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(57) Claim

1. A process for producing a lubricating oil of 
improved pour point and viscosity index which 
comprises
(i) catalytically dewaxing a lube feed stock 
having an initial boiling point of at least 323°C 
containing waxy, paraffinic components in an initial 
catalytic dewaxing step with a dewaxing catalyst 
comprising zeolite beta having a silica: alumina 
ratio of at least 10:1 and a
hydrogenation-dehydrogenation component, in the 
presence of hydrogen underdewaxing conditions of 
elevated temperature from 249°C to 454° and 
pressure of up to 7000 kPa and at a contact time 
between the feed and the catalyst which effects a 
partial removal of the waxy components by 
isomerization of the waxy paraffinic components to 
less waxy iso-paraffinic components, to increase the
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content of iso-paraffinic components in the stock 
relative to the content of iso-paraffinic components 
in the feed; and
(ii) subjecting the effluent from the initial 
catalytic dewaxing step to a selective dewaxing 
operation in which straight chain, waxy paraffnic 
components are removed in preference to 
iso-paraffinic components, to lower the pour point 
of the stock to produce a dewaxed lubricant product 
having a targeted pour point and viscosity index.
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The invention relates to a process for the production of 
lubricants and more particularly, to a process for the production of 
hydrocarbon lubricants of high viscosity index.

Mineral oil lubricants are derived from various crude oil 
5 stocks by a variety of refining processes. Generally, these

refining processes are directed towards obtaining a lubricant base 
stock of suitable boiling point, viscosity, viscosity index (VI) and 
other characteristics. Generally, the base stock will be produced 
from the crude oil by distillation of the crude in atmospheric and

10 vacuum distillation towers, followed by the separation of
undesirable aromatic components and finally, by dewaxing and various 
finishing steps. Because aromatic components lead to high viscosity 
and extremely poor viscosity indices, the use of asphaltic type 
crudes is not preferred as the yield of acceptable lube stocks will

15 be extremely low after the large quantities of aromatic components 
contained in such crudes have been separated out; paraffinic and 
naphthenic crude stocks will therefore be preferred but aromatic 
separation procedures will still be necessary in order to remove 
undesirable aromatic components. In the case of the lubricant

20 distillate fractions, generally referred to as the neutrals, e.g. 
heavy neutral, light neutral, etc., the aromatics will be extracted 
by solvent extraction using a solvent such as Sulfolane, Udex or 
another material which is selective for the extraction of the 
aromatic components. If the lube stock is a residual lube stock,.

25 the asphaltenes will first be removed in a propane deasphalting step 
followed by solvent extraction of residual aromatics to produce a 
lube generally referred to as bright stack. In either case, 
however, a dewaxing step is normally necessary in order for the 
lubricant to have a satisfactorily low pour point and cloud point,
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so that it will not solidify or precipitate the less soluble 
paraffinic components under the influence of low temperatures.

A number of dewaxing processes are known in the petroleum 
refining industry and of these, solvent dewaxing with solvents such

5 as methylethylketone (MEK) and liquid propane, has been the one 
which has achieved the widest use in the industry. Recently, 
however, proposals have been made for using catalytic dewaxing 
processes for the production of lubricating oil stocks and these 
processes possess a number of advantages over the conventional

10 solvent dewaxing procedures. The catalytic dewaxing processes which 
have been proposed are generally similar to those which have been 
proposed for dewaxing the middle distillate fractions such as 
heating oils, jet fuels and kerosenes, of which a number have been 
disclosed in the literature, for example, in Oil and Gas Journal,

15 January 6, 1975,.pp. 69-73 and U.S. Patents Nos. RE 28,398,
3,956,102 and 4,100,056. Generally, these processes operate by 
selectively cracking the longer chain end paraffins to produce lower 
molecular weight products which may then be removed by distillation 
from the higher boiling lube stock. The catalysts which have been

2Q proposed for this purpose have usually been zeolites which have a 
pore size which admits the straight chain, waxy n-paraffins either 
alone or with only slightly branched chain paraffins but which 
exclude more highly branched materials and cycloaliphatics.
Zeolites such as ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35 and

25 ZSM-38 have been proposed for this purpose in dewaxing processes, as 
described in U.S. Patent Nos. 3,894,938, 4,176,050, 4,181,598,

j 4,222,855, 4,229,282 and 4,247,388. A dewaxing process employing
‘‘‘‘ synthetic offretite is described in U.S. Patent No. 4,259,174.

Although the catalytic dewaxing processes are commercially 
,,,, 3Q attractive because they do not produce quantities of solid paraffin 
““ wax which presently is regarded as an undesirable, low value 
*“ product, they do have certain disadvantages and because of this,

t,[ certain proposals have been made for combining the catalytic
« I < 6

, dewaxing processes with other processes in order to produce lube
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stocks of satisfactory properties. For example, U.S. Patent No. 
4,181,598 discloses a method for producing a high quality lube base 
stock by subjecting a waxy fraction to solvent refining, followed by 
catalytic dewaxing over ZSM-5 with subsequent hydrotreatment of the

5 product. U.S. Patent No. 4,428,819 discloses a process for 
improving the quality of catalytically dewaxed lube stocks by 
subjecting the catalytically dewaxed oil to a hydroisomerization 
process which removes residual quantities of petrolatum wax which 
contribute to poor performance in the Overnight Cloud Point test

10 (ASTM 02500-66). This process is intended to overcome one
disadvantage of the intermediate pore dewaxing catalyst such as 
ZSM-5 which is that the normal paraffins are cracked much faster 
than the slightly branched chain paraffins and cycloparaffins so

• that, although a satisfactory pour point is attained (because the
15 straight chain paraffins are removed) residual quantities of

branched chain paraffins and cycloparaffins may be left in the oil, 
to contribute to a pour performance in the Overnight Cloud Point 
test when the oil is subjected to a relatively low temperature for 
an extended period of time. During this time, the petrolatum wax

’«.,.'20 which is made up of the less soluble slightly branched chain
*,, paraffins and cycloparaffins, nucleates and grows into wax crystals

of a sufficient size to produce a perceptible haze. Although it 
would be possible to remove the petrolatum wax by operating the 
dewaxing process at a higher conversion so that these components

25 were removed together with the straight chain paraffins, the yield 
loss which would result, has generally been considered 
unacceptable. Thus, the need for a subsequent processing step has 
become apparent.

As mentioned above, the conventional catalytic dewaxing 
•‘‘‘‘•3Q processes using intermediate pore size zeolites such as ZSM-5

operate by selectively cracking the waxy components of the feed.
This results in a. loss in yield since the components which are in 
the desired boiling range undergo a bulk conversion to lower boiling

«;«·»; fractions which, although they may be useful in other products, must
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be removed from the lube stock. A notable advance in the processing 
of lube stocks is described in U.S. Patents Nos. 4,419,220 and 
4,518,485, in which the waxy components of the feed, comprising 
straight chain and slightly branched chain paraffins, are removed by

5 isomerization over a catalyst based on zeolite beta. During the 
isomerization, the waxy components are converted to relatively less 
waxy isoparaffins and at the same time, the slightly branched chain 
paraffins undergo isomerization to more highly branched aliphatics.
A measure of cracking does take place during the operation so that

10 not only is the pour point reduced by reason of the isomerization 
but, in addition, the heavy ends undergo some cracking or 
hydrocracking to form liquid range materials which contribute to a 
low viscosity product. The degree of cracking is, however, limited 
so as to maintain as much of the feedstock as possible in the ,

15 desired boiling range. As mentioned above, this process uses a 
catalyst which is based on zeolite beta, together with a suitable 
hydrogenation-dehydrogenation component which is typically a base 
metal or a noble metal, usually of group VIA or VIIIA of the 
Periodic Table of the Elements (the periodic table used in this

i»«>- 20 specification is the table approved by IUPAC), such as cobalt,
, molybdenum, nickel, tungsten, palladium or platinum. As described

in U.S. 4,518,485, the isomerization dewaxing step may be proceded 
by a hydrotreating step in order to remove heteroatom-containing 
impurities, which may be separated in an interstage separation

25 process similar to that employed in two-stage hydrotreating
hydrocracking processes.

As is apparent from the preceding description, the 
objective in dewaxing processes is to remove the waxy components of

‘.' the feed which tend to precipitate out of the liquid oil when it is
50 subjected to low temperatures. These waxy components may generally 

be characterized as the straight chain and slightly branched chain 
paraffins of high melting point, especially the mono-methyl 
paraffins. Generally, the straight chain paraffins must be removed 
in order to ensure that the oil has a satisfactorily low pour point
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while the slightly branched chain materials need to be removed in 
order to ensure that the product does not become hazy by the 
relatively slow growth of the waxy components. If especially low 
pour points are desired, it may be necessary to remove some of the

5 higher melting point branched chain paraffins such as the mono
methyl paraffins because preferential removal of the n-paraffins 
will generally lower the pour point to about -18°C(-28°F). A 
countervailing factor, however, is that it is generally undesirable 
to operate the dewaxing under conditions of relatively high severity

10 because not only does this result in a lower lube yield but, in 
addition, the isoparaffinic components which contribute to a high 
viscosity index may be removed together with the waxy components 
which are more straight chain in character. Thus, a balance must be 
sought between removing sufficient of the waxy paraffins to obtain

15 the desired pour point and cloud point specifications and the need 
to retain a sufficient number of the branched chain isoparaffins 
which contribute to a good-viscosity index (VI) in the product. *It 
is, of course, desirable to produce a base stock of high VI since 
this reduces the need for VI improvers which, besides being

20 expensive, become degraded in use with a resultant deterioration in 
lubricant properties. The objective of the dewaxing procedure must 
therefore be to produce a lube stock with an acceptable balance of 
properties in as high a yield as possible.

We have devised a process for the production of lubricant
25 base stocks which are characterized by low pour point and high

viscosity index. The present process enables these lube stocks to 
be oroduced in good yields with the minimum production of 
undesirable materials such as lighter, cracked products and solid or 
semi-solid waxes.

30 hl-iOFpprovides a · process^fgc^-- 
producing a lubricating oil stock with a taxgat pour point and 
viscosity index by catalytijalLy  ̂deWaxing a rube base stock

• ,··, containing waxy^-psfaffinic components with a dewaxing catalyst• ft < · _
,. ^|Tfύΐ7^^9rrs±ng-at-^teaEt--one--l·arge-pore--zeol-itehavLing-asi4icaίalumina=
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Accordingly the present invention provides a 
process for producing a lubricating oil of improved 
pour point and viscosity index which comprises
(i) catalytically dewaxing a lube feed stock 
having an initial boiling point of at least 323°C 
containing waxy, paraffinic components in an initial 
catalytic dewaxing step with a dewaxing catalyst 
comprising zeolite beta having a silica: alumina 
ratio of at least .10:1 and a 
hydrogenation-dehydrogenation component, in the 
presence of hydrogen under dewaxing conditions of 
elevated temperature from 249°C to 454° and 
pressure of up to 7000 kPa and at a contact time 
between the feed and the catalyst which effects a 
partial removal of the waxy components by 
isomerization of the waxy paraffinic components to 
less waxy iso-paraffinic components, to increase the 
content of iso-paraffinic components in the stock 
relative to the content of iso-paraffinic components 
in the feed; and
(ii) subjecting the effluent from the initial 
catalytic dewaxing step to a selective dewaxing 
operation in which straight chain, waxy paraffinic 
components are removed in preference to 
iso-paraffinic components, to lower the pour point 
of the stock to produce a dewaxed lubricant product 
having a targeted pour point and viscosity index.

30
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component, in the presence of hydrogen under conventiona^aswaxing 
conditions of temperature and pressure, to isomeHjZtf^Te waxy 
paraffinic components to relatively less raxY^iso-paraffinic

5 components, characterized by partiajisf^moval of waxy components to 
produce an intermediate projdp^naving a pour point at least 6°C 
above the target pouj^pfrint, and selectively dewaxing the 
intermediateojsS^ct by preferential removal of straight waxy 

paraf^Jpiccomponents over iso-paraffinic components, to produce a
10 J^a58feoi3^toete=p3;edttefe=»ttth ■■ ■ ' — 7 ■' =~

The extent of the dewaxing which occurs during the first 
step may be controlled by operating at a severity which reduces the 
pour point of the feed to no lower than about l.O°F (5.5°C) higher 
than the target pour point. Generally, it will be preferred to

15 reduce the pour point of the feedstock to a value which is no lower 
than 20°F (11°C) higher than the target pour point. The minimum 
amount of dewaxing in' the■first stage is generally such that the 
pour point of the feedstock will be reduced by at least about 10°F 
(about 5.5°C), preferably at least about 20°F (-about 11°C).

20 In the accompanying drawings:
Figure 1 is a graph which illustrates the effect of

catalystic dewaxing severity upon the paraffinic content of the 
feedstock,

I U I
< « s¢8 Z * · »

.« 30
« s

< * «

«* <4 « ’

Figure 2 is a graph which relates the pour point of 
the total liquid product from the catalytic dewaxing step to the 
severity of the operation,

Figure 3 is a graph which relates the VI of two 
dewaxed lubricants to the pour point of the intermediate, partly 
dewaxed product, and

Figure 4 is a graph which relates product VI and yield 
to the conversion in the initial dewaxing step for a specific feed.

The present process operates, as mentioned above, by 
carrying out a partial removal of the waxy components in an initial 
catalytic dewaxing step which uses a highly siliceous, large pore
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zeolite catalyst, preferably zeolite beta. This catalytic dewaxing 
operation is carried out under conditions which maximize removal of 
the most waxy components of the feed but minimizes, as far as 
possible, the removal of the components which contribute to the 
desired high viscosity index in the product but less to low pour 
point. Thus, the first dewaxing operation has as its objective, the 
removal of the straight chain n-paraffins while minimizing the 
removal of the branched chain isoparaffins. However, because the 
feedstock will contain a number of isomeric paraffins in trie same 
boiling range, some of which are straight chain, some of which are 
slightly branched chain (with short chain branches) and some of 
which are more highly branched, it is not possible to carry out the 
removal in a completely selective manner. Because of this, some of 
the less highly branched isoparaffins will be removed together with 
the n-paraffins and conversely, some of the n-paraffins will remain 
in the feed until it is subjected to the subsequent, selective 
dewaxing step in which the n-paraffins-are removed. However, 
because the large pore, high silica zeolites initially remove the 
n-paraffins in preference to the isoparaffins, the content of 
isoparaffins in the feed will initially increase. Two reasons may 
be stated for this: first, because the n-paraffins are being 
selectively removed from the feed, the concentration of the 
remaining isoparaffins will proportionately increase. Second, 
because these catalysts remove the n-paraffins by a process which 
includes isomerization to isoparaffins, the concentration of these 
components will increase on an absolute basis.

In Figure 1, which shows the effect of isomerization 
dewaxing severity, plotted as contact time (1/LHSV, hours) plotted 
against the paraffin (total, n- and iso-) content of a typical oil, 
the relative changes in the concentrations of the paraffinic 
components may be seen. Initially, the catalyst isomerizes the 
n-paraffins to iso-paraffins, so reducing the content of the former 
and increasing that of the latter, both on an absolute and relative 
basis. At more extended contact times (increased severity) the
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catalyst converts the iso-paraffins as well as the n-paraffins so 
that both decrease together, although at slightly different rates. 
Figure 2 shows how the pour point of the total liquid product from 
the catalytic dewaxing step decreases with increasing oil/catalyst

5 contact time, indicating progressive removal of the n-paraffins, 
either by isomerization or cracking.

In order to achieve the highest VI in the product, the 
conditions in the first dewaxing step are chosen to maximize the 
concentration of iso-paraffins in the product; however, this may not

10 enable the target pour point for the catalytic dewaxing operation to 
be achieved and so it may be necessary to reduce the content of 
iso-paraffins below this maximum figure even though this may result 
in some loss of VI in the product. It may be possible to maximize 
VI in the product by operating the first dewaxing step under optimum

15 conditions so as to maximize the iso-paraffin content of the 
catalytically dewaxed effluent, with the balance of the waxy 
paraffins being removed in the subsequent selective dewaxing step 
but this will depend upon the product specifications, the nature of 
the feedstock, the dewaxing capacity of the second dewaxing step,

20 the amount of wax by-product which is acceptable and the extent to 
which it is possible to optimize conditions in the first catalytic 
dewaxing step. In any event, however, the present two-stage process 
offers the potential for producing improved lubricants of high VI 
and low pour point, cloud point and other properties.

25 Feedstock
* 2 0 
3 ft 'O ft ft 0

& O 3 O> ft © O ft

The feedstock for the present process may generally be 
characterized as a lube fraction prepared from a crude stock of 
suitable characteristics. In the direct production of lube stocks 
from crude, the crude will be subjected to various conventional 
processes such as distillation in atmospheric and vacuum towers in 
order to obtain a fraction of the requisite boiling point, after 
which the lube stock will be subjected to removal of the aromatics

30
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using a suitable solvent. In the case of the neutral lube 
fractions, removal of the aromatics will normally proceed by a 
solvent extraction process using a solvent such as Udex, Sulfolane 
or another conventional type of solvent for this purpose. If the

5 lube stock is a residual lube stock, i.e. bright stock, removal of 
asphaltenes and some aromatics will generally be effected in a 
deasphalting operation, e.g. a propane deasphalting (PDA) step, as 
is conventional. After deasphalting, a solvent extraction will be 
used to reduce the residual aromatics concentration to acceptable

10 levels. After these processes, the lube stock will have a
sufficiently low content of aromatic constituents for use as a lube 
stock; the aromatic components are, of course, undesirable in 
lubricants because they tend to increase the viscosity while having 
an extremely adverse effect upon the viscosity index. At this

15 point, the lube stoc.k will typically have a boiling point above the 
distillate range, i.e. above about 345°C (about 650°F) but the lube 
stocks which may be used are generally characterized in terms of 
their viscosity rather than their boiling ranges since this is a 
more important characteristic for a lubricant, Generally, if the

20 lube base stock is a distillate base stock, i.e. a neutral stock, it 
will have a viscosity in the range of 100 to 750 SUS (20 to 160 cSt) 
at 40°C (99°F) and in the- case of a bright stock, the viscosity will 
generally be in the range of 1000 to 3000 SUS (210 to about 600 eSt) 
at 99°C (210°F). The light neutral stocks are generally

25 characterized by their Saybolt viscosity at 40°C, e.g. as a 100 
second neutral which has a viscosity of abput 100 SUS at 40°C (20 
cSt) a 300 second neutral has a viscosity of 300 SUS at 40°C (65 
cSt) and a heavy neutral will typically have a viscosity of up to 
about 750 SUS (160 cSt). However, these specific viscosities and

30 viscosity ranges are not critical but will depend upon the
appropriate uses for which the luorlcants are to be put. They are 
quoted here as exemplary of the types of lube stocks to which the 
present process may be applied.

The distillate (neutral) base str',*<s may generally be
35 characterized as paraffinic in character, although they also contain
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ί naphthenes and aromatics and because of their paraffinic character,
they are generally of fairly low viscosity and high viscosity

.; index. The residual stocks such as bright stock will be more
! aromatic in character and for this reason will generally have higher
' 5 viscosities and lower viscosity indices. In general, the aromatic
'■ content of the stock will be in the range of 10 to 70 weight

percent, usually 15 to 60 weight percent with the residual stocks 
having the relatively higher aromatic contents, typically 20 to 70

i weight percent, more commonly 30 to 60 weight percent and the
; 10 distillate stocks having lower aromatic contents, for instance, 10

■ to 30 weight percent. However, as described below certain highly
j paraffinic feeds containing much higher paraffin contents may be
i; used to great advantage in the process. Fractions in the gas oil
:; boiling range (315°C+(600°F+)) with an end point usually below about
r 15 565°C (about lOSO^F) are a convenient feed because they can

’ generally be treated by the present process to produce high quality
1 i lubes. ··
i) In addition to lube stocks produced directly from crudes,
!j as described above, the present dewaxing process is capable of using

' 20 other petroleum refinery streams of suitable characteristics and
■ j refining them so as to produce lubricants of extremely good

> properties. In particular, it is capable of producing lubricants
j from highly paraffinic refinery streams such as those obtained from
j the solvent dewaxing of distillates and other lube fractions,
j 25 commonly referred to as slack wax. These streams are highly
/ paraffinic in nature and generally will have a paraffin content of

at least 50, more usually at least 70, weight percent with the 
balance from the occluded oil being divided between aromatics and 
naphthenics. These waxy, highly paraffinic stocks usually have much

30 lower viscosities than the neutral or residual stocks because of 
their relatively low content of aromatics and naphthenes which 
high viscosity components. The high content of waxy paraffin), 
however, gives them melting points and pour points which rentier ;
unacceptable as lubricants. Because the highly siliceous, large |

■ ■ ■ ■ I
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pore zeolite dewaxing catalysts used in the present process are able 
to isomerize the straight chain and slightly branched-chain 
paraffins to the less waxy iso-paraffins, they are able to process 
these highly paraffinic streams into lubricants of extremely good

5 VI. Compositions of some typical slack waxes are given in Table 1 
below.

Table 1
Slack Wax Composition - Arab Light Crude

Paraffins, wt. pet.
10 Mono-naphthenes, wt. pet.

Poly-naphthenes, wt. pet. 
Aromatics, wt. pet»

A B C
94.2 81.8 70.5
2.6 11.0 6.3
2.2 3.2 7.9
1.0 4.0 15.3

D
51.4
16.5 
9.9

22.2

As will be explained below, the zeolites used in the first stage 
dewaxing catalysts are generally capable of carrying out.a certain

15 degree of hydrocracking during the dewaxing. Although this will 
result in a certain yield loss by conversion to products boiling 
outside the lubricant boiling range, it also implies that feeds with 
fairly high contents of aromatics can be tolerated. Thus, fractions 
derived from crudes which contain high levels of paraffins together

20 with aromatics can be used. However, excessively high aromatic 
contents should be avoided as they will either give poor yields if 
the aromatics are removed in the initial dewaxing step or, if not 
removed, will result in lubricants products with high viscosity and 
low VI. A typical highly paraffinic fraction which may be treated

25 by the present process to form a high quality, high vi lube is a 
345°-540°C (65O°-iOQO°F) Minas gas oil having the properties set out 
in Table 2 below.

I
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Table 2 
Minas Gas Oil

Nominal boiling range, °C (°F) 345°-540°
API Gravity 33.0
Density, g/cc 0.860

Hydrogen, wt% 13.6

Sulfur, wt% 0.07

Nitrogen, ppmw 320
Basic Nitrogen, ppmw 160
OCR 0.04

Composition, wt%
Paraffins 60
Naphthenes 23
Aromatics 17

Bromine No. 0.3
'Ί, 1OO°C, cSt 4.18 '
pour Point, °C (°F) 46 (115)
95% TBP, °C (°F) 510 (950)

20 Highly paraffinic feeds such as this will generally have at -
pour point at least 40°C; wax feeds such as slack wax will 
usually be solid at ambient conditions.

Other high boiling fractions which may be used as feeds for 
the present process include synthetic lubricant fractions derived,

25 for example, from shale oil by by synthesis , rom natural gas, coal 
or other carbon sources. A particularly useful feed is the high 
boiling fraction obtained from the Fischer-Tropsch synthesis since
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this contains a high proportion of waxy paraffins which can be 
converted to highly iso-paraffinic components by the present process

Thus, the feeds to the present process can generally be 
said to contain paraffins for their desirable lubricating qualities

5 together with cycloparaffins (naphthenes) and aromatics, usually in 
lesser quantities. The paraffins, in turn, may be characterized as 
the straight chain n-paraffins and branched chain, isoparaffins. It 
is the straight chain paraffins and the slightly branched chain 
paraffins which make the greatest contribution to the waxy nature of

10 the base stock and the objective of the present process is to remove 
these waxy components so that the final, dewaxed product has an 
acceptable pour point and other characteristics, such as cloud 
point, overnight cloud point, etc. However, because the more highly 
branched chain isoparaffins confer good viscosity index properties,

15 the objective is to leave these as intact as possible consistent 
with attaining the desired pour point and other properties. . 
Depending upon the relative proportions of these components, the 
pour point of the base stock prior to dewaxing may vary over a wide 
range and because the pour points of the various, desired products

20 will vary according to the uses to which the lubricants will be put, 
the degree of dewaxing will necessarily vary. In addition, certain 
lube products will require a certain minimum VI and consideration of 
this factor may affect the extent to which dewaxing is carried 
through, especially during the catalytic dewaxing step because if

25 this is operated under conditions of excessive severity, the
isoparaffinic components which contribute to high VI may be removed, 
with a consequent adverse effect on product VI.

It will generally be preferred to hydrotreat the feed 
before the first stage dewaxing in order to remove heteroatom

30 containing impurities and to hydrogenate at least some of the 
aromatics which may be present to form naphthenes. Inorganic 
nitrogen and sul-fur formed during the hydrotreating may be removed 
by a conventional separation prior to the catalytic dewaxing. 
Conventional hydrotreating catalysts and conditions are suitably
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used. Catalysts typically comprise a base metal hydrogenation 
component such as nickel, tungsten, cobalt, nickel-tungsten, 
nickel-molybdenum or cobalt-molybdenum, on an inorganic oxide 
support of low acidity such as silica, alumina or silica-alumina,

5 generally of a large pore, amorphous character. Typical
hydrotreating conditions use moderate temperatures and pressures, 
e.g. 290°-425°C (about 550°-800°F), typically 345°-400°C (about 
650°-750°F), up to 20,000 kPa (about 3000 psig), typically about 
4250-14000 kPa (about 600-2000 psig) hydrogen pressure, space

10 velocity of about 0.3-2.0, typically 1 LHSV, with hydrogen
circulation rates typically about 600-1000 n.1.1.”^ 'about 107 to 
5617 SCF/Bbl) usually about 700 n.1.1."1 (about 3930 SCF/Bbl).

The severity of the hydrotreating step should be selected according 
to the characteristics of the feed; the objectives being to reduce

15 residual aromatic content by saturation to form naphthenes so as to 
make initial improvements in lube quality by removal of aromatics 
and formation of naphthenes, as well as to remove
heteroatom-containing impurities, especially sulfur, in order to 
improve the color and oxidative stability of the final lube

20 products. The hydrotreating severity will therefore usually be 
greater with residual lube stocks such as bright stock because of 
their relatively high aromatic and sulfur contents; synthetic lube 
stocks such as Fischer-Tropsch fractions which are relatively high 
in nitrogen may also need comparatively severe hydrotreating to

25 remove contaminants.

First Stage Dewaxing

In the first step of the present process, the lube base 
stock is subjected to catalytic dewaxing by isomerization over a 
large pore, highly s,_iceous zeolite catalyst. Although

30 isomerization does not require hydrogen for stoichiometric balance, 
the presence of hydrogen is desirable in order to promote certain 
steps in the isomerization mechanism and also to maintain catalyst
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activity. Also, because the isomerization steps entail
hydrogenation and dehydrogenation, the catalyst will contain a 
hydrogenation-dehydrogenation component in addition to the zeolite. 
The hydrogenation-dehydrogenation component (referred to, for

p r c.-y e_r· cJo\
convenience, as a hydrogenation component) is^geseraiiy a metal or 
metals of groups IB, IVA, VA, VIA, VIIA or VIIIA of the Periodic 
Table, preferably of Groups VIA or VIIIA and may be either a base 
metal such as cobalt, nickel, vanadium, tungsten, titanium or 
molybdenum or a noble metal such as platinum, rhenium, palladium or 
gold. Combinations of base metals such as cobalt-nickel, 
cobalt-molybdenum, nickel-tungsten, cobalt-nickel-tungsten or 
cobalt-nickel-titanium may often be used to advantage and 
combinations or noble metals such as platinum-palladium may also be 
used, as may combinations of base metals with noble metals, such as 
platinum-nickel. These metal components may be incorporated into 
the catalyst by conventional methods such as impregnation using 
salts of the metals or solutions of soluble complexes which may be 
cationic, anionic or neutral in type. The amount of the hydro
genation component is typically from 0.01 to 10% by weight of 
catalyst with the more highly active noble metals being used at 
lower concentrations, typically from 0.1 to 1% whereas the base 
metals are normally present in relatively higher concentrations, 
e.g. 1 to 10%.

I

25 highly siliceous zeolite is present as an acidic component, 
catalyst. The large pore zeolites which may be used in'-^the 
catalysts of the initial dewaxing step are characterized by a porous 
lattice structure which possesses pores bayfiig a minimum dimension 
of at least 6 A°. In addition, the^zbdlites have a structural

30 silica:alumina ratio of 10:1 ojxfiore, preferably much higher, for
example, 20:1, 30:1, 200:1, 500:1 or even higher.
Zeolites of this typ^may also be characterized in terms of their 
Constraint ted^xand hydrocarbon sorption capacity.

eolites have a crystal structure which is capable of
ing-ths-aesess-to-an^egress^from^the^intraerystsiTdine^fr-ee

I
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In addition to the hydrogenation component, a 
large pour, highly silicate zeolite is present as an 
acidic component of the catalyst. The large pore 
zeolite used in the catalysts of the initial 
dewaxing step is characterized by a porous lattice 
structure which possesses pores preferably having a 
minimum dimension of at least 6 A°. In addition, 
the zeolite has a structural silica: alumina ratio of 
10:1 or more, preferably much higher, for example, 
20:1, 30:1, 50:1, 100:1, 200:1, 500:1 or even 
higher. The zeolite may also be characterized in 
terms of its Constraint Index and hydrocarbon 
sorption capacity.

Zeolites have a crystal structure which is 
capable of regulating the access to and egress from 
the intracrystalline free
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25

space. This control, which is effected by the crystal structure 
itself, is dependent both upon the molecular configuration of the 
material which is or, alternatively, is not, to have access to the 
internal structure of the zeolite and also upon the structure of the 
zeolite itself. A convenient measure of the extent to which a 
zeolite provides this control for molecules of varying sizes to its 
internal structure is provided by the Constraint Index of the 
zeolite; zeolites which provide highly restricted access to and 
egress from the internal structure have a high value for trie 
Constraint Index and zeolites of this kind usually have pores of 
small size. In contrast, zeolites which provide relatively free 
access to the internal zeolite structure have a low value for the 
Constraint Index. The method by which Constraint Index is 
determined is described fully in J. Catalysis 67, 218-222 (1981) and 
in U.S. Patent 4,016,218 to which reference is made for details of 
the method together with examples of Constraint Index for some · 
typical zeolites. Because Constraint Index is related to the 
crystalline structure of the zeolite but is nevertheless determined 
by means of a test which exploits the capacity of the zeolite to 
engage in a cracking reaction, that is, a reaction dependent upon 
the possession of acidic sites and functionality in the zeolite, the 
sample of zeolite used in the test should be representative of 
zeolitic structure whose Constraint Index is to be determined and 
should also possess requisite acidic functionality for the test. 
Acidi- functionality may, of course, be varied by artifices 
including base exchange, steaming or control of silica:alumina ratio

30

above the zeolites used in the initial dewaxing step shoWThave a 
Constraint Index in the range of up to 2.0 an^usctaily, the 
Constraint Index will fall in the^ragge^Ofsto 2.0. Because the 
isomerization selectivitybgestfiEis lower with smaller pore size in 
the zeolite, thel^rggrpore materials which conform to these 
limitatigBs^^iil be preferred. Zeolites which may be used in the 
o$6gess=-ineludc zeolite Y^zs€^te^&ta^m&i^eni?be=and=zeoi=i=fees==·

ί
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Consistent with the minimum pore size 
limitation mentioned above the zeolite used in thep r af e r· a. V» \
initial dewaxing step^has a Constraint Index in the 
range of up to 2.0 and usually, the Constraint Index 
will fall in the range 0.5 to 2.0.

39
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Another property which characterizes the 
zeolite which may be used in the catalysts is its 
hydrocarbon sorption capacity. The zeolite used in

a hydrocarbon sorption 
greater than 5 more 

by weight at 
is

the catalysts preferably has 
capacity for n-hexane of 
preferably greater than 6 
50θΟ. The hydrocarbon 

determined by measuring the sorption at 50wC, 2666
Pa hydrocarbon pressure in an inert carrier such as 
helium:

percent
sorption capacity 

,o.

.20,

» U 5
1
lit)

111 . 
t t

1 '

Hydrocarbon sorption capacity (%)
= Wt. of hydrocarbon sorbed x 100

Wt. of zeolite

The sorption test is conveniently carried out 
in a TGA with helium as a carrier gas flowing over 
the zeolite at 50°C. The hydrocarbon of interest, 
for example n-hexane is introduced into the gas 
stream adjusted to 20 mm Hg hydrocarbon pressure and 
the hydrocarbon uptake, measured as the increase in 
zeolite weight is recorded. The sorption capacity 
may then be calculated as a percentage.

«3D »»**»»* < «
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which, in its natural or directly synthesized form ha= 
silica:alumina ratio of about 10:1. Zeolite^M^OO may be directly 
synthesized with silica:alumina r a±^s==tff/: 1 or higher, typically 
in the range of 7:1 to lO^^asae scribed in U.S. Patents 3,972,983 
and 4,021,331 to^iefireference is made for details of that 
zeolitet^bS==:preparation and properties. Zeolite ZSM-20 also may be 

5=me4ted«=4©=±me®ease^ts^iA4-ea4«i43tra^a=rati©v=== 
Control of the silica:alumina ratio of the zeolite in its 

as-synthesized form may be exercised by an appropriate selection of 
reaction conditions, as appropriate to the zeolite in question. If, 
however, the zeolite cannot readily be synthesized directly with the 
desired high silica:alumina ratio, various dealuminization 
techniques may be employed with many zeolites to increase the ratio 
to the desired level. Exemplary techniques of this kind of 
disclosed in U.S. Patent Application Serial No. 379,423, filed 18 
May 1982 and its counterpart, EU 94,826, to which reference is made 
for a detailed description of these techniques.

, USs-A
The preferred zeolite^for the dewaxing catalyst used in the 

first stage is zeolite beta. Zeolite beta is a known zeolite which 
is described in U.S. Patents Nos. 3,308,069 and RE 28,341, to which 
reference is made for further details of this zeolite, its 
□reparation and properties. The preferred forms of zeolite beta for 
use in the present process are the high silica forms, having a 
silica alumina ratio of at least 30:1 and it has been found that 
ratios of at least 50:1 or even higher, for example, 100:1, 250:1, 
500:1, may be used to advantage because these forms of the zeolite 
are less active for cracking than the less highly siliceous forms so 
that the desired isomerization reactions are favored at the expense 
of cracking reactions which tend to effect a bulk conversion of the 
feed, forming cracked products which are outside the desired boiling 
range for lube components. Suitable catalysts for use in the 
present process are described in U.S. Patents Nos. 4,419,220 and 
4,518,485, to which reference is made for a more detailed

I
1
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description of these zeolite beta based catalysts. As mentioned in 
these two patents, the silica:alumina ratios referred to in this 
specification are the structural or framework ratios and the 
zeolite, whatever its type, may be incorporated into a matrix

5 material such as clay, silica or a metal oxide such as alumina or 
silica alumina.

The large pore, high-silica zeolite used in the initialQC.fcS .
dewaxinq stepjact'by isomerizing the long chain waxy paraffins in 
the feed to form iso-paraffins which are less waxy in nature but 

TO which possess a notably high viscosity index. At the same time, the 
zeolite will promote a certain degree of cracking or hydrocracking 
so that some conversion to products outside the lube boiling range 
will take place. This is not, however, totally undesirable because 
if significant quantities of aromatics are present in the feed they 

15 will tend to be removed by hydrocracking, with consequent
improvements in the viscosity and VI of the product. The extent to 
which cracking reactions and isomerization reactions will 
predominate will depend on a number of factors, principally the 
nature of the zeolite, its inherent acidity, the severity of the 

20 reaction (temperature, contact time) and, of course, the composition 
of the feedstock. In general, cracking will be favored over 
isomerization at higher severities (higher temperature, longer 
contact time) and with more highly acidic zeolites. Thus, zeolites 
of higher silica:alumina ratio, being less acidic, will generally 

25 favor isomerization and therefore will normally be preferred, except 
possibly to handle more highly aromatic feeds. The acidity of the 
zeolite may also be controlled by exchange with alkali metal 
cations, especially sodium, in order to control the extent to which 
isomerization occurs relative to cracking. The extent to which 

30 isomerization will be favored over cracking will also depend upon 
the total conversion, itself a factor dependent upon severity. At 
high conversions, typically over about 80 volume percent, 
isomerization^ay^cJecrease fairly rapidly at the expanse of 
crackingtherefore, the total conversion by all



competing reactions should normally be kept below about 80 volume 
percent and usually below about 70 volume percent.

The relationships between cracking reactions and 
isomerization reactions for these zeolites are described in some 
greater detail in U.S. Application Serial No. 379,423 and its 
counterpart EU 94,826, to which reference is made for such a 
description.

■- - - -- ^jbthoughv^a^s^^mnttened^^&vey^zeoMte beta.isthe- pre
zeolite because of its high selectivity for isomerization over 
cracking, it may be desirable in some cases to use a zeolite w
is less selective. With feeds which contain significant quantities 
of polycyclic aromatics such as bright stock, the zeolitqC with a 
relatively more open-pored structure such as zeolite Y/ftiay be
preferred because they will accept these aromatics aficl promote their

/

removal by the characteristic hydrocracking reactions. Zeolite 
beta, by contrast, has a higher degree of shap^/selectivity and is 
somewhat less accessible in its internal porXstructure to bulky 
aromatics but it does have notable selectivity for isomerization 
reactions in which it acts upon straight'chain and slightly branched 
chain paraffins in preference to the More highly branched chain 
paraffins, cycloaliphatics and an^;,Aromatics which may be present in 
the feed. It is extremely effective at isomerizing the relatively 
straight chain materials to m^re highly branched chain materials so 
that it not only effects a/aewaxing by the removal of these 
materials, but also an f/fiprovement in viscosity index by the 
production of the m.nr^highly branched chain isoparaffins.

The choice/of zeolite may, however, be complicated by other 
factors besides ^nose just mentioned. Although the larger pore 
zeolites suchZ zeolite Y are more effective for removal of 

aromatics hy hydrocracking to produce a product of low viscosity, 
these same zeolites tend to concentrate the waxy paraffins in the 
product because of their preference for acting on the aromatics;

jse of this, these zeolites will tend to raise the pour point of
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cycloaliphatics and 
present in the feed.

may, however, be 
besides those just

As mentioned above, zeolite beta is used 
because of its high selectivity for isomerization 
over cracking. Compared with some other zeolites, 
zeolite beta has a higher degree of shape 
selectivity and is somewhat less accessible in its 
internal pore structure to bulky aromatics but it 
does have notable selectivity for isomerization 
reactions in which it acts upon straight chain and 
slightly branched chain paraffins in preference to 
the more highly branched chain paraffins, 

any aromatics which may be 
It is extremely effective at

isomerizing the relatively straight chain materials 
to more highly branched chain materials so that it 
not only effects a dewaxing by the removal of these 
materials, but also an improvement in viscosity 
index by the production of the more highly branched 
chain isoparaffins.

The choice of zeolite 
complicated by other factors
mentioned. Larger pore zeolites such a zeolite Y 
are more effective for removal of aromatics by 
hydrocracking to produce a product of low viscosity, 
but these same zeolites tend to concentrate the waxy 
paraffins in the product because of their preference 
for acting on the aromatics; because of this, these 
zeolites will tend to raise the puur point of the 
product, In these circumstances, combinations of 

e.g. Y plus beta may be resorted to ' 
exploit the desirable characteristics 

each, with the ratio between them being selected 
according to the extent that their individual 
characteristics are needed,

zeolites, 
order to

in
of

J
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-thereby=gr-
raising the viscosity of the product), does act upon the/.paraffins 
so that the product pour point is markedly reduced.Thus, depending 
upon the nature of the feed and the product characteristics, one or 
the other zeolite may be preferred·' Combinations of zeolites, e.g.
Y plus beta may be resorted to in order to exploit the desirable 
characteristics^offoac"h, with the ratio between them being selected 

accordina<to the extent that their individual characteristics are

10 The selection of the metal hydrogenation-dehydrogenation
component will also have a bearing on the relative balance of 
reactions. The more highly active noble metals, especially 
platinum, promote hydrogenation-dehydrogenation reactions very 
readily and therefore tend to promote isomerization at the expense

15 of cracking because paraffin isomerization by a mechanism involving 
dehydrogenation to olefinic intermediates followed by hydrogenation 
to the isomer products. The less active base metals, by contrast, 
will tend to favor hydrocracking and therefore may commend 
themselves when it is known that cracking inactions may be required

20 to produce a product of the desired properties, e.g. with aromatic 
feeds such as bright stock. Base metal combinations such as 
nickel-tungsten, cobalt-molybdenum or nickel-tungsten-molybdenum may 
be especially useful in these instances.
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First Stage Dewaxing Conditions
♦

,25 The catalytic dewaxing in the first stage is carried out
under conditions which promote the desired removal of the long 
chain, waxy paraffinic components, whether by isomerization to 
iso-paraffins or otherwise, as by cracking. At the same time, other 
desired and undesired reactions may take place to varying degrees,

30 depending upon the conditions selected. For example, with feeds 
with a pronounced aromatic character, it may be desirable to promote 
hydrocracking so as to remove the aromatics even at the expense of
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the resulting yield loss which will ensue, both by aromatics 
hydrocracking but also by the more or less inevitable paraffin 
cracking which will accompany it. Thus, the reaction conditions 
selected in any given case will depend upon a number of factors and

5 the manner in which they interact with one another. The principle 
factors will be the nature of the feed and the characteristics 
desired in the product. Depending upon these factors, the catalyst 
and other reaction conditions may be selected. The effect nc 
catalyst choice and reaction conditions will be generally as

10 described above, namely, that the more highly acidic zeolites and 
higher reaction severities will tend-to promote hydrocracking 
reactions over isomerization and that total conversion and choice of 
hydrogen-dehydrogenation component will also play their parts. 
Because these will interact in divers ways to affect the result, it

15 is possible here to give no more than this broad indication of what 
'type of result may be obtained from any given selection among the 
available variables.
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elevated temperature and pressure. Temperatures are normally from 
250°C to 500°C (about 4800 to 930°F), preferably 400° to 4^0^0) 
(about 750° to 850°F) but temperatures as low as 200oCzfflay be used 
for highly paraffinic feedstocks. Because the usejir lower 
temperatures tends to favor the desired isomeri-Sation reactions over 
t:cracking reactions, the lower temperatptes will generally be 
preferred although it should be, remembered that since the degree of 
cracking which will to some extentxinevitably take place will be 
dependent upon severity, a balabce may be established between 
reaction temperature and average residence time in order to achieve 
an adequate rats of i^afnerization while minimizing cracking. 
Pressures may range-up to high values, e.g. up to 25,000 kPa (3,600 
psig), more usually in the range 4,000 to 10,000 kPa (565 to 1,435 
psiq). Spbce velocity (LHSV) is generally in the range of 0.1 to 10 
hr^LYnore usually 0.2 to 5 hr."'1'. The hydrogen?feed ratio is

gb^^aiiyi-froro=50;=io=-i-jrQOQ«n^i.iir ■.. .---(about -=280=420=5 6i7=SGF/bbi)f
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Generally, the conditions may be described as 
being of elevated temperature and pressure. 
Temperatures range from 249°C to
preferably 400° to 450°C. Because the
lower temperatures tends to favor the
isomerization reactions over the cracking reactions, 
the lower temperatures will generally be preferred 
although it should be remembered that since the 
degree of cracking which will to some extent 

take place will be dependent upon 
a balance may be established between

reaction temperature and average residence time in 
order to achieve an adequate rate of isomerization 
while minimizing cracking. Pressures may range up 
to 7,000/kPa more usually in the range 4,000 
7,000 kPa.

inevitably
severity,

to
Space velocity (LHSV) is preferably in 

the range of 0.1 to 10 hr.-1, more preferably 0.2 
to 5 hr. - . The hydrogen: feed ratio is 
preferably from 50 to 1,000 n.1.1.-1 (about 280 to 

5617 SCF/bbl),
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preferably 200 to 400 η.1,1.-1 (about 1125 to 2250 SCF/Bbl). Net 

hydrogen consumption will depend upon the course of the reaction, 
increasing with increasing hydrocracking and decreasing as 
isomerization (which is hydrogen-balanced) predominates. The net 
hydrogen cmsumption will typically be under about 40 n.1.1."1 

(about 224 SCF/Bbl) with the feeds of relatively low aromatic 
content such as the paraffinic neutral (distillate) feeds and slack 
wax and frequently will be less, typically below 35 n.1.1.-1 

(about 197 SCF/Bbl); with feeds which contain higher amounts of 
aromatics, especially the residual lube stocks such as bright stock, 
higher net hydrogen consumptions should be anticipated, typically in 
the range of 50-100 n.1.1."1 (about 280-560 SCF/Bbl), e.g. from 

55-80 (about 310-450 SCF/Bbl). Process configuration will be as 
described in U.S. Patents Nos. 4,419,220 and 4,518,485, i.e. with 
downflow trickle bed operation being preferred.

With highly paraffinic feeds of low aromatic content, such 
as slack wax , it will be’desirable to maximize isomerization over 
hydrocracking and therefore relatively low temperatures, e.g. from 
250° to 400°C (about 480° to 750°C) will be preferred together with 
relatively low severities, e.g. space velocities (LHSV) of about 1 
to 5, and catalysts of relatively low acidity. Also, zeolite beta 
will be the zeolite of choice because of its high selectivity for 
isomerization of the waxy paraffins to iso-paraffins although the 
other zeolites such as zeolite Y may be tolerated because their 
characteristic preference for attacking the aromatics (thereby 
effecting a concentration of paraffins) is of no moment with a feed 
which is essentially wholly paraffinic. Noble metal components, 
especially platinum, will be favored for the same reasons. On the 
other hand, with feeds of relatively high aromatic content such as 
bright stock and particularly when it is desired to produce a 
lubricant of low viscosity — implying a low aromatic content — the 
conditions will be selected to obtain more hydrocracking: higher 
temperatures, e.g. 350° to 450°C (about 650° to 850°F), low' ■* f>ace 
velocities, e.g. 0.1 to 1 and more acidic catalysts of relativ—y
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larger pore size, e.g. zeolite Y, with base metal hydrogenation/- 
dehydrogenation components such as nickel-tungsten or cobalt- 
molybdenum, will be preferred. In both cases, temperatures above 
about 315°C (about 600°F) are preferred in order to obtain the 

5 degree of conversion which is necessary.
As mentioned above, the conversion will normally be 

selected according to the nature of the feed and the zeolite in the 
catalyst. For example, with feeds of relatively high aromatic 
content, e.g. bright stock, and a relatively large pore catalyst 

10 such as zeolite Y which acts preferentially on the aromatics, the 
conversion level will have to be higher in order to achieve a given 
pour point reduction, e.g. 10°F, than with zeolite beta which acts 
preferentially on the waxy paraffins, simply in order to get the 
zeolite Y to the point where it starts removing the paraffins.

15 Conversely, if reduction in pour point is not a problem, but
reduction in viscosity is, a catalyst based on zeolite beta may have 
to be operated a,t a higher conversion level than a zeolite Y-based 
catalyst in order to get the zeolite beta to the point where it will 
start to remove the aromatics in the feed, after it has acted on the 
paraffins. With feeds which are highly paraffinic in nature where 
aromatics removal is no problem, catalysts based on zeolite Y and 
other relatively large pore zeolites may be used, although their 
lower selectivity for isomerization means that lower yields will be 
obtained for a given reduction in pour point; lube yield efficiency 

25 is therefore lower than with zeolite beta.
0 0 0

Tlie extent of the conversion to products boiling outside 
·’***· the lube boiling range, i.e. usually below 345qC (about 650°F), will

therefore vary according to the nature of the feed and the severity
6 * y ·

of the operating conditions. With highly paraffinic feeds which are
0

‘o”‘5o dewaxed in this stage under relatively mild conditions so as tt
, *. favor isomerization at the expense of hydrocracking, a certain
0 0 0

degree of conversion will occur as a result of the isomerization as 
the n-paraffins at the lower end of the lube boiling range are 
isomerized to the relatively lower boiling iso-paraffins; at the

©000 © ©
0 0 « 9

0 «0 0 
O 0 0
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0 0 0 0 

O 0 0
0 0 0
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same time, the cracking type reactions which occur simultaneously 
especially with any aromatics which are present, will effect a 
rather greater bulk conversion to lower boiling products. If the 
feed is a relatively aromatic feed such as bright stock, the

5 dewaxing conditions will be rather more severe so as to promote the 
hydrocracking reactions which remove the aromatics and the

10

conversion will be correspondingly higher. As a general guide, the 
bulk conversion to products outside the lube boiling range will be 
at least 10 weight percent and usually in the range 10 to 30 weight 
percent, depending upon the characteristics of the feed, the 
properties desired for the product and the desired product yield. 
With most feeds it will be found that there is an optimum conversion 
for VI efficiency, or yield efficiency, that is, for maximum VI 
relative to yield or maximum yield and in most cases, this will be

15 in the range of 10-50 weight percent conversion, more commonly 15-40 
weight percent conversion, as Illustrated for typical cases in

«
Figures 3 and 4.

Selection of the severity of the dewaxing operation is an
ί

40
important part of the present process because, as mentioned above, 
it is not possible to remove the straight chain and slightly 
branched chain waxy components in a completely selective manner, 
while retaining the desirable more highly branch chain components

25
« <, it *it t »
i ««* « »♦ » »

which contribute to high VI in the product. For this reason, the 
degree of dewaxing which is achieved in the first step, is limited

_ so as to leave a residual quantity of waxy components which are then 
removed in the second step. The objective of maximizing the 
isoparaffinic content of the effluent from the catalytic dewaxing 
step so as to obtain the highest VI in the final product may be

« · · ·« «6 * « «
mu «30 « 1

achieved by adjusting the severity of the initial dewaxing operation 
until the optimum conditions are reached for this objective. As the 
contact time between the catalyst and the feed is extended, the

4 S'« 4t t catalyst will effect some cracking besides the desired paraffin
i t ί4 isomerization reactions so that the iso-paraffins which are formed 

by the isomerization reactions as well as the isoparaffins
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originally present in the feed will become subjected to conversion 
as the contact time becomes longer (see Fig. 1). Thus, once 
catalyst type and temperature are selected, the most significant 
variable in the process from the point of view of producing the 
products with the best balance of qualities is the contact time 
between the feed and the catalyst, relative to catalytic activity. 
Again, because the catalyst will age as the process continues, the 
optimum contact time will need to be varied itself as a function of 
increasing operational duration. As a general guide, the contact 
time (1/LHSV) under typical conditions will generally be less than 
0.5 hours in order to maximize the isoparaffinic content of the 
catalytically dewaxed effluent. However, if lower pour points are 
desired, longer contact times, typically up to one hour may be 
employed and in cases where an extreme reduction in pour point is 
desired', up to two hours.

Although the process is best characterized in terms of the 
effects which are achieved at each step, practical considerations 
may dictate that somewhat less than optimum conditions be used in 
order to minimize analytical work. As a general guide, the minimum 
amount of dewaxing which occurs during the initial dewaxing step 
should be such that the pour point of the catalytically dewaxed 
effluent is reduced by at least 10°F (5.5°C) and preferably by at 
least 20°F (11°C). The maximum amount of dewaxing in the initial 
dewaxing step should be such that the pour point of the first stage 
effluent is not lower than 10°F (5.5°C), preferably 20°F (11°C), 
above the target pour point for the desired product. This range of 
partial dewaxing by isomerization will generally be found to 
maximize isoparaffin production so as to produce a product of low 
pour point with a high VI. However, these figures are given as a 
general guide and naturally, if feeds of extremely high pour point 
such as slack wax, paraffin wax or petrolatum are used, or if the 
target pour point for the product is extremely low, it may be 
necessary or desirable to- depart from these approximate figures. 
Generally, many feeds will have pour points in the range of about
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25° to 90°C (about 75° to 195°F) unless, like slack wax, they are 
solid at ambient temperatures. Product pour points are generally in 
the range -5° to -55°C (about 23° to -67°F) and it is therefore 
usually possible to carry out the dewaxing steps within the limits

5 set out above.
The effluent from the first stage dewaxing step may be 

subjected to fractionation to separate lower boiling fractions out 
of the lube boiling range, usually 345°C- (about 650°F), before 
passing the intermediate product to the second stage, selective

10 dewaxing. Removal of the lower boiling products, together with any 
inorganic nitrogen and sulfur formed'in the first stage is preferred 
in order to facilitate control of the pour point of the second stage 
product if solvent dewaxing is used.

• Selective Dewaxing

15' The effluent from the initial catalytic dewaxing step still
contains quantities of the more waxy straight chain, n-paraffins, 
together with the higher melting non-normal paraffins. Because 
these contribute to unfavorable pour points, and because the 
effluent will have a pour point which is above the target pour point

20 for the product, it is necessary to remove these waxy components.
To do this without removing the desirable isoparaffinic components 
which contribute to high VI in the product, a selective dewaxing 
step is carried out. This step removes the n-paraffins together

* with the more highly waxy, slightly branched chain paraffins, while 
.,,25 leaving the more branched chain iso-paraffins in the process

stream. Conventional solvent dewaxing processes may be used for 
this purpose because they are highly selective for the removal of

€
the more waxy components including the n-paraffins and slightly 
branched chain paraffins, as may catalytic dewaxing processes which

30 are more highly selective for removal of n-paraffins and slightly 
branched chain paraffins.
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Two types of solvent dewaxing processes have become 
predominant in the industry. The first is the ketone dewaxing 
process which employs a ketone such as acetone, methylethyl ketone 
(MEK) or methylisobutyl ketone as a solvent, either on its own or in 
combination with an aromatic solvent such as benzene, toluene or 
naphtha. The solvent is mixed with the oil after which the mixture 
is chilled, using a scraped surface heat exchanger or, 
alternatively, mixing and chilling are accomplished simultaneously 
by injecting a cold solvent into the oil at a number of points along 
a cooling tower through which the waxy oil is passing. Scrape 
surface heat exchangers may be used for additional cooling. Another 
principal type of process now in use is the autorefrigerant process 
in which a low molecular weight volatile hydrocarbon such as propane 
which is a gas at normal temperatures and pressures is used as the 
solvent. The autorefrigerative solvent is added to the waxy oil as 
a liquid, under pressure. It is then allowed to evaporate and in so 
doing cools the mixture, causing the wax to separate. The 
disadvantage of this process compared to the ketone processes is 
that the relatively high solubility of wax in the autorefrigerant at 
any given temperature does not permit the removal of as much wax as 
is achieved with the ketone dewaxing processes at the same 
filtration temperature. The pour point of the dewaxed oil is 
therefore higher for a given filtration temperature and this means 
that the oil must be chilled to substantially lower temperatures 
than in ketone dewaxing processes in order to achieve a specified 
wax content or pour point. Dual solvent systems have also be 
proposed, for example, in U.S. Patent No. 3,503,870, using a ketone 
as well as an autorefrigerant such as propane or propylene. The 
ketone has the effect of acting as an antisolvent by reducing the 
solubility of the wax in the autorefrigerant, thereby avoiding one 
of the disadvantages of the autorefrigerant system and in addition, 
the evaporative cooling provided by the autorefrigerant minimizes

30
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the reliance on scraped heat exchanges, thereby avoiding a major 
disadvantage of the ketone dewaxing system. However, any of these 
processes which affect a selective removal of the more highly waxy 
components of the feed, specifically the straight chain n-paraffins

5 and the more waxy slightly branched chain paraffins may be used in 
the present process to reduce the pour point of the catalytically 
dewaxed product to the target pour point for the product.

The wax by-product from the solvent dewaxing may be 
recycled to the process to increase the total lube yield. If

10 necessary, the slack wax by-product may first be de-oiled to remove 
aromatics concentrated in the oil fraction and residual 
heteroatom-containing impurities. Zeolite beta will generally be 
the preferred catalyst for the initial dewaxing step when there is 
recycle of the wax by-product from the solvent dewaxing, in order to

15 maximize isomerization of the n-paraffins in the wax.

' Selective Catalytic Dewaxing . _ · . ·

' As an alternative to solvent dewaxing, the second dewaxing
step may employ a catalytic dewaxing process which is selective for 
removal of the n-paraffins and the slightly branched chain

20 paraffins. Use of a process of this kind will achieve the desired 
objective of removing the residual waxy components while leaving the 
desirable iso-paraffins in the product. Catalytic dewaxing 
processes employ zeolitic dewaxing catalysts with a high degree of 
shape selectivity so that only linear (or almost linear) paraffins

‘*’***25 can enter the internal structure of the zeolite where they undergo 

cracking to effect their removal.« ft « < J
*««««’ Because the objective of this step is to remove the waxy

components which contribute to undesirably high pour point while
t retaining the iso-paraffinic components which contribute to high VI,

30 the dewaxing catalyst should be selected with a view to this end.
• It has been found that the dewaxing selectivity of zeolitic dewaxing

catalysts (as between normal paraffins and branched chain paraffins)
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is a function of the zeolite structure but is not wholly
predictable, at least on the basis of a more general knowledge of 
the structure of the zeolite. Because dewaxing takes place by 
selective cracking reactions within the internal pore structure of 
the zeolite, it would be expected that the zeolites which permitted 
rather constrained access to their internal pore structures, so that 
only the n-paraffins and perhaps the slightly branched chain 
paraffins, e.g. the mono methyl paraffins, could enter, would 
provide the requisite selective dewaxing. With certain 
qualifications, this is so: as explained below, the more 
constrainbed intermediate pore size zeolites such as ZSM-22 and 
ZSM-23 (Constraint Indices above 8) are highly selective for removal 
of the waxiest components, but this is not the sole qualification as 
it has been found that certain zeolites which would be expected to 
offer less constrained access to their internal pore structures are 
also highly effective as selective dewaxing catalysts for the 
purposes of the present process. As an example of this phenomenon, 
the synthetic zeolite TMA-offretite has been found to offer a high 
degree of selectivity for removal of n-paraffins, as described in 0. 
Catalysis 86, 24-31 (1984), to which reference is made for a 
description of its performance in this respect. As described there, 
TMA-offretite has a Constraint Index of 3.7 but is more selective 
for dewaxing by n-paraffin removal than ZSM-5 (0.1.=8.3). It has 
also been found that zeolite ZSM-35 (C.I.=4.5) is highly selective 
for n-paraffin removal. Furthermore, it has also been found that 
certain eolites which would not be expected, on the basis of their 
structure, to be at all selective in their dewaxing properties, may 
in fact be quite effective for selective dewaxing when combined with 
a suitable metal function. In this respect, the dense phase, 
clathrate type zeolite ZSM-39 has been found to be an effective 
shape selective dewaxing catalyst when combined with platinum as a 
metal, as described in U.S. Patent Application Serial No. 692,139, 
filed 18 July 1984, to which reference is made for a description of 
the selective dewaxing process using Pt/ZSM-39.
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With these considerations in mind, therefore, it can be 
seen that the highly selective dewaxing which is desired in this 
stage of the process is best described by reference to the nature of 
the results produced by the use of a particular catalyst than by

5 reference to the nature of the catalyst itself. In general, the 
dewaxing catalyst used in this step should be at least as selective 
for n-paraffin and slightly branched chain paraffin removal as 
zeolite ZSM-5 and preferably is more selective than ZSM-5 in this 
respect.

10 The selectivity of a dewaxing catalyst may be determined by
the method described in J. Catalysis 86, 24-31 (1984) tu which 
reference is made for a description of the method. In brief, a 
feedstock is catalytically dewaxed over the zeolite of interest with 
varying severities to achieve different product pour points. The

15 conversion required to achieve a given degree of dewaxing may then 
be compared with those of ZSM-5, for example, by graphical 
comparison, to determine the relative selectivity. As described in 
the article, TMA-offretite is more selective than ZSM-5 as shown by 
the fact that it achieves lower product pour points at lower

20 conversions, i.e. dewaxing severities. Although the suitability of 
a particular zeolite for selective dewaxing may generally be 
determined by using a standard or a model feed, it may be preferred 
to determine the selectivity of the catalyst with the feed which t 
will be required to handle in the actual dewaxing process, i.e. the

25 first stage effluent, in order to make a complete assessment of the 
selectivity in the face of competing reactions arising from the 
presence of other components in the second stage feed. To make the

Ult most exact comparison, not only the feed but also the conditions tot
“£t be encountered in the selective dewaxing step should be replicated, 
‘‘“ '50 Thus, the comparison should be made with the relevant feed ; id under 

the appropriate conditions of severity which will give the 
conversion necessary to achieve the desired product pour point. In 
this respect, it should be noted that a solvent dewaxing will be at 
least as selective as ZSM-5 at a given pour point reduction for a



given feed since it removes only those waxy components necessary to 
reduce the pour point to the target value and no others whereas 
ZSM-5 usually participates in some non-selective dewaxing, 
especially at lower target pour points which imply higher dewaxing 
conversions.

The zeolites which are considered, on the basis of simple 
structural considerations, to have the greatest potential for the 
highly selective dnwaxing required in the second step are the more 
highly constrained intermediate pore size zeolites which impose a 
high degree of restraint in permitting hydrocarbon molecules access 
to their interior.pore, structure. The Constraint Indices of these

arc. p v «ή- e-roAcA
zeolitesjsfct©tt±d=be at least about 8 and in addition, they preferably

* more.
have a hydrocarbon sorption of less than 10,^ preferably less than 5, 
weight percent for n-hexane and r eferably less than 5 weight 
percent for cyclohexane (sorption measured at 50QC 2666 Pa hydrogen 
pressure, as described above). Eecause of the characterization of 
these zeolites as being,of intermediate pore size, the Constraint 
Index will normally be between 8 and 12. Zeolites of this kind are 
the relatively smaller pore intermediate pore size zeolites such as 
ZSM-22 and ZSM-23, which typically have Constraint Indices of about 
9, n-hexane sorptions of about 4.5 and cyclohexane sorptions of 
about 2.9. Zeolite ZSM-22 is disclosed in U.S. patent applications 
Serial Nos. 373,451 and 373,452, both filed 30 April 1982 and U.S. 
Patent No. 4,481,177; zeolite ZSM-23 is disclosed in U.S. Patent No. 
4,076,842; reference is made to these patents and applications for 
descriptions of these zeolites, their properties and methods of 
preparation.

The intermediate pore size materials with relatively larger 
size pores within the intermediate size range provided by the 
ten-membered rings characteristic of their crystalline structures 
may be used for the second dewaxing step but because they are not 
generally considered to offer such highly constrained access to 
their internal pore systems, they will not usually be so highly 
selective in their removal of the linear and mostly linear
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paraffins. They will, therefore, tend to remove some of the more 
desirable iso-paraffins as well, with a consequent adverse effect 
upon yield as well as VI. This effect will become more marked as 
the effective pore size of the zeolite increases so that relatively

5 open-pored intermediate zeolites such as ZSM-12 and ZSM-38 (0.1.=2) 
will be far less selective than either ZSM-5 or ZSM-11 (0.1.=6-8) 
which will be fairly satisfactory although with some loss of yield 
and VI as compared to zeolites ZSM-22 and ZSM-23. However, as 
discussed above, the Constraint Index is not the sole determinant of

10 dewaxing selectivity and it has been found that other intermediate
Si

pore size zeolites such as TMA offretite and ZSM-35 are effective 
for the selective dewaxing required in this step as they are more 
selective than ZSM-5. It appears that defect structures within the 
crvstals of these zeolites may be responsible for the observed

15 dewaxing selectivity and that although more exhaustive consideration 
of structural peculiarities may explain seemingly anomalous 
selectivity, the ultimate basis for selection of a-practially useful 
dewaxing catalyst in this step must be the empirical determination 
of selectivity, as described above.

20 On the basis of simple structural considerations, it would
also be thouqht that there would be a potential for selective 
dewaxing of the desired type with other zeolites, especially those 
which offer more highly constrained access to their internal pore 
structures than the intermediate pore size zeolites do. Because

,25 some access, although constrained, to the interior pure structure of 
the zeolite is required in order to effect the selective removal of

30

the waxy paraffins, the zeolifce must be capable of sorbing
!5 tWe.re.-fore pr^tr-cOcA-c, fc.Vsa.W tUc

hydrocarbons at least to some extent. It^w±4i=fchereiore possess 
pores with a minimum size of about 3.5 A° and generally these 
zeolites will have a minimum pore size of at least 4.0 A° althougn 
the configuration of the pore will usually preclude access by all 
except linear paraffins. This potential may, however, be tempered 
by other considerations. For example, the small pore size zeolite 
erionite (0.1.=38) is capable of sorbing only n-paraffins but it is
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ineffective in cracking long chain n-paraffins because of 
diffusional constraints but since the dense phase zeolite ZSM-39 
will dewax effectively when combined with a suitable metal function, 
as described above, it is by no means inconceivable that the use of

5 a suitable metal function with erionite would not enable selective 
dewaxing to be effected. The small pore synthetic zeolite, zeolite 
A, which sorbs only n-paraffins, is unlikely to be useful for 
practical reasons because it lacks sufficient stability. Other 
small pore zeolites such as zeolite ZSM-34, which is disclosed in

10 U.S. Patent No. 4,086,186, to which reference is made for a
description of the zeolite, may offer similar potential although, as 
discussed above, the zeolite which is used in this step is best 
selected on the basis of empirical determination.

The dewaxing catalyst used in the second stage will
15 normally include a metal hydrogenation-dehydrogenation component of 

the type described above; even though it may not be strictly 
necessary to promote the selective cracking reactions, its presence 
may be desirable to promote certain isomerization mechanisms which 
are involved in the cracking sequence, and for similar reasons, the

20 dewaxing is normally carried out in the presence of hydrogen, under 
pressure. The use of the metal function also helps retard catalyst 
aging in the presence of hydrogen and, as mentioned above, may 
enable some zeolites such as ZSM-39 to function effectively as 
dewaxing catalysts. The metal will usually be of the type described

25 above, i.e. a metal of Groups IB, IVA, VA> VIA, VIIA or VIIIA, 
preferably of Groups VIA or VIIIA, including base metals such as 
nickel, cobalt, molybdenum, tungsten and noble metals, especially 
platinum or palladium. The amount of the metal component will 
typically be 0.1 to 10 percent by weight, as described above and

30 matrix materials and binders may be employed as necessary.
Shape selective dewaxing using these highly constrained

zeolites may be carried out in the same general manner as other 
catalytic dewaxing processes, for example, in the same general 
manner and with similar conditions as those described above for the
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initial catalytic dewaxing step. Thus, conditions will generally be 
of elevated temperature and pressure with hydrogen, typically at 
temperatures from 250° to 500°C, more usually 300° to 450°C, 
pressures up to 25,000 kPa, more usually up to 10,000 kPa, space

5 velocities of 0.1 to 10 hr"’’'' (LHSV), more usually 0.2 to 5 hr”'*', 

with hydrogen circulation rates of 500 to 1000 n.l.l.~~, more 
usually 200 to 400 n.l.l._\ These conditions are comparable to 

those described in U.S. Patent No. 4,222,855 which describes a 
dewaxing process using zeolites ZSM-23 and ZSM-35 to which reference

1° is made for a description of appropriate dewaxing conditions.
Catalytic dewaxing processes are also disclosed, for example, in 
U,S. Patents Nos. 4,510,045, 4,510,043, 3,844,938, 3,668,113 and Re 
28,398, to which reference is made for description of relevant 
operating conditions.

15 Selective catalytic dewaxing in the.second stage may be
preferred to solvent dewaxing, particularly if lubricant products of

• especially low pour point are to be produced. MEK dewaxing is 
generally limited by attainable refrigerant temperatures to a 
product pour point of about -35°C (about -30°F). For products with

20 pour points below this value, catalytic dewaxing may have to be 
employed, although the final product pour point which is achieved 
will be dependent not only upon the selectivity of the dewaxing 
catalyst used in the second step but also upon the severity of the 
operation and this, in turn, may affect the VI of the final product

25 because if pour points below about -18°C are to bo attained, it will 
generally be necessary to selectively remove both n-paraffins and 
some of the non-normal paraffins, especially the mono-methyl 
paraffins, of higher melting point, in this stage. As the dewaxing 
becomes progressively more severe to obtain lower pour points by

30 removing paraffins with successively greater chain branching,
product VI can be expected to deteriorate correspondingly. Thus, a 
balance between pour point and VI will normally be struck in 
determining dewaxing severity unless one or the other of these 
properties is of paramount importance.
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The conversion in the second stage will vary according to 
the extent of dewaxing desired at this point, i.e. on the difference 
between the target pour point and the pour point of the first stage 
effluent. It will also depend upon the selectivity of the dewaxing

5 catalyst which is used: the minimum conversion will tie that
associated with the selective removal of the n-paraf,'ins (down to 
pour points of about -18°C) and of n-paraffins and the higher 
melting non-normal paraffins (at lower product pour points), and 
conversions above this will indicate non-selective hydrocracking of

„,,,10 non-normal paraffins. At lower product pour points, therefore, ande f

with relatively less selective dewaxing catalysts, higher 
°c** conversions and correspondingly higher hydrogen consumptions will b(

encountered. In general terms, conversion to products boiling 
»*« outside the lube range, e.g. 315°C-, more typically 345°C-, will be
5 . .15 · at least 5 weight percent, and in most cases at least 10 weight* s ■ ■

percent, with conversions of up to about 30 weight percent being 
necessary only to achieve the lowest pour points with catalysts of

%«’. the required selectivity, i.e, more selective than ZSM-5.
V* Conversion will usually run xn the range 10-25 weight percent.

20 After the pour point of the oil has been reduced to thei I i
’*·■ desired value by the selective dewaxing in the second stage, the

dewaxed oil may be subjected to various finishing treatments such as
, ,, hydrofinishing, clay percolation and so forth, in order to remove
’»·»«* color oodies and produce a lube product of the desired 

• ■
*:’**i.S characteristics. If a catalytic dewaxing is used in the second 

stage, fractionation may be employed to remove light ends and to 
meet volatility specifications.

It is, of course·, possible to use sequential dewaxing 
staqes, particularly in the second step where the objective is 
simply meet pour point rather than to improve VI concurrently, a 
in the first step. A particularly beneficial process sequence in 
this respect is to follow the first isomerization/dewaxing step wit 
a pa"tial solvent dewaxing and then a selective catalytic dewaxing. 
If tnis is done, the wax by-product (slack wax) from the solvent
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dewaxing step can be recycled to the initial isomerization/- 
dewaxing. In this way, a lube product of low pour point, e.g. below 
-20°C can be obtained by the selective catalytic dewaxing step which 
follows the solvent dewaxing but a high yield is obtained because 
the waxy components which are removed in order to obtain the final 
low pour point are at least partly recovered by the recycling to the 
initial isomerization/dewaxing step in which they are converted at 
least in part to less waxy, high VI iso-paraffins. This represents 
an advantage over the simple two-stage catalytic dewaxing which 
would be required to produce very low pour point products in which 
the waxy components which were not removed in the initial 
isomerization/dewaxing step would have to be removed entirely by the 
selective dewaxing in the second step by shape selective hydro
cracking to products outside the distillate range and therefore los<-. 
entirely to the final lube product. The wax recycle from the 
solvent dewaxer therefore results in an increase in yield at 
constant pour point, especially for pour points below about -35°C at 
which the final dewaxing step must of necessity be catalytic. Thus, 
the three stage dewaxing with an intermediate solvent dewaxing 
enables both pour point and yield to be optimized. If the wax 
recycling from the solvent dewaxing is employed, the preferred 
catalyst in the initial dewaxing step will be zeolite beta in order 
to maximize iso-paraffin production by isomerization of the 
n-paraffins from the waxy by-product.

The particular advantage of the present process is that it 
enables product pour point and yield to be optimized with a high 
degree of efficiency since it converts the waxy paraffins (which 
have, nevertheless, a low viscosity and high viscosity index) to the 
highly desirable less waxy iso-paraffins in the first dewaxing step 
and then enables the pour point to be reduced to the desired level 
in the second step. The products possess a high VI and because of 
this, have excellent low temperature viscosity, which makes it 
possible to produce lubes with good low temperature characteristics 
without using low molecular weight components which would tend to
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give rise to volatility problems. The excellent, high VI values 
achieved also enable the quantities of expensive VI improvers to be 
reduced. Furthermore, the ability of the process to produce low 
viscosity, high VI, low pour point lubes from such formerly

5 unpromising refinery streams as slack wax, and to produce similar 
lube products in good yield from aromatic residual stocks, is a 
significant economic benefit to the lube refiner.

Examples 1-2

Two hydrotreated lube stocks were subjected to two stage
TO dewaxing, using an initial, partial catalytic dewaxing over a

zeolite beta-based catalyst, followed by MEK solvent dewaxing. The 
first lube stock (Ex. 1) was a gas oil prepared from a Minas crude 
by fractionation, followed by hydrotreating over a NiMo/A^O^ 
hydrotreating catalyst, typically at 375°-390°C (about 710°-735°F),

15 5620 kPa (about 800 psig), 1 LHSV, 712 n.1.1."^ hydrogen:feed

ratio. The second stock (Ex. 2) was obtained from a Statfjord 
crude, using similar conditions. The properties of the lube stocks ‘ 
are set out in Tables 3 and 4 below.

Table 3
20 HDT Minas Feed

25

30

Nominal boiling range, °C (°F) 
API Gravity 
Density, g/cc
H, wt. pet. 
S, wt. pet. 
N, pnmw
Pour Point, °C (°F) 
KV at 100°0, cSt

345-510 (650-950) 
38.2 
0.834 

14.65 
0.02 

16
38 (10Q)
3.324

P/N/A Wt %, 
Paraffins 
Naphthenes 
Aromatics

66
20
14
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Table 4
HPT Statfjord Feed

Nominal boiling range, °C 345-455 (650-850)
API Gravity 31.0

5 Density, g/cc 0.871
H, wt. pet. 13.76
S, wt. pet. 0.012
N, ppmw 34
Pour Point, °C (°F) 32 (90)

O...10 KV at 100°C, cSt 4.139
0 oO rt 0 © P/N/A wt %
© o 0» 0 0 ■' Paraffins 30

© Ο , > βo 0 ©4’ 0 a Naphthenes 42
0 0 P> 0
0 0 00 0 Aromatics 28
0 o ° 0O e> > O

15 The two feeds were catalytically dewaxed over a Pt/zeolite
beta catalyst (65 .wt. percent zeolite in alumina; about 100:10 <> a0 0 O·' ·> 1 0 zeolite silica-.alumina, 0.6 wt. percent Pt) to various intermediate

ft

i s

product pour points by varying the severity of the dewaxing 
operation. The dewaxing was carried out at 2860 kPa (400 psig)

’.,,.20 hydrogen pressure, 356 n.1.1. hydrogen:feed ratio, 1 hr.
LHSV and at varying temperatures from 330° to 370°C (630°-700°F) to 
achieve the desired severity.< i 5

The partially dewaxed intermediate products were then
*:***‘ solvent dewaxed using MEK solvent with toluene as an anti-solvent at

25 an NEK:toluene ratio of 60:40 (by weight), at a solvent:oil ratio of
3:1 (by weight). The solvent dewaxing was adjusted to give a 
predetermined final product pour point by chilling to about 5-17°C 
(about 10°-30°F) below the specification pour point and then 
removing the precipitated wax. Pour points were determined

30 automatically by Autopour with results equivalent to those 
determined by ASTM D-97.

The viscosity indices of the final, dewaxed products were 
then determined. The results are shown in Figure 3 which relates 
the VI of the product to the pour point of the partially dewaxed
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intermediate product. Figure 3 shows that maximum VI values are 
obtained by adjusting the severity of the initial dewaxing step to 
an optimum value and then completing the dewaxing in a selective 
dewaxing step, indicacing the potential for maximizing the content

5 of the high VI iso-paraffins in the lubricant by this procedure. 
Example 3

A slack wax obtained from the solvent (NEK) dewaxing of a 
300 SUS (65 cST) neutral oil obtained from an Arab Light crude was 
subjected to successive catalytic and solvent dewaxing. The slack

10 wax had the properties set out in Table 5 below.

30

Table 5
Slack Wax Properties

API Gravity . 39
Density, g/cc 0.830
Hydrogen, wt. pet. 15.14
Sulfur, wt. pet. 0.18
Nitrogen, ppmw 11
Melting point, °C (°F) 57 (135)
KV at 100°C, cSt 5.168
PNA, wt pet:

Paraffins 7U.3
Naphthenes 13.6
Aromatics 16.3

Simulated Distillation:
% ^0 (°F)
5 375 (710)
10 413 (775)
30 440 (825)

* 50 460 (860)
70 482 (900)
90 500 (932)
95 507 (945)



F-3730 - 41 -

The slack wax was catalytically dewaxed over the same 
zeolite beta dewaxing catalyst as used in Examples 1-2, at varying 
severities to give different 345°C+ (650°F+) conversions. 
Temperatures were varied between about 360°-375°C (675°-710°F) at

5 2860 kPa (400 psig) hydrogen pressure, 356 n.1.1."^ hydrogen:feed
ratio, 1 hr-''' LHSV. Conversions varied between about 15 and 50 

oercent by weight.
The partially dewaxed intermediate products were then 

subjected to solvent (MEK) dewaxing using MEK/toluene (60:40 by
10 weight) at a solvent:oil weight ratio of 3:1, adjusting conditions 

to obtain a final product pour point of 20°F (-6.7°C). The lube 
yields and VI values are shown in Figure 4. Figure 4 indicates the 
potential for optimizing the process for VI efficiency or yield 
efficiency without significant losses in the non-optimized

15 variable. Furthermore, the extremely good VI values for this highly 
paraffinic lubricant are notable.
Example 5

The hydrotreated Minas gas oil feed used in Example 1 was 
catalytically dewaxed over the zeolite beta catalyst of Examples 1-2

20 under the same general conditions with the temperature adjusted to 
give a .pour point of 24°C (75°F) and a viscosity index of 115.1 for 
the partially dewaxed, intermediate product.

The intermediate product was then catalytically dewaxed for 
selective removal of the waxy components over a Pt/ZSM-23 dewaxing

25 catalyst (1.0 wt. pet Pt, 114:1 S^/Al^O-j ratio, 35 weight
percent alumina binder) at temperatures from 315°-345°C (600°-650°F) 
to give various final product pour points, all at 2860 kPa (400 
psig) hydrogen pressure, 712 n. 1.1.hydrogen:feed ratio, 1 
hr-''' LHSV. The viscosity indices of the products are given in

30 Table 6 below.
Table 6

Two Stage Beta/ZSM-23 Dewaxing

35

Pour Point, °C (°F) VI
-20 (-5) 107.5
-29 (-20) 105.4
-40 (-40) 103.5



These results may be compared to those obtained by dewaxing 
the same hydrotreated feed over the ZSM-23 dewaxing catalyst alone, 
as shown in Table 7 below.

Table 7
Single Stage ZSM-23 Dewaxing

Pour Point, °C (°F) VI
-9 (+15) ±01.4

Comparison shows that the present two stage dewaxing achieves 
higher VI values in the final product even at lower pour points.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A process for producing a lubricating oil of 
improved pour point and viscosity index which 
comprises
(i) catalytically dewaxing a lube feed stock 
having an initial boiling point of at least 323°C 
containing waxy, paraffinic components in an initial 
catalytic dewaxing step with a dewaxing catalyst 
comprising zeolite beta having a silica: alumina 
ratio of at least 10:1 and a 
hydrogenation-dehydrogenation component, in the 
presence of hydrogen dewaxing conditions of 
elevated temperature from 249°C to 454° and 
pressure of up to 7000 kPa and at a contact time 
between the feed and the catalyst which effects a 
partial removal of the waxy components by 
isomerization of the waxy paraffinic components to 
less waxy iso-paraffinic components, to increase the 
content of iso-paraffinic components in the stock 
relative to the content of iso-paraffinic components 
in the feed; and
(ii) subjecting the effluent from the initial 
catalytic dewaxing step to a selective dewaxing 
operation in which straight chain, waxy paraffnic 
components are removed in preference to 
iso-paraffinic components, to lower the pour point 
of the stock to produce a dewaxed lubricant product 
having a targeted pour point and viscosity index.
2. A process according to claim 1 in which the 
pour point of the feed stock is reduced during the 
initial catalytic dewaxing step to a value which is 
no lower than 5.6°C above the target pour point of 
the product,
3. A process according to claim 2 in which the 
pour point of the feed stock is reduced by at least 
5.6°C during the initial catalytic dewaxing step.
4. A process according to any one of the 
preceding claims in which the dewaxing catalyst of 
the initial catalytic dewaxing step comprises (IIf



-44-

zeolite beta having a silica: alumina ratio of at 
least 30:1 and a hydrogenation-dehydrogenation 
component comprising at least one metal of Groups 
IVA, VA, VIA, VIIA or VIIIA of the Periodic Table of 
the Elements.
5. A process according to any one of claims 1 to 
4 in which the dewaxing catalyst of the initial 
catalytic dewaxing step comprises zeolite beta 
having a silica: alumina ratio of at least 30:1 and a 
hydrogenation-dehydrogenation component comprising

10 at least one of the metals nickel, cobalt,
molybdenum, tungsten or vanadium.

6. A process according to any one of claims 1 to 
4 which the dewaxing catalyst of the initial 
catalytic dewaxing step comprises zeolite beta 
having a silica: alumina ratio of at least 30:1 and a 
hydrogenation-dehydrogenation component comprising 
at least one of the metals platinum or palladium.
7. A process according to any preceding claim in

40 which ’.he selective dewaxing operation comprises
solvent dewaxing.
8. A process according to any one of claims 1 to 
6 in which the selective dewaxing operation 
comprises a shape-selective catalytic dewaxing 
operation in which the effluent of the initial 
catalytic dewaxing step is dewaxed using a 
shape-selective catalyst which has a dewaxing 
selectivity at least as that of ZSM-5.
9. A process according to claim 8 in which the

30 dewaxing catalyst in the selective dewaxing
operation comprises an intermediate pore zeolite 
having a Constraint Index of at least 8, an n-hexane 
sorption of less than 10 weight percent at 50°C 
and a cyclohexane sorption of less than 5 weight 
percent at 50°C.
10. A process according to claim 9 in which the 
dewaxing catalyst in the selective dewaxing

‘ ' operation has an n-hexane sorption of less than 5
39 ‘ ' weight percent at 50°C.

ν'
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11. A process according to claim 8 in which the 
dewaxing catalyst in the selective dewaxing 
operation comprises ZSM-22 or ZSM-23.
12. A process according to claim 8 in which the 
dewaxing catalyst in the selective dewaxing 
operation comprises ZSM-35.
13. A process substantially as hereinbefore 
particularly described with reference to any of 
Examples 1 to 5.

10 DATED: 13 February 1990

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
MOBIL OIL CORPORATION
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