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PRODUCTION OF SYNTHETIC LUBRICANT AND 
LUBRICA}l{f BASE STOCK WITHOUT DEW AXING 

BACK.GROUND OF THE DISCLOSURE 

FIELD OF THE INVENTION 

The invention relates to a process for producing a lubricant base stock 

from Fischer-Tropsch wax without a dewaxing step. More particularly the 

invention relates to producing a lubricant base stock from a Fischer-Tropsch 

synthesized., waxy hydrocarbon fraction, by hydroisomerizing a fraction having 

an initial boiling point in the range of 650-750°F+ over a dual function catalyst 

comprising cataiytic metal and aci<li:;; oxic.k components, to convert at lc:i.st 60 

wt. % of the 650-750°F+ fraction to lower boiling material, and to a fuily 

fommlated lubricant comprising an a.drn.ixtme of the base stock and at least one 

lubricant additive. 

BACKGROUND OF THE INVENTION 

Lubricating oils of low pour point are achieved from petroleum derived 

feeds such as distillate .fractions and slack wax by hydrotreating, solvent 

extraction and either solvent or catalytic dewaxing. Due to increasing demands 

on lubricating oil performance and dwindling oil reserves of high quality~ the 

production of synthetic lubricating oils from Fischer-Tropsch synthesized 

hydrocarbons has received increasing attention, particularly in view of the 

relatively large amounts of natural. gas reserves which need to be converted into 

more valuable liquid products at the gas well sites and the relatively high purity 

and highly paraffinic nature of the synthesized hydrocarbons. All of the 

processes so far suggested for making a lubricant base stock from waxy Fischer­

Tropsch synthesized hydrocarbons employ a catalytic or solvent dewaxing step. 
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For exampl~ U.S. Patent 4,963,672 discloses a process comprising 

hydrotreating, hydroisomerizing and solvent dewaXing Fischer-Tropsch waxy 

hydrocarbons to produce a high VI and low pour point lube oil base stock. U.S. 

5,059,299 discloses hydroisomerizing a Fischer-Tropsch wax and then solvent 

dewaxing the isomerate to produce a high viscosity index and low pour point 

lube oil base stock. EP 0 668 342 Al and EP 0 776 959 A2 disclose 

hydroconverting a Fischer-Tropsch waxy feed and either catalytically or solvent 

dewaxing the hydroconvertate. It would be desirable to be able to produce a 

satisfactory lubricant base stock from Fischer-Tropsch wax without a dewaxing 

step. 

SUM\,fARY OF THE fNVENTfON 

Th:~ invention relates toa proc::ss for producing a high viscosity index 

lubricant base stockwhich does not include dewaxing, which comprises 

hydroisomerizing waxy Fischer-Tropsch synthesized hydrocarbons boiling 

within the lubricating oil range, at a high conversion level of at least 60 wt. %, 

preferably at least 67 wt. o/o, and more preferably at least 80 wt. % and 

recovering the hydroisomerate boiling within the lubricating oil range as a base 

stock. By waxy is meant material that solidifies at standard conditions of room 

temperature and pressure. By hydrocarbons boiling within the lubricating oil 

range is meant hydrocarbons having an initial boiling point in the range of 650-

7SO°F (6S0-1SO°F+), an end point of preferably at least lOSO°F, more preferably 

above lOSO°F, and which preferably continuously boils from its initial boiling 

point to its end point Fischer-Tropsch synthesized hydrocarbons comprising 

these waxy hydrocarbons boiling within the lubricating oil range will hereinafter 

be referred to as ''waxy feed''. The extent of conversion refers to the wt. % of 

the 650-7SO°F+ hydrocarbons present in the waxy feed converted to lower 

boiling hydrocarbons, having an initial boiling point below the 650-7SO°F+ 
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boiling range (6S0-750°F-). The actual cut point between 6S0-1S0°F and also 

the end boiling -point are determined by the practitioner and the process 

variables. That portion of the hydroisomerate having an initial 650-750°F 

boiling point comprises the base stock of the invention. The lower boiling, 650-

7SO°F- material produced by the hydroisomerization is separated from the 

desired 650-750°F+ base stock material, either by flashing or distilling the 

hydroisomerate. The resulting 650-7S0°F+ base stock may be used as a wide­

cut base stock or it may be cut into narrower boiling fractions by vacuum 

distillation, to obtain base stocks of different viscosities. Although the base 

stock of itself may not meet pour point and cold cranking performance 

requirements of an internal combustion engine crankcase lubricating oil, it has 

~m~:·:;_J8ctedly b:::en found that when the base stock of the invention is combined 

\Yith a standard lubricanc additive package, such as a multigradc automotive 

cra.i1k~ase oil additive pa~kagc, the resulting fully ::·ormu!at~~cl lubricating oil 

·· (hereinafter "lubricating oil" ·or "lube oil'') will meet these requirern_ents. Thus, 

in another embodiment the invention relates to a lubricant or lubricating oil 

formed from the base stock produced by the process of the invention. 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 inventio~ will still·provide superior properties in many 

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

used. 

Thus, the process comprises hydroisomerizing a waxy Fischer-Tropsch 

synthesized feed comprising 650-750°F+ hydrocarbons, by reacting it with 

hydrogen in the presence· of a hydroisomerization catalyst, at a 650-7S0°F+ 

hydrocarbon feed conversion level sufficient to produce a base stock which, 
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when combined with lubricant additive~ will meet the desir~d pour point and 

cold cranking requirements fen: a multigrade, intema1 combustion engine (e.g., 

automotive and diesel) Crankcase oil. As mentioned above, the base stock is 

recovered by separating lower boiling material from the desired 650-750°F+ 

hydroisomerate, which may or may not be further fractionate~ into fractions of 

different viscosity by vacuum distillation. The hydroisomerimtion catalyst is 

preferably a dual function catalyst comprising at least one catalytically active 

metal component and an acidic metal oxide component to give the catalyst both 

a (de )hydrogenatioI_llhydrogenation function and an acid cracking function. In 

the practice of the invention it is preferred that a sluny Fischer-Tropsch 

hydrocarbon synthesis process be used for synthesizing the waxy feed and 

pn_rti~uictrlv on:; ::~mDlovin~ a Fi::>cher-Troo:;ch catalvst com~)risinL! a C3.t<tlvtic 
.. ... .. ,J - • ... • ,_, ... 

cobalt component, to provide a high alpha for producing the more dcsirab!·~ 

higher molei,;ul3l· v.reight paraffins. Thes~ proccsst:s are aLo \vcll know-n to those 

skilled in the art .. An essential feature oft:he process of the inventio°: is that the 

recovered 650-7SO°F+ hydroisomerate is not dewaxed. The waxy feed for the 

hydroisomerimtion may contain hydrocarbons having an initial boiling point 

·below the 650-7SO°F range. However, the hydroisomerization converts a 

portion of the feed to lower boiling material. Hence~ while the waxy feed can 

mclude lower boiling material, this lower boiling material will not produce a 

lube oil bydroisomerate haying an: initial boiling point in the range of from 650-

756°F. Hence, if the hydroisomeriz.ation unit is intended primarily for lubricant 

base stock production, it is preferred to maximize. the amount of 6S0-1SO°F+ 

boiling material in the waxy feed to be hydroisomerized, in order to maximize 

the yield of useful lubricant base stock. On the other hand, if the 

hydroisomerization unit is intended for both fuels and lubricant base stock 

production, then the waxy feed will contain more lower boiling hydrocarbons. 

The base stocks of the invention are.premium synthetic lubricating oil base 

stocks of high purity having a high VL a low pour point. The base stocks of the 
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invention and those comprising PAO oil differ from oil derived from petroleum 

oil or slack wax in an essentially nil heteroatom compound content and are 

isoparaffinic, in that they comprise at least 95 wt% of non-cyclic isoparaffins. 

However:. a PAO base stock comprises essentially star-shaped molecules with 

long branches, but the base stock of the invention does 
1
not comprise essentially 

star-shaped molecules with long branches. The base stock· of the invention is 

superior to conventional mineral oils and equivalent to PAO (polyalphaolefin 

oil) in nearly all areas of performance except pour point. However, it has been 

found that a fully formulated lubricating oil, including multi-grade oils such as 

(a) an internal combustion engine crankcase oil, (b) an automatic transmission 

oil, and ( c) a hydraulic oil, comprising a base stock of the invention, to which a 

•• 1·"·r1-!.,,,-,t "rlcl;~t·v-'·' 'J""1·""<'"" 'n··1 ·-
1
D"'"'Il 't'ld,··rl "'.;)'1 IJCi-s"-·· ·un ~,..,.. .• Drab1e lO"' .");...c1. r,.L.(.U. ,,,_._ ·-'-U \l \... C- •. :i •• vl'\.'-L::;,"-' "', ... ,') l . ..,,...,, l I.....~ -.. ... 1 ...... , vl'. ~ :'.l~ • ... ~:-. ._ ~ ... v .... ·t, ..... , l .. ' "'Y 

temperature pour point. Thus, in this embodiment the invention comp.cise.> a 

fo.iiy fonnuiated lubri;;atiag oit comrn-isi:1g a base sto.:;k uf t..,,~ in·~·ention i'.1 

admixture with, or to which has been added, an additive package containing. one 
·, 

or more additives, including a pour point depressant or a material which 

functions as a pour point depressant, to achieve the desired low pour point 

properties in the lubricating oil. In addition to a pour point depressing additive, 

a typical additive package will also include at least a VI improver or viscosity 

modifier, a detergent, an antiwear additive, a dispersant, an antioxidant and an 

antifoamailt. 

DETAILED DESCRIPTION 

As set forth above, during hydroisomem.ation of the waxy feed, at least 

60 wt o/o, preferably at least 67 wt % and more preferably at least 80 wt. % of 

the 650-750°F+ hydrocarbons in the waxy feed are converted to 650-7SO°F­

hydrocarbons, based on a once through pass of the feed through the. 

hydroisomerization reaction zone. The 650-750°F+ hydroisomerate is separated 
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from the 65~750°F- hydrocarbons by fractionati~n or flashing to recover the 

650-1SO°F+ boiling hydroisomerate as a lubricant base stock. Any olefins and 

oxygenates present in the feed are hydrogenated during the hydroisomerization. 

The separated lower boiling material may be used for fuel boiling in the naphtha 

and diesel fuel ranges, if desired and the base stock fraction further fractionated 

by vacuum distillation into narrower fractions of different viscosity. The 

temperature and pressure in the hydroisomerization reactor will typically range 

from 300-900°F (149-482°C)and 300-2500 psig, with preferred ranges of 550-

750°F (288-400°C}and 300-1200 psig, respectively. Hydrogen treat rates may 

nmgc from 500 to 5000 SCFfB, with a preferred range of 2000-4000 SCF/B. 

The hydroisomerization catalyst comprises one or more Group VHI catalytic 

m1 acicli;; metal oxide component to givt:: the catalyst both a 

hydrog·~nation/dchydrogenation fon.;tioa and an acic.l hydrocracking fonction for 

hydroisomerizing the hydrocarbons. The catalyst may also have one or ~ore 

Group VIB metal oxide promoters and one or more Group m metals as a 

hydrocracldng suppressant. In a prefe1Ted embodiment the catalytically active 

metal oomprises cobalt and molybdenum. Jn a more preferred embodiment the 

catalyst will also contain a copper component to reduce hydrogenolysis. The .. 

acidic oxide c0mponent or cmier may include, alumina~ silica-alumina, silica­

alumina-phosphates, titania, zirconia, vanadia, and other Group a IV, V or VI 

oxides, as well as various molecular sieves, such as X Y and Beta sieves. The 

elemental Groups refelred to herein are those found in the Sargent-Welch 

Periodic Table of the Elements, © 1968. It is preferred that the acidic meUI 

oxide component include.silica-alumina and particularly amorphous silica­

alumina in 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. %. Additional 
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components such as silica, clays· and other materials as binders may also be used. 

The surface area of the catalyst is in the range of from about 180-400 ni'I& 

preferably 230-350 m2/& with a respective pore volume, bulk density and side 

crushing strength in the ranges of0.3 to 1.0 mUg and preferably 0.35-0.75 

mllg; 0.5-1.0 glmL, and 0.8-3.5 kg/mm. A particularly preferred 

hydroisomeri2:ati.on catalyst comprises cobalt, molybdenmn and, optionally, 

copper> 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 foun~ for example, in U.S. Patents 5,3 70, 788 

and 5,378,348. As was stated above, the hydroisomerization catalyst is most 

preforabiy one that is resistant to deactivation and to changes in its selectivity to 

iso·1.xrraffi.n formation. it has beell fOlmd. that the: sdectivitv of :nanv ot11'.!:-wis·:.:-
, -

also deactivate too quickly in the presence of sulfur and nitrogen compounds, 

and Blso oxygenates, even at the levels of these materials in the waxy feed. One 

such example eomprises platinum or other noble metal on halogenated alumina, 

such as flu0rided al~ from which the fluorine is stripped by the presence of 

oxygenates in the waxy feed A hydroisomerization catalyst that is particularly 

prCferred in the practice of the invention comprises a composite of both cobalt 

and molybdenum catalytic _components and an ammphous aJumina-silica 

componen~ and most preferably one in which the cobalt component is deposited 

on the ammphous silica-ahunina and calcined before the molybdenum 

component is added. This catalyst will contain from 10-20 wt. % Mo03 and 2-5 

wt. % CoO on an amorphous alumina-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 in the Fischer-Tropsch produced waxy feeds. The 
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preparation of this catalyst is di~losed in US Patents 5,756,420 and 5,750,819, 

the disclosures of which are incorporated herein by reference. It is still further 

preferred that this catalyst also contain a Group IB metal component for 

reducing hydrogenolysis. 

A lubricant, which includes a grease and a fully fonnulated lubricating oil 

{hereinafter "lube oil"), is prepared by· adding to, or admixing with the base 

stock, an effective amount of at least one additive or, more typically, an additive 

package containing more than one additive, wherein the additive is at least one 

of a detergent, a dispersant, an antioxidant, an antiwear additive, a pour point 

depressant, a VI improver, a friction modifier, a demulsifier, an antifoamant, a 

Gurrosion iahibitor, and a seal sweH control additive. Of these, those additives 

common to most formulated lubric:itimJ: oils it1cludc a dctcment, a disp.ersam :m - - ... , 

:mttox.da.at, a.1.1 •·mti.we~u· additive :uc! a Vt imprnvcr or modifier, with the others 

being optional depending on the inten~ed use of the oil. For example, most of 

the other additives, including a pol,U" point depressant or a material which acts as 

a polll' point depressant, are typically added to multigrade internal combustion 

engine oils. An effective amount of one or more additives or an additive 

· package containing one or more such additives is added to or blended with the 

base stock to meet one or more specifications, such as those relating to a 

lubricant or lube oil for an internal combustion engine crankcase, an automatic 

· transmission oil, a turbine or jet oil, a hydraulic oil, etc., as is known. Various 

manufacturers seU 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 

identity 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 
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(polyisobutylene succinic anhydride) and PIBSA-PAM (polyisobutylene 

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

used dispersants. VI impr0vers and pour point depressants include acrylic 

polymers and copolymers such as polymethacrylates, polyalkylmethacrylates, as 

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

fumarate and vinyl acetat~ and others which are known. The most widely used 

anti.wear. additives are metal _dialkylditbiophosphates such as ZDDP in which the 

metal is zinc, metal carbamates and ditbiocarbamates, ashless types which 

include ethoxylated amine dialkyldithiophosphates and dithiobenzoates. Friction 

.modifiers include glycol esters a.'1.d ether arnints. Benzotriazo1c is a widely used 

corrosion inhibitor, while silicones are well known antifoamants. Antioxidants 

inchrde hindered phenols and hindered aromatic amines such as 2, 6-di-tert­

butyl-4-n-bu[yi phenol and diph:::nyl ~untne, with copp1.x comr;>ound; _,,1:.:h ~i.::; 

illustrative, but nonlimiting list of the various additives used in lube oils. Th~s, 

additive packages can and often ~o contain many different chemical types of. 

additives and the performance.of the base stock of the invention with a particular 

additive or additive package can not be predicted a priori. That its performance 

differs from that of conventional and PAO oils with the same level of the same 

additives, is itself proof of the chemistry of the base stock of the invention being 

different from that of prior art base stocks. In many cases it will be 

advantageous to employ only a base stock of the invention derived from waxy 

Fischer-Tropsch hydrocarbons for a particular lubricant, while in other cases, 

one or more additional base stocks ·may be mixed with, added to or blended with 

one or more of the base stocks of the invention. Such additional base stocks may 

be selected from the group consisting of (i) a hydrocarbonaceous base stoc~ (ii) 

a synthetic base stock and mixture thereof. By hydrocarbonaceous is meant a 

primarily hydrocarbon type base stock derived from a conventional mineral oil, 
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shale oil, tar, coal liquefaction, and mineral oil derived slack wax, while a 

synthetic base stock will include a PAO, polyester ·types and other synthetics. 

In a Fischer-Tropsch hydrocarbon synthesis process, a synthesis gas 

comprising a ntixture of H2 and CO is catalytically converted into hydrocarbons 

and preferably liquid hydrocarbons .. The mole ratio of the hydrogen to the 

·carbon monoxide may broadly range from about 0.5 to 4, but which is more 

typically within the range of from about 0. 7 to 2. 75 and preferably from about 

0.7 to 2.5. As is well known. Fischer-Tropsch hydrocarbon synthesis processes 

include processes in which the catalyst is in the form of a fixed bed, a fluidized 

bed and as a slurry of catalyst particles in a hydrocarbon slurry liquid. The 

stoichiometric mole ratio for a Fischer-Tropsch hydrocarbon synthesis reaction 

is =~.O, but tht;re :1rc 'na.ny reasons frn using otb.:::r tkrn a :>toichiom~;tri=;; :-:1:.io as 

tim;;e skilk.J i:1 th~~ art know, and a dis::tn<;ion of '-vhich is beyond. the ·;::;ope of. 

the present invention. In the prefcrr~d slunyhydrocarbon synthesis process, the 

mole ratio ofthe H2 to CO is typically aboµt Z.111. The synthesis gas 

comprising a mixture of H2 and CO is bubbled up into the bottom of the sluny .· 

and reacts in the presence of the p~culate Fischer-Tropsch hydrocarbon 

synthesis catalyst in the slurry liquid, at conditions effective to form 

hydrocarbons, at least a portion of which are liquid at the reaction conditions and 

which comprise the hydrocarbon slurry liquid. The synthesized hydrocarbon 

liquid is typically separated from the catalyst particles as filtrate by means such 

as simple filtration, although other separation means such as centrifugation can 

be used Some of the synthesized hydrocarbons are vapor and pass out the top of 

the hydrocarbon synthesis reactor, along with unreacted synthesis gas and 

gaseous reaction products. Some of these overhead hydrocarbon vapors are 

typically condensed to liquid and combined with the hydrocarbon liquid filtrate. 

Thus, the initial boiling point of the filtrate will vary depending on whether or 

not, and how much of, the condensed hydrocarbon vapors have been combined 
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with it. This filtrate comprises the waxy feed for the hydroisomerization in the 

process of the invention, and may or may not be flashed or fractionated to 

· -increase the amount of 650-750°F+ waxy hydrocarbon content in the feed prior 

to hydroisomemation. Sluny hydrocarbon synthesis process conditions vary 

som~hat 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 slurry hydrocarbon synthesis process 

employing a catalyst comprising a supported cobalt component include, for 

example, temperatures, pressures and hourly gas space velocities in the range of 

fro·n .,boL·~ "i....,0-6000p 80-600 D".l ;inrl I 00-<tQ. 000 \Tll..-/V "xnrpc-,,,l ,i~ 
L • ._ !.l ~..... il. ~ ~- . •, l ~ '·-·~- \. • ) yf(l1, '·,,.- t, .. ~ . .,.~ ......... \• ........ 

sta.nd?._rd volumes of the gaseous CO and t-~h mixture (0°C, 1 attn) pc;c ho:ir i)(;f 

vol:tme of catalvst, resoectivelv. In the nracti~e of the inve:1tlOi1, it is :>r0~frrred 
~ .... _, .. ... 

shift reaction occurring during the hydrocarbon synthesis. It is also preferred to 

conduct the reaction under conditions to achieve an alpha of at least 0.85, 

preferably at least 0.9 and more preferably at least 0.92, so as to synthesize more 

. of the more desirable higher molecular weight hydrocarbons. This has been 

achieved in a slurry process using a catalyst containing a catalytic cobalt 

component. Those skilled in the art know that by alpha is meant the Schultz­

Flmy kinetic alpha. While 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, it is preferred in the process of the invention that the catalyst 

comprise a cobalt catalytic component. Jn one embodiment the catalyst 

comprises catalytically effective amounts of Co and one or more ofRe, Ru, Fe, 

Ni, Th, Zr, H:( U, Mg and La on a suitable inorganic support material, preferably , 

one which comprises one or more refractory metal oxides. Preferred supports 

for Co containing catalysts comprise titania, particularly. Useful catalysts and 

their preparation are known and illustrative, but nonlimiting examples may be 
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foun~ for example, in U.S. Patents 4,568,663; 4,663,305;· 4,542,122; 4,621,072 

and 5,545,674. The waxy hydrocarbon liquid removed from the slurry reactor 

comprises at least about 95 wt. % and typically at least 98 wt. % paraffins, most 

of which are nonnal paraffins. It contains less than 1 wppm sulfur, less than 1 

wppm nitrog~ less than 2,000, preferably less than 1,000 and more preferably 

less than 500 wppm oxygen in the fonn of oxygenates andless than 0.5 wt. % 

aromatics. 

The invention will be further understood with reference to the examples 

below. 

A Fiscr1er-Tropsch synthesized waxy teed was formed from a sy11thesis 

gas feed comprising a mixture of H2 and CO having a mole ratio of between 

2.11-2.16 which was reacted in a slUrry comprising ~bbles of the synthesis gas ·. 

and particles of a Fischer-Tropsch hydrocarbon synthesis catalyst comprising 

cobalt and rhenium supported on titania dispersed in the hydrocarbon sluny 

liquid. The sluny liquid comprised hydrocarbon products of the synthesis 

reaction which were liquid at the reaction conditions. These included a 

temperature of 425°F, a pressure of 290 psig and a gas feed linear velocity of 

from 12 to 18 cm/sec. The alpha of the synthesi~ step was greater than 0.9. A 

700°F+ boiling fraction was separated from the reactor by filtration. The boiling 

point distribution of this fraction, which was the waxy feed for the 

hydroisomerization reaction, is given in Table 1. Although it is liquid at the 

hydrocarbon synthesis conditions, this material is a soli~ waxy material at 

standard conditions of room temperature and pressure, which is why it is 

commonly referred to as wax by those skilled in the art. 
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Table 1 
Wt. % Boiling Point Distribution of 
Fischer-Tropsch Synthesized Waxy 

Feed 
mP-SOOUf 1.0 

500-700°F 28.1 

700°F+ 70.9 

(lOSO°F+) (6.8) 

The waxy feed produced in Example 1 was hydroisomerized with out 

prior fractionation. This feed comprised the entire product sho"vn in Table L 

includ!.n<; the '29 wt. % of material boil;ng hdow 700°F. The 'vax w~~ 

hydroisomerized by reacting with hydrogen in the presence of a dual function 

hydroisomerization catalyst which consisted of cobalt (3.6 wt. % as CoO), 

molybdenum (16.4 wt % as Mo03,, and nickel (0.66 wt. % as NiO) on a smface 

silica modified, amorphous silica-alumina cogel acidic support containing 13.6 

wt.% Si02• The catalyst had a smface area of 266 m2/g and a pore volume< 30 

nm. of 0.42. The preparation of this catalyst is described in detail in U.S. Patent 

5,187,138. The conditions of the hydroisomerization reaction are set forth in 

Table 2 and were selected for a target of from 30-80 wt.% conversion of the 

700°F+ fraction in the waxy feed This conversion is defined as: 

700°F+ Conv. = [1-(wt. % 700°F+ in product)/(wt. % 700°F+ in feed)] x 100 
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Table2 

Hydroisomeri7.ation Reaction Conditions 

700"F+ Conversion, wt. % 30 so 67 80 

Temperature; °F (°C) 682 702 707 711 

LHSV, v/v/h 0.42 0.45 0.43 0.43 

H2 Pressure, psig (pure) 1000 1000 1000 1000 

H2 Treat Gas Rate, SCF/B 2500 2500 2500 2500 

Thas, chLring the hydroisomerization. ~h,~ :~:16re fc.~d ·..va:; hydroisomer!z~d, wi~h 

from 30-80 wt. % of the 700°F+ fraction converted to 700°F- boiling products. 

Tl1"' n<•rl.-0"1·-ornC'""'+" \V"S fr!>ct1"or1 atrvi !"•n 7QQo .... _ f 11cJ ""-ndt'r~s of-"·1 ·l,~~'[ .~l.,.,..,CI ' \,.. '-•.'f ;.,,u .. ") &. (L;.V Ci. .. .. \. ,t -...._.\. .;..I! ...... • l ~ _. i_ll ;,._ ·- .. -~\,.. i. -....l,.l LVVl \J'L·..._.1~ ... .1 

using a HIVAC distillation. A portion of each fraction was solvent dewaxed to 

compare the properties ofthe dewaxed oil with those of the undewaxed oil 

· which is the base stock of the :Invention. The dewaxing ·conditions are.shown in· 

Table 3, while the properties for both the waxy lubricants and the dewaxed oils 

for the lOON and 175N viscosity grades are listed in Tables 4 and 5, 

respectively. . 
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TABLE3 
Il .. . Conditions 

Viscosity Grade 
lOON. 175N 

30% Conversion· 
Solvent:Oil Ratio 3:1 3:1 
Filter Temp., °C -21 -21 
Pour Pt., °C -18 -18 

50% Conversion 
Solvent:Oil Ratio 3:1 3:1 
Filter Temp., °C -21 -21 
Pour Pt., °C -21 -21 

t 67% Conversion 
I Solvent:Oil Ratio 3: 1 3: 1 

I Filter Temp., °C -21 -21 

f 
Pour Pt., :::ic -15 -18 

j 80% Conversion 
i Solvent:Oil Ratio 3:1 3:1 

Filter Temp., °C -21 -21 
Pour Pt., °C -24 -24 
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TABLE4 
;:nnmnies for .lOON Base Stocks 

700 °F+ Conversion 30 so 67 80 
Dewaxed N y N y N y N y 
Viscosity@ 40 °C, cSt lS.23 lS.59 16.04 16.28 15.81 15.9 16.60 16.71 
Viscosity@ 100 °C, cSt 3.80 3.81 3.84 3.86 3.78 3.77 3.84 3.85 
Viscosity Index 147 141 137 133 132 129 126 124 
Pour Point, °C >20 -18 lS -21 3 -15 -6. -24 
Cloud Point, °C >20 -14 19 -14 16 -7 3 -21 

TABLES 
Properties for l 75N Base Stocks 

;,!,.. ~---~=-------·c=-....,,.._m•_.,-•-,---=~===--..c:-~ ...... -.: 
~ ·i· (;(; ~~ F > Co~·i ._..-cr.;i:..1n 30 1 67 •"):\ 

~u 

; Dew:i..'<cd : N Y , N Y , N Y N Y 
l · ;· ·• . .... , ·o ~r· ~- 1 'H" t•6 f -,q f'" l_". l''• Ii 2_v.·;u. 2v_-,1.,c; :.'-':l".r,·7 -,, __ .,,(,:_,'··+' iJ 
1 '• 1s;;o;;1cy i{!j 't '-'· c .. .n 

1

. n.m. .:.._,>;Q' I --: ·."..> _;t u " _u ,, _ v _._, 

l Vis::ci'>ity@l0f'°C,cSt. 5.63 :i.J , :i.81 ).77. :i.70 568 5.70 ) .. 11 i 

f Viscosity [ndex I --- 153 j 148 145 I 143 143 136 136 i 
: D.·,.:- :) .. · ... \.· 'l("' I ··-:t:" _:'.) : '.~ .. - --~~ ' ·')1 ,,, . .:" -~. -~ 

I c':~1:ci ~~i~t. ~c I ~2~ -i~ I ~2~ -1~ I >'"2
1

0 ~~1 I ~~ ~1·; i. 
_..,.._., •. ·-·•••• .. , ..... , .... ~ ........ H· ... •o.: .•• ., •• ---·-····-·-.. --.. -·~·--- •• •• ~·-•••<•••• ~·-·· ··-···•-·••4oro ••"0"•0-•••• --·-·-----A-·k• ....... ..;. ..... " .. ~·-~·o•• -·---~ ·~-·, ""'"'"'''! 

Example3 

Each additive pacbge referred to below; which was added to the base 

stocks to fonn a fully formulated lube oil contained, in addition to a plurality of 

other additives, a polymethyl methacrylate. Polymethyl methacrylates are 

known to possess pour point depressing activity. 

Fully formulated lubricating oils were prepared by adding the appropriate 

additive package to each of the dewaxed base stocks and the undewaxed base 

stocks of the invention. The same additive pacbges were added to base stocks 

derived from convention&l mineral oil and PAO of the same viscosity grade. For 

the automatic transmission formulated oils, an additive pacbge meeting the 

1989 Canadian Automatic Transmission Fluid Formulation specifications was 

used at 13 volume % of additive package to 87 volume % of the base stock and 

another additive pacbge meeting the 1991 USA Automatic Transmission Oil 
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Formulation specifications was used at 11 volume ·3 of additive package to 89 

volume %·of base stock. The low temperature performance of the lOON base 

stocks was evaluated with these two different automatic transmission fluid 

(ATF) formulations. The results of these formulations are shown in Table 6. 

For ATFs, a Brookfield viscosity of 10,000 cP maximum at -40 °C is the critical 

specification to meet. The Brookfield viscosity results shown in Table 6 are 

surprising and unexpected for the waxy 1 OON base stocks prepared at 80 % 

conversion. These data show that this base stock, with a natural waxy pour point 

of -6°C, c:in readily be pour potnt depressed to below -5 l 0 c. !\fo.-e surpri.s!ngly 

though, is the finding that the A TF Brookfidd viscosities for the waxy bas~ 

stocks are equivalent to that for the corresponding dewaxed base stocks. Based 

on these data, it is clear that the base stock prepared at 80 % conversion docs not 

Example 4, which shows that the base stock prepared at 67 % and 80 % 

conversion exhibit acceptable low temperature properties and do not require 

dewaxing to meet critical low temperature performance. 

Next the low temperature performance for the lOON base stocks was 

evaluated for low temperature performance in an SAE SW-30 passenger car 

(crankcase) motor oil (PCMO) fonnulation, again using the synthetic base stocks 

derived from the Fischer-Tropsch synthesized waxy hydrocarbon feed, the PAO 

oil and the mineral derived oil. For SAE SW-30 PCMO'~ three critical 

specifications are (i) a maximum Cold Cranking Simulator Viscosity (CCS) at 

-2S °C of 35.0 P; (ii) a maximum Slow Cool Mini Rotary Viscosity (SCMRV) at 

-30 °C of 300 P; (iii) a maximum Borderline Pumping Temperature (BPT) of 

-30 °C. The results are shown in Table 7 below which, as mentioned above~ 

corroborate the results in Table 6 for the ATF oils. 
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The low temperature properties of the 17.SN base stocks were evaluated in 

a. hydraulic oil formulation and in a multi.grade, SAE SW-.50 passenger car motor 

oil (PCMO) formulation. The results· for these full formulated oils formulated 

oils are shown on Tables 8 and 9 which also show that the base stocks prepared 

at 80 % conversion do not require dewaxing to meet critical low temperature 

properties. 



>.,;~ ........ , .• ~ --.. ·-~ 

TABLL: u 
IOON Automatic Transmission Fiuid Formulations Propi.:rties 

. ··rn-lt""'•·········· ~-,.~ .... ;-. 

Automatic Transmission Fluid Formulation #J 

.. 

Base Stock 700 °F+ Conversion 
30 so ()7 80 

Dewaxed y y N y N y N 
···--

Viscosity @ 100 °C, cSt 7.20 7.28 n.m 6.98 n.m 6.95 7.27 
Pour Point, °C -4s <-51 +9 <-5 l -21 <-51 <-5 l 
Cloud Point, °C -18 -19 n.m. -9 +14 -26 +! 
Brookfield Viscosity 25,SOO 7,660 solid 6,500 solid 5, 160 5,820 
at-40 °C. cP 

-~··· 
.,..-..,,....,.....,......,.._ 

-- -· Base Stock 700 °F+ Conversion 
30 50 67 80 

Dewaxed y y N y N y N 
Viscosity @ l 00 °C, cSt 6.62 6.52 6.64 6.55 
Pour Point, °C <-51 <-51 <-51 <-51 
Cloud Point, °C -18 -9 -25 1-1 
Brookfield Viscosity 5,910 S,SOO 5,170 5,580 
at-40 °C. cP 

~ ... .-:"\ ... , .. ~·-··· L41$U4 ..... -=-w ..... ~ .. ;r.. 

Mineral 
PAO Oil 

N y 
7.15 7.60 
<-54 -51 
<-54 -19 
3,610 16,600 

Mineral 
PAO Oil 

N y 
6.48 
<-Sl 
<-51 
3,290 

Prod. 
Spec. 

ca. 1.S 

10,000 
max. 

Prod. 
Spec. 

ca. 1.4 

10,000 
max. 

'""' "° I 

~ 
0 
e 
E ... 
~ 
ii: 

~ 
~ 
I'll 

~ 
QO 

~ 



"' TABLE'i 
lOON SAE SW-30 Passen2el' Car ~lot" 

~ 

,; Uil Formulation Pre 1perties 
Base Stock 700 °F+ Conv.::r:; 

. .,,. ... ,._ ._.....,, 
J ~Hi Mineral 

30 50 67 
Dewaxed y y y 
Viscosity @ 100 °C, cSt 10.89 10.90 10.84 
Pour Point. °C -45 -45 -45 
ccs @ -25 °c. p (1) 30.0 30.8 30.7 
SCMR.V at -30 °~ P (2) 81.2 68.8 63~6 
MR.V at -30 °~ P (3) 66.6 70.4 69.6 
BPT. °C(4). -36.9 -38.6 -38.5 

(1) Cold Cranking Simulator Viscosity 
(2) Slow Cool Mini Rotmy Viscosity 
(3) Mini Rotaty Viscosity 
( 4) Borderline Pumping Temperature 

N 
10.88 
-48 
33. t 
124.7 
70.8 
-38.7 

TABLEc 

80 
y N 

·1 - ' .., i 10.99 10.9) 
! -45 -48 
I 3 u 30.8 
i 72.9 69.9 
! 74.5 69.9 

.. L.~9 -38.7 

?AO 
N 

10.90 
<-54 
28.8 
68.5 
67.5 
·38.3 

_____ ,_...... __ ,_ 

175N Hvdranlic Oil Fornn I " 1) " 

-::::.~1~ 1 ropertu.:s ___ 
c~ 

Base Stock 700°F+ Co 
30 so 67 

Dewaxed y y y 

Viscosity at 100 °~ cSt 10.29 . 10.64 10.4 
Viscosity at 40 °C, cSt 52.93 57.23 57.t 
Viscosity Index 187 179 175 
Pour Point, °C -27 -39 --\!. 
Brookfield Viscosity, cP 

at-20°C 2,150 2,310 2,40 
at-35 °C 50.300 26.600 17,2: 

~-

,,·,~rs1on 

! 80 

I ~N ·-·ll0.42 l0.56 
57.82 58.42 

171 173 
-·!5 -!5 

2,380 I 2,600 
c I 15,440 17,260 

..... ----....... ~ 

PAO 
N 

10.80 
59.26 
176 
-42 

I 2,530 
. 23,950 

Oil Prod. 
y Snee. 

11.11 9.3 -12.5 
-42 -42max. 
36.2 35.0.max. 
93.2 300max; 
91.5 300max. 
-37.3 -30max. 

Prod. 
Snee. 

ca.10.4 
65-71 
130min. 
-36max. 

8000max. 
---

N 
0 

I 

~ 
= $? ... ... ... 
el 

~ 
~ 
I'll 

~ 
QD 

i 
" 



-TABLE 
175N SAE SW-50 Passenaer Car Mo1 

Base Stock 700°F+ C 
30 50 6 

Dewaxed y y \ 
J 

·--
Viscosity at 100 °C, cSt 16.88 17.99 l 7. 
Pour Point, °C -39 -39 

., 
-j 

CCS Viscosity at-25 °C, cP 33.l 30.2 32 
SCMR Vat -30 °C, P 191.2 92.0 go j 

. ._..:, 

':) 

or 
on 
7 

20 
9 
8 
I 

---~.:.~ 

_9il Formulation !:ropcrties 
version 

80 PAO 
y N N 

·- ... 

17.20 17.87 18.36 
-48 -42 -48 
32.0 34.6 26.2 
84.8 98.0 68.9 

.. 

Prod. 
Soec. 

16.3-21.9 
-39max. 
35.0max. 
300max. 

·:·.-. 

N ..... 
I 

~ 
= s 
~ 
?J 

~ 
~ 
~ ..... 

! 



W000/14183 PCT/US99/18947 

-22-

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 claims 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 perta.i.ns. 
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CLAIMS: 

1. A process for producing an isoparaffinic lubricant base stock which 

comprises hydroisomerizing a waxy, paraffinic, Fischer-Tropsch synthesized 

hydrocarbon feed comprising 65~ 1SO°F+ hydiocarbons, said 

hydroisomerization conducted at a conversion level of said 650-750°F+ feed 

hydrocarbons sufficient to produce a 650-750°F+ hydroisomerate base stock 

which comprises said base stock which, when combined with at least one 

lubricant additi v•.'!, 1,.vil1 form a lubri.c3llt meeting desired speci fica.tiotE. 

2. A process according to claim I wherein said hydroisomerate 

comprises 650-750°F+ and 650-750°F- fractions, with said 650-750°F+ base 

-•· 1, +, ,,.,.:. o .• , ... ~r! '.' .,.;r[ r;.r-0_15nOF- f · i-i . 
;).OC:~ . .f:lvclOn s.,paL •• ~ •• ITOITl S·~<- .J.) , . LlC ... 0:1. 

3. A process according to claim 2 wherein said lubricant base stock 

comprises all or a fraction of said 650-750°F+ hydroisomerate. 

4. A process according to claim 3 wherein said base stock is combined 

with at least one lubricant additive to form a lubricant 

S. A process according to claim 4 wherein said lubricant is combined 

with a lubricant additive package containing more than one lubricant additive to 

form a lubricating oil selected fr;om the group consisting of an internal 

combustion engine crankcase, an automatic transmission o~I, a turbine or jet oil, 

a hydraulic oil and an industrial oil. 

6. A process according to claim 4 wherein said base stock is combined 

with a lubricant additive package to form a multi.grade internal combustion 

engine crankcase oil. 
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7. A process according to claim 6 wherein said crankcase oil is a 

· multigrade lubricating oil. 

8. A process according to claim 1 wherein said conversion level is to 

convert at least 60 wt•% of said 650. 1SO°F+ feed hydrocarbons to lower boiling 

hydrocarbons. 

9. A process according to claim 8 wherein said waxy feed continuously 

boi1s to ::i.n end boiling point of "..t t°-1st 1050°F. 

10. A process according to claim 9 wherein said conversion is at least 67 

v1rt. %. 

t l. A process according to claim J ".vhcrcin said base stock comp:-i:>cs m 

least 95 wt. % non-cyclic isoparaffins. 

12. A process according to claim 1 i wherein said conversion is at least 

80wt%. 

13. A process according to claim 5 wherein said hydroisomerization 

catalyst comprises a non-noble Group VIlI catalytic metal component and an 

acid metal oxide component to provide said catalyst with both a 

hydroisomerization function and a hydrogenation/dehydrogenation :function. 

14. A process according to claim 13 wherein said waxy feed has less than 

I wppm of nitrogen compounds, less than 1 wppm of sulfur compounds and less 

than 1,000 wppm of oxygen in the form of oxygenates. 
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15. A process according to claim 13 wherein said conversion occurs 

during one pass of said feed though a hydroisomerization zone. 

16. A process according to claim 3 wherein said 650-7SO°F+ 

hydroisomerate base stock is fractionated to recover at least two base stocks of 

different viscosity. 

17. A process according to claim 3 wherein said waxy feed is produced 

s\rnthcsls cat=il\'St con1orisi~g a catal 11,.~:- :~b:ilt ::oa~no~1e11~. .. "" .. - .. . .. 

. . 
... -·~ .· ~~-~-·..:; :·: -·~ : .-:~; -· .- ...... ;·.;_;~. 

19. A lubricant which comprises a synthetic base stock and an effective 

amount of one or more lubricant additives, wherein said base stock is produced 

by a processes which does not include a dewaxing step, said process comprising 

hydroisomerizing a paraffinic, waxy hydrocarbon feed comprising 650-7SO°F+ 

hydrocarbons synthesized by a slurry Fischer-Tropsch process, said 

hydroisomerizing conducted at a conversion level of said 6S0-1SO°F+ 

hydrocarbons of at least 60 wt. % to form a hydroisomerate comprising a 650-

7SO°F+ and a 650-7S0°F- fraction and recovering at least a portion of said 6S0-

7SO°F+ fraction which comprises said base stock. 

20. A lubricant according to claim 19 wherein said base stock comprises 

non-cyclic isoparaffinic hydrocarbons and wherein said 650-750°F+ feed 

hydrocarbons continuously boil to an end point of at least 1 oso°F. 


