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USE OF MODIFIED 5-7 A PORE MOLECULAR 
SIEVES FOR ISOMERIZATION OF HYDRQCARBONS 

Technigal Field 

Inventors: Donald S. Santilli 
Muhammad M. Habib 
Thomas V. Harris 
Stacey I. Zones 

The present invention is conc·erned with a 
process for converting a high pour point oil to a 
low pour point oil with a high viscosity index 
(VI) in high yield. The catalyst utilized.is a 
crystalline molecular ·sieve having a pore size of 
no greater than about 7.lA. The crystallite size 
of the molecular sieve is generally no more than 
about o·. 5 microns. 

Backgrou9d Of The Invention 

A large number of molecular sieves are · 
known to have use as catalysts in various 
hydrocarbon convers.ion reactioas such as one or 
more of reforming·, catalytic cracking, ' . 
isomerization· and dewaxing. Typical intermediate 
pore size molecular sieves of this nature include 
ZSM~s, silicalite, generally considered tq be a 
h-.iqh silica to alumina ratio form of ZSM-5, ZSM-
11, ZSM-22, ZSM-23, ZSM-35, SSZ-32, SAP0-11, SAP0-
3·1, SAP0-41, and the like.: Zeolites such as 
ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35 and ZSM-38 
have been proposed ~or ~se in dewaxing processes 
and are described in U.S. Patents Nos. 3,7oo·,585; 
3,894,938; 3,849,290; 3,950,241; 4,032,431; 
4,141,859 4,176,050; 4,181,598; ·4,222,855; 
4,229,282; and 4,247,388 and in British Patent 
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1,469,345. Other zeolitic catalysts of slightly 

larger pore size, but st~ll of, for example, 7.1A 

or less, are also known to catalyze such 
reactions. L-zeolite and ZSM-12 are examples of 
such materials. 

~ttempts to utilize such catalysts as are 

discussed above for converting an oil which has a 
relatively hiqh pour point to an oil which has a · 

relatively low pour point.have led to a 
significant portion of the original oil beinq 
hydrocracked to form relatively low molecµlar 
weight products.which must be separated from the 
product oil thereby leading to a re~atively low 
yield of the desired product. 

High-quality lubricating oils are critical 
for the operati_on of modern ·machinery and 
automobiles. Unfortunately., the supply of natural 
crude oils having good lu~ricating properties is 
not adequate for present demands. Due to 
uncertainties in world crude oil supplies, high­
quality lubri_catinq oils must be produced from 
ordinary crude feedstocks.and can even be produced 

from paraffinic synthetic polymers. Numerous 
processes have been proposed for producing 
lubricating oils that can be converted into other 

.products by upgrading the qrd~nary and low­
quality stocks. 

It is desirable to ·upgrade a crude fraction 
otherwise unsuitable for lubricant manufacture 
into one from which qood yields ot lube oils can 
be obtained as .~ell as beinq desirable to dewax 
more conventional lube oil stock in hiqh yield. 
Indeed, it i~ even at times desirable to reduce. 

waxes in relatively light petroleum fractions such 
as kerosene/jet fuels. Dewaxing is required when 
hig.hly paraffinic oils are to be used in products 

WPZ/HED/CVRN4020. 001 
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which ·need to remain mobile at low temperatures, 
e.g., lubricating oils, heating oils and jet 

fuels. The higher molecular weight straight chain 
normal and slightly branched paraffins which are 

present in oil& of this kind are waxes which cause 
high pour points and high cloud points in the 
oils. If adequately low pour points are to be 
obtained, these w~xes must be wholly or partly 
removed. In the past, various solvent removal 
techniques were used ~uch as propane dewaxing and 

·MEK dewaxing but these techniques are costly and 
time consuming. Catalytic dewaxinq processes are 
more economical and achieve ;his end by 
selectively cracking the longer chain n-paraffins 
to produce lowe·r molecula; weight products, some 
of which may be removed by distillation. 

Because of their selectivity, prior art­
dewaxing catalysts generally comprise an 
aluminosilicate zeolite having a pore size which 
admits the straight chain n-paraf fins either alone 

or with only slightly branched chain paraffins 
(sometimes re~erred to herein as waxes), but which 
excludes more highly branched materials, 

qycloaliphatics and aromatics. Zeolites such as 
ZSM-5, ZSM-11, ZSM-12, ZSM~23, ZSM-35 and.ZSM-38 

have been proposed for this purpose in dewaxing 
processes~ Such processes ·.are used to accomplish 

d,ewaxing on feeds which contain relatively low 
amounts of waxes, generally w·ell below 50%, and 

they operate by selectively cracking the waxes. 
These processes are not readily adapted for 

treating hiqh wax content feeds since, due to the 
large amount 9f cracking which occurs, such waxes 
would tend to be cracked to provide very low 
molecular weight products. 

WP2/HEO/CVRH4020.00I 
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Since d~waxinq processes of this kind 
function by means of craokinq reactions, a number 
of useful products become degraded to lower 
molecular weight mat•rials. For example, waxy 
paraffins may be cracked to butane, ·propane, 
ethane and methane as ·may t~e lighter n-paraf fins 
which do not contribute to the waxy natur~ of the 
oil. Because th•se lighter products.are qen,rally 
of ·1ower value than the hiqher •olecular weiqht 
materials, it would be desirable to limit the. 

deqree of crackinq which takes place during a 
catalytic dewaxinq process. 

Although U.S. Patents Nos. 3,700,585; 

3,894,938; 4,176,050; 4,181,598; 4,222,855; 

4,222,282; 4,247,388 and 4,859,311 teach dewaxing 
of waxy feeds, the processe~ disclosed therein do 

not disclose a process for producing high yields 
of a lube.oil having a very low pour point and 
high viscosity index from feeds containinq_ 
anywhere from a low to a very high wax content, 
i.e., greater than 80% wax, such as slack wax, 
deoiled wax or synthetic liquid polymers such as 
low molecular weight polyethylene. 

Since processes which remove wax by 
crackinq will give a low yield with very waxy 
feeds, isomerization processes are preferred. 
U.S. Patent No. 4,734,539 discloses a method for 
tsomerizinq a ·naphtha feed usinq an intermediate· 

pore size ·zeolite catalyst, such as an H~offretite 
catalyst. U.S. Patent No. 4,518,485 discloses a 
-process for dewaxinq a hydrocarbon feedstock 
containing.paraffins by a hydrotreating and 
isomeriza.tion process. A method to improve the 

yield in such processes would be welcome. 

WP2/HED/CVRH40Z0.001 
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u.s. Patent No. 4,689,138 discloses an 

.isomerization process for reducing the.normal 

paraffin content of a hydrocarbon oil feedstock 
usinq a catalyst comprisinq an intermediate pore 
size silicoaluminophosphate molecular sieve 
containing a Group VIII metal component which is 
occluded in the crystals during qrowth. Again, a 
method which would improve the yield would be 

welcome. 
Lube oils may also be prepared from feeds 

havinq·a high wax content such as slack wax by an 

isomerization process. In prior art wax 

isomerization processes, however, either the yield 
is low and thus the process is uneconomical, or 

the feed ·j,s not complete.ly dewaxed.· When the feed 
is not completely dewaxed it must·be recycled to a 

dewaxing process, e.g., a solvent dewaxer, which 

limits the throughput and increases cost. U.S. 

Patent No. 4~547,283 discloses converting wax to 

lube. However, ~he.MEK dewaxing following 

isomerization disclosed therein severely limits 
pour ·reduction and thus, very low pour points 

cannot be achieved. Further, the catalyst 

disclosed :therein is much less selective than the 

catalysts used in the present invention. 
The present invention is directed to 

overcoming one or more of the problems as set 

forth above. 

Disclosure Of The Inyention 

In accordance with an embodiment of the 
. . 

.present invention a process is set forth for 
converting a relatively high pour point oil to a 
relatively low pour point oil with a ·hiqh 
viscosity index. The process comprises contacting 

the relatively high pour point oil under 

WP2/HEO/CVR.N40ZO. 001 
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isomerization conditions with a molecular sieve 
havinq pores of 7.lA, most preferably s6.SA,. or 
less in diameter, having at least one.pore 

diameter greater than or equal to 4.8A and havinq 

a crystallite size of no more than about 0.5 
micron. The catalyst is characterized in that it 
has sufficient acidity to c?nvert at least 50% of· 
hexadecane at 370•.c and exhibits a 40 or greater 
isomerization selectivity ratio as ~efined herein 
at 96% hexadecane.converaion. The catalyst 
further includes at least one Group VIII metal and 
the process is carried out at a pressure. from 

about 15 psiq to about 3000 psig. 
When operatinq in accordance with the 

present invention one can pr9duce a low pour 
point, hiqh viscosity index final product oil from 
a hiqh pour point oil feed at high yield. Through 
maintaininq ·the pore size at 7.tA or less too much 
of the feed is not admitted to the pores thereby 
discouraging hydrocracking reactions. Basically, 

the pores should have.no d~ameters greater than 
7.lA and should have at least one diameter qreater 
than s A (see, for example, Atias of Zeolite 

St~ucture Types, w. M. Meier and O. H. Olson, 
S~cond Edition, 1987, Butterworths, London which· 
is incorporated herein by reference for pore 
diameters of zeolites}. The molecular sieves must 
be about SA in minimum pore dimension so that 
methyl branching can occur. The molecular sieves 

are basically optimized to allow the initially 
formed branched species to escape the pore system 

before. cracking occurs. This is done by usinq the 
required small crystall~te size molecular sieves 
and/or by modifying the number, location and acid 
strength of the acid sites present on the , 
molecular sieve. The result of operating in 

WP2/H£D/CVRN40iO.OOI 
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accordance with the present invention is the 

production of. a high viscos-ity index, low pour 

point product with hiqh yield. 

petailed Description Of Tbe Inyention 

In accordance with the method of the 
present invention a process is set forth for 

_isomerizing hydrocarbons utilizing a crystalline 
molecular sieve wherein the molecular sieve is of 

the 10- or 12- member ring variety and has a 
maximum pore diameter of no more than 7.lA across. 
Specific 11;1olecular sieves which are use.ful in the 

process of the present invention include the 

zeolites ZSM-5, ZSM-11, ZSM~12, ZSM-21, ZSM-22, 

ZSM-23, ZSM-35, ZSM-38, ZSM-48, ZSM-57, SSZ-23, 

SSZ~25, SSZ-32, ferrierite and L and other 

molecular sieve materials based upon aluminum 

phosphates such ·as SAP0-11, SAP0-31, SAP0-41, 

MAP0-11 and .MAP0-31. Such molecular sieves. are 

described in the following publications, each of 

wh_ich is incorporated herein by reference: U.S. 

Patents Nos. 3,702,8l6; 3,709,979; 3,832,449; 

3,950,496; 3,972,983; 4;076,842; 4,016,245; 

4,046,859; 4,234,231; 4,440,871 and U.S. Patent 

Applications Serial Nos. 172,730 filed March 23, 

1988 and 433,382, filed October 24, 1989. 

The molecular sieves of the invention are 

optimized to allow the initially formed branched 

s'pecies to escape the pore systems of the 

~atalysts before cracking occurs .. This is done by 

using· small crystallite size molecular sieves 

and/or by modifying the number, location and/or 

strength of the acid sites in the molecular 

sieves. The greater the number of acid sites of 
the molecular sieves, the smaller must be the 
c~ystallite size in order to provide optimum 

WPZ/HEO/CVRN40Z0.001 
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dewaxing by isomerization with minimized cracking. 

Those molecular sieves which have few and/or weak 
acid sites may have relatively larqe crystallite 

size, while those molecular sieves which have many 
and/or relatively strong acid sites must be 
smaller in crystallite size. 

The length of the crystallite in the 
direction of the pores· is the critical dimension. 
X-ray diffraction.(XRD) ·can be used to measure the 
pore length by line broadening measurements. ·The 
preferred size crystallites. in this invention are 
so.s, more preferably s0.2, still more preferably 
so.1 micron along the direction of the pores (the 

"c-axis") and xao line broadening for xao lines 
corresponding to the c-axis is observed for these 

preferred crystallites. The smaller size 
crystallites, particularly those having a 
crystallite size of so.2 micron, acidity becomes 
much less important since the branched molecules 
can more readily escape before being cracked. 

This.is even more ~rue when the crystallite size 
is S0.1 micron .. For crystallites larger than 1 to 
2 microns, scanning electron microscop·e (SEM) or 
transmission electron microscope (TEM) is needed 
to estimate the pore length because the XRD line· 
is not mea~urably broadened. In order to use SEM 

or TEM accurately, the molecular sieve catalyst 

must be composed of distinct individual 

c~ystallites, not aqglomerates,of smaller 
particles in order to accurately determine the 
size. Hence, SEM and TEM measured values of pore 
length are somewhat less reliable than XRD values. 

The method ~sed to determine crystallite 
size usinq XRD is described in Klug and Alexander 
NX-ray Diffraction· ProceduresN, Wiley, 19~4 which 
is incorporated herein by reference. Thus, 

WP2/HEO/CVRN4020. 001 . 
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o = (K·~)/(B•cos e), 

where: 
o • crystallite size, A 
K = constant = 1 
~ = wavelength, A 
8 = corrected ha~f width in radians 
e = diffraction angle 
For crystallites~ about 0.1.micron in 

lenqth, (alonq the pore direction) decreasing the 

number of acid sites (by exchange of H+ by with aQ 

alkali or alkaline earth cation for example) can 
increase the isomerization selectivity to a 
certain extent. The isomerization selectivity of 

smaller crystallites .is less dependent on the 
acidity since the branched products can more 
readily escape before being cracked. · Titration 
during the isomerization process (by adding a base 

such as NH3 ) to decrease acidity during a run can 
also increase isom~rization selectivity to a small 
extent. 

The most preferred catalysts of the 

invention are of the 10-membered rinq variety (10 
oxyqen atoms in the ring defining the.pore 

opening) with the molecular sieves having pore 
• 
opening sizes of ~7.1 A, preferably S6.5A. Such 

·catalysts include ZSM-5, ZSM-11, ZSM-21, ZSM-22, 
ZSM-23, ZSM-35, ZSM-38, ZSM-48, ZSM-57, SSZ~23, 

~SZ-32, ferrierite, SAP0~11 and MAP0-11. Other 

useful molecular sieves include SAl?0-31, SAP0-41, 
MAP0-31 and SSZ-25, the pr~cise structures of 
which are not known but whose adsorption 
characteristics and catalytic properties are such 
that they satisfy the pore size· requirements of 
the catalyst& usefui i.n the process of the present 
invention. Also ·useful as catalysts are 12-
membered ring zeoli.tic molecular si.eves such as L 

WP2/HEO/CVRN40Z0.001 
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zeolite and ZSM-1.2~ having deformed (non-circular) 
pores which satisfy the requirement that they have 
no cross-dimension greater than 7.lA. 

The present invention makes use of 
catalysts with selected ac~dity, selected pore 
diameter and selected crystallite size 
(corresponding to selected pore length). The 
selection is such as to-insure that their is 
.sufficient acidi~y to catalyze isomerization and 
such that the product can escape the pore _system 
quickly enouqh so that crackinq is minimized. The 
pora diameter requirements have been set forth 
above. The required relationship between acidity 
and crystallite size of the. molecular sieves in 
order to provide an optimum hiqh viscosity index 
oil with hiqh yield is defined by carryinq out 
stand~rd isomerization acti·vity tests. for 
isomerizing n-hexadec.ane. The test conditions 
include a pressure of 1200 psiq, hydroqen flow of 
160 ml/min (at 1 atmosphere pressure and 25°C), a 
feed rate of 1 ml/hr and the use of 0.5 q of 
catalyst loaded in the center of a 3 feet long by 

3j16 inch inner diameter ·stainless steel reactor 
tube (the catalyst is located centrally.of the 
tq.be and e.xtends about 1- to 2 inches in length) 
with alundum loaded upstream of the catalyst for 
preheating the feed. A catalyst, if it is to 
qualify as a catalyst of the invention, when 
tested in this manner,. must convert at least 50% 
of the hexadecane at a temperature of 37o·c or 
below and will preferably convert 96% or more of 
the hexadec_ane at a temperature below 355 ·c. 
Also, when the catalyst is run under conditions 
which lead to 96% conversion of hexadecane the 
isomerization selectivity obtained by raising the 
temperature, by which is meant the selectivity for 

----~~~~~~~ 
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produc1nq i1omerizecl hexadecane a1 oppoaecl to 
cracked products au1t be 40 or 9reater, -more 
pref~rably so or greater.. The iaoaer1zation 
aelectivity, which ia a ratio, ia defined aa: 

· yt' branched c 11 in pro4uet wt' branchecl c" in product • _wt, c,.- in product 

X 100 at 96' nC11 conver•ion. 
Thi• asaur•• that the number of acid •ites is 
1ufficient to provide needed. i1oaeri1·ation 
activity ~ut is low anou9h so that crackin9 11 
miniaizecl. Too few ~it•• l•a4a to in•ufficient 
catalyat' activity. Witb too many a1t·ea vi th 
larger ci;y•tallite1, crackin9.pre4ominate1 over 
isomerization. 

Increasin9 th• cry1tall1te size of a given 
cataly1t (having a fixed Si0z/Al10,, ratio) increa•••. 
the number of acid, •• 9., alumina, sit•• in each 
pore. Above a certain crystallite size ~ang•, 
cracking, rath•~ than isomeriaation, do11iz:!_ates. 

Th• molecular aieve crystallite• can 
suitably b• bound with a matrix or porou• matrix. 
The terms •matrix• an4 •porou1 matrix• include 
inorganic: compo•ition• with which the cry•tallit•• 
can be coribinecl, 41•peraed, or otherwi•• 
intimately a4•1x•d~ Preferably, th• matrix is. not 
eatalytically active in a_hyclrocarbon crackin9 
••n•e, i.e., is 1ubatant1ally free of acid sitea. 
The matrix porosity can •it.her be inherent or it· 
can be caused by a mechanical or chemical meana. 
satisfactory matrices include cliatomaceoua earth 
.and inor9anio oxides. Pr•ferrea inorganic ox14•• 
include alumina; ailica, naturally occurring ancl 
conventionally proc••••d clays, for example 
bentonite, kaolin, aepiolite, attapulqite and 
halloyaite. 
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Compositing the crystailites with an 

inorqan~c oxide matrix can be_ achieved by any 

suitable known method wherein the crystallites are 
intimately· admixed wi.th the oxide while the latter 

is in a hydrous state (for example, as a hydrous 
salt, hydrogel, wet gelatinous precipitate, or in 
a dried state, or combinations thereof). A 
convenient method. is to prepare a hydrous mono or 
plural oxide gel or cogel using an aqueous 

solution of a salt or mixture of salts (for 
example alu•inum a~d sodium silicate). Ammonium 
hydroxide carbonate (or a similar base) is added 

. to the solution in an amou-nt sufficient to 
precipitate the oxides in hydrous form. Then, the 

precipitate is washed to remove most.of any water 
soluble salts and it is thoroughly admixed with 
the crystallites. Water or a lubrica~inq aqent 
can be added in an amount sufficient to facilitate 
shaping of the mix (as by extrusion). 

The feedstocks.which can be treated in 

accordance with.the present invention include oils 

which generally have relatively hiqh pour points 
which it is desired to reduce to relatively low 
pour points. 

The present process may be used to dewax a 
variety of feedstocks ranging from relatively 

light distillate fractions such as kerosene and 

j,et fuel up to high boiling .stocks such as whole 

?rude petroleum, reduced ~rudes, vacuum tower 
residua, .cycle oils·, synthetic crudes (e.g., shale 
oils, tars and oil, etc.), gas oils, vacuum qas 
oils, foots oils, and other heavy oils. Straight 
chain n-paraffins either alone or with only 
slightly branched chain paraffins having 16 or 
more carbon atoms are sometimes referred to herein 
as waxes. The feedstock will often be a C10+ 

WPZ/HED/CVRN,020.001 
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feeds~ock generally boiling above about 350°F 
since lighter oils will usually be ·free of 
significant quantities-of waxy components. 
However, the process is particularly useful with 
waxy distillate stocks such as middle distillate 
stocks including qas oils, kero.senes, and jet 

fuels, lubricating oil stocks, heating oils and 
other distillate .fractions whose pour point and 
viscosity need to be maintained within certain 
specification limits. Lubricating oil stocks will 
qenerally boil above 23o•c ·(450.F), more usually 
above 31s·c (600"F). Hydroprocessed stocks are a 
convenient source of stocks of this kind and also 
of other distillate fractions since they normally 

15 contain significant amounts of waxy n-paraffins . 

. The feedstock of the present process will normally 
be a C10+: feedstock containing paraffins, olefins, 
naphthenes, aromatics and heterooyclic compounds 
and with a substantial proportion of higher 

20 .. molecular weiqht n-paraffins and sliqhtly branched 

25 

30 

paraffins which contribute to the waxy nature of 

the feedstock. During the processing, the n­
paraffins and the sliqhtly branched paraffins 

µndergo some cracking or hydrocrackinq to form 
liquid ranqe materials which contribute to a low 
viscosity product. The deqree of cracking which 
occurs is, however, limited so that the qas yield 
~s reduced, thereby preserving the economic value 
of the feedstock. 

Typical feedstocks include liqht qas oils, 
heavy gas oils and reduced crudes boiling above 
350°F. Typical feeds might have the following 
general composition: 

WPZIHEO/CVRN•OZO.O~I 
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25-50 

0.2-150 ppm 

•. 

API Gravity 
Nitrogen 
Waxes 
VI 

1-100 (pref. 5-100)\ 

10-110· 

Pour Point ~o·c (often ~2o·c) 
Boiling Point· Range 315-700"C 

Vis~osity, 3-1000 
(est 8 4o·c) 

* This is the VI after solvent dewaxinq. 

A typical product might have the. following 
composition: 

API Gravity 
VI 

20-40 

90-160 

Pour Point <o·-c 
Boiling Point Range 315-700°C 
Viscosit;y, 
(est @ 40"C) 

3-1000 

The typical~·feedstocks which are 

advantageously treated in accordance with the 
present invention will generally have an initial 
pour point above about O • C, more usually above · · 

~bout 2o·c. The resultant products after the 
process is completed generally have pour points 
which fall below -o·c, more preferably below about 
-10.· c. 

As used herein, the term "waxy feed" 

includes petroleum waxes. The feedstock employed 
in the process of the irtvention can be· a waxy feed 
which contains greater than about 50% wax, even 
greater than about 90\ wax. Highly paraffinic · 
feeds having high pour points, generally. above 
about o·c, more usually above about 1o·c are also 
suitable for use in the ·process of the invention. 
Such a feeds can contain greater than about 70\ 

. WPZ/H[0/CVRN40ZO.OOI 
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paraff inic carbon, even greater than about 90% 
paraff inic carbon. 

Exemplary.add~tional suitable feeds for use 
in the process of the invention include waxy 
distillate· stocks such as gas oils, lubricating 
oil stocks, synthetic oils such as those by 
Fischer-Tropsch synthesis, hiqh pour point 
polyalphaolefins, ·foots oils, .synthetic waxes such 
as normal alphaolefin waxes, slack wax.es, deoiled 
waxes and microcrystalline waxes. Foots oil is 

prepared by separating oil from the wax. The 
isolated o.il is referl:'.ed ·to as foots oil. 

The feedstock may be a C~+ feedstock 

generally boiling above about .6oo·F. The process 

of the invention is useful with waxy distillate 
stocks such as qas oils, lubricating oil stocks, 
heating.oils and other distillate fractions whose 

pour point and viscosity need to be main~ained 
within certain specification· limit.s. Lubricating 
oil stocks will generally boil above 23o•c 

(450"F), more usually above 315"C (600.F). 

Hydroprocessed stocks are a convenient source of 
stocks of this kind. and also of other distillate 
fractions since they normally contain significant· 
a~ounts of waxy n-paraffins. The feedstock of the 

present process may be a C~+ feedstock containing 
paraffins, olefins, naphthenes, aromatics and 
heterocyclic compounds and a substantial 

. proportion of higher molecular weight 

30 n-paraff ins and slightly branched paraffins which 

35 

contribute.to the waxy natu~e of the feedstock. 
During processing, the n-paraffins and the 
slightly ·branched paraffins undergo some cracking 
?r hydrocracking to form liquid range materials 
~hich contribute to a low viscosity product. The 
degree of crackinq which occurs is, however,~~~~~~~~~~-

WPZ/HEO/CVRNCOZ0.001 
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limited so tha' the yield of low boiling products 

is reduced, thereby preserving the econo~ic value 

of the feedstock. 
Slack· wax can be obtained from either a 

hydrocracked lube oil or a solvent refined lube 
oil. Hydrocrackinq is preferred because that 

process can also ~educe the nitroqen content to 
low values. With slack wax derived from solvent 

refined oils, deoilinq can be used to reduce. the 
nitrogen content. optionally, hydrotreatin9 of 
the slack wax can be carried out to lower the 
ni troqen content thereof.. Slack waxes possess . a 
very high viscosity index, normally in the range 
of from 140 to 200, dep~ndinq on the oil content 
and the starting material from which the wax has 

been prepared. Slack waxes are therefore 
eminently suitable for the preparation of 
lubr~cating oils having very high viscosity 
ind~ces, i.e., from about 120 to about 180. 

Feeds also suitable for use in the process 
of the invention are partially dewaxed oils 
wherein dewaxinq to an intermediate pour point has 

been carried out by a·process other than that 
• 

claimed herein, for example, conventional 

catalytic dewaxing processes and solvent de~axing 

processes. Exemplary suitable solvent dewaxinq 

p~ocesses are set· forth· in U.S. Patent No. 
4,547,287 •. 

The process of the invention may also be 
employed in combination with conventional dewaxinq 
processes to achieve a lube oil having particular 

desired properties. _For example, the process of 
the invention can be used to reduce the pour p~int 
of a lube oil to a desired degree. Further 
reduction of the pour point can then be achieved 
using a conventional dewa~inq process. Under such 
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circumstances, immed~ately following the 

isomerization process of the invention, the lube 
oil may have a pour point .greater -than about 1s·F. 

Further, the pour point of the lube oil produced· . 

by the process of the inventio·n can be reduced by 

~ddinq pour point depressant compositions thereto. 

The conditions under.which the 
isomerization/dewaxinq process of the present 

.invention is carried out generally include a 
temperature which falls within a ranqe from about 
2oo·c to about 400"C and a pressure from about· 15 
to about 3000 psig. More preferably the pressure 

is from about 100 to about 2500 psig. The liquid 
hourly space velocity during contacting ·1s 

15 · generally from about 0.1 to about 20, more 

preferably from about 0.1 to about 5. The 

cont~ctinq is preferably carried out in the 
presenc.e of hydrogen·. The hydrogen to hydrocarbon 

ratio preferably falls within a range from about 

20 1.0 to a~out 50 moles H2 per mole.hydrocarbon, more 

preferably from about 10 to about 30 moles H2 per 

mole hydrocarbon. 

The product of the present invention may 
be further treated as by hydrofinishinq. The 

25 hydrofinishinq can be conventionally carried out 

in the presence of a metallic hydrogenation 

c~talyst, for example, platinum on alumina.· The . ' 

hydrof inishing can be carried out at a temperature 

of from about 190°C to about 340°C and a pressure 

30. of from about 400 psiq to about 3000 psiq. 

35 

Hydrof inishing in this manner is described in, for 

example, U.S. Pa.tent 3,852,207 which is 

incorporated herein by reference. 
The feed preferably has an organic nitrogen 

content of less than about 100 ppmw. 

WPVHEO/CVRN4"020. 001 



. I 

. s 

10 

15 

20 

25 

30 

35 

... 

- 19 -

The catalyst preferably includes· a 

hydrogenation component which serves to promote 
isomerization, namely a Group VIII metal. Any of 
the known hydroqenation components may be 
utilized. Platinum and pa~ladium are preferred . 

Tne invention will be better understood by 

reference to the following illustrative examples. 

Example 1; 

The experimental isomerization selectivity 

of a catalyst can be- measured by using a test with 
n-hexadecane feed at the conditions given in Table 
l. The isomerization selectivity is defined as: 

wti branched c,e in product 
wt% branched C18 in product + wt% C13- in product 

X 100 at 96% nC16 conversion. 
The metals (0.5 wt%) were added by ion 

exchange U:si.ng an aqueous solution of Pd(NH3 ) 4 (N03 ) 2 

or Pt (NH3 ) 4 (N03 ) 2 buffered at a pH between 9 _and 10 

usinq dilute NH40H. The Na was added by ion 
exchange using a dilute aqueous solution of a 

sodium salt before the metal was exchanged. 
It can be seen from Table 1 that 1.5 micron 

~rystallites (having 1.5 microns ·pore length) have 
· v.ery low isonierization selectivity ( 10%) while 

so.1 micron crystallites have) 40% isomerization 

selectivity. Also, sodium exchange significantly 
increases the isomerization selectivity of a 0.09 

micron crystallite catalyst, but led to little 
increase in isomerization selectivity of catalysts 
.made with smaller crystallites. 'l'itrati9n (during 
processing} with ammonia also increased 
isomerization selectivity of catalysts to a small 
extent. 
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Table I 

Measurement of isomerization selectivities of various cata~ysts usin9 n-hexadecane feed. 

Pressure = 1200 psig, ~ flow • 160 ml/min at 1 atm/25"G, feed rate • 1 ml/hr, catalyst wt • o .. s 9 . 

. I somerization selectivity • 100 [ iC"/iC10+C13-) at 96% C10 conversion. Temperature given is . 

tempirature required to· reach 96' co~version. 

Pore length in microns by 
XRD. Crystalline size in Iaomerization 

Cata·lyat C-direction temp· F Selectiyity 

Pt,H•·K•,L 1. 5 640 10 
+ + Pt,H ,K ,L .06 620 53 

J?t,u•,ssz:..32 .041 597 64 

Pt·, ... I ZSM-2"3 .033 560 71 

Pd-, ... I ZSM-22 .087 578 42 

Pd,u•,Na•,zsM-22 .087 635 60 

Pd,H•,zsM-22(titrated) .087 635 47 

Pd,H•,zsM-23 .054 540 55 

Pd,H•,zsM-23 .033 
.. 5·44 

.-
63 

Pd,H.,Na•,zsM-23 .033 565 65 

"Cl 
8 
-a. 
~ 
5 
Q) 

i:l'.:I 
~ 
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~ 

!" 



5 

ti 

-· 21 -

Example 2 

Catalysts made with zeolites with similar pore 
openinqs but varying crystallite size were used to 
dewax a lube feed having a gravity of 31.3 API, 2.89 
ppm sulfur, 0.72 ppm nitrogen, a pour point of 35°C, 
a viscosity at 40°C of 33.7 est, at 70"C of 12.1 est 
and at·1oo·c of 5~911 est, a VI of 120 C-6"C solvent 
dewaxed VI = 104), an average molecular weiqht of 
407, a boi11·ng range of 343 ·c - 538 ·c and a wax 

10 · . content of 10.4 wt%. Results are given in Table 2. 
It can be. seen that catalysts with high isomerization 
selectivities produ~e a higher yield of lube product · 
with a hig~er VI. 
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Table 2 
Results for dewaxing a typical industrial feed stock for lube production. Conditions: WHSV = 1.24, Gas rate = 4900 SCF H2/BBL; ~ressure. 2300 psig .. Yields and VI's for lube with -12·c l pour unless otherwise indicated. '· 

,5 . Pore Length . Lube Yi.eld Temperature Catalyst micr9ns · nQ18 isom sel l-12 • c· pour) • F VI 
ff+ ,SSZ-32 .041 1 82* 610 101 (no metal) 
Pt;ssz-32 .041 64 87.5 575 107 10 Pt,H•,zsM-22 .089 .42 83 570 102 
Pt,a•,Na•,zsM-22 . .089 50 85 640 104 
Pt,H•,zsM-23 .033 71 85.5 640 107 
*Product @ -9·c poµr point 

~'-· .. / 
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The acidity of the catalyst of the present 
invention can be controlled by conventionally 
reducing the alumina content of the catalysts; Ion 
exchange with alkali or alkaline earth cations can 
also be used to lower the acidity. Generally, the 
catalyst is contacted with a dilute aqueous solution 
of a (usually) sodium salt such as sodium nitrate and 
then dried before use or further processing. 

The production of small crystallite molecular 
sieves can be accomplished by_ assuring a hiqh 
nucleation rate preceding crystallization. This can 
be accomplished in several ways includinq·the 
followinq: 

1) The alkalinity of the reaction mixture used in 
the synthesis of the molecular sieve can.be increased. 
as described in Hydrothermal Chemistry Of Zeolites by· 
R. M. Barrer (Academic Press, 1982) at paqes 154-
157, which are incorporated herein by·reference; 

2) Small amount.a of dye molecules or of inorganic 
cations can b~ present during crystallization. These 
serve to retard crystal qrowth on certain faces of 
the growinq crystal as described in Brit"ish Patent 
1,453,115 which is incorporated herein by reference; 
t 

3) Nucleation can be acc.elerated using novel 
sources of inorganic reactants such as other zeolites 
as described_in copendinq u. S. Patent application 
Serial No. 337,357 which is incorporated herein by 
reference; 

4) Crystalliza;ion can be carried out at reduced 
temperature if the activation enerqy is rela~ively 
low as described in U. s. Patent 4,073,865 which is 
incorporated herein by "reference; or 

WP2/HEO/CYRN•020.001 
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5) High speed mixinq can be carried out during 
crysta1lization to promote nucleation and disrupt 

crystal qrowth as described by a.w Thompson and A. 
Dyer, Zeolites, ~, 303 (1985) which is incorporated 
herein by reference. 

Industrial Appliq4bility 

The present invention provides a process for 
isomerization, more part'1cularly a. process for the 
dewaxing, of waxy oils with the resulting product 
beinq produced in a relatively optimum amount and 
having a desirably hiqh viscosity index. 

While the invention has been described in 

connection with specific embodiments thereof, it will 

be understood that it is capable of further 
modification, and this application is intende~ to 
cover any variations, uses, or adaptations of the 
invention following, in general, th~ principles of 
the invention and including such departures from the 
present disclosure as come within known or customary 
practice in the art to which the invention pertains 
and as may be applied to. the essential features 
hereinbefore set forth,. and as fall within the scope 

' 
of the invention and the limits of the appended 
claims. 
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Claims 

That Which Is Claimed Is; 

1. A process for dewaxin9 a hydrocarbon feed 
to produce a dewaxed lube oil, the feed inc~uding 
straight chain and sliq~tly'branched chain paraffins 

hav~nq 10 or more carbon atoms, comprisin9: 

contacting the ~feed under isomerization 
conditions with an intermediate pore size molecular 

sieve havin9 a crystallite size of no more than about 

o. 5/J, havin9 pores with a minimum .pore diameter o.f at 

least 4.8A and.with a maximum pore diameter of 7.1A 
or l.ess, the catalyst 1) havinq sufficient acidity so 

that 0.59 there~f when positioned in a ~ inch 

internal diameter tube reactor converts at least 50% 

of hexadecane at ~ temperature of 370°C, a pressure 
of 1200 psiq, a hydrogen flow of 160 ml/min and a 

feed rate of l ml/hr and 2) exhibitinq 40 or greater 
isomerization selectivity which is defined as: 

wt!\ branched C18 in product 
Wt% branched C18 in product + wt% C13- in product 

x 100, 

when used under conditions leadin9 to 96% conversion 

of hexadecane to other che1;11icals, the catalyst 
includinq at least one Group VIII metal, the 
contactinq being carried out at.a pressure from about 

15 psiq to about 3000 psiq. 

2.. The process of claim 1, wherein said feed 

is selected from the qroup consisting of gas oils, 

lubricating oil stocks, synthetic oils, foots oils, 

Fischer-Tropsch synthesis oils, hiqh pour point 

polyalphaolefins, foots oils, normal alphaolefin 
waxes, slack waxes, deoiled waxes and 
microcrystalline waxes. 
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3. The process o~ claim 1, wherein said 
molecular sieve is selected from the qroup consisting 
of ZSM-5, ZSM-11, ZSM-12, ZSM-21, ZSM-22, ZSM-23, 

ZSM-35, ZSM-38, ZSM-48, .ZSM-57, SSZ-23, SSZ-25, SSZ-
32, ferrierite, SAP0-11, SAP0-31, SAP0-41, MAP0-11, 
MAP0-31 and L zeolite and said metal is selected from 
the group consist~ng of at least one of platinum and 
palladium. 

4. The process of claim 1, wherein said 
contacting is carried out at a temperature of from 
about 2oo·c to about 4oo·c and a pressure of from 

about 15 to about 3000 psiq. 

5. The process of ~laim 4, wherein said 
pressure is from about 100 to ab6ut 2500 p~ig. 

6. The process of claim 1, wherein the 
liquid hourly space v_elocity durin_g contacting is 
from about 0.1 to about 20. 

7. The proc,ss of claim 6, wherein the 
ltquid hourly space velocity is from about 0.1 to 
about 5. 

8. The process of claim 1, wherein 
c~ntacting is carried out in the presence of 
hydrogen. 

9. The process of claim 1, further 
comprising hydrofinishinq the dewaxed lube oil. 

10. The process of claim 9, wherein 
hydrof inishinq is carried out at a temperat~re of 
from about 190"C.to about 340"C and a pressure of 
from about 400 psig to about 3000 psig. 

~~~~~~~~~~-
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· 11 .. The process of claim 10, wherein 

hydrof inishinq is carried out in the presence of a 
metallic hydrogenation catalyst. 

12. ·The process of claim 1, .wherein said feed 
has an organic ni.troqen content of less than about 
100 ppmw. 

13. A dewaxed lube oil prepared. by the 
process of claim 1 . 
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