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| nvefition Field of the Invention This invention rel ates to the
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directed to a process for hydroisonerizing wax containing feeds such as

wax, e.g., slackDegripfionrof @ieRelbtetbAe Wax, and/or waxy distillates or
waxy raffinates, using two catalysts having acidity in the range 0.3 to 2.3
(as determ ned by t he McVi cker-Kramer technique described bel ow), wherein
the catal yst pairs have acillietigomerizstion ofiway add waxy feedsito liqmdemductsboﬂ-
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catal yst. VIII metal on halogenated refractory metal oxide support, e.g., platmum on
fluorided alumina. Other useful catalysts can include noble Group VIII metals
on reﬁ'actory metal crude support such as silica/alumina which has their acidity
controlled by use of dopants such as yttria. Isomerization processes utilizing
various catalysts are disclosed and claimed in numerous patents, see USP
5,059,299; USP 5,158,671; USP 4,906,601; USP 4,959,337; USP 4,929,795;
USP 4,900,707; USP 4,937,399; USP 4,919,786; USP 5,182,248; USP '
4,943,672; USP 5,200,382; USP 4,992,159. The search for new and different
catalysts or catalyst systems which exhibit improved activity, selectmty or
longevity, however, is a continuous ongoing exercise.

i ogenated refractory netal oxide

Description of the Invention

The present invention is directed to a process for hydroisomerizing
wax containing feeds such as wax, e.g., slack wax or Fischer-Tropsch wax,
and/or waxy distillates or waxy raffinates, using two catalysts having acidity in
the range 0.3 to 2.3 (as determined by the McVicker-Kramer technique described
below), wherein the catalyst pairs have acidity, differing by 0.1 to about 0.9
units, preferably an about 0.2 to about 0.6 units, said catalyst pair being

- employed either as distinct beds of such particles in a hydroisomerization
~ reaction zone or as a homogeneous mixture of discrete particles of each catalyst.
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-2 =-1n determning the acidity of each group of discrete particles
constltutlng separate catal yst conponents of the pair of catalysts used it
is preferred that the acidity exhibited and reported be that of each
partlcle of the particular catal yst conponent per se and not an average of
a blend of particles of wi dely varying acidit¥- Thus, the acidity of one
group of particles of the pair should be the intrinsic actual acidity of
all the particles of the group nmeasured, not an average based on w de
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pair, the acidity reported should be that representative of all the

particles constituting thelmpdetenmining thet acidity,of eadegrotipwif discrete/ pacticles i ng
dit t hi b
he et hod descrOgH 'ﬂ?%y&&%egﬁ'@ﬁsw nedlS P ThEpiy o chBIM BRI R Y,
to Characterize piefemed thesthenaci mgxhnblte eadireperted:be that sfeach pagticlefithecs
19, 1986 pg. 78-%&&&&'% d@%d sb*ﬁdéliiiﬂahta‘ﬁeﬂ e @Tla?blead of p artlcles of

21015 i i i, i o o bl o e

3- net hyl pent - 2- esimuldihemhenﬂnﬂsmabtuaihcrd@wfaillthemdageﬁﬂmtgroﬁpmuumﬂn

t Th t

fert] s a Lﬁn'veré*faa?ne s%%ﬁ%? Einfyidull ubbldticel Sinfiliely, P6CHE diher

i nvention, cat al group ofiparticleyn ﬂmnm y!yxaa@ddwrmtae dshauld be thatirepresentgtive of
1.1 to 2.3 whil eqff fhi elehxcoﬁgﬁﬁhﬁ Wtﬁﬂﬂ&%nfwéﬂgéo?\kmelyﬂucmahng

Catal ysts from elt. .er or hi y group can conprise, for
exanpl e, a porou®® ?rﬁooﬂp OXI de support such as alumna, silica-

alumna, titania, zi rcom a, etc. or any natural or synthetic zeolite such
as offretite, zeolite X €

addi tional catal ytic corrpom%b&@gy °@%’EM%2“%"'5L;&C@@¥§& ﬁ%ﬁi @esgig
VI B, Group VI iB "Hydside qrmd@laﬁalmmcuwmasehdstommtm

VITT metal, nor ey SHied ARids" MY VickEatd Mm'mémﬁesnmfwse%yn-u

pl ati num and pal I adi um

This method measures the ability of catalytic material(s) to convert
2 methylpent-Z-ene into 3 methylpent-2-ene and 4 methylpent-2-ene.

More acidic materials will produce more 3-methylpent-2-ene
(assoclated with structural re-arrangement of a carbon atom). The ratio of 3
methylpent-2-ene to 4-methylpent-2-ene formed at 200°C is a converted measure
of acidity. For the purposes of this invention, catalysts with high acidity are
defined as those with ratios of 1.1 to 2.3 while low acidity catalysts have ratios
from 0.3 to 1.1.

Catalysts from either the low or high acidity group can comprise,
for example, a porous refractory metal oxide support such as alumina, silica-
alumina, titania, zirconia, etc. or any natural or synthetic zeolite such as offretite,
zeolite X, zeolite Y, ZSM-5, ZSM-22 etc. which contain an additional catalytic
component selected from the group consisting of Group VI B, Group VII B,
Group VIII metal and mixtures thereof, preferably Group VIII metal, more
preferably noble Group VIII metal, most preferably platinum and palladium
present in an amount in the range of 0.1 to 5 wt%, preferably 0.1 to 2 wt% most
preferably 0.3 to 1 wt% and which also may contain promoters and/or dopants
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present in an anmount in the range of 0.1 to 5 w% preferably 0.1 to 2 wt%
nost_preferably 0.3 to 1 wt % and which also may contain pronoters and/or '
dopafit s -3- selected fromthe group consisting of hal ogen, phosphorous,
boron, yttria, rare- earth oxides and magnesi a preferably hal ogen, yttria,
magnesi a, nost preferably fluorine, yttria, mdgnesia. Wen hal ogen is used
it:is present in an anmount in the range 0.1 to 10 wt% preferably 0.1 to 5
w% nore preferably 0.1 to 2 wt% nost preferably 0.5 to 1.5 wt% For those
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at different fl ufiicofsorated into the silica-alumina base or by starting with a high acidity silica-
alumina catalyst and reducing its acidity using mildly basic dopants such as
yttria or mggnesia, as taught in U.S. Patent 5,254,518 (Soled, McVicker, Gates
and Miseo).

For a number of catalysts the acidity, as determined by the
McVicker/Kramer method, i.e., the ability to convert 2 methylpent-2-ene into 3
‘methylpent-2-ene and 4 methylpent-2-ene at 200°C, 2.4 w/h/w, 1.0 hour on feed
wherein acidity is reported in terms of the mole ratio of 3 methylpent-2-ene to 4-
methylpent-2-ene, has been correlated to the fluorine content of platinum loaded
fluorided alumina catalyst and to the yttria content of platinum loaded yttria
doped silica/alumina catalysté. This information is reported below.

Acidity of 0.3% pt on fluorided alumina at different fluoride

levels:
F Content (% Acidi cVicker/Kramer
0.5 0.5
0.75 - 0.7
1.0 1.5
1.5 : 2.5

0.83 ' 1.2 (interpolated)



evels: F Content (% Acidity (McVicker/Kraner) 0.5
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0.5 0.75 0.7 1.0 1.5 1.5
2.5%0. 83 1.2 (interpolated) -4- Acidity of 0.3%pt in
yttria doped silica/alumna naturally conprising 25 Wt%SI|Ica Yttria
Content (% Acidity (MVicker/Kraner) 4.0 -4- 0.85 9.0

0.7 Wiile the specific conponents and conpositional make up of the catalyst
can vary widely, it is inmportant for practice of the present invention that
the catal yst used be distinguishable in terns of their acidity. Thus there
shoul d be an about 0.1 to about 0.9 nole ratio unit difference between the
pair of catalysts, preferadkdlghtymfﬁki%lptdhgttna@podsﬂmaElmnanaﬁltaﬂyUnlt

di fference bet @p}ﬂﬁ#/ﬁ gir. In practicing the hydroisonerization
step, the ratio or *eac ys"! I'nthe pairused is inthe range 1:10 to
10:1, preferably 1:3 to 3:1, nore prefer- ably 2:1 to 1:2. In practicing
this invention the feed mg@m_%)zed c afrcidityAMc ViiskerfKramer)cont ai ni ng
feed such as slack wax, which is the wax recovered froma petrol eum

hydr ocar bon by either soI vent 4q§ propane dewaxi ng agdggan contain entrained
oil in an amount varying up tg bout 50% preferably, 35% oil, nore
prieferably 25%oil, Fischer-T O(E)lsch wax, which is a %ynt hetlc wax produced
by the catal yzed reaction of CO and H2. Cther waxy feeds such as waxy
disstillates

While the specific components and compositional make-up of the
catalyst can vary widely, it is important for practice of the present invention that
the catalyst used be distinguishable in terms of their acidity. Thus there should
be an about 0.1 to about 0.9 mole ratio unit difference between the pair of
catalysts, preferably an about 0.2 to about 0.6 mole ratio unit difference between
the catalyst pair.

In practicing the hydroisomerization step, the ratio of each catalyst
in the pair used is in the range 1:10 to 10:1, preferably 1:3 to 3:1, more prefer-
ably 2:1to 1:2.

In practicing this invention the feed to be isomerized can be any
‘wax or wax containing feed such as slack wax, which is the wax recovered from
a petroleum hydrocarbon by either solvent or propane dewaxing and can contain
entrained oil in an amount varying up to about 50%, preferably 35% oil, more
preferably 25% oil, Fischer-Tropsch wax, which is a synthetic wax produced by
the catalyzed reaction of CO and Hy. Other waxy feeds such as waxy distillates
and waxy raffinates can also be used as feeds. :

Waxy feeds secured from natural petroleum sources contain
quantities of sulfur and nitrogen compounds which are known to deactivate wax
hydroisomerization catalyst.

‘To prevent this deactivation it is preferred that the feed contain no
more than 10 ppm sulfur, preferably less than 2 ppm, and no more than 2 ppm
nitrogen, preferably less than 1 ppm.
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and waxy raffinates can also be used as feeds. Waxy feeds secured from
natural petrol eum sources contain quantities of sulfur and nitrogen
conpounds whi ch are known to deactivate wax hydroi sonerization catalyst. To
prevent this deactivation it is preferred that the feed contain no nore
than 10 ppmsul fur, preferably less than 2 pfa and no nore than 2 ppm
nitrogen, preferably less than 1 ppm -5 - To achieve these |imts the
feed is preferably hydrotreated to reduce the sul fur and nitrogen content.

Hydrotreati ng can be condygt ed .usi any . I gal , hydr pt r.eati cat.akyst
such as Ni/M on al unina, %p&ge&%g%?ﬁg&?ﬂ yswefﬁqa@yh}%ﬁﬁ%qeaégé_}/q

KF- 840, KF-843, rtfitedbe stlfut and aitr ntérmt, |t is preferred that bulk
nmetal catalysts such as Ni/Wh/ M sulfide or Co/Ni/M sulfide as descri bed
in USP 5,122,258 be used. Hydrotreating is performed at tenperatures in the
range 280 to [err], preferBydrptreating can be cpndugted nsing anydypical hydrofregting 0o

to 3000 psi, pr%ﬁj%;}%ﬁcﬂ%@\[mo%ﬁpﬁuﬁﬁﬁa, MR AN, CoNi/MY n alufi, ¢ 0
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practiced at a t%8mp
[err], a pressunmmetahcdthlystssugh as Ni/NMav/NoGulfide or CoMNMsulfide @s descritiedlin

psi, a hydrogen t, t 1000 to 10,000 SCF/ bbl, preferably 1000
to 3000 SCF/ bbl @ﬁ%‘%ﬁ@%ﬁ%ﬁty of 0.1 to 10 LHSV, preferably 0.5 to 2
LHSV. Wien using a catal yst pair wherein one conponent is at the |ow

acidity end of the acidi tmfmh%a.t Ig. %}ﬁ@tﬁ%ﬁggé?gmgwﬂ{&aﬁgpmnﬁme
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the recited ranges can be enployed. In general, it is desirable

' The isomerization process employing the catalyst system is
practiced at a temperature in the range 270 to 400°C, preferably 330 to 360°C, a
pressure in the range 500 to 3000 psi, preferably 1000 to 1500 psi, a hydrogen
treat gas rate of 1000 to 10,000 SCF/bbl, preferably 1000 to 3000 SCF/bbl and a
flow velocity of 0.1 to 10 LHSV, preferably 0.5 to 2 LHSV. When using a
catalyst pair wherein one component is at the low acidity end of the acidity scale
(e.g. 0.5) it is necessary to employ more severe isomerization conditions within
the above recited ranges. Conversely, when the low acidity component is near
the higher end of its scale range (e.g. about 1.1), less severe isomerization
conditions within the recited ranges can be employed. In general, it is desirable
to perform wax isomerization under less severe conditions since operation under
those conditions results in a product of superior stability. Thus, when employing
about 1000 psi, a temperature no higher than about 360°C is preferable to
achieve high yields of desirable, stable product.

In both the hydrotreating and hydroisomerization steps, the
hydrogen used can be either pure or plant hydrogen (~50-100% Hj).

Following isomerization the total liquid product is fractionated into
a lubes cut and a fuels cut, the lubes cut being identified as that fraction boiling
in the 330°C+ range, preferably the 370°C+ range or even higher. This lubes
fraction is then dewaxed to a pour point of about -21°C or lower. Dewaxing is
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ﬂ%nt&@'dé%x' thé/fomerate, especially isomerates derived from the heavier

waxes (e.g. bright stock waxes) under miscible conditions, and thereby produce
the highest yield of dewaxed oil at a high filter rate, is a mixture of MEK/MIBK
(20/80 v/v) used at a temperature in the range -25°C to -30°C. Pour points lower
than -21°C can be achieved using lower filter temperatures and other ratios of
said solvents but a penalty is paid because the solvent-feed systems become
immiscible, causing lower dewaxed oil yields and lower filter rates.

It has been found that the total liquid product (TLP) from the
isomerization unit can be advantageously treated in a second stage at mild
conditions using the isomerization catalyst or simply noble Group VIII on
refractory metal oxide catalyst to reduce PNA and other contaminants in the
isomerate and thus yield an oil of improved daylight stability. This aspect is the
subject of U.S. Patent 5,158,671. The total isomerate is passed over a charge of
the isomerization catalyst or over just noble Gp VIII on e.g. transition alumina.
Mild conditions are used, e.g. a temperature in the range of about 170°-270°C,
preferably about 180° to 220°C, at pressures of about 300 to 1500 psi Hy,
preferably 500 to 1000 psi H.,, a hydrogen gas rate of about 500 to 10,000
SCF/bbl, preferably 1000 to 5000 SCF/bbl and a flow velocity of about 0.25 to
10 v/v/hr, preferably about 1-4 v/v/hr. Temperatures at the high end of the range
should be employed only when similarly employing pressures at the high end of
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Examples
Background - 1.

A catalyst (Catalyst A) comprising 0.3% platinum on 9.0 wt%
yttria doped silica-alumina (silica content of the original silica-alumina was
25%) was evaluated for the conversion of a 600N raffinate which contained
23.7% wax. The waxy raffinate feed was hydrotreated using KF-840 at 360°C,
1000 psi H, 1500 SCF/bbl and 0.7 vivihr,

The hydrotreated feed was then contacted with the yttria doped
silica/alumina catalyst at 370°C, 1.0 LHSV (v/v/h), a treat gas rate of 2500 SCF
H,/bbl and a pressure of 1000 psig. Following such treatment the product was
analyzed and it was found that it contained 26.9% wax, indicating that Catalyst
A had no appreciabie capability to affect wax disappearance, i.e. has no hydro-
isomerization activity. While the viscosity index of the dewaxed oil product-
increased to 105, compared to a VI of 91.6 for dewaxed feed, this VI increase is
attributed to naphthenic ring opening and not selective wax isomerization.



oils can be subjected to subsequent hydrofinishing using conventional

catal ysts such as KF-840 or HDN-30 (e.g. Co/M or Ni/M on alumna) at
conventional conditions to renove undesirable process inpurities to further
i nprove product quality. Exanpl es Background- 1. A catalyst (Catalyst A)
conprising 0.3%platinumon 9.0 w% yttria dded silica-alumna (silica
content .of the original silica-alumna was 25% was eval uated for the
conversion of a 600N raffinate which contai ned 23. 7% wax. The waxy
raffinate feed was hydrotreated using KF-840 at [err], 1000 psi H2 1500
SCF/ bbl and 0.7 v/v/hr. The hydrotreated feed was then contacted with the
ytitria doped silB und 912, catal yst at [err], 1.0 LHSV (v/v/h), a treat
gas rate of 2500 SCF [err] and a pressure of 1000 psig. Follow ng such
treatment the product was analyzed and it was found that it cg &326 9%
wax, indicati ng t hat Cat al&sa st{Catalyst R)rcompnising 0372l on: G %lq)at{ia
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had 34. 6% wax orrepoxted blmVs The feed was hydrotreated over KF-840 at
[err], 1000 [err] pressure, 1500 [err], and 0.7 LHSV. The hydro- treated

feed was contact ed £ cat aI yst under various condit
reported bel ow. M%CB‘{ %'oil m

emp,  Isom LHSV  370°C-  370°C+Residual Vi

°C (vivhr) ‘wt%  Wax Content, wt% Index
340 0.5 14.0 33.8 114
345 0.5 15.6 31.7 114
352 0.5 19.1 23.1 " 116
382 1.5 24.7 278 121
390 - . 15 29.5 15.0 ' 122

Comparing the results of Background Examples 1 and 2 it is seen
that whereas the yttria doped catalyst (Catalyst A) was not selective for wax
conversion, the 0.5% F catalyst (Catalyst B) did convert wax selectively at more
severe conditions as evidenced by reduction in wax content and increase in VL

Background - 3.

Catalyst B was evaluated for the conversion of a 600N slack wax
containing 17% oil in wax. The slack wax was hydrotreated over KF840
catalyst at 2 different temperatures then the hydrotreated wax feed was contacted
with Catalyst B at a number of different temperatures. The results are reported
below for conversions in the range 10 to 20% 370°C-.

Hydrotreater condmons were a pressure of 1000 psig, 0.7 LHSV
and 1500 SCF/bbl. -



Tenp, IsomLHSV [err] [err]+ Residual Viscosity [err] (v/vlbr)
33.8

wt % Wax Content, wt% | ndex 340 0.5 14.0 )

114+345 0.5 15. 6 31.7 114 352 0.5
19. 1 23.1 116 382 1.5 24.7 27.8
121 390 1.5 29.5 15.0-9- 122 Conparing the

results of Background Exanples 1 and 2 it is seen that whereas the yttria
doped catal yst (Catalyst A) was not selective for wax conversion, the 0.5%

F catalyst (Catalyst B) did cogymédizatiex Se€! ectlvemwpramaps@@_(

CB:OI‘IEItIOI’IZ as evi denced by red¢ghbifigni*n Wax content and ispgéEase in Vi.
ackground - 3. for ver 600N slack
wax cont ai ni ng 1%@%9 eqtﬁr vvaiemﬂ'he s%i 51 rot'r% Pal&&axa
ures
e6

catal yst at 2 di f fEemmi®G enper’$t reaﬁ"@ ‘feed
contacted with Catal34) B at 36Zunber 1§ d| ff terrper es. 8
results are reported34gel ow fog7zonver 4i%ns i n 6889range 1A6& 20% [la46¥

Hydrotreater conditiffp were gg@ressures of 10097n$| g, 0.7206V and 1]45439
SCF/ bbl . -9 - Is

: Pl i zat i og LD ProdyglggProper ti Condi t {4815 *
err rotreater E% \%‘ cosity resi dué x Te

[err] [err] cSt §conten§%%%t% Oiva ng%ﬂzl
1.5 6. 707 59 0 145.0 340 372 6. 399

46. 8 146. 2 Béﬁffgm‘hﬁ%%ggoggé’s*ﬁz’ 250?93(?-/%67 1455 20 7 144.5

340 382

Comparing Background Examples 1, 2 and 3, it is seen that
Catalyst B achieves selective wax conversion on both the 600N raffinate and
slack wax although product stability was poor because of the high temperatures
required (>360°C at 1000 psi) during isomerization. It there-fore is fair to say
that any catalyst which performs well on one feed will perform equally well on
other feeds. Conversely, if a catalyst performed poorly on one feed, e.g.,
raffinate, it would be expected to perform poorly on others (e.g., wax). Using
this logic, therefore one would expect yttria doped catalyst to have little if any
effect on a slack wax feed since lt had no appreciable effect on the wax present
in a raffinate.

Background - 4

A 0.3%Pton 1% F/AIZO 3 catalyst (catalyst C) was evaluated for
performance on a 600N slack wax feed.” The 600N slack wax feed containing
83% wax (17% oil) was hydrotreated over KF840 while a 600N slack wax feed
sample containing 77% wax (23% oil) was hydrotreated over a bulk metal
catalyst comprising Ni, Mn, Mo sulfide (see USP 5,122,258).

The hydrotreated wax was then contacted with Catalyst C under a
number of different conditions. The results are presented below for conversion
in the range 15 to 20% 370°C-.



o

370 - 382 1.5 5.767 21. 2 145.1 * ot her _
conditions 1000 PSI [err], 2500 SCF/ bbl Conparing Background Exanples 1, 2
and 3, ‘it is seen that Catal yst B achi eves sel ective wax conversion on both
t he 600N raffinate and slack wax although product stability was poor
because of the high tenperatures required (>1®rr] at 1000 psi) during

| sonerization. It there-fore is fair to say that any catal yst which
performs well on one feed will performequally well on other feeds.

Conversely, if a cat aI yst per f or med poorly on one feed, Dewaked OibPfdpeRieS:

It-woul d be expec rgr M PRGNz Qfo% ftﬁn(g T. 370"‘@1 Thts

| ogic, therefore o e. vvouI %Wﬁg—e&mg bé%‘Ie | f
any effect on a sirgHe d hEFs ?séf’(H wé’ffe& the
wax present in a r&'iafi naTQ!nP,ﬁ@ckngundVl"/hF ARsi, Ha piContentowt Al ¢St at al Y3
(catalyst C) was evaluated for 2 3 performance on a 600N sl ack wax feed.
The 600N sl ack wéa) feedeniaceontent 83%g 83% wax (17% oil) was hydrotreated over
KF840 whil e a 600KF<4aci348ax feed 352l é.5cont 4DOO ng 77%Mbx (23%.026 ) M&7
hydr ot reat ed overKB-840! k36oet al cat3g3yst 1sonprilgomg Ni, 3¢5 M sif.890e (4ee

USP 5, 122, 258) . TRe-gagdrgor eat ed wge wag st hen jgomt act edgpf t h Catefagst §43.2
under a nunber of different conditions. The results are presented bel ow for

conversion in th rft&t [err] - 10- Dewaxed Q| Properties
Hydro- Hydro- sorreriza I'on ndition 5”%11? Vis @treating
treating Tenp, LHSV Press esi du 3: ], Cat Temp, [err]
[err] v/iv/ihr Psi, H2 Co#ﬁﬁtﬁ wt%ﬂ'ISSPSt 18] (a) feed wax content 83%
Bilk ~ 340 1000 40.1 6.136 1380
Bulk 355 0.7 360 1.5 1000 38.1 5897 1400
Bukk 370 07 360 15 1000 36.6 5760 141.0

As expected, the higher VI product was produced from the feed
which had the higher wax content. '

Comparing these results with background Example 3 (Catalyst B)
shows that isomerization of wax using a higher fluorine content catalyst
(Catalyst C) can be achieved at lower temperatures but results in a lower VI
product for about the same residual wax content. An important advantage,
however, of Catalyst C (high fluorine content) over Catalyst B (low fluorine
content) is that the product can be subsequently stabilized by the procedure
described in USP 5,158,671, i.e. second stage mild condition treatment using
isomerization catalyst or simply noble Group VIII metal or refractory metal
oxide support catalyst.

Background - 5

A sample of 600N slack wax containing 78% wax (22% oil) was
hydrotreated over KF-840 catalyst at a number of different temperature condi-
tions. Other hydrotreater conditions were a pressure of 1000 psig, 0.7 LHSV,
and a treat gas rate of 1500 SCF/bbl. This hydro- treated slack wax was then
contacted for isomerization with a dual catalyst system comprising discrete beds
(in a single reactor) of B and C catalysts in a 1 to 2 ratio. The feed contacted the



KF- é40 340 352 1.5 . 1000 41.1 - 6. 026 140..7 KF- 840

360 ' 353 1.5 1000 38.5 5. 897 141. 4 KF-840 370
352+ 1.5 1000 37.1 5.798 143.2 (b). feed wax content 77%
Pressure LHSV LHSV psig Bul k 340 0.7 358 1.5 1000

40.1 6. 136 138.0 Bulk 355 0.7 366011-1.5 1000 38.1

5. 897 140.0 Bulk 370 0.7 360 1.5 1000 36.6 5. 760

141.0 As expected, the higher Vi product was produced fromthe feed which

had the higher nt ent a ese r . dl | e
S Catal yst B) ShGHBTARES: SOMCRParizarion FoRiont eft bilirbAR AR the Fenlith
cont ent cat al ystfot €atlatursperfyrnseat 'Bhemnlteamjrepprﬂed low.enper at ures but
results in a |lower VI product for about the sane reS|duaI wax content. An

i mport ant advant age, however, of Catalyst C (hi or| cont ve
Catal yst B (I ow fiuorine Ahidte ?070537‘XQ' Weﬁ? %@ﬁ@g’ﬁ?

st fig' i ngt by t{"BsoioOpﬁd&!éﬁnt ; dafcon BRdconditiis liseﬂ5|8ﬂﬁ§is snmhr tadm)red}lks age
i condi tion treatnent, us ri S ou
VIl metal or rebeaed s gﬁlaﬁdﬁ’fiy&rﬁt and aiay t%ﬂﬁg@g’%ﬁﬁgﬁiﬁbiv P
sanpl e of 600N sitselfc 'Fhsexampbenl totite unaxifmidiacidity differemgd whick gar@xister
KF- 840 t al yst ﬂ'ghﬁfb%
hydrotrggt Zryion‘gﬁ&wgﬁgaﬁgﬁé“%%‘%@[}‘& #S%%ﬂgfrel &8&1}'({ ar%g a treat
gas rate of 150cacshybdtweenrthel¢ryac ity: gataly gbgc an?é)is t@$nt act ed
for 'SOWEflzat'Qt}.a?ﬁx g‘tﬁérﬁiﬁéfﬁﬁetﬁyliéxﬂm-WLﬂétﬂy@bﬁﬁnﬁnethﬁsﬂadQB
)

I ngl t The feed
Cont acted the  umiarisss, reterbly béteen A e b daifen "Condi 11 ons ver e

uni form across the reactor

_ Dewaxed Qil Properties
Isomerization Condition* 370°C+ Viscosity
Hydrotreater = Temp, LHSV Residual wax at 100°C,
Temp, °C °C (vivihr) content, wt% cSt VI .
350 340 - 09 37.0 5.819 140.2
350 345 0.9 30.9 5.787 140.9
350 345 0.9 304 5.789 138.1
370 336 0.9 45.6 5.996 140.2
370 340 0.9 39.7 5.854 141.6
* Other conditions were a pressure of 1000 psig, and a treat gas rate of
- 2500 SCF/bbl.
Example 1

A sample of 600N slack wax containing 77% wax (23% oil) was
hydrotreated over a bulk NiMnMoS catalyst described in U.S. Patent 5,122,258
at a series of different temperatures, a pressure of 1000 psig, hydrogen treat gas
rate of 1500 SCF/bbl and a 0.7 LHSV.

The hydrotreated slack wax was then hydroisomerized over two
different catalysts; the first system comprised catalyst C alone. Catalyst C is
described as a high acidity material with a 3 methylpent-2-ene to 4-methylpent-
2-ene mole ratio of about 1.5.



for each run perforned. The results are reported below At 15 to 20% [err]
conversion product VI ranged from about 138 to 141 depending on the
conditions used. This is simlar to the results obtained using Catalyst C
by itself and about as good as using Catalyst B by itself. This exanple

i ndi cates the maximum acidity difference whi ch2can exist between catal yst
pairs when using a catalyst pair, i.e., the difference in the acidity
between the I ow acidity catalyst and the high acidity catal yst as

determ ned by the ratio of 3 nethypent-2-ene to 4-nethyl pént-2-ene nust be
0.9 units or less, preferably between 0.1 to 0.9 units. Dewaxed Ol
Properties |sonerization CdFhe second catalyst sy§tem\Gosuprisedya ¢ombimation tof catalystiC
LHSV Resi du%d"&ii‘alyga}& E,gi'ia{lirst E‘? ol‘i%fi]as lgvd iy cata}’yfﬁ gi Ydethylpent-2-

content, w%
5.819  140.2 359ctod me%wg’ t-2-enmgle ratio of 0.7} lmthis system 27parts of A serg

858 345 matchedwith 1 part of ®infa stacked bed &tangenietit. JI'h%ﬁ@actor bedswere

00, g 25, Sonpe R RN o g Safalyst e st to pRptact foed
and a treat gas qalthough thi®i3 i€/ eckssafis @spintial oAcrtioyl featuire 60 ¢ mvention)ax
containing 77% wax (23% oil) was hydrotreated over a bul k Ni MiMbS cat al yst
described in U S. Patent 5,122 258 at a series of different tenperatures, a

pressure of 1000 psig, hydrikhedes l@lt%@nep;a@ntedmliab gmdsed;mﬂuﬁamduqtls

IaHfS1y Thte hy?r |0t 'hﬁ’i&eeﬂlt th higlee rWth‘étﬁis hélievdble by d : & Q)’iﬂbnéﬁﬁccl:g%
ifferent catalys S ri sed.c S al one a
Cis described a$°8 ﬁﬁ@%’ﬁﬁﬁ&fﬁa@% ﬁi“q MW%& urp V%/
4- met hyl pent - 2- m’ ehewﬁioe thatt(Ialalg‘st Afhastitsélf mo recognized isomerization actmty (see
background example 1).
TABLE 1
Isomerization Dewaxed Oil Properties
Hydro- -~ Condition * 370°C+ Vis@
treating Isom Temp, LHSV  Residual wax  100°C,
Temp, °C Cat °C vivihr  content, wt% cSt VI
340 C 358 1.5 40.1 | 6.14 138
355 C 360 1.5 38.1 - 5.89 140
370 C 360 - 1.5 36.6 5.76 141
355 1A:2C 357 1.0 348 5.65 142.2
355 1A:2C 360 1.5 36.2 5.77 141.8

* Other conditions pressure 1000 psiH», treat rate 2500 SCF/bbl

Example 2

This example illustrates that the advantage demonstrated in
Example 1 arises from pairing of catalysts of two different acidities. No such
advantage is observed by using a single catalyst of the same arithmetic average
acidity as the pair. Catalyst D, comprising 0.83% F or Pt/alumina has an (inter-
polated) acidity of 1.1, similar to the arithmetic average of the catalyst pair of
Example 1, one third of Catalyst A and two thirds of Catalyst C (i.e., 0.7 x 1/3 +
1.5 x 2/3 = 1.2 acidity average).



- 12 - The second catal yst system conprised a conbinati on of catalyst C and
catalyst A Catalyst Ais described as a low acidity catalyst (3

nmet hyl pent-2- ene to 4 nethyl pent-2-ene nole ratio of 0.7). In this system
2 parts of A were matched with 1 part of Cin a stacked bed arrangenent.
The reactor beds were configured such that chBalyst A the low acidity
catal yst was first to contact feed (although this is not a necessary,
essential or critical feature of the invention). The results are presented
in Table 1 and indicate that a product is nmade with higher VI than is

achi evabl e by using Catalyst C alone and at conditions which still yield

stabl e product. The resul tA samplesoff 600N slagk iwax,83% wax ( Hi¥o10il) washydrotreate

Cat al yst A has i i05€d 16 ' ' | Mo
oxanpl o 1), TAnLEeL KT BA A 100 PRI A e B v e O et o

Condi tion * hydeotrgated waxthen 1somesized oyer CatalystD.  1enp, LHSV

Resi dual wax [err], Tenp, [err] Cat [err] v/ v/ hr content,
W%  cSt VI 340 C 358 . 40. 1 - 6.14
138 355 C 36(THE results arg Féported in.TAYR 2. o 70 140 370

C 360 1.5 . 36. 6 5.76 141 355 1A: 2C . 357
1.0 34.8 5.6 ' ith théfésults reporfedusin,

36. 2 5.77 _  141.8 &Eﬂa‘erﬂ%&e}?ﬁﬂgfﬁﬁgg with the DS Lr ol ate
2500 SCF/ bbl Ex&atalysbCn; s&mﬂggmﬂs l&ﬂ%%@ﬁ&?“&'ﬁ@‘é&?a?&%‘ém ©

deronstrated i n differanke betwéansthe produots siadenginy thed%F Catalyst Ctand the {83%6Ent
acidities. No s%dv ntage i s observed by using a single catalyst of the
same arithnetic éb@' acidity as the pair. Catalyst D, conprising 0.83%F
or Pt/alumna has an (inter- polated) acidity of 1.1, simlar to the :
arithmetic average of the catal yst pair o%e 1, one third of Catal yst
A and two thirds of Catalyst C (i.e., 0.7

Isomerization Dewaxed Oil Properties
Hydro- Condition 370°C-  370°C+ Vis@
treating Isom Temp, LHSV  Con- Residual wax 100°C,
Catalyst _Cat °C viv/hir  version content, wt% cSt Vi
KF-840 D 357 15 19.7 25.7 5.73 140.0

D 347 1.0 18.4 26.7 5.79 1389

Comparing the results of Example 1 with the results of Example 2
it is seen that the multi component catalyst system produces a markedly different
product exhibiting superior VI.



1.5 x 2/3 =1.2 acidity average). - 13 - A sanple of 600N slack wax 83%
wax (17% oil) was hydrotreated over KF-840 cat at [err], 1000 PSIH2 and
treat gas rate of 150.0 SCF/ bb. The hydrotreated wax t hem—-somerized—over
Catalyst D. The results are reported in Table 2. Conpari

Table 2 with the results reported using Cat al St Cin Bemi“! ﬂum&gmuﬂ
It is seen that there is no appreciable difference between kthec

mide using the 1% Catalyst C and the .83% Catalyst D. TABLE 2
| someri zati on Dewaxed O | Properties Hydro-

CQndi tion [erq]]‘AMS[err] Vis @treating | som Tenp, LHSV

Con- Residual wax [err] Catal yst Cat [err] v/ v/ hr version
content, w% cSt | 25.7
oD 90 0 b 3 47 )i ﬁ‘l@etgod?or e hyd?éﬁomfnzaﬁo&of w fZeds under

Conparing the r dwdreisomerizationcenditions ﬁVQrf?e"q't%’é’ﬁﬁ ngep;pn @Famsﬁc‘?mp?ge
that the milti GATfEBircertalyst paoles hapirachoidisy wxpressed hymtsfomnabmty

product exhibiting su [ or Y/
oy 6 i b lpeit 2B el et g e

hydr oi soneri zat i®8f°
cat al yst wherei rastthentcde ait;n;of Bmthylpent-a-qnalto me@yhlﬁﬂétze%tlhmmge

particles havi ng,acs deYein P UfRAE pafticl&y 6Fedeh dabillyst!palr dré of different acidity
art wherein there is an about 0.1 to about 0.9 mole ratio unit difference in the
acidities of the pair of discrete catalyst particles used in the catalyst pair
employed.

2. The method of claim 1 wherein there is an about 0.2 to about
0.6 mole ratio and difference in the acidities of the pair of dlscrete catalyst
particles used in the catalyst pair employed. '

3. The method of claim 1 or 2 wherein the discrete particles of
catalysts used in the catalyst pair are employed as discrete beds of particles.

4. The method of claim 1 or 2 wherein the discrete particles of
catalysts used in the catalyst pair are employed as a mixture of such discrete
particles.

| 5. The method of claim 1 or 2 wherein the acidity of one group of
particles is in the range of about 0.3 to about 1.1 and of the other group of
particles is in the range of greater than about 1.1 to about 2.3.

6. The method of claim 1 or 2 wherein the rate of each catalyst in
the pair used is in the range 1:10 to 10:1.

7. The method of claim 6 wherein the ratio of each catalyst in the
pair used is in the range 1:3 to 3:1.

8. The method of claim 7 wherein the ratio of each catalyst in the
pair used is in the range 2:1 to 1:2. :



to convert 2 nethyl pent-2-ene wt of 3 nethyl pent-2-ene and 4

net hyl pent-2-ene as the nole ratio of 3 nethylpent-2-ene to 4

met hyl pent-2-ene, in the range 0.3 to 2.3 wherein the discrete particles of
each catalyst pair are of different acidity art wherein there is an about
0.1 to about 0.9 nole ratio unit difference in the acidities of the pair of
di screte catalyst particles used in the catal yst pair enployed. 2. The

met hod of claim 1l wherein there is an about 0.2 to about 0.6 nole ratio and

difference in the acidities of the pair oipdt e catal yst particles used
in the catalyst pair enployed. 3. The netTTO‘gwai m1l or 2 wherein the

di screte particles ysis . j.r

di screte beds of M &5 (i % '?I&%
di screte particles-of catalysts used in the catalyst pair are enployed as a
m xture of such discrete particles. 5. The nmethod of claim1l or 2 wherein.

L7 and of 'the other gr oup ¥ 3[3%;# ﬁ@séﬁ?éiﬁ%P?eﬁ%é*f‘f%%@%#éﬁ%?ﬂﬁmb°”t

about 1.1 to aboprocessxm oymgea wherein ghercatalyst comprises apainofica Sf
each catalyst i @16@% £h ﬂeithéao# &isﬁﬂct]bedg c?f-Eﬁ
claim6 wherein atio gac Int used is Ih rane

1:3 to 3:1. 8. 'I1|’¥17l m&s&fml?‘lt‘&ﬁerﬂf Wtﬂ?ﬁu‘? S?l sfsmmpanryg%ss| n
the pairused is utilizihg suchngeatalystproducés a product which exhibits higher VI as :

compared to products produced using either catalyst component separately or
using a single catalyst having the average acidity of the two discrete catalysts.



