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) remove color bodies. This conventional technique relties upon the
selection and use of crude stocks, usually of a paraffinic character,
which produce the desired Tube fractions of the desired qualities in
adequate amounts. The range of permissible crude sources may, however,
be extended by the lube hydrocracking process which is capable of
utilizing crude stocks of marginal or poor qualitj, usually with a
higher aromatic content than the best paraffinic crudes. The lube
hydrocracking process, which is well established in the petroleum
refining industry, generally comprises an initial hydrocracking step
carried out under high pressure in the presence of a bifunctional
cataTyst which effects partial saturation and ring opening of the
aromatic components which are present in the feed. The hydrocracked
product is then subjected to dewaxvng in order to reach the target pour
~ point since the products from the initial hydrocracking step which are
paraffinic in character include components with a relatively high pour
point which need to be removed in the dewaxing step.

Current trends in the design of automotive engines are associated
with higher operating temperatures as the efficiency of the engines
increases and these higher operating temperatures require
successively higher quality lubricants. One of the requirements is for
higher viscosity indices (V.I.) in order to reduce the effects of the
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the presence of certain catalysts have been shown to possess excellent
V.I. values, but they are expensive to produce by the convehtipnal
synthetic procedures and usually require expensive starting materials.
There is therefore a need for the production of high V.I. lubricants

“from mineral oil stocks which may be produced by techniques comparable
to those presently employed in petroleum refineries.

In theory, as well 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
slightly branched paraffins e.g. n-methyl paraffins, are often waxy
materials which confer an unacceptably high pour point on the lube

- stock and ard therefore removed during the dewaxing operations in the
conventional refining process described above. It 1s, however,
possible to pracess waxy fesds in order to retain many of the benefits
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
Lg___gg;ign 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 hydrotreating 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
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by the the process described in GB 1,429,494, a slack wax produced by the

dewaxing of & waxy feed is subjected to hydrocracking over a _

bifunctional hydrocracking catalyst at hydrogen presshres 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

out by the solvent process with recycie 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 amorphotus acidic support. The metal component is

usually a combination of base metals, with one metal selected from the

{ron 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

6B 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 1.440,230.0 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

fluortding 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
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_ . isomerization activity 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. The
product VI is also 1imited by the isomerization activity, typically to
about 145 at -18°C (0°F). pour point in singie pass operation. The
. temperature requirement of the amorphous catalysts is also relatively
high, at least in comparison to zeolite catalysts, typically being 371°
- 427°C (700° - 800°F).
Another approach to the upgrading of waxy feeds to high V.I.
Tubricant basestocks is disclosed in U.S. Patent Nos. 4,919,788 and
4,975,177. 1In 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. Pat. Nos. 4,919,788 and 4,975,177 in a
manner which optimizes the yield and viscometric properties of the
products. The zeolite beta catalyst isomerizes the
high molecular weight paraffins contained in the back end of the feed
ta less waxy materials while minimizing cracking of these components to
materials boiling outside the Tube 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



par af fxni ¢ conponents is not as high as mght be desired; the relatively
straight chain paraffins are not, therefore, isonerized to the | ess waxy

i s@paraffins of relatively high VISCOSIty i ndex but with | ow pour point
properties, to the extent required to fully neet product pour point
specifications. The waxy paraffins which pass through the unit therefore
need to be renoved during the subsequent dewaxing step and recycled, thus
reduci ng the capacity of the unit. The resi8-i cted i sonerization activity of
t he anorphous catalysts also limts the single-pass yields to a val ue bel ow
about 50 percent, with the correspondi ng wax conversi on being about 30 to
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conversions: maximum lube yields are typically obtained in the 20 to 30
weight percent conversion range (343°C+ (650°F+) conversion). It
would therefore be desirable to increase isomerization selectivity and
simuttaneously to reduce hydrocracking selectivity in order to improve
Tube yield while retaining the high VI 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 cataiysts 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 Tow 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.

One method utilized by the prior art to avoid excessive aromatic
content in a lube hydrocracking product employs a dedicated
hydrotreating reactor. This reactor can either be placed before or
after the hydrocracker in order to pretreat the feed to the Tube



conbi gation of paraffin hydroisonerizatlon with the subsequent selective
dewaxi ng process on the front end of the feed is capable of achieving

higher product V.I. values than either process on its own and, in addition,
the process may be optim zed either for yield efficiency or for V.I.
efficiency, depending upon requirenents. "VWhile this zeolite-catal yzed

process has shown itself to be highly effective for dealing with highly
paraffinic feeds, the high isonerization setbectivity of the zeolite beta
catal ysts, coupled with its |lesser capability to renove |ow quality
aromatic conmponents, has tended to |imt the application of the process to
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(1) in a first stage, hydrocracking the feed at a hydrogen
partial pressure of at least 5620 kPa (800 psig) over a bifunctional
Tube 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 than 50 weight percent of the feed to products
boiling outside the lube boiling range and which results in an effluent
containing nitrogen compounds;

{i1) in a second stage, simultaneously isomerizing waxy paraffins
and hydrotreating aromatics in the effluent from the first stage in the
presence of a low aéidity isomerization catalyst having an alpha value
of not more than 20 and comprising a noble meta) hydrogenation
component on a porous support material comprising zeolite beta to
isomerize waxy paraffins to less waxy isoparaffins and to reduce
aromatics content to less than 1 wtk;

(iii) Stripping nitrogen compound-containing gas and/or liquid.
from the first stage effluent to an extent sufficient to control the
temperature in the second stage to a range permitting the simultaneous



-6- shydrocracker or finish the |ube hydrocrackate. However, in those |ube
hydr ocr acki ng processes wherein hydrocracking is followed wth

| serreri zation, the use of a separate hydrotreater would carry with it
significant econom c penalties. W have now devi sed a process for
produci ng high quality, high viscosity index (V.l.) lubricants by a

t wo- st age wax hydrocracki ng- hydroi soneri zat 'hon/ hydrotreating process. The
process i s capabl e of producing products w tth very hi gh viscosity indices,
typically above 140, usually in the range of 140 to 155 with val ues of 143
to 147 being typical. The resulting product contains very |ow |levels of
aromatics (typsameriyingof uaharpara\fg%q and chydretveating wii azomadicedy than 1
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In a preferred embodiment, step (it1i) results in an incremental
temperature rise within the second stage of no greater than 11°C
{20°F), more preferably, no greater than 8°C (15°F), or even more
preferably, no greater than 5.6°C (10°F).

The nitrogen compounds present in the effluent from the
hydrocracker can be those resulting from hydrocracking of nitrogen-
containing organic compounds. Such nitrogen compounds can include
ammonia, ammonium sulfide, ammonium bisulfide, and ammonium chloride.
Of_thése. ammonia is typically present in the greatest amounts. These
compounds whgn introduced to the second stage provide a deactivating
effect upon the isomerization catalyst necessitating an increase in
reaction temperature in order to maintain the rate of conversion.

The process is capable of being operated with feeds of varying
composition to produce high quality lube basestocks in good yield.

‘Gompared to the process using amorphous catalysts, (1) yields are
higher and (2) the dewaxing requirement for the product is markedly
lower due to the effectiveness of the process in converting the waxy
paraffins, mainly Tinear and near linear paraffins, to less waxy
isoparaffins of high viscosity index. Compared to single-step zeoiite-
catalyzed processes, the present invention has the advantage of being
able to accommodate a wider range of feeds at constant product quality
since it is more effective for the removal of the low quality aromatic



| somertze waxy paraffins to | ess waxy isoparaffins and to reduce aromatics
content to less than 1 wt % (ii1) Stripping nitrogen

cormpound-contai ning gas and/or liquid. fromthe first stage effluent to an
extent sufficient to control the tenperature in the second stage to a
range permtting the sinultaneous

-7- i soneri zing of waxy paraffins and hydrgtreating of aromatics by
controlling the concentration of nitrogen céﬁﬁounds in the second stage;
and, optionally (iv) directing at |east some of the stripped nitrogen

conpound- containing gas and/or liquid to the second stage to an extent
sufficient tocemponpeks foom tbe feed:;t ihpdsaprevides a yigddcadvagbage ipkhe
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tenperature i F‘”E#Fg't’s‘ééi’%{ s‘ttagili"g E&?{pﬁﬁﬁqe[egy‘aﬁlqtﬁ'?ﬁt%e{??%ggﬁ%fwf%%t] to
[er[] (]5§30 toi[nmnlt]ionm-rtbepumtﬁdalcynﬂ@nthbﬁ mbepm?_g_b.ﬂ)ﬁn {)&zrr}efucgﬂ tertdss(610
to [err]). n : iii) results in an

i ncrenent al tépr%%rlarﬁxr'g%'?léﬁ%&?\ﬁﬁ?ﬁgﬁﬁggse'csoﬁ 'gt ige of no greater, than
[err] [err] F), nofeconddng fpthe praseptcinvantipny, thevaxy 5?e£\’§ns‘ﬂ’dﬁéted to
preferably, ng tweatade hpdvrodracking-hydroisdierigationgkydrodrpatings dneskgnt in
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conversion. The second stage comprises a _
hydroisomerization/hydrotreating step which is carried out over a noble
metal-contaihing zeolitic catalyst of Jow acidity. In 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 accampanied 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 (650°F). Typically, the
conversion in the first stage is limited to no 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 Tow acidity catalyst with high
isomerization selectivity is employed, and for this purpose, a Tow ,
acidity zeoljte beta catalyst has been found to give excellent results.
A noble metal, preferably platinum, §s used ta provide hydrogenation-
dehydrogenation functionality in this catalyst in order to promote the
desired hydroisomerization reactions. In addition, the second stage is
maintained at conditions which effect hydrotreating of aromatics and
olefins present in the effluent from the first stage, resulting in a
product of extremely reduced aromatic content, typically less than 1%.



conpounds when introduced to the second stage provide a deactivating effect
upon the isonerization catalyst necessitating an increase in reaction
tenperature in order to maintain the rate of conversion. The process
I s capabl e of being operated with feeds of varying conposition to produce
hi gh quality |l ube basestocks in good yield. Conpared to the process using.
anor phous catal ysts, (1) yields are higher and (2) the dewaxi ng requirenent
for the product is markedly |ower due to thel=effectiveness of the process
in converting the waxy paraffins, nmainly linear and near |inear paraffins,
to |l ess waxy isoparaffins of high viscosity index. Conpared to single-step
zeol i te- catal yzedmpthesis agslicabtony ¢setside nthenscape bfisthehpresdntint age of
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under relati vehy fm-wl stagyl iprodikt sothrtough tad interstage capaﬂdrtersm:mm age
ST <ot al YR SOE 46 SRR, HRCLRE okt ot OV
st age, interstage separat1on represents a preferred mode of operation where
the second stage is used for hydroisomerization alone because of its
simplitity although the two-stage operation with the same or a reduced
pressure in the second stage may be desirable if no high pressure
vessel 1s available for this part of the dperation. In both cases,
however, the process is well suited for upgrading waxy feeds such as
slack wax with aromatic contents greater than about § weight percent to
high viscosity index Tubricating oils with high single pass yields and
a limited requirement for product dewaxing. "

In the present invention, wherein the second stage is utilized
for hydroisomerization and hydrotreating, the first stage products can
be passed through one or more interstage separators to remove material
boiling below lube range and inorganic heteroatoms, e.g., nitrogen-
containing compounds, before passing to the second stage. The removal
of material boiling below lube range jmproves the efficiency of the
process in terms of the volume requirements of the second stage by
reducing the amount of feed throughput in the second stage. This is
achieved by diverting those components which do not require the
hydroisommrizat1on}hydrotreating treatment from the second stage. The
removal of at least some of the nitrogen-containing compounds, e.g.,
ammonia, from the effluent of the first stage permits control of the
temperature in the second stage to a hydroisomerization temperature
range which coincides with optimum hydrotreating activity of the same
catalyst.

¢



the low quality aromatic conponents of the feed are subjected to

hydr ocracki ng reactions which result-in conplete or partial saturation of
arobmtic rings acconpanied by ring opening.reactions to form products which
are relatively nore paraffinic; the [imted conversion in the first stage,
however, enabl es these products to be retained w thout undergoing further
cracking to products bokling bel ow the | ube {nd)i ling range, typically bel ow

[err]. Typically, the conversion in the firSt"stage is linited to no nore

than 30 wei ght percent of the original feed. In the second stage, the

conditions are optimzed for hydroisonerization of the paraffins originally
present in the feedhecamdintty of tthe: reoljse hatancatadyst fathy sependstagaiisg
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ei ther by -Casctei\%' ancttgg "J:-':E?t ﬁlteﬁgﬁe%tfxlvalﬁg&ions in feeds with varying nitrogen
contents might not meet both conversion and'hydrotreating requirements.
_ The difference between operation where liquid and gas are run
directly from the first stage to the second stage (cascade mode) and
operation wherein ammonia and hydrogen sulfide are remaved after the
first stage {staged mode) is typically 17° to 56°C {30 to 100°F) and
is over 28°C (50°F) at 15% incremental conversion as shown in Figure
10.

In order to operate the second stage catalyst both as an
isomerization catalyst and a hydrotreating catalyst, the operating
temperature is restricted to a narrow range, generally 288° to 343°C
(550 to 650°F), preferably 302° to 343°C (575 to 650°F), say, 316° to
329°C (600 to 625°F). ; '

Wax isomerization is potentiaily a very temperature sensitive
reaction. This is illustrated by the reaction activation energy which
is typically 60 to 100 kcal/mol. Most commercial hydrocracking
reactions are in the 40 to 60 kcal/mol range. The high activation
energy practically means that at a given LHSV, the temperature needs to
be controlled to within 5.6°C (10°F) to achieve the desired
conversion. This narrow window does not necessarily coincide with the
optimum hydrotreating temperature range which is 11° to 22°C (about 20
to 40°F) wide. : _

' Appropriate choice of reactor volume and feed rate can solve the
problem of controlling temperature to conditions favorable to both



directhy into the second stage without a pressure reduction or,
alternatively, since the second stage nmay be operated at relatively | ower
pressures, typically up to 7,000 kPa abs. (1,000 psig) by passing the first
stage products through an interstage separator to renove |ight ends and

I nargani ¢ heteroatons. The cascade process w thout interstage separation
represents a preferred node of operation where the second stage is used for
hydr oi someri zati on al one because of its sinplR&tty al t hough the two-stage
operation with the sane or a reduced pressure in the second stage may be
desirable if no high pressure vessel is available for this part of the
operation. |n tydhotsomesizatdowe\and, hydretyeatings fior awgives ferdchtf staxfpefadi ng
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bel ow | ube rangt®cand StAse FAAi be Rdduy ergily operation ik, oPE HrmaFonveysion
conpounds, bef ot hedyrditpgatiiagtdunditionsd stlageng Greaterdatitudé imchéicy of
boi li ng bel ow | el SLde effici 0 i.n_terns of
t he vol une requ%&gnéﬁ&g Y)é@ﬁugygi'y% d 3&@%&1§ngﬁ%%mn§yﬁee?§m‘ﬁta feed
t hr oughput i t#ediskbosantnedgef high sacitdvakioncenargyyrenckiony (highsemperature

conponents whi CéandPtf\aity) Ahat ' GecubCovirdine SREPIHeZ BbtL *hbaTYs! 6£ahe "Ekcond
treatment fromthe second stage. The renoval of at |east sone of the

ni t r ogen- cont ai sh"ﬁ%'corrpounds, e.g., ammonia, fromthe effluent of the
first stage pernits thentdesiredftenperiturpecan beemdintainedset antetatiyelyo a

hydroi soneri Zatéﬁﬁtiﬂ%ﬁﬁér‘é"i&n AP Wkﬁhsci?ﬁé‘@h@eﬂi‘ﬁ b MPRkbdeH containing
hydrotreating agt}n\lp\é{utl ’ g.g'.t,'hﬁl-l:,arggcf qctoatXes ts'e.ur:ond stage. This can be
accompl ished through any suitable means, e.g., incomplete stripping of
the first stage liquid product, or partial bypassing of the ammonia
removal tower. '

The method of the present invention also provides greater control
of the higho activation energy reactions associated with wax
isomerization. Should the temperature rise within a bed reach 11°C teo
17°C (20 or 30°F) higher than the average, a potentially very large
exotherm could occur locally and spread to the rest of the bed,
resulting in reactor instability. Although a typical response to such
a situation would be to depressure the unit and quench the reactions,
the rapid by-passing of ammonia-rich material into the second reactor
would quickly lower the catalyst activity and is less
disruptive than depressuring. The treatment with ammonia-rich material
would raise the reaction requirements by up to 28°C (50°F), thus
effectively Towering the activity of the catalyst.
| In the accompanying drawings, Figures 1 to 7 are graphs
illustrating the results of wax hydroprocessing experiments reported in
the Examples. Figures 8 to 10 provide comparisons in reactar
temperature between cascade processes wherein the effluent of the first
stage is passed directly to the second stage, and si;aged processes
wherein heteroatom compounds and 1ight ends are removed from the first
stage effluent before its passage to the second stage. Figure 11
depicts the two-stage hydrocracking-hydroisomerization/ hydrotreating



The actNvity of the zeolite beta catal yst of the second stage is sensitive

to nitrogen conpounds, e.g., nitrogen conpounds evolved in the nmld

hydt ocracking in the first stage. The effect of such conpounds can be

observed- by conparing operation in cascade node. (wherein the

het er oat om cont ai ni ng conpounds,” e.g., ammoni a and hydrogen sul fide, are

passed directly fromthe first stage to the1 econd stage) with operation in

t he staged node (wherein the heteroatom cont*4i ni ng conpounds are renoved

fromthe first stage effluent). In principle, one could design a

| arger reactor to | ower the tenperature reﬂuirene&ésoay?n I n. cascade node.
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. 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 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 also require
an initial 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 boiling range produced during
the processing during the separation steps which follow the
characteristic processing steps. Since these components will, however,
Toad up the process units they are preferably excluded by suitable .
choice of feed cut point. The end point of wax feeds derived from the
solvent dewaxing of neutral oiis i.e. distillate fractions produced by
the vacuum distillation of long or atmospheric resids will usually be
not more than 595°C (1100°F) so 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 :



hydr oi soneri zati on and hydrotreating, for a given feed at start of cycle.
However, changes in feed type or rate or catal yst aging could easily nove

t he’ operating point outside the opti num hydrotreating tenperature range.

By the present invention, the activity of the catalyst in the second stage
can be adjusted to permt operation at optinmum conversion and hydrotreating
conditions, allowng greater latitude in choice of unit space velocity
(LHSV), potentially longer cycle Iengths and reliable control of high
activation energy reactions (high-tenperat urld=sensi ti vi ty) that occur over
the zeolite beta catal yst of the second stage. The desired
tenperature can be naintained at a relatively constant conversion |evel by
adj usti ng t heseparpted finom rordght cénck idewaxinge puighdmaye typicaldy rhaveaan end t he
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reported in tipeotdssipges. Figures 8 to 10 provide conparisons in reactor

tenperature betweeltegds @RIghid" LS %P1 HOPREITY bOR18EK lWaRBE, That bkl st
waxy product obtained directly from a solvent dewaxing process, e.g. an
'MEK or propahe dewaxing process. The slack wax, which fs a solid to
semi-solid product, comprising mostly highly waxy paraffins (mostly n-
and mono-methyl paraffins) together with occluded #il, 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 compositiohs of some typical waxes are given in Table 1

below.
Iable 1 _
Max Composition - Arab Light Crude
- A B [+ i}

Paraffins, wt. pct. - 04,2 8l1.8 70.5 51.4
Mono-naphthenes, wt. pet. 2.6 11.0 6.3 16.5
Poly-naphthenes, wt. pct. 2.2 3.2 7.9 9.9
Aromatics, wt. pet. 1.0 4.0 15.3 22,2

A typical stack 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 cSt) neutral 011 obtained from an Arab Light crude.



stage s passed directly to the second stage, and staged processes wherein
het er oat om conpounds and |ight ends are renpbved fromthe first stage

ef f1uent before its passage to the second stage. Figure 11 depicts the

t wo- st age hydr ocr acki ng- hydroi soneri zati on/ hydrotreating

-12- process of the present invention, showi ng the nodified staged
oper ati on enpl oyed. In the present process waxy feeds are converted
to high V.I. lubricants in a two-stage hydrocracki ng- hydroi someri zati on

process. The products are characteri zed by 38od viscometric properties
including high viscosity index, typically at least 140 and usually in the
range 143 to 147. The two stages of the process are carried out in the
presence of hydrogen using catal ysts whiXdbler® optinized for selective
removal of the low quality- aro”at'Slﬂﬂﬁﬂﬂggpﬁﬁgtﬂﬁkhe first stage by

hydr ocr acki ng reactlonégﬁnd selective pararfrn |soner?§at|on and
hydrotreating in the s nd stage to forml ow pour hi gh V.

products of inproved UHydrapén, wg, pct. The feed to ﬂhe“process corrprl ses
a petrol eum wax which citeakNStat pdie ast 50 wei ght pergem wax, as

determ ned by ASTM t est ﬁ%%ZES In these f eeds of n]nii oil origin, the
waxes are nostly paraff' P B®™ pour point, conpristng straight chain
and slightly branched cﬁaitﬂng)ewﬁht; L {8€h as net hyl p&7 afli35)s.
Petrol eum waxes, that igy qz g?rafflnlc charact gryggare derived from
the refining of petrole g ot i qui ds by physical separation froma
wax-contai ning refinery 'rglﬂcﬁxnuuly by chilling the streamto a
tenperature at which the w@ars@flasates, usual |y by so@eht dewaxing, e.g.,
MEK/ t ol uene dewaxi ng or by yapR¢hen@s an. autorefrigerang grocess such as

propane dewaxi ng. These wa ve high initial boili oi nts above [err]
whi ch render them extrenel ?'ﬁ@&a‘.ﬁ for processing int ggr bricants which

al so require Simulated Distiilation:
- ® SC(°F)
5 ' 375(710)
10 413(775)
30  480(825) -
50 460(860)
70 482(900)
90 o 500(932)
95 507(945)

]

Another slack 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 cS) neutral raffinate:



an inittal boiling point of at least [err]. The presence of |ower boiling
conponents is not to be excluded since they will be renoved together with
protiucts of similar boiling range produced during the processing during the
separation steps which follow the characteristic processing steps. Since

t hese conponents will, however, |oad up the process units they are
preferably excluded by suitable. choice of feed cut point. The end point of
wax feeds derived fromthe solvent dowaxing gfg_neutral oils i.e. distillate
fractions produced by the vacuumdistillation of |ong or atnospheric resids
will usually be not nore than [err] so that they may nornmally be classified
as distillate rather than residual strea t »hi gh boiling wax feeds such
as petrol atum waxes i.e. the waxes hiﬂgi-i

-13-  separated from bright stodlagkMax Propevtiesh nay typically have an
end point of up to [err] may Bbmngeraﬁﬂovﬂdhc; Toe-1058 (3IME-867) of the
feed is high, generally at Iﬁggt 50, nore usually at oeegqst 60 to 80, weight
percent with the bal ance fro cl uded oi |l conprisinéﬁ;so-paraffins,
aromati cs and napht heni cs. Th¥itkogenabaste« @AW of ar ddati cs, pol ynapht henes
and highly branched napht henegj¢¢dgen)iot®i] ypmet excegd about 40 wei ght
percent of the wax and prgfgrgﬁi&wvml noiy exceed ZSgt? %0 wei ght percent.
These waxy, highly paraffinic at Pek 8¢ Sual ly have” 5 Vi scosities
‘because of their relatively | Hydiagenemt.opctar omat i cs 14a@4 napht henes

al though the high content of ayy dg@ﬁ«@.’f Pipnge @) ves t hgppme{gojng poi nts and
pour points which render the n ) abl e as Lubricgnbﬁ W t hout further
processi ng. Feeds of thi el normally be* 3ck waxes, that is,
t he waxy product obtai ned dir &¥t (300f Fori50°€dl vent dedaZ8hg process, e.g. an
MEK or propate dewaxi ng procegsy (ﬁﬂgzﬁ)ack wax, whichggis a solid to

o Molecular wt. 539
P/N/A:
Paraffins -
Naphthenes -
Aromatics 10

The waxy feed is subjected to a two-step hydrocracking-
hydroisomerization/hydrotreating process 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 components in the feed to
produce hydrocracked products which are relatively more paraffinic.
This stage is carried out under high pressure to favor aromatics
saturation but the conversion ic maintained at a relatively low level
in order togminimize cracking of the paraffinic components of 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 abs. (800
psig) and usually is in the range of 7000 to 20785 kPa abs. {1,000 to
3,000 psig). Normally, hydrogen partial pressures of at least 1435 kPa
abs. (1500 psig) are best in order to obtain a high level of aromatic
saturation with pressures in the range of 1435 to 17340 abs. (1500 to
2500 psig) being suitable for most high pressure equipment. Hydrogen
circulation rates of at Yeast 180 n.1.17'. (about 1000 SCF/Bb1),



>,

sem -solid product, conprising nostly highly waxy paraffins (nostly n- and
nono-#ret hyl paraffins) together wth occluded oil, nay be fed directly to
the first step of the present processing sequence as descri bed bel ow

wi t hout -the requirenment for any initial preparation, for exanple, by

hydr ot reati ng. The conpositions of sonme typical waxes are given in
Tabl e 1 bel ow. [err] A typical slack wax feed has the
conposition shown in Table 2 below. This sl agg wax i s obtained fromthe

sol vent (MEK) dewaxing of a 300 SUS (65 cSt) neutral oil obtained froman
Arab Light crude. -14-

Table 2 preferably in the aGho¥%es BH@RS" 1400Sn.1.171-1 (5,000 to 10,000
SCF/Bbl) are suitable.

In this stage of the process, the conversion of the feed to
products bnif%ng below the iube boiling range, typically to 343°C-
(650° F-) products is Timited to no more than 50 weight percent of the
feed and wiil 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 VI for the first stage product of

" at least about 130 is normally desirable for the final product to have
the desired VI of 140 or higher. The actual conversion is, for this
reason, dependent on the quality of the feed with slack wax feeds
requiring a Tower conversion than petroiatums where it is necessary to
remove more low quality polycyclic components. With slack wax feeds
derived from the dewaxing of neutral stocks, the conversion 343°(C
{650° F+) will, for all practical purpases not be greater than 10 to 20
weight percent, with about 15 weight percent being typical for heavy
neutral slack waxes. Higher conversions may be encountered with
petrolatum feeds in arder to prepare the feed for the second stage
processing. With petrolatum feeds, the first stage conversion will
typically be in the range of 20 to 25 weight percent for high VI
products. The conversion may be maintained at the desired value by
control of the temperature in this stage which will normally be in the
range 315° to 430°C (600° to 800°F) and more usually in the range of
343°C to 400°C {650° to 750°F). Space velocity variations may also be
used to cantrol severity although this will be less common in practice
in 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 lTow
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
more paraffinic feeds. Thus, the properties of the feed shouid be
correlated with the activity of the selected catalyst in order to
arrive at the required operhting temperature for the first stage in
order to achieve the desired product properties, with the objective at



[err] ~ Another slack wax suitable for use in t he present process has

the properties set out in Table 3 below. This wax is prepared by the
sol vent dewaxi ng of a 450 SUS (100 cS) neutral raffinate:

-15- Tabl e 3 Sl ack Wax
Properties :

~17-

this stage being to remove a significant portion of the undesirable,
low quality aromatic components by hydrocracking while minimizing
conversion of the more desirable paraffinic components to products
boiling below the lube boiling range. 1In order to achieve the desired
severity in this stage, temperature may also be correlated with the
space velocity although for practical reasons, the space velocity will
normaily be held at a fixed value in accordance with mechanical
constraints., Generally, the space velocity will be in the range of
0.25 to 2 LHSV. hr."' 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 Tube 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 metai 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 molybdenum or tungsten.
The preferred combination is nickel/tungsten 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 normally not be preferred. The amounts of the metals present on
the catalyst are conventional for lube hydrocracking catalysts of this
type and geperally will range from 1 to 10 weight percent of the Group
VIII metal and 10 to 30 veight percent of the Group VI metal, based on
the total weight of the catalyst. If a noble metal component such as
platinum or palladium is used instead of a base metal such as nickel or
cobalt, refatively Jower amounts are in order in view of the higher
hydrogenation activities of these noble metals, typically from about

. 0.5 to 5 weight percent being sufficient. The metals may be
incorporated by any suitable method inciuding impregnation onto the
porous support after it is formed into particles 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 to be added e.g. above 10 weight
percent of the Group VIII metal and above 20 weight percent of the



[err] Pi r st St age Hydr oprocessing - Hyrocracking The waxy feed is
subjected to .a two-step hydrocracki ng- hydroi soneri zati on/ hydrotreating
process in which both steps are normally carried out in the presence of
hydrogen. In the first step, an anorphous bifunctional catalyst is used to
pronote the saturation and ring opening of the low quality aromatic
conponents in the feed to produce hydrocracked products which are

relatively nore paraffinic. This stage is cagéi ed out under high pressure
to favor aromatics saturation but the conver&® n is maintained at a
relatively low level in grder tom nimze cracking of the paraffinic
conponents of the feed and of. the products obtained frogmthe saturation and
ring opening roumdIamekadti cThese dachniquesowrs souvantipna) imsharpetaroand are

ogj ect g\égs, F%Wﬂoﬁﬁnlwéw&@t%ﬁ 6hﬂu5éﬂ@3r6¢r&gkiﬁg€ca’tﬂwtst 5620 kPa
(1000 to 3000 peiF wResyesRonens 3P SN Rt Y3 shibor 0 o Epotils,
1435 kPa abs. amoBpiussnetalaexidecsuppont iandesluminapisapreterned forcthis purpose
ar Oggg i)c :ﬁt ;Jrﬁthﬁigm&?ﬂdaltm?emynawibeﬁé ai@Ropéd . 140theromdtalsonndes. (1500
(oo on) oSt e S et LRSSl SRR s Pt
1s lass desirable. Consistent with the requirements of a lube
hydrocracking catalyst, the support should have a pore size and
distribution which is adeguate to permit the relatively bulky
components of the high boiling feeds ta 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 about 50x10°7 mm (50 A) i.e with no less than about 5 percent
of the pores having a pore size less than 50x10°7 mm (50 A) pore size,
with the majority of the pores having a pore size in the range of (50-
400)x10'7 uuf(50-400 A) (no more than 5 percent having a pore size
above 400x10™7 mm (400 A), preferably with no more than about 30
percent having pore sizes in the range of (200-400)x10'7 mm (200-400
A). Preferred catalysts for the first stage have at Teast 60 percent
of the pores in the k50-200)x10'7 mm (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 1.5 mm.cyl. 1.5 mm.tri. 1.5 mm.cyl.
Pore Volume, m1/gm 0.331 0.453 0.426
Surface Area, m2/gm 131 170 116
Nickel, wt. pct. 4.8 4.6 5.6
Tungsten, wt. pct. 22.3 23.8 17.25
Fluorine, wt. pct. - - 3.35
$1l4ca, wt.' pct. - - 2
Alumina, wt. pct. - - 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



-16- ybreferably in the range of 900 to 1800 [err] (5,000 to 10,000
SCFLBbl ) are suitable. _ In this stage of the process, the conversion
of the feed to products boding bel ow the |ube boiling range, typically to
[err] [err] products is |imted to no nore than 50 wei ght percent of the
feed and w Il wusually be not nore than 30 wei ght 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 VI for the-fiBst stage product of at |east
about 130 is normally desirable for the final product to have the desired
VI of 140 or higher. The actual conversion is, for this reason, dependent
on the quality ofIf hecdssady vin brddraté okkzin abdsdesdeged rqonyers iioowcthe

conversi on téﬁf:hfﬁf 2y e PPonbiiRd Suiith Tﬁmgﬁ?ee,ssamﬁ By ' FiEBYSoriRiRg | OW
qual ity polycyclic ¢ ac

ts. Wt f d d f th
dovexi ng” of FRr1T TatE, R CATALYEY,AWEIT GHS AERPRTARIPR] Ot 7| OPFBFing Fhe
practical pulydreerackéng bim Yhe presericeast R0f1uprife veomghund ehtehtis added thout
15 wei ght pe{lfee?%ecp.e' p@tﬁo"[?ﬁﬁ?'f‘eéﬁ rggtt?iWP HHGhér 1evark ofckaiverkhoh]Chs

conver si ons na e encountered wth r tum feeds.in order to. prepare
the feed ford’(%‘é!si,@ca et H% "ﬁFBiﬁa‘éF%d'geWﬁ%"teﬁ Fﬁ?et%tfiﬁé,a]fﬂeg?i rst
stage converwaldnasithe uspiofaliighebctemperdturendyeing the hysirpsragkigh: percent
for high VI plygiyfid Tompolihds WY LE! HeoPForaEd ThtB! fheN eatallyst hgy desired val ue

Thnge [ err] TRRrERAYION, dining 15 BrRparar o EIEN ., Syifable ”ﬁ&ﬁg@% f;f@ﬁft fo
[err] to [esudh &poammoniioFlugridar (NMyFhror ammonium bifdueride (M Folilt) of
Sevﬁ;imtgaﬁ' E-Eﬁig&?gﬁ&nitﬁt%ﬂ 'tiﬁbﬁdfefﬁr%fzon‘rﬂmmsrhr@r aﬁgme{m girsez!Vi?f ect od
':rgcachi eve t Rk c¥§+'§ é’giﬁlbﬂgféﬁs%ihgﬁ el emente igy pd‘ﬁﬁﬁg’tlc\f hgﬁr@c?g?#’s? i é% lgf t he
feed and of wiightapericgat, dasedidn the dptal weigldx pfnthe catiliysh, iusually from
necessary t0ap&f0Yod Bewd RitOpeicehy. ATRETILErHRTREY B InddrPBritea bped. | n
general ter rr%ddm'ggxtfer fluarine 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 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 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 to 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
inftiation of the actual hydrocracking. [pn situ fluoriding 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. Suitable compounds for in situ fluoriding are
orthofluorotoiuene and difluoroethane.



severity conditions are required for processing the nore aromatic feeds up
to the usual maxi num of about 30 percent aromatics, than with the nore
paraffinic feeds. Thus, the properties of the feed shoul d be correl at ed
with the activity of the selected catalyst in order to arrive at the

requi red operating tenperature for the first stage in order to achieve the
desired product properties, with the objective at

-17- this stage being to renove a significant portlon of the undesi rabl e,
|l ow qual ity aromatic conponents by hydrocraedi-ng whil e mninm zing
conversion of the nore desirable paraffinic conponents to products boiling
bel ow the | ube boiling range. In order to achieve the desired severity in
this stage, tenpermﬁmmtﬂm/ peésentbon ciher edtaf pst \aire hpreferabiycusad inctheir

al t hough for Q{,ﬁﬁgé rg S0 e s ngufr%ﬁepﬁé@kmﬂdxnd\"d# tﬂ@fmﬁimbﬂmﬂhd at

a fixed val ue Bafte “Wi cal gb % |nts neré Xﬂ S
space vel oci t?evﬂﬂ“l% oph pierkhdaibiation of; y ulfading, 35
in the range @i ébthblishéd techbique and 1tAistapicaldyi sarrmedemtub:e aphitadidng
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hydrocrackl ng hy pondhemixtiee afy ¥4—frﬂ99§ i’c“l‘fe ﬁ'\ﬁgﬁﬁé‘e‘dﬁe&r Sh&
conponent s fr @isiTfadéanda mercgpbar auch eusnhutﬂhmapamliyscmwentiom tomet al
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usual ly a conblnat ¥ wn q t al fﬂ%?
group (G oup VFH‘)YS?«n"WnM‘W&GFBrP% FI‘F'@ RETcoRtainiag hydrorarbon o Sase
net al such as angaire kerssene boxvt 1gassoﬂsed in conbination with nol ybdenum or

tungsten. The pref %FF&CCQHQ ,?ghg el ﬁidm%k@r/atﬂ’mt othe hetéroatom Tanbat)

f d be hi gh]
h%poJ gck?ngI t%eb%/"l ape aqtﬁls\éfﬁ‘ gnfftﬂ‘ &sheppﬁﬁ%ﬁ? tggait'ﬁal the firste

used since t hgyobesse sgmdwhmmgetheocssactylwﬁ aypra] imbearybhydnosdredtment § ur

but they The effluent from the first stage can be routed to a liquid
stripper which removes 1lighter 1iquids and/or a gas stripper which
removes gases such as ammonia from the hydrocracker effluent before
passage to the second stage. The present invention can provide a means
for by-passing the liquid stripper and a means for by-passing the gas
stripper. These by-passing nieans can be regulated to control the
amount of hydrocracker effluent which by-passes the strippers. Varying
the extent of stripper by-passing permits control of the process to
achieve optimum isomerization and hydrotreating. In one aspect, the
adjustment ‘of the gas stripper by-pass controis the fiow of ammonia to
the second stage catalyst, thereby affecting the activity of the
catalyst which, in turn, affects operating temperature requirements. In
another aspect, the by-passing of the liquid stripper resuits in higher
levels of dissolved nitrogen compounds being sent over the .
hydroisomerjzation catalyst. Even a modest change in stripping, which
will Teave 1-10 ppm N in the Tiquid can make a 20° F+ change in required
temperature.

Second Stage Hydroprocessing -

i i i eatin

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



wil | nor?ral_ly not be preferred. The anpbunts of the netals present on the
catabyst are conventional for |ube hydrocracking catalysts of this type and
generally will range from1 to 10 wei ght percent of the Goup VIII netal
and 10 to 30 wei ght percent of the Goup VI nmetal, based on the total

wei ght of the catalyst. If a noble netal conmponent such as platinum or
pal ladiumis used instead of a base netal such as nickel or cobalt,
relatively | ower anobunts are in order in view of the higher hydrogenation
activities of these noble netals, typically-8om about 0.5 to 5 wei ght
percent being sufficient. The netals may be incorporated by any suitable
met hod i ncluding i npregnation onto the porous support after it is forned
into particl epresenthtn dbeistrdasiatethts syageldft thenpracess pussess tgeodsVhpor t

materials pri eaaﬁafztaﬁiﬁheatduenhav‘éddmmem hiGH polr poinfs WsCheordsalt of
t echni que when LE atb\%ﬁj hi gp armugts of -tgllg met al con?onentgmﬂée_ to be
added e.g. abdhgiriga iaﬁfcﬂ ekt GPreoNEr.ai e PROSETCS 8T V€l ofipoungs
vei ght per cenofoiramatics, e.g., 1 to 5 wt%, which were not removed during the-first
G oup Vld ][ret altsﬁagér *ﬁggﬁu{rsmgﬂftﬁmas E\J\P%é{!ﬁﬁtﬁtﬂ“akhé trbbrcﬁ@{mt 1 t%%@éoﬁdt |
enpl oyed for e pr ctiron of lube rocracki C S e, et a
conponent of tsﬁéggz#a Prqgesgubspgpt%%?%(gﬁ %‘65’?@3&6@@6@%5*%‘3!' %ﬁ(i de
support and althesegarsffiini¢c componenss taiisomarpBEiasavhichugwhidel passeasing na
may al so be enjgb@WAdcoddtPeé propertiay] dfl soOREVRN Poer e bfftsRe THISSEndblled
t he support al houqqhh t%r ‘gréﬁse e.ls les degl rg% e, nﬁ"goﬁ%ent w th.,the
requi rements OMePIUTLROMLPT, the Ting) WHF€§I°, ¢ pRtafgort uth EpGREs 1ye
pore size and degees iolfudewaninghifohl awd ngdkdgubydrot somearizatiionhe rel atively bul ky
conponents of the Whehsé&eh&'mgée&dspém@atg i HyBbqfenOprddlipes] ruct ure
of the catal yiy ¥\/n r..e t he ﬂmﬁdﬂﬁ%ocra |r}ﬂ1ﬁrnea§t| S ocag_?r. Jo this
extent, the ¢ M&e‘tm‘ﬁ" by PSI9k ni moge L1 PN O HFut [err]
mm (50 A) -i. e pueferned teachidvandedpoaromstior ssduration. and product UV (daylight)
stability.

In the preferred modes of operation, therefore, the second stage
will operate at hydrogen partial pressures of 7000-20800 kPa {1000 to
3000 psig), usually 10445-17340 kPa (1500-2500 psig). Hydrogen

- circulation rates are comparable to those used in the first stage.

The catalyst used in the 'second stage is one which has a high
selectivity for the isomerization of waxy, linear or near linear
paraffins to less waxy, isoparaffinic products. Catalysts 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 outside the lube boiling range during this stage of the
operation. In general terms, an alpha value below 20 should be
employed, with preferred values below 10, good results being obtained
with alpha values below 5 and better results being achieved at alpha
values of 1 to 2.

The alpha value is an approximate indication of the catalytic
cracking activity of the catalyst compared to a standard catalyst. The
alpha test gives the relative rate constant (rate of normal hexane
conversion per volume of catalyst per unit time) of the test catalyst
relative to the standard catalyst which is taken as an alpha of 1 (Rate
Constant = 9.016 sec '). The alpha test is described in U.S. Patent
3,354,078 and in J, Catalysis, 4, 527 (1965); &, 278 (1966); and 6},
395 (1980), to which reference is made for a description of the test.



of the Bores having a pore size less than [err] mm (50 A) pore size, with
thegmajority of the pores having a pore size in the range of (50- [err]
(50-400 A) (no nore than 5 percent having a pore size above [err] mm (400
A), preferably with no nore than about 30 percent having pore sizes in the
range of (200-400)[err] mm (200-400 A). Preferred catalysts for the first
stage have at |east 60 percent of the pores in the (50-200)x[err] nmm
(50-200 A) range. The pore size distribution and other properties of sone
typi cal | ube hydrocracking catal ysts suitab?%‘for use in the first stage

are shown in Table 4 bel ow - Tabl e 4
LHDC Cat al yst Properties [err] . _
-19- Thie experimentali conditionst of dbeatestt heedidoi det@reine dheiajphat he

values referred to in this specification include a constant temperature
of 538°C and a variabje flow rate as described in detail in J,
Catalysis, 61, 395 (1980). 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/hydrotreating_cata!ys{ is zeolite beta, a highly
silicenus, zgolite in a form which has the required low level of acid
activity to minimize paraffin cracking and to maximize paraffin
isomerization. Low acidity values in the zeolite may be obtained by

" use of a sufficiently high silica:alumina ratio in the zeolite,
achievable either by direct synthesis of the zeolite with the
appropriate composition or by steaming or dealuminization procedures
such as acid extraction. Isomorphous substitution of metals other than
aluminum may also be utilized to produce a zeolite with a low inherent
acidity. Alternatively, the zeolite may be subjected to alkali metal
cation exchange to the desired low acidity level, although this is less
preferred than the use of a zeolite which contains framework elements
other than aluminum.

Zeolite beta is the preferred support since this zeolite has been
shown to passess sutstanding activity for paraffin isomerization 1n the
presence of aromatics, as disclosed in U.S. 4,419,220. The low acidity
forms of zeolite beta may be obtained by synthesis of a highly
siliceous form of the zeolite e.g with a silica-alumina ratio above
about 50:1 or, more réadily, by steaming zeolites of lower silica-
alumina ratio to the requisite acidiiy level. Another method is by
replacement of a portion of the framework aluminum of the zeolite with
another trivalent element such as boron which results in a lower
intrinsic level of acid activity in the zeolite. The preferred
zeolites of this type are those which contain framework boron and
normally, at least 0.1 weight percent, preferably at least 0.5 weight
percent, of framework boron is preferred in the zeolite. In zeolites
of this type, the framework consists principally of silicon
tetrahedrally coordinated and interconnected with oxygen bridges. The
minor amount of an element {alumina in the case of alumino-silicate
zeolite beta) is also coordinated and forms part of the framework. The



catal ySt may be pronoted with fluorine, either by incorporating fluorine
into the catalyst during its preparation or by operating the hydrocracking
in the presence of a fluorine conpound which is added to the feed.
Petrol atum feeds requiring higher |levels of conversion, as discussed above,
may necessitate the use of a hal ogenated catal yst as well as the use of

hi gher tenperatures during the hydrocracki ng. Fluorine conpounds may be

i ncorporated into the catalyst by inpregnation during its preparation with
a suitable fluorine conmpound such as ammoni fluoride [err] or amoni um
bifluoride [err] of which tHe latter is preferred. The anount of fluorine
used in catalysts whichkt contain this elenent is preferably fromabout 1 to

10 wei ght perce based opn the total ight of th talys us | v from
about 2 to-6 ’\ﬁéﬁffﬁ a (98“&1"%'@‘%"3& }qﬁegffay"ﬁ%s P&@%g#ﬁ‘f"é‘&'wﬁw t he
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In the present low éc1d1ty zeolite beta catalyst, the zeolite
should contain at least 0.1 weight percent framework boron, preferably
at least 0.5 weight percent boron. Normally, the maximum amount of
boron will be about 5 weight percent of the zeolite and in most cases
not more than 2 weight percent of the zeolite. The framework will
normally include some alumina and the silica:alumina ratio will usually
be at least 30:1, in the as-synthesized conditions of the zeolite. A
preferred zeoiite beta catalyst is made by steaming an inftial boron-
containing zeolite containing at least 1 weight percent boron (as 8,04}
to result in an uitimate alpha value no greater than 10 and preferably
no greater than 5.

The steaming conditions should be adjusted in order to attain the
desired alpha value in the final catalyst and typically utilize
atmospheres of 100 percent steam, at temperatures of from 427° to
595°C (800°°to 1100°F).. Normally, the steaming will be carried out
for about 12 to 48 hours, typically about 24 hours, in order to obtain
the desired reduction in acidity. The use of steaming to reduce the
acid activity of the zeolite has been found to be especially
advantageous, giving results which are not achieved by the use of a
zeolite which has the same acidity in its as-synthesized



The nmetals present on the catalyst are preferably used in their sulfide
formpand 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
sul fur-containing gas, usually in the presence of hydrogen. The m xture of
hydr ogen and hydrogen sulfide, carbon disulfide or a nercaptan such as
butyl mercaptan is conventional for this purpose. Presulfiding my al so be
carried out by contacting the catalyst wthagydrogen and a

sul fur-contai ni ng hydrocarbon oil such as a sour kerosene or gas Oi

Because t he feeds are highly paraffinic, the heteroatomcontent is Iom/and
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tl—lscrj?gr Sglrjnreﬁ 280 :ﬁﬁ:;l_g,m ng@gg'l ng reo%éa Slsitegxs usually composited with the matrix
in amounts from 80:20 to 20:80 by weight, typically from 80:20 to 50:50
zeolite: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 treated by steaming 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 hydrotsomerization 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. In
addition, these metals serve to effect simuitaneous hydrotreating of
UV-unstable olefins and aromatics which remain in the feed after the
first stage.

The amount of the noble metal hydrogenation component is ,
typicaily in the range 0.5 to 5 weight percent of the total catalyst,
uSua11y from 0.5 to 2 weight peféent. The platinum may be incorporated
into the catalyst by conventional technidues including ion exchange
with complex platinum cations such as platinum tetraamine or by

]



Duri ng tthe first stage of the process, the low quality, relatively
aromati c conponents of the feed are converted by - hydrocracking to products
which are relatively nore paraffinic in character by saturation and ring
opening. The paraffinic materials '

-21 - present in the streamat this stage of the process possess good VI
characteristics but have relatively high pour points as a result of their
paraffinic nature. Mreover, the presence of even snmall amounts of
aromatics, e.g., 1 to 5 w% which were not -g8soved during the first stage
hydr ocracki ng reduces UV stability. The objective in the second stage of
the process is to effect a selective hydroi sonerization of these paraffinic
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adjuste&lto achieve this end while minimizing conversion to non-lube
boiling range products (usually 343°C- (650°F-) materials). Moreover,
conditions are maintained to provide for hydrotreating olefins and
aromatics remaining in the feed after the first stage hydrocracking.
Since the catalyst used in this stage has a Jow acidity, conversion to
lower boiling products is usually at a relatively Tow level and by
approbriate selection of severity, secand stage operation may be
optimized for isomerization over cracking. At conventional space
velocities of about 1, using a Pt/zeolite beta catalyst with an aipha
value below 5, temperatures in the second stage will typically be in_
the range of 288° to 343°C (550 to 650°F), preferably 302° to 329°C
(575° to 625°F), and more preferably 316° to 329°C (600° to 625°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. Higher temperatures will usually not be preferred since
they will be associated with the production of Tess stable lube
products as a result of the hydrogenation reactions being
thermodynanfically less favored at progressively higher operating
temperatures. High hydrogen pressures are preferred, aven though
temperatures in the second stage may be somewhat higher than those
appropriate to lower pressure operation, because of the advantage in
hydrotreating. In the Jow pressure mode, temperatures of 290° to
370°C {550° to 600°F) will be preferred, as compared to the preferred
range of 315° to 370°C (575° to 625°F) for this stage of the operation
in the high pressure mode. Space velocities will typically be in the
range of 0.5 to 2 LHSY (hr.") although in most cases a space velocity



mai ntaiMed at a low level in order to reduce conversion to products boiling
outside the |lube boiling range during this stage of the operation. In
general terns, an al pha val ue bel ow 20 shoul d be enpl oyed, with preferred
val ues bel ow 10, good results being obtained with al pha val ues bel ow 5 and
better results being achieved at al pha values of 1 to 2. The al pha
val ue is an approximate indication of the catalytic cracking activity of
the catal yst conpared to a standard catal yst. The al pha test gives the
relative rate constant (rate of normal hexanr@éeonversi on per vol ume of
catal yst per unit tine) of the test catalyst relative to the standard
catalyst which is taken as an alpha of 1 (Rate Constant = 0.016 [err]). The
al pha test i s ofcabouto@dLHSY WiTl bPatostt favodalildl7 SHydvbgem circdkatiby staiesdare
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VI materials have been dealt with in the first stage, operating
conditions can be optimized to effect a selective isomerization of the
paraffinic materials. The Tow temperature conditions which are
appropriate for the paraffin isomerization limit the cracking reactions
as noted above but are thermodynamicaily favorable for the saturation
of any Tube range olefins which may be formed by c¢racking reactions,

and aromatiqf. particularly in the presence of the highly active
hydrogenation components on the catalyst. In this way, the second
stage is also effective for hydrofinishing or hydrotreating the product
s0 that product stability is improved, especially stability to
uttraviolet radiation, a property which is frequently lacking in
conventional hydrocracked lube products.

Maintaining conditions favorable to both isomerization and

~ hydrotreating requires careful control of reactor temperature. Wax
isomerization, having a higher activation energy (60 to 100 kcal/mol)
than most commércial reactions {40 to 60 kcal/mol) is highly sensitive
to temperature changes in the second stage reactor. Such high
activation energy requires, at a given space velocity, control of the
operating temperature within 5.6°C {10°F) to maintain the conversion
desired. This narrow operating range does not necessarily coincide
with the optimum hydrotreating temperature range which is ysually 11°
to 22°C (20° to 40°F) wide and 5.5° to 14° C (10° to 25°F) lower than
isomerizatigp temperatures. In order to control conditions in the
second stage to permit both hydroisomerization and hydrotreating, the
operating temperature is restricted to a narrow range, generally 288°



such a$ acid extraction. |sonorphous substitution of metals other than

al um num may al so be utilized to produce a zeolite with a | ow inherent
acidity. Alternatively, the zeolite may be subjected to alkali netal cation
exchange to the desired low acidity |evel, although this is | ess preferred
than the use of a zeolite which contains framework el enments other than

al um num . Zeolite beta is the preferred support since this zeolite
has been shown to possess outstandi ng act|V|t¥ for paraffin isomerization
in the presence of aromatics, as disclosed i1%70. S, 4,419, 220. The | ow
acidity forns of zeolite beta may be obtained by synthesis of a highly
siliceous formof the zeolite e. a silica-alum na ratlo above about
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conversion and hydrotreating conditions, greater tatitude in choice of
unit space velocity, poftentially Tonger cycle Tengiths and reliable
control of high activation energy reactions which occur over the
catalyst in the second stage.

The second stage is particularly effective where carried out
under high hydrogen partial pressures, e.g., over 7000 kPa (about 1000
psig). The isomerized/hydrotreated product may therefore be subjected
to a fina! fractionation to remove Tower boiling materfals, if
necessary, and then to a final dewaxing step in arder to achieve the
desired target pour point. Usually there will be no need for further
finishing steps since a low unsaturates content, both of aromatics and
of lube range olefins, results from the optimized processing in the two
',funct1ona11¥ separated steps of the process.

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 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, e.g., 10 wit.%. Either catalytic dewaxing or solvent
dewaxing may be used at this point and 1f 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 removed'in a solvent
dewaxer is highly paraffinic, it may be recycled directly to the second
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evi denced by contributing ion exchange capacity to the zeolite, from
matefial which is present in the pores and which has no effect on the total
i on exchange capacity of the zeolite. Met hods for preparing high
silica content zeolites containing framework boron are known and are
described, for exanple, in U S. Patents Nos. 4,269,813; a nethod for
preparing zeolite beta containing framework boron is disclosed in U S
Patent No. 4,672,049. As noted there, the amount of boron contained in the
zeolite may be varied by incorporating diffeggnt anounts of borate ion in
the zeolite formng solusion e.g. by the use of varying anmounts of boric
acid relative to the forces of silica and alum na. Reference is nmade to
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as- synt hesi zedfor n-hexang 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 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 ratic of rate constants kgyo/Kpyg determined
at a temperature of 1000°F being in excess of about 2. The expression,
“P/P,", is accorded its usual significance as described in the
- Yiterature, fpr example, in "The ODynamical Character of Adsorption” by
J.H. deBoer, 2nd Edition, Oxford University Press {1968) and is the
relative pressure defined as the ratio of the partial pressure of
sorbate to the vapor pressure of sorbate at the temperature of
sorption. The ratio of the rate constants, kgyp/Knygs s determined
from 1st order kinetics, in the usual manner, by the following
equation: '
k= (1/T5) In (1/1-€ )
where k 1s the rate constant for each component, T, is the contact time
and € is the fractional conversion of each component.

Zeolites conforming to these sorption requirements include the
naturally occurring zeolite 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 are used in the dewaxing process
and a metal hydrogenation component, preferably a noble metal such as
platinum is used. Excellent results have been obtained with a Pt/ZSM-



- 24- condition. It is believed that these results nmay be attributable to
t he presence of trivalent netals renoved fromthe framework during the

st eam ng operation which enhance the functioning of the zeolite in a nmanner
which is not fully understood. The zeolite will be conposited with a
matrix material to formthe finished catalyst and for this purpose
conventional non-acidic matrix materials such as alum na, silica-alum na
and silica are suitable with preference given to silica as a non-acidic

bi nder; al though non-acidic alum nas such asg2gd pha boehmte (al pha al um na
monohydrate) may al so be used, provided that they do not confer any
substantial degree of acidic activity on the matri xed catalyst. The use of

silica as a biyydgewdxing'@t81¥ysd since alumna, even if non-acidic in
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process. Although wax conversion levels above 80 percent may be
employed so that the load on the dewaxer is reduced, the product VI and
yield decrease at the same time and generally, the final dewaxing stage
cannot be compietely eliminated unless products with a VI below about
135 are accepted.

Products
The products from the process are high VI, Tow pour point

materials which are obtained in excellent yield. Besides having
excellent viscometric properties they are also highly stable, both
oxidatively and thermally and, in particular to ultravioiet 1ight by
virtue of the hydrotreating conditions maintained in the second stage
which minimize aromatic content. _

VI values in the range of 140 to 155 are typically cbtained, with
values of 143 to 147 being readily achievable with product yields of at
Teast 50 weight percent, usually at least 60 weight percent, based on
the original wax feed, corresponding 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
¢



into the catal yst by conventional techniques including ion exchange with
conpl ex platinum cations such as platinumtetraam ne or by

- 25- i mpregnation with solutions of sol uble platinum conpounds, for-
exanple, with platinumtetraam ne salts such as platinum

tetraam nechl oride. The catal yst may be subjected to a final calcination
under conventional conditions in order to convert the noble netal to the
oxide formand to confer the required nechanical strength on the catalyst.
Prior to use the catalyst may be subject ed30o presul fidi ng as described
above for the first stage catal yst. The objective in the second stage
Is to isonerize the waxy, linear and near-linear paraffinic conponents in
the first stthgepedddssentonversedys highor nields gire\obtiadopdiadf constantrareduct s
of rel atlvel,yggg\ﬁ Jpour point. The conditions in the second stage are

t herefore ad usted to achieve this and while m nim zing conversion to
non-1 ube boiling range products (usually [err] (6500F-) materials).

Mor eover, cobelicriptionaof Pracessai ned to provide for hydrotreating ol efins

and aromati cs re”n'dyseemtﬁohfﬁ Bepd faw'-é'a ehmmbﬁﬁtofstm%rbyéftoeﬁ@mhw

Si t h t al
e e oL ity b 0o e B B ot 1 T
appropriate selwmt 1hrisotonveyed iblyypumpe 20 dvixedigd th tvdeogem from abhydrmem zed

for i S(r)]m?“ 236:1&3' Sl{/ %E)é%{ Gk R Fré‘istﬁ"i)ﬂé@'ﬁy' éﬁﬁkeﬁiﬁ'lcﬂovﬁidoﬁﬁs'eastlﬁfou@bom
térrgzlra? u?espﬁéﬁe?ﬁ‘lé'"g'gﬁg‘ﬁ3osfr£§¥vﬂd|%?%%8aﬁ 3°b@hq ﬁu?ﬁe%kgﬁge of [err] to
[err] (550 thydrecrackingfeaagbow 8err] to [err] [err] to [err] and nore
preferably [err] tpg [h?ﬂf'&cr{aeliiﬂe 59 ﬂa@gé& thirbiigh Rk&t exeﬁ vswranayﬂie%eél y
bei ng from ag gh O e s gratope Her‘ ﬂorhe l%%g?urey ases Can %e ascked
per cent , g C‘U'r?ﬁs”" ep e P 9 P
to a cooler 100 and thence to a gas-1iquid separator or gas stripper
110 whence sour water is passed to a sour water stripper via line 120,
“while gas is passed via line 112 to the gas stripper 130 for removal of
acidic components, e.g., hydrogen sulfide, by contact with basic
Tiquids, such as lean diethanolamine (DEA) supplied through line 132,
and then passed to a water contacting zone 131 supplied with water via
line 136 to compliete removal of entrained DEA from the gas. Rich DEA
is removed via line 134 and sour water is removed from the water
contacting zone via line 137. The scrubbed gas is directed to drier 140
and the dried gas containing some ammonia is vented or collected as
high pressure off gas or directed through compressor 150 and furnace
160 to the second stage reactor 170 in order to reduce the catalyst
activity therein as desired to affect reactor temperature. The liquid
from gas-l1iquid separator 110 is directed through line 180 for further
separation which is later described. '
The gases from high pressure separator 90 may alsp be directed so
~as to by-pass cooler 100, gas-liquid separator 110, gas stripper 130
and drier 140 via line 190 through flow controller 200 to join the
effluent of drier 140. The flow through line 190 can also be directed
via line 210 and flow controller 220 to by-pass cooler 100 and gas-
13quid separator 110 while passing through gas stripper 130 and drier
140.
The heavy liquid from high pressure separator 90 can be passed
through flow controller 230 to liquid stripper 240 or through liquid
stripper by-pass line 250 controlled by flow controiler 260 to pump 270



st age f éed. Hi gher tenperatures will usually not be preferred since they

w | Il. be associated with the production of |ess stable |ube products as a
result of the hydrogenation reactions being thernodynanically |ess favored
at progressively higher operating tenperatures. H gh hydrogen pressures are
preferred, even though tenperatures in the second stage nay be sonewhat

hi gher than those appropriate to | ower pressure operation, because of the
advantage in hydrotreating. In the | ow pressure node, tenperatures of [err]
to [err] will be preferred, as conpared to rﬁb'preferred range of [err] to
[err]) for this stage of the operation in the high pressure node. Space

velocities wll typically be in the range of 0.5 to 2 LFEN/Jerr] al t hough
in nost cases V&idpadeowacgt\ms]the tiquid from 'Hquid stripper 240 through line

-26-  of agloubol {:hw&\k Hirgé tbﬁpt’!ﬁétz:']pai@'ixabiﬁ thbﬁi@gg'ﬁfhecgﬂlglﬂogfumc%a{&s
are conpara o,.t.hos e.hbi s described above, bu
since there i gangnvvnﬁeﬁ'&di& 8?% ﬁgﬁfﬁggﬁﬂ?Hﬁ relative to the

circul ation rate-i Thenefflyento (\IOBt seconfcstngeceeactor A0, it inassed tthoeugh
rates may be eﬁatomﬁanderf s@a!obkeparator 3bopaid ithe!l1aghBchnast Btduding he

Pt he ent i v o Wygksamn Roedelnd VB LR el G khe st FUIbR iRl 1380 07T G
conponent s ar d tauithpradust from separator ¥k L5 passed Lhaowghnd iem S0 napd, Fiew
condi tions of dbneFollePSII0 o TiRe’ S4Rthralgh Rirglace 3B0eand thencdtocont rast,

i the_ produc anepara e@%ﬁiﬁ&aﬁﬁ%ﬂ@%ﬁéﬁ aa (3 8hEL prfuce Esé’%’e?if of
low VI mat er i atherein kenesinedis taken taffi through rliipe 1378 agthe gpsasafrem the top
condi tions carbﬂoeonmnl BEC adepasebi ond cOo¥ed 380 iavi@ thent® toz Aiquwid-gis t he

Por “the par ar (1% F%@ﬁe?%b?s#w R G L€ oREeY ?eb%g“?'?ﬂ@?s% 4087581 2 ©
collected or vented from 1ine 410 as Tow pressure off gas. The liquid
from separator 390 is passed to line 420 where it is collected or
further processed as wild naphtha along with the liqu%d drawn off near
the top of the distillation column 360 through line 430. The column
bottoms are passed through line 440 to furnace 450 to vacuum columm
460. Vapors from the top of the column are passed through cooler 470
to liquid-g;s separator 480 wherein distillate is recovered and passed
to line 490 for collection or further processing. Distillate from the
column can be directly drawn from the column through 1ine 490. Vacuum
gas oil is drawn off the column through T1ine 500. The column bottoms
comprising the waxy isomerate high viscosity index lubricant product of
the present invention are drawn off through 1ine 5i0.

Gases from liquid stripper 240 are passed to cooler 520 and
thence to liquid-gas separator 530 where sour water is drawn of f and
Tiquid is passed through Tine 540 to 1ine 340 for further processing.
The gaseous effiuent from separator 530 is passed to a scrubber 550 for
removing acid gases using, for example, diethanolamine (DEA). Lean DEA

~ is passed into the scrubber through line 560 and removed as rich DEA
through Tine 570 after contact with the gaseous effluent from separator
530. Moderate pressure off gas is taken from the overhead of the
scrubber through ine 580.

¢

Examples

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



as noted above but are thernodynam cally favorable for the saturation of
any 4 ube range ol efins which may be fornmed by cracking reactions, and
aromatics, particularly in the presence of the highly active hydrogenation
conponents on the catalyst. In this way, the second stage is also effective
for hydrofinishing or hydrotreating the product so that product stability
I's inproved, especially stability to ultraviolet radiation, a property
which is frequently lacking in conventional 4ydrocracked | ube products.

Mai ntai ni ng conditions favorable to both isoherization and hydrotreating
requires careful control of reactor tenperature. Wax isoner.i zation, having
a higher activation energy (60 to 100.kcal /nol) t l1al
reactions (40 iﬁ&“%‘iﬁ%”ﬂnﬁ%"rgt#ﬁ"gﬂf&@eﬁ%‘%ﬁ%ﬁ? geéﬁg%e%éﬁéﬁaﬁﬁes in
the second st apotaindog diram@ik bowps.acti vati on energy requires, at a.given
space velocity control of the operating tenperature within [err] to

mai ntain the gﬁnvsishon desired. This narrow operating range does not
necessarily c ith the optinmum hydrotreating tenperature range which
is usually 11 to [e\rbpron-so{-ﬁ*lm]inwmlhéjbgﬁ cptalystewas prepaned: byn

i someri zation &QRRENIEIRE The | fHI126WHIG hixtiPetdtO14000d2BEYRF fior 1D alagss widh
stage to permt bo{h'hy roi sonmeri zation and hydrotreati ng, the operating

t enperature i SYEEMAicted to a narrow range, generally [err]

-27- to [err] [err] tdBdréerdeidy gontrol Iing the amou¥t-8of nitrogen
present in the feed to ty\yHSesU¥IdmEL age reactor. Such ggygtrol can be
carried out by varying extqnt of renoval of nitrog$§¥<:onpounds, e.g.,
anmoni a, between the fir Snd*second stage reactors. asrmuch as such
renmoval is effected by gieedandd.or |iquid strippers oped&l ng downstream

fromthe first stage reagf]qea,\gari ance of the nitrogenggpnpound content Is

achi eved by providing a t];at%\é'v; cgo.nt rol | ed by-pass " 1020

Notes:
1. TEABR = Tetraethylammonium bromide, as 50% aqueous. solution.
2. Silica = Ultrasil (trademark). ' :
The calcined product had the following analysis and was confirmed
"to have the structure of zeolite beta by X-ray diffraction:

$10, 75.2
1,0, 0.3

B | 1.08
Na, ppm | 1670
N  1.65
Ash , 81.6

[ ]

Exampie 2

The as-synthesized boron-containing zeolite beta of Example 1 was
mulled and extruded with silica in a zeolite:silica weight ratio of
65235, dried and calcined at 480°C {900°F) for 3 hours in nitrogen,
followed by 540°C (1000°F) in air for three hours. The resulting
extrudate was exchanged with IN ammonium nitrate solution at room
temperature for 1 hour after which the exchanged catalyst was calcined
in air at 540°C (1000°F) for 3 hours, followed by 24 hours in 10D
percent steam at 550°C (1025°F). The steamed extrudate was found to
contain 0.48 weight percent boron {as 8203), 365 ppm sodium and 1920
pPpm A]zos. The steamed catalyst was then exchanged for 4 hours at room
temperature with 1IN platinum tetraammine chloride solution with a final



neans_fér the strippers. Unstripped feed fromthe stripper by-pass neans
can st hen be passed in increased or decreased anobunts to the second stage as
necessary to control the overall nitrogen content of the second stage feed.
Benefits of this control schene include optimzation of conversion and
hydrotreating conditions, greater latitude in choice of unit space

vel ocity, potentially longer cycle |lengths and reliable control of high
activation energy reactions which occur over the catalyst in the second

st age. The second stage is particul ar§3effective where carried out
under hi gh hydrogen partd al pressures, e.g., over 7000 kPa (about 1000
psig). The isonerized/ hydrotreated product may therefore be subjected to a
final fractiorcaflcination ratn854f ¢ (660° Bifor threat oural s, Thef findsbed sagalystd
then to a fin SHd N @ﬁﬂi e bh&ds our
poi nt. Usual | f/éotn ere w@ﬁﬁggﬁr'% ?\éeicgﬁ?oﬂrﬁ%urt g?‘&f'?dr?i gﬂiﬁghgt gggégﬁ\gg a

| ow unsat urates content, both of aromatics and of | ube range ol efins,
results from tExample 3m zed processing in the two functionally separated
steps of the pr oce%.s]agpmglmh the rg‘gmqﬁg@é@gﬁlﬂ‘ahmxamesi@p will

normal |y be necessary 1 n order, to achieve es|red prod ur, point, -
it is aynot abl®® Em%ﬂé%ﬁtﬁrfb“p"%%@n?“rh‘ﬂ&e%wfﬂ tfeﬁﬂg‘@#g#tﬁg‘f“ﬂgkxi ng
requi r_efjI i E r ASTMi D338 ) swasl procissed diyl hydroceatldng oleri agl.ﬁhmfﬁm&?bejewaxidng
step wi e e F0)
may be | ower, f]? T&maﬁaglﬁ)ﬁmgﬁ ﬁgtr;%tg;qf ?ﬁé%&aﬁsﬁg@%pgol v r&te gga\%g%ng
may be used at{%:8 ¥to@Fht Mmg2d8 HtscPFﬁer%-deMGFu‘sY bWas, S?HS pdANEd wax
may be recy(é! et vopiddte 1higitu Wing_ecﬁ'ldoﬁéiaﬂasneéfattb)e‘lep_ebaﬂ"_ssotl qupmf ﬂhto:c!rg!ng
treatment. Sin S b apin c,
It may be recygﬁeangi*rﬁgg #egtt)y%ggté%go%%g ¢ ) .béfo?h giﬂﬂ‘o&ﬁ{i% the
slack wax. hglhyéyocracking was carried out with fluorine maintenance
at 25 ppm F using o-fluorotoluene u_nder the following conditions:

sy, bl | 1
Pressure, psig (kPa abs) 2000 (13890)
H, circulation, SCF/BBL (n.L.L"!) 7500 (1335)

The reaction severity was adjusted by varying the reaction
temperature from 373° to 410°C {704° to 770°F) which resulted in wax
conversions of 40 to 95 weight percent. Wax conversion is defined as
follows:

Wax Conversion={Wax in 0il Feed - Wax obtained by Solvent Dewaxing)

: Wax in 011 Feed

_ A mildly hydrocracked sample obtained at a reactor temperature of
373°C (704°F), was distilled to remove the 343°C- (650°F-) material
(14 weight percent) in the sample to produce a product whose properties
are given in Table 5 below. This hydrocracked product was used for
subsequent Jprocessing as described in Examplie 5 below.



- 28- Stage if this is feasible. The preferred catal yti c dewaxi ng
protesses utilize an internedi ate pore size zeolite such as ZSM5, but the
nost preferred dewaxi ng catal ysts are based on the highly constrai ned

i nternedi ate pore size zeolites such as ZSM 22, ZSM 23 or ZSM 35, since

t hese zeolites have been found to provide highly selective dewaxing, giving
dewaxed products of |ow pour point and high VI. Dewaxi ng processes using
these zeolites are described in U S Patent Nos. 4,222,6855. The zeolites
whose use is preferred here nmay be characteri3®ed in-the sane way as
described in U S. 4,222,855, 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 sorptIahlend n-hexane to o-xylene, on a

vol une percent basis, Ofyy8 - an3ePouhaSr) Wikek W Pedpeptiey det er mi ned
at a P/[err] of 0.1 and™3 exane and [err]

for o-xylene and (2) by the ability of selectively cracking 3-nethyl pentane
(3MP) in pref eBekidnrg trangee °dogBLY branched 2, 3- di met BHEAPZENL3¢PrED0)at

[err] and | at @fr@hpiessure froma 1/1/1 weight mg{§o m xture of
ﬁﬁri ob

n- hexane/ 3- met ent ane/ 2, 3- di net hyl butane, with he ratio of rate
constants [err BAniPR®™Y at a tenperature of [err] “being in excess of
about 2. The eSwhfursiwin, pétarr] is accorded its usual 80Ynificance as

described in tb@hlb&ﬁﬁ@tupe(oépr exanple, in "The Dynaoi gy Character of

Adsorption" by_d.H. g éoeg, 2nd Edition, Oxford Univ ty Press (1968) and
Is the relativﬁapﬁggs 1% i ned.as the ratio of theﬁégﬁtial pressure of

sorbate to t heKVa@300°® Br &860C3, aim’sr bate at the tempdr-3#8re of sorption

The ratio of tEﬁéﬁw GRnstants, [err], is determ nedzgrom 1st order
kinetics, in the u af nner,, by the foll ow ng equat, on:

[err] where k r%mﬁixﬁsrﬁe Rdnstant for each conponerft, [err] is the
contact tinme and [err] is the fractional conversion of each conponent.

Lo o0 i 1o SRS R AU W v o
ZSM 22, ZsM 23 Table %svd@s.t&erw@ga%i&ﬁi ?feitgsr@qa?%ﬁﬁ%%gﬁﬁ ?Z:" ?'?f”{"hé" aci d
or hydrogen foablhdyp stivss that tbeck has theen dewdgnifjcpnt ciscreasgniin theet al

hydr ogenati on gwﬁayir@mﬁgﬁgjerably a noble netal such as platinumis

used. Excellent res%‘i};&re -%vgholg'%eghg tugtle ”ﬁ%w&“ rIeQagivPet' /tgsw'\gx conversion, with

the results from the two-stage LHDC/HDI experiments of Example 5
included for comparison. The figure shows that the Tube yield for the
single stage LHOC process of Example 3 reaches a maximum value of about
46 percent ‘at about 40-60 percent wax conversion.

Example ¢

This Example illustrates a single step wax hydroisomerization
process (no initial hydrocracking) using a low acidity
hydroisomerization catalyst. - ‘

A low acidity silica-bound zeolite beta catalyst prepared by the
method described in Example 2 above was charged to a reactor in the
form of 30/60 mesh (Tyler) particles and then sulfided using 2% HZS/QS%
Hz by incrementally increasing the reactor temperature up to 400°C
(750°F) at 445 kPa abs. (50 psig). The same slack wax that was mildly
hydrocracked fn Exampie 3 was charged directly to the catalyst without
first stage hydrocracking. The reaction conditions were 2860 kPa abs.
(400 psig), 445 H, n.1.1°! (2500 SCF H2/Bb1), and 0.5 LHSV. The
results are given in Table 7 below.

]



- 29- 23 dewaxi ng cat al yst . The preparation and properties of
zeolsites 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 (ZSM 35), to which reference is made for a description of this
zeolite and its preparation. Ferrierite is a naturally-occurring m neral,
described in the literature, see, e.g., D.W Breck, ZEOLITE MOLECULAR

SI EVES, John WIley and Sons (1974), pages 125-127, 146, 219 and 625, to
which reference |s nade for a description of38his zeolite. In any
event, however, the demands on the dewaxing unit for the product are
relatively low and in this respect the present process provides a
significant i rfambednt over the process enpl oying sol el y anorphous

catal ysts where a s qablitedNéadtags cribef hmﬁei‘ddtgn%ﬁ hy@pet sontriziigon
n

et onel sengr g ey SaTaro ) Frpbblg, 0o, v

for the anorphous cHieallpwtacpddipe Ps/zomltbatbetaicatahyshughfipixampie & was fahanged v
enhanced wi th {PIREYaakPor i FHALEYT #1088  as ipscriBed A Bkt BX TREVET SI 0N
Ieelsaboe8% er cent € £ he L oa onéhﬁ ewaxer is
re\éuced, t\rge p"*iﬁ'@ﬁ?‘“&?d%tgfﬁtgp mﬁazgsﬁt}a "'bht"s‘;&lgt!:t{irﬁﬂ s %g’%‘ré;
the final dewathengpricegsed avertthis catwlyst aitytespeni dfrom 328°
e i b R b
excel l ent vyi el &€ e&"db&ﬁ@vﬁﬂgﬁw I énga(’\es %ﬁg{n |¢?‘§F§{)‘§|"’8Pe #H&F‘QF%
al so hi ghly st phidace (BA3R Cox{&E8F iFv-p matenihl whichaway subdequantpyrdewsxedi using

ultraviolet | iﬂfﬁ/tﬁl’uéﬂer.t ue of the hydrotreating conditions maintained in .
the second stage The properties of the dewaxed product are given in Table 6 below.
0

Jable 6

er ion w Conversi roc d S1
Faed
Run No. - 5-1 5-2 5-3 5-4 58
Temp, °F - 667 648 635 637 622
343°C (650°F+) _
Conv, wi% - 28.7 18.8 12.4 14.5 10.3
343°C (650°F+)
Pour, °C (°F) - 42 64 80 75 91

SDWO Properties

KV @ 40°C, mm>/s -
28.86 22.289 23.11  23.804  22.585 24,486
KV @ 100°C, mm2/s

5.711 4.794 4.974 5.075 4.890 5.164

vi ) 1“3 147 147 146 147

Pour Point, °C  -9.4  -6.7 12,2 -9.4 12,2 -12.2
(°F) (15) {20) {10) (15) (10) (10)

VI @ -18°C (0°F)

Pour 140 127 145 144 144 145

Lube Yield, wt%
55.6 61.5 61.2 60.2 57.4

Wax Conversion
92 88 79 81 n



whi ch nl ni mi ze aromatic content. VI values in the range of 140 to
155 are typically obtained, with values of 143 to 147 being readily

achi evable with product yields of at [|east 50 wei ght percent, usually at

| east 60 wei ght percent, based on the original wax feed, corresponding to
wax conversion values of alnost 80 and 90 percent, respectively. Another
notabl e feature of the process is that the products retain desirable
viscosity values ass a result of the limted boiling range conversions

whi ch are inherent in - 30-

-36-
the process: conversely, higher yields are obt ai ned at const ant pr oduct
viscosity. Description of Process A description of a preferred

erbodiment of the pEegpl yiBYEIYE e 35 o Cmﬂ:;nm Sofifel beldt 198 P Ui

bel ow. Dewat er ed

n1vacu m co | S ed
Wi th hydr ogenStMVERF oM §8r ?%‘353 cf'lhecg eﬁg‘% g&é?ﬁi@ gfﬁs Hbé
conpr essor 40pmutspagsbed farr ooxmarlhsmt eXiseh figueres sbawsatbiatt thantwa-stemce 70

to the fi t
passed ¢ hr ough Sass W aphfabet! gﬁi E Jdel of “;me‘”y“”"e“‘a%f‘%?gﬁss%
Rher - hi g pr BEESSE ek Remirsion. Bach aess, val e bInG GASRtH CaROY, bighsT

gas-liquid sepbmamohiuedgas thersippte step LHDENmeDceos Ruocessi ephimizationois

sour water st 'Eh@&?gr ro/ iadhidvad Bf%e\ﬂfudc%&?a% k@pat$e of ehé wscésaznéo the

gas stripper 1 renoval aci dic conponents, e.g., hydrogen sulfide
by contact wi #H*¥¥asic liquids, such as |ean diethanol ani ne ( DEA) supplled
t hrough |ine 132'[hea,v|te'l'dhéatqga89%¢ure> 1a alwn show dthadictlienigh wax 1G&mvenpiun ed

wi th water vi aeiémvﬂsn?ﬁ(faxsomslﬁhﬁedm@mmeaﬁwﬂﬂkwméd%fwmaﬁﬁﬁiaa&

Rich DEA i's re very Hg?l m'nxn%onvers ons S(?.Wt%h eig?xtr;?er;?:\égg) wilereas Ehe m?d
hydrncrack1ng scheme (Example 3) cannot maintain high wax conversion
selectivities above 40-50 weight percent wax conversion due to
excessive overcracking at the higher conversion levels.

Figure 2 shows that, along with the lube yield, there is an
jmprovement in the viscosity index (V1) of the product obtained from
the combined LHDC/HDI scheme of Example 5 of about three numbers over
the product of the mild hydrocracking of Example 3. The improved wax

. isomerization selectivity of the combined scheme therefore allows both

higher Tube §ield and higher VI products at high wax conversion levels.

ample

A two-step lube hydrocracking/hydroisomerization process was
carried out using the slack wax feed of Table 3 above and the catalysts
of Example 3 (hydrocracking) and Example 2 (Pt/zeolite beta). The
process was operated in direct cascade at a pressure of 13890 kPa abs.
{2000 psig) in each stage, at a -temperature of 380°C (715°F) for the
hydrocracking and 340°C (645°F) for the hydroisomerization. The space
velocity was 1.0 hr'l in each stage. The Pt/beta hydroisomerization
catalyst used in the second stage was presulfided in the same way as
described in Example 4. The results are given in Table 7 below.

Table 7 compares the maximum Tube yieids, product VIs, and
reactor temperature requirements for all four slack wax pracessing
schemes: (1) mild hydrocracking (Example 3), (14) wax isomerization
using a Jow acidity HDI catalyst (Pt/B-beta) (Example 4), (iii) the
combined LHOL/HDI scheme of mild bydrocracking over an amorphous HDC
catalyst followed by low pressure wax hydroisomerization over a low



contactfng zone via line 137. The scrubbed gas is directed to drier 140 and
theidried -gas containing sonme ammonia i s vented or collected as high
pressure off gas or directed through conpressor 150 and furnace 160 to the
second stage.reactor 170 in order to reduce the catalyst activity therein
as desired to affect reactor tenperature. The liquid fromgas-liquid
separator 110 is directed through Iine 180 for further separation which is
| at er descri bed. The gases from high ssure separator 90 may al so
be directed so as to by-pass cooler 100, gas=I'iquid separator 110, gas
stripper 130 and drier 140 via line 190 through flow controller 200 to join

th ffl t of dri 140. The fl { t ed
Via 1ine 210 BSETEYCHH/SoROEREHYSE O RaRBE SAuL SNl Fasuenfptgtbt ‘Rg. o
separ at or 110antisioepkoussHbG cabatysghfaidowed hyphigh peessune waxi er 140.

The heavy 1! IhidhdiSOHRAEtidN Bvet 0210 RRIAY POfb-bate lzat%%e@tmgwm flow
controller I qui ripper 240 or through liquid stripper pass

line 250 controlled by flow controller 260 to punp 270
- 31- whi ch al so receives the |iqlable #om |iquid stripper 240 through

li ne 280. The char bWB: 2 & OdHaN Phdduet 290 to furnace
160 and thence tB ?ﬁ“ﬁs}ggon f §&d1§sg?§?g€‘€i$ . The effluent

fromthe second stageEFGRENLIES TYOM )3 HrsagTr-2=Hege- exchanger 50 to
separator 300 and the light ends |nclud|ng hydrogen recycled to the feed

to the first $xampletNeough line R0. The 4liquid pri)duct fronfsepar at or
300 is passed through |ine 320 and flow controller o li ?
through fur na®socess aeke@8hence t HOC  at nos i ¢ di st i @? 360

for  additional product recovery wherei n kerosine’i ough
and thence 1o AGETa gL &y °F 88 0 €O e 00 & 63(’;335}53, t i/
LHSV, hr" 1.0 0.5 1.0/0.5  1.0/1.0
Prassure, kPa 13906 2860 13900/2860 13900/13900
{psiqg) (2000) {400) (2000/400) (2000/2000)
Lube Yield, wt% 46 53-55 61 61

Solvent Dewaxed

011 Properties:

VI @ -18°C (0°F) 141 135-137 145 143
pour pt. _ .
KV @ 100°C, mm%s 4.8 5.8-5.9 5.0 4.9

Note Lube yield determined at constant cut point
0

Table 7 shows that the combined mild hydrocracking,
hydroisomerization processes of Examples 5 and & have a significant
activity advantage (54°C, 130°F) over the single stage paraffin
hydroisomerization process of Example 4 using the same
hydroisomerization catalyst (Pt/B-beta), at comparable product
viscosity. Moreover, the combined processes also produce a higher VI
product 1n higher yield than either the single stage high pressure
hydrocracking process or the low pressure isomerization process. Thus,
the integrated process scheme using either low or high pressure
hydroisomerization is superior to either of the individual processes.



separator 390 wherein the gas is passed through conpressor 400 and

col Iected or vented fromline 410 as | ow pressure off gas. The liquid
fromseparator 390 is passed to line 420 where it is collected or
further processed as wild naphtha along with the liquid drawn off near
the top of the distillation colum 360 through |ine. 430. The col um

bottons are passed through line 440 to furnace 450 to vacuum col um 460.
Vapors fromthe top of the colum are passe%through cool er 470 to
l'i quid-gas separator 480 wherein distillate” 8 recovered and passed to

line 490 for collection or further processing. Distillate fromthe colum
can be directly drawn fromthe colum through Iine 490. Vacuum gas oil
is drawn of f ExampdelLirm through |ine 500. The col urm bottons conpri si ng

the waxy isonerat eTﬁHQ'Emeﬁ@.Oéénip}areﬂ%é W3¢ bF CRMowPdndi Hegh Pressurehwa)or esent

nvention are h S 0
Ist \rll pplar 240 3’?‘@‘%\3% 2§€V°§§g| éﬂ’ﬁ%%&gﬁk, in ?%@Hﬁ@ﬁ ‘I'“" E%“dﬁg éj also
separ at or 530 Shamsr Eh%fo@r‘%ataéﬁdity seeond shagesertalyst (o5 d )s“pagéﬁt!"‘@d
through line byér tohighee &4AitprcataTydier processing. The gaseous

ffl f
e 1 o FAA o i
passed into t5® %iéﬁdbiieﬁeiwibaghiﬂ Emnaeo‘l-aniﬁhe ok waxsof Exampien3 was

through line %Kén &%&mitﬁowwbew%htﬁmemovﬁ ckinhrgntt déwnFrow aindeAithe
530. Moderate giﬁﬁ% %@B ti33s, 1 S taken fromthe overhead of the

scrubber throu Exanpl es The foll owi ng exanpl es
are given in order to,illustrate various aspects of the pr esent
process. Exanmbhse, hraind 2, directly foll ow ng,
- 32- I 11 ustg ta tho waC|d|ty Pt/z I| ta catal ysts
cont ai ni ng frgaﬂemowﬁ oroﬁa{al &C?/Bdﬁ %5 ifso%’?

Total Pressure, kPa abs. (psig) 2860 and 12170

' (400 and 1750)
Example 8

A zeolite beta sample with a bulk Sioz/mzo3 ratio of 40:1 was
extruded with alumina to form a 65/35 weight percent cylindrical
extrudate. This material was then dried, calcined and steamed to reduce
‘the alpha to 55. Platinum was incorporated by means of ion exchange
using Pt(NH;),C1,. The final Pt loading was 0.6 weight percent. This
catalyst was then charged to the reactor and sulfided as described
above. Hydragen was fed to the reactor together with the same slack
wax described in Exampie 3 in cocurrent downflow under the following

conditions:

LHSV, he-l . 1.0

Hy Flow Rate, n.1.1.”7 (SCF/Bb1) 356 (2000)
Total Pressure, kPa abs (psig) 2860 and 13890

(400 and 2000)

Table 8 l_:e'Iow compares the maximum lube yields and VI of the
products at maximum yield from the runs described in Examples 3, 7 and
8.



Exanple) 1 . A boron-containing zeolite beta catal yst was prepared by
crystallizing the following mxture at [err] (285F) for 13 days, wth

stirring: o : Boric acid, g. 57.6

NaOH, 50% ni. ' 66. 0 TEABr, ml.

384 Seeds, g. 37.0 Silica, g.
332 Water, g. 1020 1. TEABR =
Tet r aet hyl ammoni um brom de, as 50% aqueous sgéution. 2. Silica =
Utrasil (tradenmark). . The cal ci ned prdddct had the followi ng anal ysis
and was confirnmed to have the structure of zeolite beta by X-ray

di ffraction: [err] Exanol e 2 The as-synt hesi zed

boron-containing zealite beta of Exand@Bl&&ws nmulled and extruded with
silicain a zeolite:silica weilube Yiaide and Propebtigh i ed and cal ci ned at

480C [err] _fo%i n nitrogen, §ollowed by [eg\l] inair for ghree
hours. The re trudate was_ exchanged wth ammoni um ni trate
solution at r ¥8doerature for INiK{gluminge, L exchanf&-Lt{batast
was cal ci ned iRressuregt kPepsig)or 3 higsee, fol 1286ed by2P70 hour 2860 1003900

percent steamat [err]. The steaned { rudat s fou 0 CO in O
wei ght' per cent boron}éas [err] 365 p?ﬁ#godiunﬁgﬁg 19209ﬂ%%1[er9taThe 26%5

st eamed cat al ybeyielgdnt.cRebhanged #®r 4 hour35-88 roofd t enper aBlire with 1IN
pl ati num t et r anmagrec qhbet Frlamdpsutipo with aggnal 6.0 5.8 7.0

Lube VI 142 135-137 133-13¢ 127 121

.The results summarized in Table 8 show that raw slack wax can be
processed over a low acidity catalyst such as Pt/zeolite beta at high
pressure without the yield or VI penalties incurred with a comparable
but more acidic catalyst.

Figures 3 to 6 compare the yield and VI data as a function of
conversion of the slack wax for the processes of Examples 3, 4, 7 and
8. Conversion here is defined as the net amount of feed converted to
343°C- (650°F-). These results show that the low acidity Pt/zeolite
beta catalyst of Example 2 (4x) produces the highest yield for
processing the raw slack wax, as shown by Example 4: the 4a Pt/zeolite
beta catalyst produces as much as 15 percent more Tube than the
amarphous NjW/A1,0, catalyst used in Exampie 3 and 10 to 20% more lube
than the higher acidity 55« Pt/zeolite beta catalyst of Example 8.
Increasing the operating pressure of the hydroisomerization results in
a signiftcant yield loss in the case of the higher acidity Pt/zeolite
beta catalyst of Example 8, but results in a yield increase for the low
acidity Pt/zeolite beta catalyst used in Example 7. |

Product VI is not as strongly affected by pressure with the Tow
acidity Pt/zeolite beta as it is with the higher acidity Pt/zeolite
beta catalyst.

Figure 7 shows the relationship between the kinematic viscosity
(at 100°C) of the product at varying wax conversions for the
LHDC/HDI/SDW sequence of the present invention as well as for a
conventional LHDC/SDW sequence using the same slack wax feed taken to a
constant product cut point of 343°C (650°F). The figure shows



- 33- calcination at [err] for three hours. The finished catal yst

contai ned 0.87 weight percent platinumand had an al pha val ue of 4.
Exanpl e 3 A. slack wax with the properties shown in Table 3 above and
containing 30 wt % oil based on bul k sol vent dewaxing (35 wt% oil by ASTM
D3235) was processed by hydrocracking over a 1.5 nmtril obe NNWfluorided
al um na catal yst of the<¢type described in Table 4 above (4.8 w. pet. N,
22.3 wt. pct. W. The catalyst was sulfided gnd fluorided in-situ using
o-fluorotoluene at a level of 600 ppmfluorihe for one week at a
tenperature of [err] before introducing the slack wax. The hydrocracking

LS 20, o R oS RISy Peof TR o S, 4 R
adj usted by vsegreey thare withdheoconvenpional qmacessﬁng[ techinigue [asr a]reshlth)f
resul ted in WaeCQRGEEfe? \@frsﬂﬂ'n o? 1Egh PPT0Y Py tnHi expay ﬁbva' on is

defined as fol %? a drocrac a tai ned at
a reactor ter‘rﬁ@P‘éﬁ"L?riE“(#f PR §'ﬁﬁ Q/Qsi ¥F% "raéﬁ%'ve !‘ﬁ% P? er’rﬁ?m"&l
(14 wei ght perpebles prodicts sufrm&uim \pm:datldea ;ncbdmxnuﬁhoun-eﬂrbapesluﬁtmeare
given in Tabl aebeddloRVef tBhdit1gRE OCr acked product was used for

Exampie 8

A petrolatum wax having the properties set out in Table 9 below
was subjected to cascade hydrocracking/ hydroisomerization under the
conditions set out in Table 10, to produce an 8 cSt. (nominal) lube
oil. The lube yields and properties are reported for a constant
viscosity cyt of 7.8 mn®/s., at approximately 343°C (650°F) cut point.

Petro Properti

Boi1ing range, nominal (SIMDIS), °C (°F) 416° -704° (780° - 1300°)
N. ppiw 120
S, wt. pct. 0.3
011 content, ASTM D-3235, wt. pct. 25
APT? 31

Table 10

Petrolatum HDC/HDI Conditions

Pressure, Hy» kPa {psig) 13890/13890 (2000/2000)
LHSV, hr,] 1:0/1.0 |
Temp, °C (°F) . 396/357 (745/674)
Lube yield,wt. pct. 45
KV, m’/s at 100°C 7.8
Vi 144

The product is produced in good yield and has excellent viscometric
properties, as shown by Table 10.

Example 9
A comparison of cascade versus staged operation of a two-step lube
hydrocracking/hydroisomerization process was carried out using a heavy



subsequent processi ng as described in Exanple 5 bel ow

- 34~ [err] Conparison of the properties of the hydrocracked
sl ack wax .as shown in Table 5 with the properties of the original slack
wax, as shown in Table 3, shows that there has been a significant decrease
in the aromatic content. Figure 1 shows the lube yield relative to
wax conversion, with the results fromthe two-stage LHDC/ HDI experi nents of
Exanpl e 5 included for conparison. The figurg.shows that the |ube yield for
t he single stage LHDC process of Exanple 3 reaches a maxi num val ue of about
46 percent at about 40-60 percent wax conversion. Exanple 4 Thi s

Exanpl e i11ust paheqy 13kkMak PP cHitaiRyfy A0S0 047 HHo28 composition is
further described in Table 11 below.

‘ I
SLACK UAK-PROPERTIES
_ Mildly Hydrocracked
Condition Raw After First Stage
011 Content, wtX - 40 -
Nitrogen, wppm 68 5
Sulfur, wtk _ , 0.19 ' <.02
Viscosity @ 100°C, cSt 7.6 -
~ Wax Conversion, % by ASTM 03235 o 29

The processes were run under the conditions set out in Table 12 below
using amorphous supported fluorided NiW catalyst in the mild
hydrocracking stage and Pt/zeolite beta on silica catalyst where the
zeolite had low acidity (alpha value of 6). '

TABLE 12
CONDIT FOR H ERIZATION ST

Mode Cascade Staged
LHSV 1.0 1.0 '
Hy Pressure kPa (psi) 13900 (2000) 13800 (2000)
Average Temperature 662 620
Conversion at Inlet of '

Hydroisom Stage 14% 13%
Overall Conversion at )

Outlet of Hydroisom Stage 22% 27%

In the staged run in which ammonia and hydrogen sulfide were removed
from the first stage effluent, the second stage operated at lower
temperatures owing to greater activity in the absence of ammonia and
hydrogen sulfide in the feed. Figure 8 shows the difference between
staged and cascade operation in incremental temperature rise within the
second sta%f reactor. It is noted that a sharp rise in incremental
temperature, i.e., reactor instability, is experienced in staged
operation at relatively low temperatures (above 332°C (630°F) as



proceséx(no initial hydrocracking) using a | ow acidity hydroi sonerization
cat al yst. A low acidity silica-bound zeolite beta catal yst prepared
by the nethod described in Exanple 2 above was charged to a reactor in the
formof 30/60 mesh (Tyler) particles and then sulfided using 2% [err] H2 by
incrementally increasing the reactor tenperature up to [err] [err] at 445
kPa abs. (50 psig). The sane slack wax that was mldly hydrocracked in
Exanpl e 3 was charged directly to the catal yst without first stage
hydrocracking. The reaction conditions were_gfi60 kPa abs. (400 psig), 445
[err] (2500 SCF H27 Bbl), and 0.5 LHSV. The results are given in Table 7
bel ow. - 35- A two-step
cascade | ube y ri 0 ) c
carried out b@%&gﬁaﬁ(g\g\n%ag& pgé)%l'?i%? Iaaﬁie ?“*‘meh u'ﬁre@'P@yeo
beta cat al yst MBER,CRuEHBcrbse5an e, raduredoby Yadueing: Eﬁ“ﬁﬁﬂt fl"élé@eas
giscr: beg in seconid stabe Biranody dyiray thé animoh i content ¢Rrthe feedct |Hwe1‘mf[;m:n]
anpl e mas es V. t np S milerr
to [err] [err %ﬁ §®§\59 fgf‘%@bgg @tyggaﬁt‘gilgo ﬂ?‘x‘w gnscﬁoi'g err|
(2500 SCF [er ipe Bt Némenrm%mth"bﬁ"émwee ec¢end, FB&FCEBT%"F] farerr]
mat eri al  whi chotinstagdd and atiskcydel @pereid onswinighMs</at Sanation of the Extent of

properties of yhigitedaeradk e st iRhE. JiTHERereRtdPtofivéiaiBh V¥ 343°C+
(650° F+) matertal is compared for cascade and staged operation in
Figure 10. At constant conversion the temperature difference between
staged and cascade operation ranges from 17° to 56°C {30 to 100°F),
28° (S0°F) at 15% incremental conversion.

Example 10 : .

The staged process of Example 9 is carried dut using the
apparitus of Figure 11. However, the operation of liquid stripper 240
and gas stripper 130 is bypassed to the extent necessary to maintain an
"operating temperature in the second stage of 329°C (625°F).



Py

-36- * - The lube yield of the two-step LHDC/ HDI sequence relative to
wax conversion is shown in Figure 1 with the yield of the single step LHDC
process given for conparison. The figure shows that the two-step processing

achi eves a hi gher—tube—yierd of about 61 percent at about 88 percent wax
conversion, both ing significantly higher than achi eved by
the single stepiﬂ!‘!ﬁﬂﬁﬂmmnﬂﬁocess optim zation is therefore achi eved by
t he functional cdl LONm Ofs t lre processi ng steps. The yield data in _
Figure 1 also show that the high wax conversion selectivity (ratio of

| somerate fornmed/ wax converted) can be maintained at very high wax '
conversions (up to 90 wei ght percent) reas the mld hydrocracking schenme
(Exanpl e 3) cannot maimtain high wax cofversion selectivities above 40-50

wei ght percent wax -conversion due to GEk4BMBi ve overcracki ng at the higher
conversign | evel s. Fi.gure 2 shows t.hat, , al ] e Vi,

t he\r/e i Is bni \%Psmfﬂf Rrﬁhﬁﬁgg\ﬁz’é‘ggé'?’l‘?m X el&r}?@gfthpﬁlgﬁpar g@%@f&gﬁ{’% ned
i [1 omt hg di’OiYO%d%Sﬂ 1!101!3'5?((5115% dl@di‘&’dliﬂ;@ﬁ fEdt?fﬁéLmnﬁimf oﬂbgls_ﬁgim bmaainhég“rbﬁ,ﬂregm er

t he product of the d, rocracking,o appl e . 3. e i pyed wax

| somer i 2 SOMRPUSS 880 BAVINE WX KERIEOLOF Ak P28k AU WeiRtl JeTpRite WHIC RIS

hi gher lube yighd 3AG fidspirep, MidrBEekmEthe fedt Qt%mogeﬂwﬁdlgp}eésav@bﬁat

Exanpl e 6 - “A two-step [ ube hydrocracking/ hydroi soneri zati,on process

was carrileaptodi20ukPa pvere bifnagtional inbedhysirodra FUMPHCHRBIAG & MMt st s
of Exanplyggiy : gaﬁ%&ﬁ bighr 8AYaf*adEice a%n&x%ﬂoﬁig?gg&.}?b%ﬁ%osrt THdHdC65S

was -oper at’ed I rect tascade at a pressureof 1 Pa a (2000 psi Q)

in each shysdgecrack atomatiecomponentsiprissnt]inithe fiepd atyalsexerity which aeswltsdnrg

f the h ' | ' A= el | O :
The. Pt et AL BEACRE bl S0 SR JERLRE ¥ e LCpiils bR Bieihé 0°
presul fi didd lnbe bbitingaenge\and adiclesaultd il an effxanmbsataining nitrogen tempewmds;
O vatet "o S "% second stage, ®sifmfifAHRELS 1sOhnetRtg™ Wty Birdthis “Rna

a .
hydrotreating aromatics in the effluent from the first stage in the presence of a low

acidity isometrization catalyst having an alpha value of not more than 20 and comprising
a noble metal hydrodenation component on a porous support material comprising zeolite
beta to isqﬁxerize waxy pargffins to less waxy isoparaffins and to reduce aromatics
content to less than 1 wt%; _

(iif) stripping nitrogen compound-containing gas and/or liquid from the first
stage effluent to an extent sufficient to control the temperature in the second stage to
a range permitting the simultaneous isomerizing of waxy paraffins and hydrotreating of
aromatics by controlling the concentration of nitrogen compounds in the second stage;
and, optionally '

(iv) directing at least some of the stripped nitrogen compound containing gas
and/ot liquid to the second stage to an extent sufficient to further control the
temperature.

2. The method of claim 1 wherein the stripping is carried out in gas stripping means
and/or liquid stripping means disposed between the first and second stages, the extent
of the stripping of the first stage effluent being controlled by by-passing the stripping
means to an extent sufficient to control the temperature in the second stage within the
range of 288°C to 343°C.



reactor tenperature requirenents for all four slack wax processing schenes:
(1), mlId hydrocracking (Exanple 3), (ii) wax isonerization using a |ow

acidity HDl catalyst (Pt/8-beta) (Exanple 4), (iii) the conbined LHDC/ HDI
schene of m | dﬂﬂidrocrackl ng over an anorphous HDC catal yst followed by | ow

pressure wax h MHME“IIEIH over a |ow
[Ifsst (Exanple 5) and (iv) cascade LHDC HDI

-37- acidity

over an anorphous ca alyst foll owed by high pressure wax
hydr oi.someri zati on over a low acidity Pt/ B-beta catal yst (Exanple 6).

-44 .
3. The method of claim 1 wherein the temperature in the second stage is controlled
within the range of 327° to 332°C.

4, The method of claim 1 wherein step (i) results in an incremental temperature
rise within the second stage of no greater than 11°C, preferably no greater than 8°C,
more preferably nofgreater than 5.6°C.

S. The method of any one preceding claim wherein the nitrogen compound-
containing gas comprises ammonia and/or ammonium bisulfide.

6. The method of any one preceding claim wherein the aromatics content is reduced
to less than 1 wi%, preferably less than 0.5 wt%.

7. The method of any one preceding claim wherein the feed comprises a petroleum
wax having a wax content of at least 60 weight percent and an aromatic content of from
$ to 20 weight percent, and preferably the wax comprises a slack wax having an aromatic
content of from 8 to 12 weight percent.

8. A process afcording to any one preceding claim in which the catalyst in thé
hydrocracking step comprises, as the metal component, at least one metal of Group VIII
and at least one metal of Group VI of the Periodic Table; and/or the hydrocracking
catalyst comprises alumina as an acidic support material; and/or the lu_be hydrocracking
catalyst is a fluorided lube hydrocracking catalyst.

9. A process according to any one preceding claim in which the conversion during
the hydrocracking step to 343°C- material is from 10 to 30 weight bercent of the feed.

10. A process according 10 any one preceding claim in which the isomerization
catalyst comprises a zeolite beta isomerization catalyst having an alpha value not greater
than 10; and/or the isomerization and hydrotreating is carried out in the presence of
hydrogen at a pressure of at least 1480 kPa.



[err] Note Lube yield determ ned at constant cut point Table 7
shows that the conbined mld hydrocracking, hydroisonerization processes of
Exanples 5 and 6 have a significant activity advantage [err] over the
singl e stage paraffin hydroi somerization process of Exanple 4 using the
sanme hydroi sonerization catalyst (Pt/B-beta), at conparable product

vi scosity. Moreover, the conbined processes al so produce a hi gher Vi
product in higher yield than either the single stage high pressure

hydr ocracki ng process or the | ow pressure i;sonerization process. Thus, the
i ntegrated process schene using either | ow or high pressure
hydr oi soneri zation is s &Ba.' oPN-=TI Mal=1 gile s 'Qg'vidyal Dr Ocesses.

-38- -~ Exanple 7 Thrs=r%s 2Ll e R Ao URRICANTS nd hi gh
pressure wax hydroi soherizations. This Exanple, in conjunction wth Exanple
8 also shows that a | ow acidity . second Pﬁgg@siatalyst ([err] < 15) is
preferred over a E%%Her acidity catal yst. The catal yst of Exanple 2
was charged to aV pYeRtioR Kgiates 19 the predustien efshighadseosityaindex 4.
The sl ack wlubwitcaie fpom rinees! ohbrfekdstonks ) dgd] qutpol dunt RExdLagpor in

cocurrent daydacPReringein W Pifst sO¥e ) 9rA198Rd b 8 combined hydroisomerization-
hydrotreating process in a second stage, wherein the temperature in the
second stage is closely controlled by regulating the amount of nitrogen-
containing compounds which are permitted into the second stage.

LARUIE A B AN

[Figure 11 is suggested for publication]

]



[err] Exanpl e 8 A zeolite beta sanple with a bulk [err] ratio of
40: 1 was extruded with alumna to forma 65/35 wei ght percent cylindrical
extrudate. This material was then dried, calcined and steaned to reduce the
al pha to 55. Platinumwas incorporated by neans of ion exchange using
[err] The final Pt |oading was 0.6 weight percent. This catalyst was then
charged to the reactor and sul fided as descri bed above. Hydrogen was fed to
the reactor together with the sane slack wax described in Exanple 3 in

cocurrent downflow under the follow ng_gonditions: [err]
(400 and 2000) Tabl e 8 bel ow conpares the maxi mum | ube yields and Vi
of the products at maximumyield fromthe runs described in_Examples 3, 7
and 8. | . . , , —Febhe—8——8
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Lube ¥ el ds and Properties _ The results summarized in Table
8 show that raw sl ack wax can be processed over a |ow acidity catal yst such
as”Pt/zeolite beta at high pressure without the yield or VI penalties
incurred with a conparable but nore acidic catal yst. Figures 3 to 6
conpare the yield and VI data as a function of conversion of the slack wax
for the processes of Exanples 3, 4, 7 and 8. Conversion here is defined as
the net amount of feed converted to [err]. These results show that the | ow
acidity Pt/zeolite beta catal yst of Exanple 2 [err] produces the highest
yield for processing the raw sl ack wax, - shown by Exanple 4: the 4[err]
Pt/ zeolite beta catal yst produces as nmuch as 15 percent nore |ube than the
anorphous [err] catalyst used in Exanple 3 and 10 to 20%@ore | ube than

the higher lacidity 55[ert] Pt/zbolite lbeta cdtal yst! of Exgri@le 8.
I ncreasing fthe operating pressgire of the hydroisonerizatign results in a
significantj yield |l oss i 6he case of the higher acidity Rt/zeolite beta
catal yst: off_ Exanple 8, Aut"results in a yield increase farl ¢he low acidity
Pt/ zeolite peta catal in Exanple 7. Pré)duct VP is not as
strongly affected by/pressufe with the low acidity m/zeolite beta as it is
with the hipgher acidfily Pt//zeolite beta catal yst. S Fijgure 7 shows the
rel ati onshi p- bet ween nematic viscosity (at [§r¢] of—-tge product at
varyi ng wax| conver si r the LHDC/ HDI/SDWsequ@cE of the present
invention ag well as{for fa conventional LHDC/ SDW ence psing the sane
sl ack wax fped taken const ant product cut poi:&tﬁof [_grg The figure
shows B ) ' ~ '
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-40- ¥ that the present process enables viscosity to be retained to a

greater degree than with the conventiona
of the selective conversion of wax to high VI
conversion of oil "out of the |ube boiling range.

processi ng technique as a result
oi | without excessive
Thi s val uable feature

enabl es  products of varying viscosities to be manufactured by suitable
sel ection of conditions.

out

A petrol atum wax having the properties set
in Tabl e 9 bel ow was subjected to cascade hydrocracki ng/

hydr oi soneri zati on under the conditiong3set out.in Table 10, to.produce an

8 cSt.

[err]

(nom nal)

be oil.

The | ube vields and properties are reported for

a constant viscodify cut &f 7.8 [err]/3., at hpproxihmtely Terr] dut poift.
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The pioduct is produced in good yield and has excel |l ent visconetric
properties, as shown by Table 10. Exanple 9 A conparison of cascade versus

staged operation of a two-step |ube hydrocracki ng/ hydroi someri zation
process was carried out using a heavy

-41- neutral slack wax feed containing 40 .wt% oil whose conposition is
further described in Table 11 bel ow. [err]
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The pchesses were run under the conditions set out in Table 12 bel ow using
amyy phous supported fluorided NiWcatalyst in.the mld hydrocracki ng stage
and Pt/ zeolite beta on silica catalyst where the zeolite had low acidity
(al pha val ue of 6). [err] In the staged run in which anmoni a
and hydrogen sul fide were renoved fromthe first stage effluent, the second
stage operated at |ower tenperatures owing to greater activity in the
absence of anmonia and hydrogen sulfide'in the feed. Figure 8 shows the

di fference between staged and cascade opération in incremental tenperature
rise within the second stage reactor. It is noted that a sharp rise in

increnentaF tenmperaturé, T.e.T, reactor’ rnstabilifty,” 1 eXperji@nced in
staged opeyation at relatively | ow tenperatures (abov [err]sés
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conpaked to cascade operation. In the event of unit upset in staged node,
such a rise can be reduced by reducing catalyst activity in the second
stage by nodi fying the ammoni a content of the feed. However, in cascade
node, such a reduction is not available. Figure 9 shows increnental

hydr ogen consunption wthin the second stage reactor for both staged and
cascade operation which is a function o®-the extent of undesired cracki ng
reactions. Increnental conversion of is conpared for

mat er i al
cascade and st aged oper@(t R ion the
tenperature difference be en stage nges from
[err] to [err] (30 to&-err] [err] at 15% i ncrenental conversi ¢n.

The staged process of e 9 is carried out using the appatfatus of
Figure 11. However, t

8 opgration of liquid stripper 240 gnd dgas stri pper
130 is bypassed to thae

e
tenperature in the squnéb.tage of [err] _
-43 - 1. A processEfor [producing a high, viscosity index |dbricant
havi ng a viscosity inct&xao)‘ at least 140 from a hydrocarbon fged of m neral
oil origin containing nitrdggen conpounds and having a wax contlent of at

| east 50 wei ght percergs, ich conprises: (i) in a firlst step,
hydr ocracki ng the feedza hydr ogen parpi al pressure of at ast 5620 kPa
over a bifunctional | Uyge hydrocracki ng, cat al yst conpriging a netal
hydrogenati on conponen& qg [an acidi g, anorphous, porous supp material to
hydr ocrack aromatic c ongnts presént in the fieed & a severilty which
results in a o ° l
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conveesion of not nore than 50 wei ght percent of the feed to products
boj%ing outside the [ube boiling range and which results in an effluent
cont ai ni ng ni trogen comnpounds; (ii) in a second stage,

si mul t aneousl y isonerizing waxy paraffins and hydrotreating aromatics in
the effluent fromthe first stage in the presence of a low acidity

i sonmerization catal yst having an al pha value of not nore than 20 and
conprising a noble netal hydrogenati on-tonponent on a porous support
material conprising zeolite beta to isonerize waxy paraffins to | ess waxy
i soparaffins and to reduce aromatics content to less than 1 w % (i)
stripping nitrogen conpound-containing gas and/or liquid fromthe first
stage effluent to an extent sufficient to control the tenperature in the
second stage to a range permtting the sinultaneous isonerizing of waxy
paraffins and hydrotreating of aromatics by controlling the concentration
of nitrogen conpounds in the second stage; and, optionally (iv)
directing at |east sonme of the stripped nitrogen conmpound containing gas
and/or liquid to the second stage to an extent sufficient tao further
control the tenperature 2. The met hod of claim 1 wherein the stripping
is carried out in gas stripping nmeans and/or liquid stripping neans

di sposed between the first and second stages, the extent of the stripping

of the first stage efflue ' Nt alVg ing the stripping
means to an extent syhd rmciﬁ%mfw L.ﬁgd%ﬁgmmm‘he_ﬁond
stage within the rzngeo'f [err] to [err]

-44- 3. The metH2d gp fel ai m 1 wherein the tenperature in thexecdnd stage
is controlled mﬁtﬁg? thel range of [err] to [err] 4. The net hod lof claim
1\maen1ﬂep(ng BOSE ts in an increnental tenperature X -
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rise.Wthin the second stage of no greater than.[err] preferably no greater
than>ferr] nore preferably no greater than [err] 5. The nmet hod of any
on€ precedi ng clai mwherein the nitrogen conpound- containing gas conprises
ammoni a and/ or anmmoni um bi sul fi de. 6. The met hod of any one preceding
claimwherein the aromatics content is reduced to less than 1 wt%
preferably less than 0.5 wt % 7. The nmet hod of any one preceding claim
wherein the feed conprises a petroleumygx having a wax content of at |east
60 wei ght percent and an aromatic content of from5 to 20 wei ght percent,
and preferably the wax conprises a slack wax having an aromatic content of

from8 to 12 wei ght percent 8.. A process according to any one preceding
claimin which the catalyst in the hydrocracking step conprises, as the
nmetal component, at |east one nmetal of Goup VIII and at |east one netal of
G oup VI of the Periodic Table; and/o ocrackin atal yst conprises
al um na as an aci¥i ¢ support | ub cki ng
catalyst is a fldyrided |ube h t. X Yen process
according torany@ne preceding o®hg, conﬁ § om|€uri ng the
hydr ocracl dng st to [err] ma £ 30 rcent of the
f eed. 10. A prggless accordin pCe n%@ I ch the
i someri zation cafy | yst conpris a gsongert at al yst
having an al pha wgl ue not gregte i/ or t HE 3 i on and
hydrotreating is darried out §m f hydr¢ essure of
at | east 1480 kPa.
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