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WIDE-CUT SYNTHETIC ISOPARAFFINIC LUBRICATING OILS 

BACKGROUND OF THE DISCLOSURE 

Field of the Invention 

The invention-relates to a wide-~ synthetic lubricant base stock 

synthemed-from waxy hydrocarbons produced by a Fischer-Tropsch hydro­

carbon synthesis process. More particularly the invention relates to a wide-cut 

lubricant base stock and formulated lubricating oil having a high VI, low pour 

point and wide boiling range, p~duced by hydroisomerizing a waxy Fischer­

Tropsch synthesized hydrocarbon fraction, which is then catalytically dewaxed 

to produce the base stock. 

Background of the Invention 

Internal combustion engine crankcase and transmission oils, as well as 

some industrial oil~ must maintain their lubricating quality over a wide range of -

temperature without solidifying or volatilizing. The industiy is moving toward 

lighter viscosity grades (e.g., SAE SW and lOW oils) for fuel economy reasons. 

However, the oils must also meet volatility specifications. In addition, heavier 

base stocks, from which fully formulated oils are made, are still utilized in many 

applications, including industrial oils. With conventional oil~ the dewaxed 

raffinate is typically vacuum fractionated into a plurality of fractions of different 

viscosities and boiling ranges. The final lubricating oil is made by adding an 

additive package containing one or more additives such as a VI improver, an 

antioxidant, a detergent, dispersant, antiwear additive, pour point depressant and 

the like, to the base stock. Lower viscosity base stocks have a higher concentra­

tion of lighter and lower boiling hydrocarbons, which tend to volatilize at higher 

temperatures. Conversely, higher boiling fractions, besides increasing the 
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viscosity, .can adversety·affe~ low ~perature properties, such as pour point. 

To use a wide cut derived from a conventional oil, will yield a base stock which 

will not meet either volatility or po1Jl point requirements~ Synthetic base stocks, 

such as polyalphaolefins (PAO 's), are commercially available and have a 

combination of high viscosity index and low pom point However, these oils are 

veIY expensive, tend to shrink seals and have a narrow boiling range. To be able 

to use a single, wide-cut oil fraction of lubricating quality as a base stock for a 

premium lubricating oil, wh~re two or more ftactiQDS are now used, would 

simplify the production, transportation and cost of the oil. 

SUMMARY OF THE INVENTION 

The invention relates to a wide-cut lubricant base stock haVing a low pour · 

point and high viscosity index (VI), and to a lubricant formed from the base . 

stock, wherein the base stock is produced from a waxy, paraftinic Fischer­

Tropsch synthesized hydrocarbon fraction having an initial boiling point in the . 

range of650-750°F (6S0-7S0°F+), by hydroisomerizing the waxy fraction to ; 

form a hydroisomerate, which is then catalytically dewaxed to reduce its pour 

point. Both the hydroisomerization and the catalytic dewaxing convert some of 

the 650-750°F+ hydrocarbons into lower boiling hydrocarbons. These light 

hydrocarbons or lower boiling hydrocarbons, which boil below 650-750°F (650-

7500F-), are removed from the resulting 6:S0-750°F+ dewaxate which comprises 

the base stock. By wide-cut base stock is meant the entire 6S0-1SO°F+ 
. . . . 

clewaxate. This is in contrast to conventional base stocks, in which the 650-

7500F+ dewaxate is vacuum fractionated into a plurality. of fractions of different 

viscosity and boiling range. By 650-750°F+ is meant that fraction of the hydro­

carbons synthesized by the Fischer-Tropsch process having an initial boiling 

point in the range of from 6S0-750°F and continuously boiling up to an end point 

of at least, and preferably abov~ 10$0°F. A Fischer-Tropsch synthesized 
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hydrocarbon feed comprising this 650-7S0°F+ material, will hereinafter be 

referred to as a "waxy feed". By waxy is meant containing hydrocarbons which 

solidify at standard room temperature conditions of temperature and pressure. 

The waxy feed bas negligible amounts of aromatics, sulfur and nitrogen 

compound impurities. The waxy feed also preferably has a T oo-T 10 temperature 

spread of at least 350°F. The temperature spread refers to the temperature 

difference in °F, between the 90 wt. % and 10 wt. % boiling points of the waxy 

feed. The wide-cut base stock is essentially isoparaffinic, ·in comprising at least 

95 wt % of non-cyclic isoparaffins, has a Vl of at least 120, a pour point no 

higher than -10°C and is useful as a base stock for various lubricants, including 

lubricating oils (lube oils), grea5es and the like. Lube oils comprise an 

admixture of the base stock and lubricant additives, and includ~ for example, 

multi-grade intema1 combustion engine crankcase oils, automatic transmission 

oils, industrial oils and the like. 

The lower boiling hydrocarbons, known as light ends, are removed from 

. the 6S0-7S0°F+ dewaxate in order for the wide-cut base stock to meet volatility 

requirements. These light ends may simply be flashed off: to produce the wide­

cut base stock. The use of simple flashing to remove the· light ends (650-750°F-) 

in the process of the invention is signi:fican~ in that it eliminates the need for 

more costly vacuum distillation commonly used with conventional. petroleum 

oil raffinates. The superior properties of the base stock of the ·invention, 

··compared to conventional base stocks derived from petroleum oil or slack wax, 

results from the combination of the relatively pure and essentially paraffinic 

Fischer-Tropsch waxy feed, and preferably a waxy feed produced by a sluny 

Fischer-Tropsch process in the presence of a catalyst having a cobalt catalytic 

component, the hydroisomerization, catalytic dewaxing and removal of the light 

ends from the dewaxate. 
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In the practice of the invention, the hydroisomerizJltion is accomplished 

by reacting the waxy feed with hydrogen in the presence of a suitable hydro­

isomerization and preferab1y a dual function hydroisomerization catalyst 

comprising at least one catalytic uietal component to give the catalyst a 

hydrogenation/dehydrogenation function and an acidic metal oxide component 

to give the catalyst an acid hydroisosn~on function. The hydroisomerim­

tion converts a portion of the waxy feed.(6S0-7SO°F+) to lower.boiling material 

(650-750°F-) whic~ while useful for fuels, is not useful as base stock material. 

The hydroisomerate may be dewaxed with or without prior removal· of the lower 

boiling material. Dewaxing is aecomplished by reacting the hydroisomerate 

with hydrogen in the presence of a dewaxilig catalyst to form a dewaxate, from 

which the light ends are removed. 

BRIEF DESCRIPTION OF THE FIGURE 

The Figure is a simple schematic .flow diagram of the process of the 

invention .. 

DETAILED DESCRIPTION 

The waxy feed preferably comprises the entire 650-750°F+ fraction 

formed by the hydrocarbon synthesis process, with the exact cut point between 

650°F and 750°F being determined by the practitioner, and the exact end point 

.preferably above IOSO°F determined by the catalyst and process variables used 

for the synthesis. The waxy feed may also contain lower boiling material (650-

7500F-), if desired. While this lower boiling material is not useful for a lubricant 

base stock, when processed according to· the process of the invention it is useful 

for fuels. The waxy feed also comprises more than 90o/~ typically more than 

95% and preferably more than 98 wt. % paraftinic hydrocarbons, most of which 
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are normal paraffins, and this is what is meant by ''paraftinic" in the context of 

the invention. It has negligible amounts of sulfur and nitrogen compounds (e.g., 

less than 1 wppm}, with less than 2,000 wppm, preferably less than 1,000 wppm 

and more preferably less than 500 wppm of oxygen, in the fonn of oxygenate..§. 

The aromatics content, if any, is less than 0.5, more preferably less than 0.3 and 

still more preferably less than 0.1 wt. o/o. Waxy feeds having these properties 

and useful in the process of the invention·have been made using a slurry Fischer· 

Tropsch process with a catalyst having a catalytic cobalt.component Jn the· 

practice of the invention, it is preferred that a s1uny Fischer-Tropsch hydro­

carbon synthesis process be used for synthesizing the waxy feed and particularly 

one employing a Fischer-Tropsch catalyst comprising a catalytic cobalt 

component to provide a high alpha for producing the more desirable higher 

molecular weight paraffins. 

The (Tw-T 10) temperature spread of the waxy feed, while preferably being 

at least 350°F, is more preferably at least 400°F and still more preferably· at least 

450°F, and may range betWeen 350°F to 700°F or more. Waxy feeds obtained 

:from a slurry Fischer· Tropsch process employing a catalyst comprising a · 

composite of a catalytic cobalt component and a titania have been made meeting 

the above degrees of paraffinicity, purity and boiling point range, having T 10 and 

T 90 temperature spreads of as much as 490°F and 600°F, having more than 

10 wt. % of 1050°F+ material and more than 15 wt % of 1050°F+ material, with 

respective initial and end boiling points ofSOO°F·l245°F and 350°F-1220°F. 

Both of these samples continuously boiled over their entire boiling range. The 

lower boiling point of 350°F ~obtained by adding some of the condensed 

hydrocarbon overhead vapors from the reactor to the hydrocarbon liquid filtrate 

removed from the reactor. Both of these waxy feeds were suitable for use in the 

process of the invention, in that they contained material having an initial boiling 
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point in the range of 6S0-750°F, which continuously boiled to and end point of 

above 10S0°F, and a T90-T 10 ~perature spread of more than 3S0°F. 

Both the waxy feed and the lubricant base stock produced from the ~ 

feed by the process. of the invention contain less heteroatom, oxygenate, 

naphthenic and aromatic compounds than lubricant base stocks derived from 

·petroleum oil and slack wax. Unlike base stocks derived from petroleum oil and 

slack wax, which contain appreciable amounts (e.g., at least 10 wt %) of cyclic 

hydrocarbons, such as naphthenes and aromatics, the base stocks produced by 

the process of the invention comprise at least 95 wt. % non-cyclic isoparaffins, 

with the remainder normal paraffins. The base stocks of the invention differ 

from PAO base s~ks in that the aliphatic, non-ring isoparaffins contain 

primarily methyl branches, with very little (e.g., less than 1 wt %) .branches 

having more than ~ve carbon atoms. Thus, the composition of the base stock of 

the invention is different from one derived from a conventional petroleum oil. or 

slack wax, or~ PAO. The base $)ck of the invention comprises essentially 

~ 99+ wt. %) all saturated, ~c and non-cyclic hydrocarbons. Sulfur,. 
. ~ .. . . . 

. nitrogen and metals are present in amounts of less than 1 wppm and are not 

.. detectable by x-ray or Antek Nitrogen tests. While very small amounts of 

saturated arid unsaturated ring structures may. be present, they are not identifiable 

in the base stock bypresently known analytical methods, because the concentra­

tions are so small. While the .base stock of the invention is a mixture of various 

. molecular weight hydrocarbons, the residual normal paraffin content remaining 

after hydroisomerimtion and dewaxing will preferably be less than S wt. % and 

more preferably less than I wt. %. with at least 50 % of the oil molecules 

containing at least one branch, at least half of which are methyl branches. At 

least half, and more preferably at least 75 % of the remaining branches are ethyl, 

with less than 25 % and preferably less than 15 % of the total number of 

branches having three or more carbon atoms. The total number of branch carbon 
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atoms is typically less than 25 Yo, preferably less··than 20 % and more preferably 

no more than 15 % (e.g., 10-15 %) of the total number of carbon atoms compris­

ing the hydrocarbon molecules. PAO oils are a reaction product of alphaolefins, 

typically 1-decene and also comprise a mixture of molecules. However, in _ 

contrast to the molecules of the base stock of the invention, which have a more 

linear structure comprising a relatively long back bone with short branches, ·the 

classic textbook description of a PAO base stock is a star-shaped molecule, and 

particularly tridecane typically illustrated as three decane molecules attached at a 

central point. PAO molecules·htve fewer and longer branches than the hydro­

carbon molecules that make up the base stock of the invention. Thus, the 

molecular make up of a base stock of the invention comprises at least 95 wt. % 

non~clic isoparaffins having a relatively linear molecular structure, with less 

than half the branches having two or more carbon atoms and less than 2S % of 

the total number of carbon atoms present in the branches. Because the base 

stocks of the invention and lubricating oils based on these base stocks are 

different, and most often superior to, lubricants formed from other base stocks, it 

will be obvious to the practitioner that a blend of another base stock with at least 

20, preferably at least 40 and more preferably at least 60 wt. % of the base stock 

of the invention, will still provide superior properties in many most cases, 

although to a lesser degree than only if the base stock of the invention is used. 

Such additional base stocks may· be selected from the group consisting of (i) a 

hydrocarbonaceous base stock, (ii) a synthetic base stock and mixture thereof. 

By hydrocarbonaceous is meant a primarily hydrocarbon type base stock derived 

from a conventional mineral oil, shale ·oil, tar, coal liquefaction, mineral oil 

derived slack wax, while a synthetic base stock will include a PAO, polyester 

types and other synthetics. 

As those skilled in the art know, a lubricant base stock is an oil possess­

ing lubricating qualities boiling in the general lubricating oil range and is useful 
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for preparing various lubricants _such as lubricating oils and greases. Lubricating 

or lube oils are prepared by combining the base stock with an effective amount 

of at least one additive or, more typically, an additive pacbge containing more 

than one additive, wherein the additive is. at least one of a detergent, a dispersgit, 

an antioxidant, an antiwear additive, a pom point depressant, a VI improver, a 

friction modifier, a demulsifier, an antifoamant, a com>sion inhibitor, and a seal 

swell control additive. Of these,. those additives common to most formulated 

lubricating oils include a detergent, a dispersant, an antioxidant, an antiwear 

additive and a VI improver, with the others being opti~ depending on the 

intended use of the oil. An effective amount of one or more additives or an 

additive package containing one or more such additives.is admixed with, added 

to or blendecl into the base stock, to meetone or more specifications, such as 

those.relating.to a lube oil for an intemal combustion engine crankcase, an 

automatic transmission, a turbine or jet, hydraulic oil, industrial oil, etc., as is 

known. Various manufacturers sell such additive packages for adding to a base 

stock or to a blend of base stocks to form fully formulated lube oils for meeting 

· performance specifications required for different applications or intended uses,. 

and the exact identify of the various. additives present in an· additive pack is 

typically maintained as a trade secret by the manufacturer. However, the 

chemical nature of the various additives is known to those skilled in the art. For 

example, alkali metal sulfonates and phenates are well known detergents, with 

PIBSA (polyisobutylene succinic anhydride) and PIBSA-P AM (polyisobutylene 

succinic anhydride amine) with or without being borated, being well known and 

used dispersants. VI improvers and pour point depressants include aaylic 

polymers and copolymers such as polym.crylates, polyalkylmethacrylates, as 

well as olefin copolymers, copolymers of vinyl acetate and ethylene, dialkyl 

fumarate and vinyl acetate, and others which are known. The most widely used 

antiwear additives are metal dialkyldithiophosphates such as ZDDP in which the 

metal is zinc, metal carbamates and dithiocarbamates, ashless types which 
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include ethoxylated amine dialkyldithiophosphates and ditbiobenzoates. Friction 

modifiers include glycol esters and ether amines. Benzotriazole is a widely used 

corrosion inhibitor, while silicones are well known antifoamants. Antioxidants 

include hindered phenols and biJ:idered aromatic amines such as 2, 6-di-tert- _ 

butyl-4-n-butyl phenol and diphenyl amine, with copper co~pounds such as 

copper oleates and copper-PmSA being well known. This is meant to be an 

illustrative, but nonlimiting list of the various additives used in lube oils. That 

the performance of a lube oil ·of the invention differs from that of conventional 

and PAO oils with the same level of the same additives, demonstrates that the 

chemistry of the base stock of the invention is different from that of the prior art 

base stocks. 

, Dming hydroisomerization of the waxy feed, conversion of the 650-

7500F+ fraction to material boiling below this range (lower boiling material, 

650-750°F-) will range from about 20-80 wt o/~ preferably 30-70 % and more 

.. preferably from about 30-60 o/~ based on a once through pass of the feed 

through the reaction zane. The waxy feed will typically contain 650-750°F­

material prior to the hydroisomerization and at least a portion of this lower 

boiling material will also be converted into lower boiling·components. Any 

olefins and oxygenates present in the feed are hydrogenated during the hydroiso­

merization. The temperature and pressme in the hydroisomerization reactor will 

typically range from 300-900°F (149-482°C) and 300-2500 psig, with preferred 

ranges of 5S0-750°F (288-400°C) and 300-1200psig, respectively. Hydrogen 

treat rates may range from 500 to 5000 SCF/B, with a preferred range of 2000-

4000 SCF/B. The hydroisomerization catalyst comprises one or more Group 

VIII metal catalytic components, and preferably non-noble metal catalytic 

component(s), and an acidic metal oxide component to give the catalyst both a 

hydrogenation/dehydrogenation function and an acid hydrocracking function for 

hydroisomerizing the hydrocarbons. The catalyst may .also have one or more 
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Group VIB metal oxide pro1Doters·and, ~e or·more Group m metal components 

as a hydrocracJcing suppressant. ·In a preferred embodiment the catalytically 

active metal comprises :cobalt and molyJ>denum. In a more preferred 

embodiment the catalyst will also .coni.in a copper .component to reduce 

hydrogenolysis. The acidic oxide.compon~t or carrier may include, alumina, 

silica-alumina, silica-alumina-phosphates, titania, zirconia, vanadia, and other 

Group Il, 'IV, V or VI oxides, as well as various JDOlecular sieves, such as X, Y 

and Beta sieves. It is preferred that the acidic metal oxide component include 

silica-alumina and particularly amorphous silica-alumina jn which the silica 

concentration in the bulk support (as opposed to surface silica) is less than about 

SO wt. % and preferably less than 35 wt. %. A particularly preferred acidic 

oxide component comprises amorphous silica-alumina in which the silica 

content ranges from 10-30 wt.· o/o. Additi<>Dal components such as silica, clays · .. 

. and other materials as bindeIS may also be used. The surface area of the catalyst 

is in the range of from about 180-400 m2/g, preferably 230-350 m2/g, with a · .. · 

respective pore volum~ bulk density and side crushing strength in the ranges of 

0.3 to 1.0 mUg and preferably 0.35-0. 75 mUg; O.S-1.0 glmL. and 0.8-3.5 

kg/mm. A particularly preferred hydroisomerization catalyst comprises cobalt,. 

molybdenum and, optionally, copper components, together with. an amorphous 

silica-alumina component containing about 20-30 wt. % silica. The preparation 

of such catalysts is well known and documented. illustrative, but non-limiting 

examples of the preparation and use of catalysts of this type may be found, for 

·exampl~ in U.S. Patents 5,370,788 and S,378,348. The hydroisomerimtion 

catalyst is most preferably one that is resistant to deactivation and to changes in 

its selectivity to isopataffin formation. It has been found that the selectivity of 

many otherwise useful hydroisomerimtion catalysts will be changed and that the 

catalysts will also deactivate too quickly in the presence of sulfur and nitrogen 

compounds, and also oxygenates, even at the levels of these materials in the 

waxy feed. One such example comprises platinum or other noble metal on 
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halogenated alumina, such as fluorided almnina, from which the fluorine is 

stripped by the presence of oxygenates in the waxy feed. A hydroisomerization 

catalyst that is particularly preferred in the practice of the invention comprises a 

compoi;ite of both cobalt and molybdenum catalytic components and an 

amorphous alumina-silica component, and most preferably one in which the 

cobalt component is deposited on the amorphous silica-alumina and calcined 

before the molybdenum component is added. This catalyst will contain from 

10-20 Wt. % Mo~ and 2-S wt. % CoO on an amorphous alnmina~silica support 

component in which the silica content ranges from 10-30 wt. % and preferably 

20-30 wt. % of this support component. This catalyst has been found to have 

good selectivity retention and resistance to deactivation by oxygenates, sulfur 

and nitrogen compounds found iii the Fischer-Tropsch produced waxy feeds. 

The preparation of this catalyst is disclosed in US Patents 5, 756,420 and 

S, 750,819, the disclosures of which are incorporated herein by reference. It is 

still further preferred that this catalyst also contain a Group m metal component 

for reducing hydrogenolysis. The entire hydroisomerate formed by hydroiso- , 

merizing the waxy feed may be dewaxed, or the lower boiling, 650-750°F­

components may be removed by rough flashing or by fractionation prior to the 

dewaxing, so that only the 650-750°F+ components are dewaxed. The choice is 

determined by the practitioner. The lower boiling components may be used for 

:fuels. Employing a rough flash and not :fractionating the resulting dewaxate base 

stock into a plurality of fractions, represents a considerable savings in equipment 

and energy consumption, which is not possi"ble with a conventional, petroleum 

derived nffinate. 

The practice of the invention is not limited to the use of any particular 

dewaxing catalyst:, but may be practiced with any dewaxing catalyst which will 

reduce the pour point of the hydroisomerate and preferably those which provide 

a reasonably large yield of lube oil base stock from the hydroisomerate. These 
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·include shape selective molecular sieves which, when·combined with at least one 

·catalytic metal component, have been demonstrated as useful for dewaxing 

petroleum oil :fractions and slack wax and incl• for example, ferrierite, 

mordenite, ZSM-5, ZSM-U, ZSM-23, ZSM-3.5; ZSM-22 also known as theta_ 

one or TON, and the silicoaluminophosphates known as SAPO 's (S, 135,638). 

The dewaxing may be accomplished with the catalyst in a fixed, fluid or sluny 

bed. Typical dewaxing conditions include a temperatme in the range of :&om 

about 400~00°F, a pressure of 500-900 psig, H2 treat rate of 1500•3500 SCF/B 

for flow-through reactors and LHSVof0.1•10, preferably 0.2-2.0. The 

dewaxingis typically conducted to·~vert no more than 40 wt. % and prefer­

ably no more· than 30 wt. % of the 650-750°F+ hydroisomerate to lower boiling 

mat.erial. A dewaxing catalyst comprising a catalytic platinum co~ponent and a 

hydrogen form of mordenite component (Pt/H-mordenite) is preferred. 

It has been found that not. a'1l dewaxing catalysts and conditions are 

equivBlent when used to dewax the very·pure·and bigbly paraffinic hyc;lro­

isomerate produced ·by the invention, due to cracking·which produces C3-C.. gas 

and light naphtha. ·For example, US Patent 3,539,498 discloses that by using 

O~S wt % platinum on H-mordenite for dewaxing a light lube oil distillate feed 

(600-700°F) down ·to a pour point of -10°F, the product yield was only 68 

volume%. US Patent 4;057,488 discloses a 65.5 volume% yield :from using 

platinum on H-mordenite to dewax a de-nitrogenated raffinate boiling between 

740-950°F .. It has been surprisingly and unexpectedly found that by using Pt/H­

mordenite to dewax a hydroisomerized Fischer-Tropsch waxy feed boiling in the 

lube oil range, these high conversion levels and low yields do not occur, and the 

resulting wide-cut base stock has a lower pour point and higher VI than 

expected. The base stock compr..ises at least 99 wt. % of a_ mixture of paraffins 

and iso-paraffins, boils continuously over its boiling range. from its initial 

boiling point in the range of 650-750°F, through to its end ·boiling point of at 
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least 1050°F, with at least 95 wt. % being non-cyclic isoparatlins. The initial 

boiling point is preferably at least 700°F, and still more preferably at least 

7S0°F, with at least S Wt. % boiling above 1050°F. The VI of the base stock is at 

least 120, preferably at least 130 and more preferably at least 140. The pour _ 

point of the base stock is no higher than -10°C and preferably less than -15°C. 

Refming to the Figure, a. sluny hydrocarbon synthesis reactor 10 is 

shown as comprising a cylindrical vessel with a gas line 12 through which a 

synthesis gas comprising a mixture of H2 and CO is introduced into a plenum 

space 14 at the bottom of the vessel and then injected up through a gas injection 

means briefly illustrated by dashed line 16 and into a sluny (not showri) com­

prising bubbles of the uprising synthesis gas and solid particles of a Fischer­

Tropsch catalyst in a hydrocarbon sluny liquid, which comprises synthesized 

hydrocarbons which are liquid at the temperature and pressure in the reactor. 

· Suitable gas injection means comprises an otheiwise gas and liquid imperme­

able, horizontal tray or plate containing a plmality of gas· injectors horizontally 

arrayed across and extending through the tray. The H2 and CO in the sluny react 

in the presence of the particulate catalyst to form predominandy paraffinic 

hydrocarbons, most of which are liquid at the reaction conditions, particularly 

when the catalyst includes a catalytic cobalt component. A tilter means 

immersed in the sluny, which is simply indicated by box 18, separates the 

hydrocarbon liquids in the reactor from the catalyst particles and passes the 

hydrocarbon liquids out of the reactor via line 20. Umeacted synthesis gas and 

gas products of the hydrocarbon synthesis reaction pass up and out the top 22 of 

the slurry and into a gas collection space 24 over the sluny> from where they are 

removed from the hydrocarbon synthesis reactor as tail gas via line 26. The tail 

gas·is then passed through·a first heat exchanger 28, which cools the hot gas 

from the hydrocarbon synthesis reactor to condense some of the hydrocarbon 

synthesis reaction water and the heavier hydrocarbon vapors (e.g.> -500-700°F 
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boiling railge) to liquid, with the cooled gas andliquid·mixture then passed via 

line 30 into a hot separation vessel 32, which may be a simple knock-out drum. 

The condensed hydrocarbon liquids are removed via line 34 •and passed into the 

hydroisomeriz.ation reactor 36, along with the hydrocarbon liquids removed frQ.m 

the hydrocarbon synthesis reactor from. line 20. The hydrocarbon liquids 

removed from the hydrocarbon synthesis reactor via line 20 comprise mostly 

6S0-1SO°F+ boiling paraftinic hydrocarbons. The water is removed from the 

separator (not shown}, and the water and hydrocarbon-reduced gas is removed 

via line 38 and passed through a second heat exchanger 40 which cools it down 

further (e.g., 50-150°F), to condense out more water and lighter Cs+ (e.g., Cs+ up 

to about 500°F boiling range) hydrocarbon vapors as liquid, with the gas and 

liquid mixtme passed ip.to a cold separator 44, via line 42, ·to separate the gas 

from the water and hydrocarbOn liquid layers .. The gas is removed from the 

separator via line 64 and the hydrocarbon liquids via line 46. In the hydro­

isomerization·reactor 36, the mixture of heavy 700°F+ boiling hydrocarbon 

liquids removed from the hydrocarbon synthesis reactor and those recovered 

from the hot separator, ·react with hydrogen passed into the reactor. via line 37, in 

the presence of a hydroisomerization catalyst, to hydroisomerize the paraffins to 

branched or isoparaffins as hydroisomerate .. The hydroisomerate is removed 

from reactor 36 and passed, via line 48, into a fra~onator SO, in which the 

lighter hydrocarbons are separated from the 6S0-750°F+ fraction.as naphtha and 

diesel fractions via lives .51 and S3, respectively. The .lighter hydrocarbon liquid 

recovered from cold separator 44 are passed, via line. 46 into line 48, where they 

are mixed with the hydroisomerate entering the :fractionator. The 650-750°F+ 

hydroisomerate is removed from the fractionator via line 32 and passed into a 

catalytic dewaxing reactor 54, via line 56, in which it reacts with hydrogen 

entering the reactor via line SS, in the presence of a dewaxing catalyst to further 

reduce the pour point of the hydroisomerate and produce the base stock. The 

dewaxing catalyst is preferably platinum. on mordenite .. The catalytic dewaxing 
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cracks a portion (e.g., -20 volume%) of-the 650-750°F+ material to mostly gas 

and naphtha bydrocarbon fractions and lowers the pom point of the remaining 

6S0-1S0°F+ base stock, with the mixture of gas and the liquid 6S()-7S97-:i= base 

stock leaving the catalytic dewaxer via line 56 and passing into a separator 58.!..in 

which the hydrocarbons boiling below the desired initial boiling point of at least 

650°F, preferably at least 700°F and more preferably at least 750°F are simply 

ftashed off and removed with the gas products of the dewaxing. The separator is 

a simple drum separator in which the gas products and light fraction are 

separated from the base stock and removed via line 62. The resulting wide-cut 

base stock is removed from the separator via line 60. 

In a Fischer-Tropsch hy~on synthesis process, liquid and gaseous 

hydrocarbon products are formed by contacting a synthesis gas comprising a 

Diixture of H2 and CO with a Fischer-Tropsch catalyst, in which the H2 and CO 

react to foim hydrocarbons under shifting or non-shifting conditions and 

preferably under non~sbifting conditions in which little or no water gas shift 

reaction occurs, particularly when the catalytic metal comprises Co, Ru or 

mixture thereof. Suitable Fischer-Tropsch reaction types of catalyst comprise, 

for example, one or more Group VIII catalytic metals such as Fe, Ni, Co, Ru and 

Re. In one embodiment the catalyst comprises catalytically effective amounts of 

Co and one or more of Re, Ru, Fe, Ni, Th, Zr, m: U, Mg and La on a suitable 

inorganic support material, preferably one which comprises one or more 

refractoiy metal oxides. Preferred supports for Co containing catalysts 

com.prise titania, particularly when employing a sluny HCS process in which 

higher molecular weight, primarily paraffinic liquid hydrocarbon products are 

desired. Useful catalysts-· and their preparation are known and illustrative, but 

nonlimiting examples may be fo• for example, in U.S. Patents 4,568,663; 

4,663,305; 4,542,122; 4,621,072 and S,545,674. ·Fixed bed, fluid bed and sluny 

hydrocarbon synthesis processes are well known and documented in the 
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literature. In all of these p~cesses the synthesis gas is reacted in the presence of 

a suitable Fischer-Tropsch type of hydrocarbon synthesis catalyst, at reaction 

conditions effective to form hydrocarbons. Some of the~ hydrocarbons will be 

liquid, some solid (e.g., wax) and some gas at standard room .temperature 

conditions· of temperature and pressure of 2S°C and one aunosphere, particularly 

if a catalyst having a catalytic cobalt component is used. Sluny Fischer-Tropsch 

hydrocarbon synthesis processes are often prefened because they are able to 

produce relatlvely high molecular weight, paraffinic hydrocarbons when using a 

cobalt catalyst. In a sluny hydrocarbon synthesis prc>cess, which is a prefCITCd 

process in the practice of the invention, a synthesis gas comprising a mixture of 

H2 and CO is bubbled up as a third phase tbroligh a sluny in a reactor which 

comprises a particulate Fischer-Tropsch type hydrocarbon synthesis catalyst 

dispersed and suspended in a slmry liquid comprising hydrocarbon products of · 

the synthesis reaction which are liquid at the reaction conditions. The mole ratio 

of the hydrogen to the carbon m0J1Qxide may broadly range from about O.S to 4~ 

but is more typically within the range of from about 0.7 to 2.75 and prefe(ably 

from about 0.7·to 2.5. The stoichiometric mole ratio for a Fischer-Tropscli 

reaction is 2.0, but in the practice of the present invention it may be increased to 

obtain the amount of hydrogen desired froin the synthesis gas for other than the 

hydrocarbon synthesis reaction. In the slurry process, the mole ratio of the· H2 to 

CO is typically about 2.111. Sluny hydrocarbon syndiesis process conditions 

vary somewhat depending on the catalyst and desired· products. Typical 

conditions effective to form hydrocarbons comprising mostly Cs+ paraffins, (e.g., 

Cs+~) and preferably C10+ paraffins in a sluny process employing a catalyst 

com.prising a supported cobalt component include, for example, temperatures, 

pressures and hourly gas space velocities in the range of from about 320-600°F, 

80-600 psi and 100-40,000 V/hr!V, expressed as standard volumes. of the 

gaseous CO and H2 mixture·(60°F, l attn) per hour per volume of catalyst, 

respectively. The hydrocarbons which are liquid at the reaction conditions and 
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are removed from the reactor (using filtration means ancl optionally a hot 

separator to recover C10+ from the HCS gas) in a sluny process) comprise mostly 

(e.g., > 50 wt. % and typically 60 wt % or more) hydrocarbons boiling over 

650-750°F. The Table below shows the :fractional make-up {± 1 O wt. % for e&:h 

fraction) ofhydrocarbons synthesized in a slurry hydrocarbon synthesis reactor 

using a catalyst comprising cobalt and rhenium on a titania support. 

Bailin.a Temperature Ran2es, °F Wt % of Fraction 

mP-320 13 

320-350 23 

S00-100 19 

700-1050 . 34 

lOSo+ 11 

Total 100 

The invention will be further understood with reference to the Examples 

below. Iii all of these examples, the T 9o-T10 temperature spread of the waxy feed . 

was greater than 350°F. 

EXAMPLES 

Example 1 

A mixture of H2 and CO having an H2 to CO mole ratio of 2.11-2.16 was 

reacted in the presence of a Fischer-Tropsch hydrocarbon synthesis catalyst in a 

slurry reactor to form hydrocarbons. The catalyst contained cobalt and rhenium 

supported on titania. The reaction was conducted at 425°F and 290 psig. at a 

linear feed velocity of from 12-17.5 cm/sec. The kinetic alpha of the synthe­

sized hydrocarbons was greater thm 0.9 and the hydrocarbons were flash 
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fractionated into three fractions of Cs to about 500°F, 500-700°F and a 700°F+ 

waxy feed. By way of further iliustration. referring to the Figure the C5-500°F 

fraction conesponds to the cold •eparator liquid withdrawn via line 46, The 500-

7000F is the hot separator liquid withdrawn via line 34 and the 700°F+ waxy 

feed is the hot, waxy filtrate withdrawn from the reactor via line 20. 

Example2 

The 700°F+ waxy feed fraction was mildly hydroisomerized by reacting 

with hydrogen in the presence of a fixed bed of a dual function catalyst 

consisting of cobalt (CoO, 3.2 wt. %) and molybdenwn (MoDJ, 15.2 wt. %) on a 

silica-alumina cogel acidic· support containing 15.5 wt.% silica. The catalyst 

had a surface area of 266 m2/g and pore volume (P. V.1120) of 0.64 mUg. The. 

reaction coliditions included a temperature of 713°F, a hydrogen pressure of 725 

psig, a hydrogen treat rate of2500 SCF/B, an LHSVof 1.1 v/v/br and a 700°F+ 

conversion .target of SO wt. o/o. The 700°F+ conversion is defined as: 

700°F+ conversion=[l-(wt.% 700°F+ ftaction in product)/(wt.% 700°F+ in feed) x 100 

The resulting hydroisomerate was fractionated into lighter fuel fractions 

and a waxy 700°F+ fraction whose properties are given in Table l below. 
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Table 1 

700°F+ Fraction 

0 API Gravity 40.3 

Boiling Point 

Distribution • op 

byGCD, wt.% 

IBP/5 · 661n13 

10/20 12snss 
30/40 781/809 

50160 842/880 

70/80 926/984 

90/FBP 1070/1281 

Example3 

In this example, the pour point of the waxy, 700°F+hydroisomerate 

produced in Example 2 was eatalytically dewaxed by reaCting with hydrogen in 

the presence of a dewaxing catalyst consisting of 0.5 wt. % platinum supported 

on H-mordenite at a temperature of 550°F, hydrogen pressure of 725 psig, a 

hydrogen treat rate of 2500 SCF/B and LHSV of 1.1 v/v/hr. The dewaxing was 

conducted at a 20 v~lume % conversion of the 700°F+ hydroisomerate feed and 

the resulting base stock had a boiling range of :from about 750°F, to greater than 

1050°F and a pour point of +3°F. However, low temperature performance is 

better indicated by lubricating oils formulated from the base stocks of the inven­

tion using other low temperature tests, such as the Cold. Cranking Simulator 

(CCS) viscosity typically used to assess passenger car motor oils, and the 

Brookfield viscosity used to assess automatic transmission fluids. Table 2 

shows a comparison of fully formulated lubricatilig oils formulated to be 

essentially S cSt viscosity lubricating oils and all containing the same additive 
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package, the same amount of base stock oil and using for the base stock, (a) the 

wide-cut base stock of the invention, (b) a PAO synthetic base stock and (c) a 

conventional, petroleum derived base stock. The additive package was a 

proprietary package for a conventional, multigrade automotive and diesel en~e 

crankcase lube designed to meet API quality requirementS (SH/CD) and also 

ILSACGFI approval with conventional base stocks~ As the data in Table 2 

show, despite the very wide boiling range·and the presence of the heavy, high 

boiling paraffins present in the wide-cut lubricating oil base stock of the 

invention, the low temperature properties of the lubricating oil fonnulated with 

the base stock of the invention are· superior to those of the conventional lubricat­

ing oil. Further, the oil formulated from the base stock of the invention exhibits 

a higher VI than either of the other two oils and with no volatility debit 

compared to .the conventional oil. 

Table2 

Petroleum Oil Synthetic Wide-Cut 
(PAO) 

Base Stock Properties 

Kinematic Viscosity at 40°C,. cSt S.08 S.77 5.23 

·Kinematic Viscosity at 1 oo0 c, cSt 24.49 30.13 24.89 

Viscosity Index 106 137 148 

SUS Viscosity 147 155 128 

Pour Point, 0 c ., 

-15 <-54 -14 

NOACK Volatility, wt. o/o 15.4 7 14.3 

Properties of Fonnulated Passenger Car motor Oils 

Brookfield Viscositv at - 40°C. cP Solid 15570 17610 

Properties of Formulated Passenger Car Motor Oils 

CCS Viscosity at - 20°c 3200 790 1260 

CCS Viscosity at - 2s0 c 4400 2100 2400 
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By way of further comparison with a conventional lube oil fraction 

derived from petroleum oil, the follo~g Table 3 compares the boiling range of 

the wide-cut base stock of the inVelltion. which has an SUS viscosity of 128, 

with a 130N or Neutral (SUS vis~sity of 130) conventional lube oil base stock. 

As Table 3 shows, the boiling range of the conventional 130N is substantially 

less than the wide-cut lube oil base stock of the invention. Further, the wide-cut 

base stock had about 10 wt. % boiling over 1050°F, while the conventional 

130N had none. 

Table3 

GCD Fractionation 

Wt. % Fiaction Boiling Point, °F 

130N Wide-cut 

IBP 700 

s 685 750 

so 790 820 

95 882 1050 

FBP 

It is understood that various other embodiments and modifications in the 

practice of the invention will be apparent to, and can be readily made by, those 

skilled in the art without departing from the scope and spirit of the invention 

described above. Accordingly, it is not intended that the scope of the claims 

appended hereto be limited to the exact description set forth above, but rather 

that the clallns be construed as encompassing all of the features of patentable 

novelty which reside in the present invention, including· all the features and 

embodiments which would be treated as equivalents thereof by those skilled in 

the art to which the invention pertains. 
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CLAIMS: 

1. An isoparaffinic lubricant base stock obtained by (i) 

hydroisomerizing a paratlinic, Fischer-Tropsch synthesized, waxy hydrocarbo!!_ 

feed having an initial boiling point in the r&nge of 650-750°F, which 

· continoously boils to an end boiling point of at least .10S0°F, to form a 

hydroisomerate having an initial boiling point in said 6S0-750°F range, (ii) 
. .. · .. 

catalytically dewaxins said hydroisomerate ·to reduce its pour point and form a 

dewaxate having an initial boiling point in said 650-7SO°F range, which contains 

hydrocarbons boiling below said range, and (iii) removing said lower boiling 

hydrocarbons from said dewaxate to form said base stock. 

2. A lubricant base stock according to claim 1 wherein said waxy 

feed comprises at·least 95· wt. % normal paraffins. 

3. A lubricant base stock according to claim 2 wherein the end 

.. boiling point of said waxy feed is above 1 OSO°F. ·· ; 

4. . A lubricant base, stock according to claim 3 wherein said 

hydroisomerization comprises reacting said waxy feed with hydrogen in the 

presence of a hydroisomerization catalyst having a catalytic metal component 

and an acidic metal ·oxide component and both a hydroisomerization function 

and a hydrogenation/dehydrogenation function. 

S. A lubricant base stock according to claim 4 wherein said waxy 

feed has less than 1 wppm of nitrogen compounds, less than· 1 wppm of sulfur 

and less than 110000 wppni of oxygen in the fonn of oxygenates. 

' lll\llt "''" 11111111\1 ll 1111 * C . L M: S * 
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6. ·A lubricant base stoek according to claim S in admixture with 

on~ m- more of {i) a hydrocarbonaceous base stock and (ii) a synthetic base 

stock. 

7. A lubricant base·stock according to claim 2 wherein said lower 

boiling hydrocarbons are removed ftom said dewaxate by :flash evaporation. 

S. A formulated lubricant comprising a mixture of a wide-cut, 

isoparaffinic base stock and at least one lubricant additive, wherein said base 

stock is obtained by (i) hydroisomerizing a paraftinic, Fischer-Tropsch 

synthesized, waxy hydrocarbon feed having an initial boiling point in the range 

of 650-750°F, which continuously boils to an end boiling point of at least 

10S0°F, to form a hydroisomerate having an initial boiling point in said 

650· 7SO°F range, (ii) catalytically dewaxing said hydroisomerate to reduce its 

pour point and form a dewaxate comprising a base stock fraction having an 

initial boiling point in said range, with an end boiling point the end boiling point 

of said dewaxate, said dewaxate·also containing hydrocarbons boiling below 

said range, and (iii) removing said lower boiling material from said dewaxate to 

form said base stock. 

9. A formulated lubricant according to claim 8 wherein said waxy 

feed comprises at least 95 wt. % normal paraffins and said base stock comprises 

at least 98 wt. % non-cyclic isoparatlins. 

10. A formulated lubricant according to claim 9 containing at least 

two lubricant additives. 

111111111111111111111111111111 
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11. A formulated lubricant according to claim 1 O selected from the 

group consisting of (a)·a multigradc intemal combustion crankcase oil> (b) an 

industrial oil, ( c) a turbine oil and (d) a hydraulic oil. 

12. A formulated lubricant according to claun 11 wherein said 

waxy feed has been synthesized by a slurry Fisch~-Tropsch process employing 

a hydrocarbon synthesis catalyst having a catalytic cobalt component. 

13. A formulated lubricant according to claim 12 wherein said 

hydrocarbon synthesis reaction is conducted at an. alpha of at least 0.9. 

14. A formulated lubricant acconling to claim 10 wherein said 

lower boiling hydrocarbons are removed from said clewaxate by flash evapora- . 

tion. 

IS. A formulate4 lubricantaccording to claim 14 wherein said 

. waxy feed has aT90-T10 temperature spread of at least 3S0°F. 

\ \11111\ \1111\ 111\11\111 \I Ill\ . 
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