range praducts of no
more than 30 weight percent of the feed. The hydrocracking is
carried out at a hydrogen pressure of at lezast 7000 kPa (1000 psig)

. using an amorphous catalyst which preferentially removes the

aromatic components present in the initial feed.
effluent is then subjected to hydreisomerization
using a low acidity dicarboxylic acid-treated

The hydrocracked
in a second step
zeolita Beta or

mordenite catalyst which effects a preferential isomerization on the

paraffin componants to lass waxy, high V.l. isoparaffins.

The

sacond stage may be operated at high pressure by cascading the first
stage product into the second stage or at a lower pressure,

typically from 1480 to 7000 kPa (200 to 1000 psig).

The sacond

stage catalyst is preferably a noble metal cantaining zeglita Beta
catalyst which is treasted with oxalic acid to give a low Alpha
Yalue, typically below 10. The seacond stage is carried out at
reiative]y 1ow temperature, typzca]ly from 315° to 343°C (600° to
650°F) with a 343°C+ (850°F+) conversion in the range of 10 to 20
weight percent of the second stage feed but with high selectivity

for isomerization of the paraffins.

FIGURE 1 IS SUGGESTED FOR PUBLICATION



carraedsout in the presence of hydrogen at a pressure of a 200 D3 Cep
andler the | somerization step is carriedout in the pres rﬁfé’iéﬁﬂ%fo'g%ﬁ

at a conversion to 343[err] C product of not nore than 3{ wei gm%[_cqggﬁ,
preferably 10 to 20 wei ght percent based on. the feed to fheatesdnerirzarion
st ep. 4. A process according to anjfrecedi ng claimin® €

| soneri zation step is carried out at tenperature not greater than
343[err] C 5. A process according™o any one of clainms 1 to 3 in
whi ch the isonerization step is carried out at a tenperature from
302[err] to 357[err]C. 6 . LUBRYEdEMalttording to any preceding claim
i n which the effluent fromthe hydrocracking-step is cascaded directly to
t he hydroi sgneri zat Bon step;8and/or &e ef fBuent fr@hn the bydrocracking
step is tre T T T caseadey 4p the

A process according to any 5§edi ng

claimin whgch the Al pha Va éof t he hydr oi soneri zati on ca st is not
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conprises a Pt/oxalic acid-treated zeolite Beta catalyst h
Val ue not greater than 5 and a platinumcontent fromO.
percent based on the total wei ght of the catalyst. . 9
according to any preceding claimin which the hydroi soneri

is subjected to a dewaxing to achi eve%arget pour poi nt,
2

during the dewaxi ng of not nore th 0 wei ght percent; and/or the
product has a V.I. of greater thEﬂB
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CLAIMS
1 A process for producing a high Viscosity Index lubricant having a Viscosjty Index

-a petroleum wax having the wax conten
of ut leaSt 130 foma hydmcarbon feed of mineral of ongm ; w—

(i) hydrocradnng the feed at a hydrogen partial pressure of at lcast 5620 kPa gver
a bifunctional lube hydrocracking catalyst comprising a metal hydrogenation component

on an acidic, amorphous, porous support material to hydrocrack aromatic components
present in the feed at a sevérity which results in a conversion of not more that 50 wclght
pcrcfﬁn%f_ the feed to products boiling outside the lube boiling range;

(i) Axsomer:zmg waxy paraffins present in the effluent from the hydrocracking step in
the presence of a "ow acidity isomerization catalyst having an Alpha Value of not more
than 25 and comprising a noble metal hydrogenation component on a porous zeolite
support material to isomerize waxy paraffins to less waxy iso-paraffins, characterized in
that the zeolite support material comprises a dicarboxylic acid treated zeolite selected

' from zcolite Beta and mordenite.

23»  Aprocess according to claim 1 es2in which the isomerizadon catalyst comprises:
a dicarboxylic acid/steam-treated mordenite isomerization catalyst having an Alpha
Value not greater than 15; an oxalic acid/steam-treated mordenite isomerization catalyst,
preferably with from 0.5 to 2 weight percent platinum on 2 support comprising oxalic
acid/steam-treated mordenite; a dicarboxylic acid-treated zeolite Beta isomerisation
catalyst having an Alpha Value not greater than 10; or an axalic acid-treated zcolite Beta
isomerization cutalyst, preferably with from 0.5 to 2 weight percent platinum on a -
support comprising oxalic acid-treated zeolite Betu.
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34 A process according to any preceding claim in which the isomerization step is
carried out in the presence of hydrogen at a pressure of at least 200 psig; and/or the
isomerization step is carried out in the presence of hydrogen at a conversion to 343°C-
product of not more than 30 weight percent, preferably 10 to 20 weight percent based
on the feed to the isomerization step.

4S> A process according to any preceding claim in which the isomerization step is
carried out at a temperature not greater than 343°C. o

3
56 A process according to any one of claims 1 to 4 in which the isomerization step
is carried out at a temperature from 302° to 357°C. '

6 A A process according to any preceding claim in which the effluent from the

, hydrocracking-step. is cascaded directly to the hydroisomerization step; and/or the
effluent from the hydrocracking.step is treated to remave heteroatoms prior to being
cascaded to the hydroisomerization step.

78> A process according to any preceding claim in which the Alpha Value of the
hydroisomerization catalyst is not greater than S.

8 & A process accordmg t0 any preceding claim in which the isomerization catalyst
comprises a Pt/oxalic acid-treated zeolite Beta catalyst having an Alpha Value not

greater than 5 and a platinum content from 0.5 to 1.5 weight percent based on the total
weight of the catalyst.

9 t: A process according to any preceding claim in which the hydroisomerization
product is subjected to a dewuxing to achieve a target pour point, with a loss during the
dewaxing of not more than 20 weight percent; and/or the product has a V.L of greater
than 140.



