PRODUCTI ON OF EXTRA- HEAVY LUBE O LS FROM
FI SCHER- TROPSCH WAX Field of the Invention [0001] The
wEe@sem97é nvention relates to the producti on 0OPCT/US2005/021869
extra-heavy | ube basestocks. Mre particularly, the
invention relates to a nmethod,;for separating extra
heavy | ube base stock material froma Fischer-Tropsch
deri ved product. Background of the Invention [0002]
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Increasingly viewed as a nethod for prepari ng heavi er
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hydrocarbons as automotive fuels. Today, however, the Fischer-Tropsch process

is increasingly viewed as a method for preparing heavier hydrocarbons such as
diesel fuels, and more preferably waxy molecules, for conversion to clean,
efficient lubricants. Indeed, the importance of producing a product slate
containing a higher carbon number distribution is ever increasing. A measure of
the carbon number distribution is the Schulz-Flory alpha value, which represents
the probability of making the next higher carbon number compound from a
given carbon number compound. The Schulz-Flory distribution is expressed

mathematically by the Schulz-Flory equation:
=(1-a)ia’

where i represents carbon number, a is the Schulz-Flory distribution factor
which represents the ratio of the rate of chain propagation to the rate of chain
propagation plus the rate of chain termination, and W; represents the weight
fraction of product of carbon number i. Alpha numbers above about 0.9 are, in
general, representation of wax producing processes, and the higher the alpha
number, e.g., as it approaches 1.0, the more selective the process is for

producing wax molecules.



propagation plus the rate of chain termnation, and W

represents the weight fraction of product of carbon
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general , representation of wax produci ng processes,

and the higher the al pha nunbgr, e.g., as it

approaches 1.0, the nore selecCtive the process is for

produci ng wax nol ecul es. [ 0003] The waxy

Fi scher-Tropsch products, of course, have poor cold

flow properties limting their value unless converted
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for an effective method for fractionating heavy lube molecules from isomerized

Fischer-Tropsch wax.

[0005] Accordingly, an object of the present invention is to produce heavy

lube base stocks from Fischer-Tropsch wax.

[0006] Another object of the invention is to provide a method for separating
hydroisomerized Fischer-Tropsch wax into high viscosity fractions suitable as

Iube base stocks.

[0007]  Other objects of the invention will become apparent from that herein

which follows.

Summary of the Invention

[0008] Broadly stated, extra heavy Iube base stocks are separated from heavy

lube oils by treating the heavy lube oils with a polar solvent in an amount



hydr oi sonmeri zed Fi scher-Tropsch wax into high
viscosity fractions suitable as | ube base stocks.
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apparent fromthat herein which foll ows. Sumrmary of
the Invention [0008] Broadly stated, extra heavy |ube
base stocks are separated from heavy | ube oils by
treating the heavy lube oils with a polar solvent in
an anmountsufficient to forma firééhjight phase and a
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heavy lube oils. By extra heavy base stocks is nmeant
highbe, Ihachersktopkeh Wai ng a vi scosity greater than about
15 ¢St at 100C. By heavy lube oils is neant to be oils
boi.l ing in. the range of .about 85C0F (454C) to about
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the heavy |ube oil is obtained froma catalytically
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[ sy

ficiéen roduce
Tt il Zis th@dnt t8lbBlls tdiling in the range of about 850°F (454°C) to about

1200°F (649°C), or higher. In a preferred embodiment the heavy lube oil is
obtained from a catalytically hydroisomerized hydrocarbon stream obtained by
converting syngas under Fischer-Tropsch reaction conditions. Preferably the
hydrocarbon stream is obtained by conducting a Fischer-Tropsch process under
conditions sufficient to produce a product having a Schulz-Flory alpha, a,

greater than 0.9 and more preferably greater than 0.92.

[0011] Producing such high alpha material can be achieved in a number of
ways. Typically, these involve at least one of (a) the appropriate selection of

process operating conditions and (b) choice of catalyst.

[0012] In one preferred embodiment of the invention the Fischer-Tropsch
process is conducted at temperatures no greater than 430°F (221°C), for example
from about 300°F to about 430°F (148°C to 221°C). Operating pressures
typically are in the range of from about 10 to about 600 psia and space velocities
of about 100 to 10,000 cc/g/hr.



greater than 0.9 and nore preferably greater than

0.92. [0011] Produci ng such high al pha materi al can be
wW@eiseweds i n a nunber of ways. Typically, theseCT/NSmve21869

at | east one of (a) the appropriate selection of

process operating conditions_agnd (b) choice of

catal yst. [0012] In one preferred enbodi nent of the

i nvention the Fischer-Tropsch process is conducted at

t enperatures no &reater t han 4300F (221 0C), for
[8QkHp| eThe Sischsblropmbaroeess Mheheratiy apeondupted ia shry

60 SRR 4% R SCob LG bR B
sEirdRBin s i ol So B R B I RIEL oL IR seaeucy trgugh a s

dsdttibuitor bwothe a9 lbubbleseiettbroughnths kredotor the bacamte lapgm
reactors catalyst particles are suspended in a liquid

ahmerbgd sntoghe diguidhand diféussdottbercalyishwheeateyrcanthecugiverted
di stribytor, As th bubbl ise th h th
t6 bAth BCONB ARG UGRIPD S, LESePBRBICE GaRde Fegaveregiad the
L f
(B bt MRS B R R NI B 0BV S By s SRR e

tﬁh%ugﬁ GOVIRsreRhRth sePlratédhelsolid@adysd From sk lifeidl. dAn oRtimal

products are recovered by passing the slurry through a

rhéthoe fomdperhatisg paheghasd fusyl bubbia taeluyst isfdisetosdikbin
liquid. An optinmal mnmethod for operating a three_ phase
B 6503608 bovhck & inearpayatedderendy seferepcegnigsontiety.
which is incorporated herein by reference inits

entirety.. [.Q014] Suitable Fischer-Tropsch catal ysts
OOk | séuléfrhle asc;l?ﬁ%éi repseiraialysts gpmprise opepr aonedroyp, VI

and, Ruan I.NQ [ X:| ; . "
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i nvention i's cobalt pronoted with rheni um supported on
pro¢edmofithe invention is cobalt promoted with rthenium supported on titania
having a Re:Co weight ratio in the range of about 0.01 to 1 and containing about
2 to 50 wt% cobalt. Examples of such catalysts can be found in US 4,568,663
(no binder); US 4,992,406 (Al,O5 binder); and, US 6,117,814 (SiO,-Al,03

binder).

[0015] In another embodiment of the invention the Fischer-Tropsch process is
conducted with a catalyst which comprises cobalt and especially cobalt and
rhenium on a support comprising primarily titania and a minor amount of cobalt
aluminate. In general the support will contain at least 50 wt% titania and
preferably from 80 to about 97 wt% titania based on the total weight of the
support. About 20 to 100 wt%, and preferably 60 to 98 wt% of the titania of the
support is in the rutile crystalline phase with the balance being the anatase
crystalline phase or amorphous phases. The amount of cobalt aluminate in the

binder is dependent upon the amount of cobalt and aluminum compounds used



having a Re: Co weight ratio in the range of about 0.01

to 1 and containing about 2 to 50 wt % cobal t. Exanpl es
woRoosnodr7€at al ysts can be found in US 4, 568, 66BCT/N82005/021869

bi nder); US 4,992,406 (Al 2G3 binder); and, US 6,1

17,814 (Si O2-A 233 binder). [Q015] In another

enbodi nent of the invention the Fischer-Tropsch

process is conducted with a catal yst which conprises

.cobalt and especially cobalt and rheniumon a sup
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inpngemasgédiwethaen ajpeots d6Goh @f a cobalt compound, preferably cobalt

nitrate, in an amount sufficient to convert, upon calcination, at least part of the
alumina to cobalt aluminate. Preferably sufficient cobalt compound is used to
convert from 50% to 99+% of the alumina to cobalt aluminate. Therefore, the
amount of cobalt compound added during the preparation of the support will
correspond to an atomic ratio of Co:Al in the range of 0.25:1 to 2:1 and
preferably 0.5:1to 1:1. Indeed, it is especially preferred that the support

produced be substantially free of alumina.

[0017] Calcination of the cobalt impregnated support preferably is conducted
in air at temperatures in the range of about 700°C to about 1000°C, preferably
about 800°C to about 900°C.

[0018] Typically the support will have a surface area in the range of from
about 5 m*/g to about 40 m*/g and preferably from 10 m*g to 30 m?% g. Pore



1350C. Spray drying produces a spherical support with
a size range of about 20 to 120 mcrons. This spray
waleioedi@®apport is then cal ci ned at tenperat ur eBCT/NS1008021869
range of 400 to 800C, preferably about 7000C. Next the
calcined material is inpregnated with an aqueous
solution of a cobalt conpound, preferably cobalt
nitrate, in an anount sufficient to convert, upon
calcination, at |east part of the alumna to cobalt
valunéstange frometboaidd. cs(g fa ahast 0. T edf8landqueissaiply frem 0.3
used tg convert from50%to 99+% of the alumna to
ce/8dR10-4 §F48i nate. Therefore, the amount of cobal t
conmpound added during the preparation of the support
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B G & B R L D0t Ay pfeferably no
nidrenhamn?P0 arvtons deep, < prafased atthod of prepasingplos cathlyst is the
any of a variety of technigues well known to those

spray medodivhigh isdescribed i &JGS@, AR08, inporperatest herein by

cO- i npregnat] i ronot e or_.serial. 1 npregnation
TR BP0 Say R Io el TRRe R EERTe v PG
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impregnation of spray-dried supports. When using the incipient wetness
impregnation technique, organic impregnation aids are optionally employed.
Such aids are described in US 5,856,260, US 5,856,261 and US 5,863,856, all

incorporated herein by reference.

[0020] The amount of cobalt present in the catalyst will be in the range of 2 to
40 wt% and preferably 10 to 25 wt% while the rhenium will be present in weight
ratios of about 1/20 to 1/10 of the weight of cobalt.

[0021] By selecting the appropriate Fischer-Tropsch reaction conditions, the
appropriate catalyst, or both as described above the high o resulting product
contains a greater amount of higher molecular weight material. Indeed a 700°F+
fraction of the waxy product will have greater than about 15 wt% of hydro-
carbons boiling in the 850°F-1050°F (454°C - 565°C) range.



processes is one wherein the catalytic netals are
present in the outer portion of the catalyst particle,

W0 2@6/0169m6 a | ayer no nore than 250 mi crons deepPCT/US2005/021869
preferably no nore than 200 nicrons deep, a preferred
met hod of preparing the catal is the spray nethod
which is described in US 5,14 050, i ncor por at ed
herein by reference or in EP O 266, 898, i ncor porated
herein by reference. For slurry Flscher Tropsch
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t he waxy product will have greater than about 15 wt %
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hydr ogenati ng netal conponent such as a
[0024] Isomerization is conducted under conditions of temperatures between

about 500°F (260°C) to about 900°F (482°C), preferably 550°F (288°C) to
725°F (385°C), pressures of 1 to 10,000 psi H,, preferably 100 to 2,500 psi H,,

hydrogen gas rates of 50 to 3,500 SCF/bbl, and a space velocity in the range of
0.25 to 5 v/v/hr, preferably 0.5 to 3 v/v/hr.

[0025] Following isomerization, the isomerate is distilled into a distillate cut
and a lube oil cut. For the purposes herein, the lube oil is that fraction boiling

above about 700°F (371°C).

[0026] The lube oil is then extracted using a polar solvent in an amount
sufficient to produce two liquid phases, viz a first light phase and a second heavy
phase. The phases are then separated and the solvent is removed from the heavy

phase to yield an extra heavy lube.



Goup VI or Goup VIII netal or mxture thereof on a
refractory netal oxide support, preferably a zeolite

WG appo1d976 The catal yst typically contains fronPEbusi005/021869
0.1 Mt%to about 5 wt % netal. Exanpl es of such
catal ysts include a noble netal, e.g., Pt on ZSM 23,
ZSM 35, ZSM 48, ZSM 57 and ZSM 22. [0023] A preferred
catalyst is Pt on ZSM48. The preferred prepar atl on of
ZSM 48 i s disclosed in US 5,075, 269 i ncor por at e
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heavy phase to yleld an extra heavy Iube [ 0027]
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second heavy phase.

[0031] Mixing can be performed using paddle type mixers, interfacial mixing

devices, rotating disc contactors and the like.

[0032] In an alternate embodiment multiple extractions may be performed
thereby, in effect, fractionating the heavy lube oil into a plurality of product

slates.
[0033] The invention will now be illustrated by the example which follows:

Example
[0034] A heavy 1000°F+ lube oil derived by hydroisomerization of a high

alpha Fischer-Tropsch feed was subjected to success extractions with methyl
ethyl ketone (MEK). The extraction was conducted by adding 16.4 g heavy lube
oil to each of two 25 ml centrifuge tubes which were then filled with MEK. The



Met hyl ethyl ketone is the preferred polar sol vent.
[ 0029] The tenperature and pressure at which

weisaodreon my be conducted depends upon the PCDUSEO§21869
solvent. In general, tenperatures nmay range from about
-600F (-51 0C) to about 1000F4(380C) and pressures
fromabout 5 psia to 500 pS|a In the case of nethyl
et hyl ketone, for exanple, suitable tenperatures range
from about_-600F (-51 OC) t o about, 900F (320C) at
tabwgewewlé S}aalé‘avsl@y hand resubme me lesudasw@rsn% of £ine droplets.
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nvention W Nnow ated by the exanple
whi ch fol l ows: Exanple [0034] A heavy 1000F+ | ube oil

[Eﬁ%@‘ég?@ﬁlt@ﬁ% MEK'W% éd'f’cie' ngat%lj]ﬁr}eﬁ'laﬁ)lﬂﬁg in the tubes, to

eed was SU Success
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extraction was conducted by addlng 16.4 g heavy | ube

tionds. t Sareplek nofmbered 05 edntaiand theé cgmbinedessipahiatdfronr both

then filled. wth K.. Thet ybes were well shaken by
tphsse £$ PHEbeEe 6f15rfé>néﬁlgeiﬁsq mmwed.sneemaepﬁremsboth
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heavy phase after the last decantation. It was recovered from the tubes and the

dissolved MEK was removed in a vacuum oven.

[0036] Gel Permeation Chromatography was run on the different fractions.
The molecular weight averages Mz, Mw and Mn are given in the Table. The
values in italics are interpolated values. The viscosity as a function of
temperature from 25°C to 85°C was measured on a Bohlin Controlled Stress
Rheometer for various shear stresses. Since the quantity of sample for some
fractions were limited, pairs 0-1, 4-5 and 14-15 were combined to allow

measurement of the viscosity.

[0037] The results are given in the Table below.



| oner nore viscous phase and the upper |ighter phase.
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(1) Value in italics are interpolations.

[0038]

As can be seen the high molecular weight materials are concentrated

in the fraction which has the highest viscosity. Also, the example demonstrates

the ability to separate by liquid extraction an extra heavy lube base stock.



in the fraction which has the highest viscosity. Al so,
the exanpl e denonstrates the ability to separate by

wo c@palothoext racti on an extra heavy | ube base  PCT/US2005/021869
stock. CLAIMS: 1. A nethod for separating extra heavy
| ube base stocks from heavy |ppe oils conprising:
treating the lube oil wth a polar solvent in an
amount sufficient to forma first light Iiquid phase
and_a second heavy liquid phase; separating the

> and renoving the solvent fromthe second heavy

i quid phase to obtain an extra heavy | ube base stock.
2. The met AgfetbbddbRbépatatitpesaiahédis BbEbaBE sioskdB6m heavy
3. The method of claim2 wherein the treating
luberpils sempnisitigng sufficiently to form di spersed |iquid
droplets in a continuous |iquid phase. 4. The net hod
of claim3 including permtting the droplets to
coal esctreating thentuhe odlpaithtal polin spliventphasem@int Fhéficient to

thod of. claim4 wherein the heavy luhe oil is a
SHPA fc}jw light @qwﬁ&@#g 3R Aisseendhiea gy iguid hese;
contai ning fraction of Fischer-Tropsch waxy product.
6. The nethod of claimb5 wherein the heavy lube oil is
a cat al %H%%Fq%tw}aé?%oﬁgi zed 450F+ cut of a

Fi scher-Tropsch waxy product. 7. A nethod for

produci ng extra heav be base stocks conpri sing:; .

P onduct Faoang e e ent HRGuAe sFeilicindambl share joshsain an

%afﬂe%{rf‘i‘ﬁl%éﬁ’as%r quyce a product having a Schul z-Flory
than 0.

agreate . Séparating a cut fromthe product
contai ning a 700F+ fraction;

2. The method of claim 1 wherein the solvent is MEK.

23

3. The method of claim 2 wherein the treating comprises mixing

sufficiently to form dispersed liquid droplets in a continuous liquid phase.

4. The method of claim 3 including permitting the droplets to

coalesce to form a separable liquid phase.

5. The method of claim 4 wherein the heavy lube oil is a catalytically
hydroisomerized cut of a 700°F+ containing fraction of Fischer-Tropsch waxy

product.

6. The method of claim 5 wherein the heavy lube oil is a catalytically

hydroisomerized 450°F+ cut of a Fischer-Tropsch waxy product.

7. A method for producing extra heavy lube base stocks comprising:

conducting a Fischer-Tropsch process under conditions sufficient to

produce a product having a Schulz-Flory a greater than 0.9;



catal ytically hydroi sonmerizing the separated cut under
hydr oi sonmeri zation conditions to form an isonerate,;
waepanadreng a 700F+ (3710C+) cut fromthe i SOMRPCHUS2008021869

obtain a heavy lube oil; treating the heavy | ube oil

wth a polar solvent in an anmpunt sufficient to forma
first light liquid phase and a second heavy |iquid

phase; separating the phases; and renoving the sol vent
fromthe second heavy liquid phase to obtain an extra

heavy | $RaT¥Hga shbERm Be praducheontaniae a7 H7iraction;
wherein a 450F+ (232C+) cut containing a 7000F+

fraction is separated and . catalytically
hydr oi sewabiigaty hydromempEERedn seRATalctcnt SAder wher ei n

-.the .pol ar. sol vent ,.I.S . :
hylarm omerization condlhoné\/E)Kform an 1somerate;

separating a 700°F+ (371°C+) cut from the isomerate to obtain a

heavy lube oil;

treating the heavy lube oil with a polar solvent in an amount sufficient

to form a first light liquid phase and a second heavy liquid phase;
separating the phases; and

removing the solvent from the second heavy liquid phase to obtain an

extra heavy lube base stock.

8. The method of claim 7 wherein a 450°F+ (232°C+) cut contaiﬁing

a 700°F+ fraction is separated and catalytically hydroisomerized.

9. The method of claim 7 or 8§ wherein the polar solvent is MEK.



