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HYDROCONVERSIONPROC~S FOR 
MAKING LUBRICATING OIL BASES10CKS 

FIELD OF THE lNVENTION 

PCT/US99/03108 

This invention reiatCs to a process for preparing lubricating oil base­

stocks having a high satmates content, high viscosey indices and low volatilities. 

BACKGROUND OF THE INVENTION 

It is well known to produce lubricating oil basestOcks by solvent 

refining. In the _conventional process, crude oils are :fractionated under atmospheric 

pressure to produce atmospheric resids which are further fractionated under vacuum. 

Select distillate fi:adions are then optionally deasphalted and solvent extracted to 

produce a~ rich raffinate and an aromatics rich extract The raffinate is then 

dewaxed to produce a dewaxed oil which is usually hydrofinisbed to improve 

stability and remove co~ bodies. 

Solvent refining is a process which selectively isolates components of 

~de oils having ctesirable properties.for lubricant basestocks. Thus the crude oils 
. ·, . . ··. . . - -

used for solvent refirring are restricted to those which are highly paraffinic in nature 

as aromatics tend to have lower viscosity indices (VI), and are therefore less desir­

able in lubricating oil basestocks. ~ cerlain fypes of aromatiC compounds Can. 

result in unfiworable toxicify' cbaracteristics. Solvent refining can produce lubricat­

ing oil basestocks have a VI of abcnit 95 in good yields. 
~ ~ ... 

Today more severe-operating conditions for automobile engines have 

resulted in demands for basestocks with lower volaUlities (while retaining low 

viscosities) and lower pour points. These improvements can only be achieved with 
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basestocks of more isopamffinic character, i.e., 1hose wi1h Vi's of 105 or greater. 

Solvent refining alone cannot economically produce basestocks having a VI of 105 

with fypical crudes. Nor does solvent refining alone fypically produce basestocks · 

with high saturates contents. two alternative approaches have been developed to 

produce high quality lubricating oil basestocks; (1) wax isomeriz.ation and (2) hydro­

cracking. Both of the methods involve high capital investments. In some locations 

wax isomerization economics can be adversely impacted when 1he raw stock, slack 

W8J4 is highly valued. Also, the typically low quality feedstocks used in hydro-. 
cracJdn& and the consequent severe conditions required to achieve the desired 

viscometric and volatility properties can result in the formation of mdesirable (toxic) 

species. These species are fmmed in sufficient concentration that a further process­

ing step suCh as extraction is needed to aChieve a non-toxic base stock. 

An article by S. Bull and A Mannin eD.titled ''Lube Oil Manufacture 

by Severe Hydrotreattnent", Proceedinp of the Tenth World Petrolemn Congress, 

Volmne 4, Developmc:n1s in Lubricati.~ PD 19(2), pages 221-228, describes a 

process wherein the extraction Unit in solVent refining is replaced by a hydrotreater. 

U.S. Patent 3,691,067 describes a process for producing a medium . 

and high VI oil by hy~ anmrow cut lube feedstock. The hydrotreating step 

involves a single hydrotreatlng .zone. U.S. Patent 3, 732, 154 discloses hydrofinishing 

the extract or raffinate from a solvent extraction process. The feed to the hydro­

finishing step is derived fiom a highly aromatic somce such as a naphthenic 

distiJlate. U.S. Patent 4,627,908 relates to a process for improving the bulk oxidation 

stability and storage stability of lube oil basestocks derived ftom hydrocracked bright 

~ The process involves hydrodenitri:ficatlon of a hydrocracked bright stock 

followed by hydrofinishing. 
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U.S. Patent4,636,299 discloses a process for reducing 1he pour point 

of a feedstock cmmrining nittogen and sulfur-containing compounds wherein the 

feedstock is solvent extracted with N-methyl-2-pyrrolidone to produce a raflinate, 

the raffinate is hydrotreated to convert 1he nittogen and sulfur containing compounds . 

to ammonia and hydrogen sulfide, stripped of anunoni8. and hydrogen sulfi~e and 

stripped eftlueJit cat dewaxed. 

It would be desirable to supplement the conventional solvent refining 

process so as to produce high~ low volatili1y oils which have eXcellent toxicity, 

oxidative and thennal stability, fuel economy and cold start propenies ~tbout 

incurring any significant yield debit which process requires much lower investment 

· eosts 1han competing technologies such is hydrocracking. 

SUMMARY OF THE INVEN110N 

This invention relates to a process for producing a lubricating oil 

basestock Jlleeting at least 9()0J:. satmates by selectively hydroconverting a raffinate 

produced from solvent refining a lu~cating oil feedstock which comprises: 

(a) conducting the lubricating oil feedstock to a solvent extraction zone and 

separating therefrom an aromatics rich ex1ract and a paraffins rich raffinate; 

(b) . stripping the raffinate of solveDt to produce a raffinate feed having a dewaxed 

oil viscosity index from about SS~ about 105 and a:final boiling point of no 

greater than about 6SOOC; 

(c) passing 1be raffinate feed to a :first hydroconversion mne and processing the 

:ra:ffinate feed in the presence of a non-acidic hydroconverdon catalyst at a 

. _::·; .. 
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temPerature o(ftom340to 4200C, a-hydrogen partial pressure offu>.D;l 1000 to 

2500 psi& space velocity of 0.2 to 3.0 LHSV and a hydrogen to feed ratio of 

from 500 to 5000 sc.t1B to produce a first hydroconverted raftinate; 

(d) passing the hydroconverted raffinate from the :6tst hydroconversion :z.one to a 

second hydroconversion mne and processing 1he hydroconverted raffinate in 

· 1he presence of a non-acidic hydroconversion catalyst at a temperature of from 

340 to 400°C provided that the temperature in second hydrocoiiversion is not 

greater than the temperature in the first hydroconversion zone, a hydrogen 
. - . 

partial pressure of :from 1000 to 2500 psig, a space velocity of from 0.2 to 3.0 

LHSV and a hydrogen to feed ratio of from 500 to 5000 scf/B to produce a 

second hydroconverted raffinate; 

(e) passing the second hydroconverted raflinate to a hydrofinisbing :z.one and 

conducting cold bydrofinisbing of the second hydroconverted raffinate in th,e 

presence of a hydrofinislring catalyst at a temperature offtom 260 to 360°C, a 

hydrogen partial pressure of ftom 1000 to 2500 psi.g, a space velocity of from 

02 to S LHSV and a hydrogen. to feed ratio offtom SOO to 5000 scf/B to 

. produce a hydrofinished raffin_ate; 

(f) passing the hydrofinished raffinate to a separation zone to remove products 

having a boiling less 1han about 2S0°C; and 

(g) passing the hydrofinished raffinate from step (f) to a dewaxing :z.one and 

catalytically dewaxing the hydmfinished raftinate under catalytic dewaxing 

.·conditions in the presence of hydrogen and a catalytic dewaxing catalyst 

· Colnprismg a metal hydrogenation component and a c.tySta]Jine 10 or .i2 ring 

molecular sieve. 
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In another embodiment, this invention relates to a process for · 

selectively hydroconverting a raffinate produced ftom solvent refining a lubricating 

oil feedstock whieh comprises: 

(a) conductin$ the lubricating oil feedstock to a solvent extraction mne and 

separating 1herefiom an aromatics rich extract and a paraffins rich raffinate; 

(b) stripping the raffinate of solvent to produce a raffinate feed having a dewaxed 

oil viscosity index from about SS to about 105 and a final boiling point of no 

greater than about 6500C; 

(c) passing the raffiilate feed to a first hydroconversion zone and processing the 

raffinat.e feed in die presence of~ non-acidic hydroconversion_ catalyst at a 

temperature of :from 340 to 420°C~ a hydrogen partial pressure of from 1000 to 

2500 psig. space velocity of 0.2 to 3.0 LHSV and a hydrogen to feed ratio of 

from 500 to 5000 scf/B to produce a first hydroconverted nffinatE; 

(d) . passing the hydroconverted raffi~are ftom the first hydroconversion ~to a 

Second hydroconversion zone mid processing the hydroconverted raffinate in 

the piesence of a non-acidic hyc1roconversio catalyst at a temperature of from 

340 to 400°C provided that the temperature in the second hydroconversion is 
-·-

not greater than 1he temperatllre in the first hfdroconversion ~a hydrogen 

partial pressure of from 1000 to 2500 psig, a space velocity of from 02 to 3.0 

LHSV and a hydrogen to feed ratio of from 500 to 5000 sef/B to produce a 

second hydroconverted raffinate; 
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{ e) passing the second hydroconverted raffinate to a hydrofinishing reaction zone 

and conducting cold hydrofinishmg of the second hydroconverted raffinate in 

the presence of a hydrofinishing ~tat a temperature of :from 260 to 36C>°C, 

a hydrogen partial pressure of from 1000 to 2500 psig, a space velocity of from 

0.2 to 5 LHSV and hydrogen to feed ratio of ftOm 500 to 5000 scf/B to produce 

a hydrofinished raffinate; 

{f) solvent dewaxing the hydrofinished ra~ under solvent dewaxing_ condi­

tions to ob1ain a dewaxed oil having a pour point less than about 1 C>°C; and 

(g) ca1alylically dewaxing the solvent dewaxed oil under catalytic dewaxing 

conditions in the presence of hydrogen and a catalytic dewaxing ca1alyst 

comprising a metal hydrogenation component and a aystalline 10 or 12 ring 

molecular sieve to produce a dewaxed basestock. 

In yet another einbodimen.t, the eold hydrofinishing step is moved 

from after the second hydroconversion mne to after the catalytic dewaxing step for 

either of the embodiments set forth above. 

The process accorcling to 1he invention produces in good yields a 

basestock which has VI and volatil,i1¥properties ineeting :future m.dustly engine oil 

s1andards while achieving good oxidation stabili1¥, cold~ :fuel economy, and 

1henna1 stability propenies. In adc1ition. toxicity tests show that the basestock has 

excellent toxicological properties as measured by tests such as the FDA( c) test 

BR1EF DESCRIPTION OF THE DRAWINGS 

Figuie 1 is a plofofNOACK volatility vs. viscosity for a lOON 

basestock. 

·:;,.;_ ·~ 
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Figure 2 is a schematic flow diagram of the hydroconversion process. 

Figure 3 is a graph showing VI HOP vs. conversion at different 

pressures. 

Figure 4 is a graph showing tempe.rature in the :first hydroconversion 

mne as a function of days on oil at a fixed pressure~ 

Figure S is a graph showing saturates concentration as a fimction of 

reactor temperatme for a :fixed VI product 

Figure 6 is a graph showing toxicity as a function of temperatilre and 

pressure in the cold hydrofinishing step. 

Figure 7 is a graph showing conttol of saturates concenttation by · 

vatying conditions in the cold hydrofitrishing step. 

Figure 8 is a graph showing the cmrelation between the DMSO 

screener test mld 1he FDA (c) test. 

F"igme 9.is a graph showing 1he caialytic._ dewaxing of dewaxed oil _and. 
. . - . . . 

total liquid products. 

Figure 10 is a graph showing the comparison ~c dewaxing a 

total liquid product vs. solvetlt dewaxing to the same pour point. 

DErAILED DESCRIPTION OF nm JNVENTION 

The solvmtrefining of select crude oils to produce lubrl~ oil 

basestocks typically inwlves atmospheric distillati~ vacuum distillati~ extrac-
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1ion, dewaxing and hydrofinishing. Because basestocks having a high isoparaffin 

content are characteri7.e~ by having good viscosity index (VI) properties and suitable 

low remperature jJroperties, 1he crude oils used in 1he solvent refining process are· 

typically paraflinic crudes. One method of classifying lubricating oil basestocks is 

that used by the American Petrolewn Institute (API}. API Group II basestocks have 

a saturates content of90 wt°/o or greater, a sulfur content of not more than 0.03 wt% 

and a viscosity index (VI) greater than 80 but less than 120. API Group m base­

stocks are the~ as Group II basestocks except that the VI is greater 1han or equal 

to 120. 

Generally, the high. boiling petrolemn fractions from attnospheric 

distillation are sent to a vacuum distillation unit, amt· the distillation fractions from 

this unit are solvent extracted. The residue :from vacuum distillation which may be 

~is sent to other processing. Other feeds to solvent extraction include 

waxy streams such as dewaxed oils and foots oils. 

The solvent extraction process selectively dissolves the aromatic 

components in an extract phase while leaving the more para:ffinic components in a· 

raffinate phase. Naphthenes are distributed between the extract and mffinate phases. 

Typical solvents for solvent exttaction include phenol, :furfural and N-metb.yl 

pyrrolidone. By controlling tbe solvent to oil ratio, extraction temperature and 

method of contacting distillate to be extracted·wi1h solvent, one cm control 1he 

degree of separa1ion between the exiract and raffinate phases. 

Jn recent years, solvent extraction has been replaced by hydrocracking 

as a means for producing high VI basestocks in some ICfineries. The hydrocracldng 

process unn7.CS low quali1¥ feeds such as feed disti11a1e from the vacuum ~on 

unit or other refinery streams such.as vacuum gas oils and cokcr gas oils. The 
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catalysts used in hydrocracking are typically sulfides of Ni, Mo, Co and Won an 

acidic support such as silica/alumina or alumina c0ntaining an acidic promoter such 

as fluorine. Some hydrocmcking catalysts also contain highly acidic zeolites. The · 

hydrocracking process may involve hetero-atom removal, aromatic ring saturation, 

dealkylatioti of aromatics rings, ring opening straight chain and sidtHIDain cracking, 

and wax isomerimtion depending on operating conditions. In view of 1hese reac­

ti~ separation of the aromatics rich phase that occurs in solvent extraction is an 

mmecessmy step since hydrocmcking reduces aromatics content to veiy low levels. 

By way of contrast, the process of the present invention utilizes a 

three step hydroconversion of the raffinate :from the solvent extraction unit under 

conditions which minimiz.es hydrocracldng and passiiig waxy components throUgh · 

the process without wax isomerimtion. Thus, dewaxed oil (DWO) and low value 

foots oil streams can be added to the .raffinate feed whereby 1he wax molecules pass 

unconverted through 1he process and may be iCcovered as a valuable by-product 

Moreover. unlike hydrocmcking the present process takes place without disengage­

mem:, ie., without anY ~steps involving gas/liquid products sep~ons. 

1'he product of the subject three step process bas a saturates content.greater than 

90 wt°/~ preferably greater than 9S wt»A>. ~us product quality is similar to that . 

obtained :from hydrocracking without the high temperatmes and pressures required- · 

by hydrocracking which results in a much greater investment expense. 

The ndfinate ftoiD the solvent extraction is preferably under-extracted, 

i.e.. 1he ex1laction is canied out under conditions such that the raffinate yield is 

maximized while still remov.ing most of the lowest quali1¥ molecules ftom the feed. 

Raffinafeyielcl may be maximized by con1rolling extraction conditions, for example, 

by 1owedng the solvent to oil treat ratio and/or decreasing the extraction temperature. 

The raffinate :from the solvent extraction unit is stripped of solvent and then sent to a 



WO 99/41327 . PCT/US99/03108 

-10-

first hydroconversion unit containing a hydroconversion catalyst This ra:ffinate feed 

bas a viscosity index of :from abOut 85 to about 105 and a boiling range not to exceed 

~ 6SOOC, preferably less than 600° C, ~determined by ASTM 2887 and a 

viscosity of from 3 to 15 cSt at lOO°C. · 

Hydroconversion catalysts are those containing Group V1B metals 

(based on the Periodic Table published by Fisher Scientific), and non-noble Group 

VIII metals, i.e., iron, cobalt and nickel 8nd mixtures 1hereof. These metals or 

mixtures of metals are fypically present as oxides or sulfides on refra.ctmy metal 

oxide supports. 

It is important that the metal oxide support be non-acidic so as to 

control cracldng. A useful scale of acidity for catalysts is based on the isomeriz.ation 

of2-methyl-2-pentene as descnl>ed by Kramer and Mc Vicker, 'J. Catalysis,~ 355 

(1985). In 1his scale of acidity, 2-metb.yl-2-pentene is subjected to the catalyst to be 

evaluated at a fixed temperature, 1¥PicallY 200'C. In the presence of catalyst sites, 

2-methyl-2-pentene forms a carbenimn ion. The isomerization pathway of the 

carbenium ion is indicative of the acidity of active sites in the catalyst. Thus weakly 

acidic sites fmm 4-methyl-2-pentene w~ strongly acidic sites r,esult in a skeletal 
. . 

rearrangement to 3-methyl-2-pentene Wi1h very strongly acid sites forming 2;3- . 

dimethyl-2-butene. The mole mtio of 3-niethyl-2-pentene to 4-methyl-2-pentene 

can be correlated to a scale of acidity. This acidity scale ranges from 0.0 to 4.0. 

Very Weakly acidic sites will.have values D.ear 0.0 whereas very strongly acidic sites 

will have values approaching 4.0. The catalysts useful in the present process have 

acidity values ofless 1han about O.S, pn:ferably less 1han about 0.3. The acidity of 

mdat oxide supports can be cmmolled by adding promoters andfor dopants, or by 

CODttoumg the nature of die metal oX:ide support, e.g., by controlling 1he amount of 

silica incm:porated into a silica-alumina support. Exalnples of promoters and/or 
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dopants include halogen, especially fl~ pho~ boron, yttria, rare-earth 

oxides md magnesia. Promoters such as halogens geneiany.iilcrease the acidity of 

metal oxide supports while mil~ •c dopants such as yttria or magnesia tend to 

decrease die acidity of such supports. 

·Sui1able metal oxide supports include low acidic oxides such as silica, 

alumina or titania, preferably ahnnina Pleferred aluminas are porous alnnrinas such 

as gamma or eta having average pore si7.es &Om SO to 200A, prefembly 75 to ISO~ a 

sur&ce area :from 100 to 300 m2/& preferably 150 to 250 m2/g and a pore volume of 

from 0.25 to 1.0 cni3!& preferably 0.35 to 0.8 cm3/g. The supports are ~bly not 

promoted with a halogen such as fluorine as this generally increases die acidity of 

the support above 0.5. 

Pieferred metal catalysts include cobaltlmolybdenum (1-5% Co as 

. oxide, 10-25°.4 Mo as oxide) nickel/molybdenum (1-5% Ni as oxide, 10-25% Co as 

oxide) or nicke1/tungstm (1-59.4 Ni as oxide, 10-300.4 Was oxide) on almn;na, 

Especially preferred are nickeJ/molybdenum catalysts such as KF-840. 

Hydroconversion condi1ions in the first hydroconversion unit include 

a temperature of ftom 340 to 4200C, preferably 350 to 40()°4 a hydrogen partial · 

pressure of:from l~to 2.soopsig (7.0to 17.3mPa),preferably1000 to 2000psig 

(7.0 to 13.9 mPa), a space veIOcity of:&om 0.2 to 3.0 LHSV. preferably 0.3 to 1.0 

LHSV. and a hYdrogen to feed ratio of:ftoin 500 to 5000 ScfiB .(89 to 890 m31m.3), 

The hydroconverted nffinate mm the :first hydroconversion unit is 

· conducted to a secondhydroconversion unit 1he hydroconverted raffinate is 
-- . 

preferably passed through a heat exchanger located between the first and second 
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hydroconversion uJJi'5 so 1hat 1he second hydroconversion unit can be run at cooler 

temperatures, if desired. Temperatures in the second ~ydroconversion unit should 

not exceed the temperature used in the first hydroconversion unit Conditions in the 

second hydroconversion unit include a temperature of :from 340 to 400°C, preferably 

350 to 385°C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0 ~ 17.3 

Mpa), preferably 1000 to 2000 psig (7.0 to 13.9 Mpa), a spac~tvelocity of from 0.2 

to 3.0 LHSV, pieferably 0.3 to 1.5 LHSV, and a hydrogen to feed ratio of from 500 

to 5000 Scf7B (89 to 890 m3/m.3), preferably 2000 to 4000 Scf7B (356 to 712 m3/m3). 

The catalyst in 1he second hydroconversion unit can be the Sam.e as in the first 

hydroconversion unit. although a different hydroconversion catalyst may be used. 

The hydroconverted raffinate from the second hydroconversion unit is 

then conducted to cold hydrofinishing unit. A heat exchanger is preferably located . 

between tbese mllts. Reaction conditions ill the hydrofinisbing unit are mild and 

include a temperature of from 260 to 360°C, preferably 290 to 3500C, more prefer­

ably 290 to 33<>°C, a hydrogen partial pressure of from 1000 to 2500 psig (7 .0 to 

17.3 mPa), preferably lOOOto 2000psig (7.0to 13.9m.Pa), aspaceveloci1y of from 

0.2 to 5.0 LHSV, preferably 0.7to 3.0 LHSV, and a hydrogen to feed ratio of:from 

500 to 5000 scf/B (89 to 890 m3Jm.3), preferably 2000 to 4000 scf7B (356 to 712 

m3!m.3}. The catalyst in the cold hydrofitrishing unit may be tlie -same as in the first 

hydroconversion unit However, more acidic catalyst supports such as silica­

almnina, zirconia and tbe like may be used in the cold hydmfinishing unit 

Jn onter to prepare a finished basestock, the hydroconverted raffinate 

:from the hydrofinisbing unit is conducted to a separator, e.~ a vacuum stripper (or 

:fractioDation) to separate out ~ow boiling products if die sepa1ator is followed by a 

catalytic dewaxing ~~·. Such products may include hydrogen sulfide and ammonia 

fomi.ed in die first two reactors. If~ a stripper may be situated between the 
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second hydroconversion unit and the hyc)rofinisbing unit, but this is not essential to 

produce basestocks according to the hiven1ion. · 

The hydroconverted raffinate separated :from die separator is then 

conducted to a dewaxing unit ·Catalytic dewaxing, solvent dewaxing or a ~bina-. 

1ion may accomplish dewaxing thereo£ · 

The catalysts useib1 in the ca1alyti.c dewaxing step include crys1allilie 

10 and 12 ring molecular sieves and a metal hydrogenation component Qystalline 

molCCular sieves includC alunrino silicates and ahnninum phosphates. Examples of 

crystalline ·alumino silicates include 7.e<>lites such as ZSM-5, ZSM-11, ZSM-12, 

. theta-I (ZSM-22), ZSM-23, ZSM-35, fenierlie, ZSM-38, ZSM-48, ZSM-57, beta, 

mordcnite and o:ffie1ite. Examples of aysta1line alumimun pbosp~s include 

SAP0-11, SAP0-41, SAP0-31, MAP0-11 and MAP0-31. Preferred molecular 

sieves include ZSM-5, tbeta-1, ZSM-23, fenierite and SAP0-11. 

The dewaxing ca1alyst ~also con1ain an amorphous component 

The acidity of the_ am01pbous coDiponent is preferably fiom 0.3 to 25, preferably 

O.S to 2.0 ~the Kramer/Mc Vicker acidit)' scale descnl>ed above. Examples of 

iamorphous materials include silica~ b&togenate.d aluinina, acidic clays, ·· · 

silica-magnesia yttda silica-alumina and the like. Especially preferred is silica­

aJmnina 

If the dewaxing catalyst cont.ams an am.mphous component, the 

aysta1line molecular sieve/metal hydrogenation component/ammphous component 

may be composited together._ The hydrogenafion metal can be deposited on each 

co••rpment separa1ely or can be deposited on 1he composited catalyst In the 

altcmative, the aystalline molecular sieve and 8lllOlphous component can be in a 
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layered configuration. Preferably, 1he top layer in the reaction vessel is the 

ammphous component and the lower layer is 1he crystalline molecular sieve, 

al1hough 1he configuration can be reversed with the top layer as the molecular sieve 

·and the bottom layer as the. amorphous component. In the Jayefed configuration, the 

hydrogenation metal should be deposited on bodl the molecular sieve and ~e 

ammphous component 

The metal hydrogenation component of the dewaxing catalyst~ be 

at least one metal from 1he Group VIB and Group VIII of the Periodic Table 

(published by Sargent-Welch Scientific Company). Preferred metals are Group VIII 

noble metals, especially palladium and platinum. 

The dewaxing catalyst may contain, based on the weight of total 

catalyst, from S to 95 'Wt°A, of ciystalline molecular sieve, from 0 to 90 wt°A. of 

amoiphous component and from 0.1 to 30 wt°A, of metal hydrogenation component 

with the balance being matrix material. 

The dewaxing cmJ.yst may also include a matrix or binder which is a 

mafer:ial resistant to process conditions and. :which is substantially non-catalytic 

·under reaction conditions. Mattix materialS may be synthetic or natma11y occuning 

materials such as ~ silica and metal oxides. Matrix materials which are metal 

oxides :include single oxides such as ahunina, binaty compositions such as silica­

magnesia and temmy compositions such as silica-almrrina-zirconia. 

Process conditions in the catalytic dewaxing zone include a tempera­

ture of ftom 240 to 42~ prefelably 270 to 400°C, a hydiogen partial pressme of 

:&om 3.45 to 34.5 mPa (SOO to SOOO J>S1), peferably S.S2 to 20. 7 mPa, &:liquid 

homly space Velocity of from 0.1 to 10 vlv/hr, peferably 0.5 to 3.0, and a hydrogen 
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circulation rate of ftom 89 ~ 1780 m3/m3 (500 to 10000 scf/B), preferably 178 to 

890m3/m.3• 

In m altrmative embodiment, the hydroconverted raffinate from the 

cold hydrofini"shing unit or the hydroconverted nrffinate from 1he hydroconversion 

zone may be conducted to a solvent dewaxer with or witho~ preferably with a 

stripping step to remove low boiling ~cts. The solvent dewaxing process 

typically involves mixing feed with solvent at atmospheric pressure, separating 

precipitated wax and recovering solVc:ntforrecycHng. The hydroconvcrted raffinate 

is mixed with chilled solvent to fonn an oil-solvent solution and precipitated wax is 

thereafter separated by, for example filtration. The temperature and solvent are 

selected so that1he oil is dissolved by the chilled solveint while the wax is 

precipitated. The solvent dewaxer may 1hen be followed by a ca1alytic dewaxing 

step such as described above. Because solvent dewaxing ~cally occurs at 

atmospheric pressme, jt may be necessary to pressuri7.e the solvent dewaxed oil prior 

to the catalytic dewaxing step. 

A particularly suitable solvent dewaxingprocess involves the use of a 

cooling tower where solvent is precbilled and added~ at several points 

along the height of the cooling tower. The oil-solvent Dlixture is agitated during the 

chming st.ep to permit substmdially instan1aneous mixing of 1he precbilled solvent 

wi1h 1he oil. The precbilled solvent is added incRmen1a1ly along the length of the 

cooling tower so as to maintmn an average chming nte at or below lO°F/minute, 

usually between about 1 to about o~. The final temperature of 1he oil­

solvent/precipitated wax~ in 11,te cooling tower will usually be between 0 and 

SO°F (·17.8 to l«>°C}. The mixtme may 1hen be sent to a scnped surface chiller to 

separate precipitated wax fi:om 1he mixture. 
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In general, 1he amount of solvent added will be su:ffi.cient to provide a 

liquid/solid weight ration between the range of 5/1 and 20/1 at the dewaxing 

t.emperature and a sol'Yellt/oil volume ratio between 1.S/1 to 5/1. The solvent 

dewaxed oil is typically dewaxed to a pour point from+ 10°C to -200C. 

Representative dewaxing solvents are aliphatic ketones having 3-6 

carbon atoms such as methyl ethyl ketone and methyl isobutyl_ lcetone, low molecular 

weight hydrocarbons such as propane and·~ and mixtures thereo£ The 

solvents may be mixed with other s0lvents such as benzene, toluene or xylene. 

Fmther descriptions of solvent dewaxing process useful herein are disclosed in U.S. 

Patents 3,m,650 and3,'n5~8 which are incotporatedhereinin 1heirentirefy. 

The solvent dewaxed oil may be suitable as a lubricating oil base­

stock. However in the present embodiment, the solvent dewaxed oil is subjected to a 

ca13lytic dewaxing step to further iower the pour point using the catalytic dewaxing 

ca13lysts described above. The sequence of solvent dewaxing followed by catalytic 

dewaxing is designated as trim dewaxing. As.noted previously, the dewaxing . 

cam1.yst may comprise a molecolar sieve loaded with a metal hydrogenation 

component,~ be a composite~ a metal loaded combinati~ of ciystalline 

molecular sieve and ainmphous eompmient or may be a layCred Configuration 

wherein the layers con1ain an ammphous ~ a ciysta1line molecolar sieve, 

and_ametal hydrogenation~ 

In ei1her processing sequence, ie., 2-step hydroconversion - cold 

hydnmnisbing- catalytic dewaxing. or 2-step hydroconversion- cold hydrofinishing 

- solVent deWaxing -catalytic dewaxiog the final catalytic deWaxing step may be 

followed by a second cold hydrofinishing step Ullder1he cold hydrofinishing condi­

tions described above. This second cold hydrofinishing step would be used in 1hose 
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instances where needed to meet product quality requirements such as color or light 

stability. 

Alt.cmatively, the processing sequences may omit 1he :first cold 

hydrofinishing step and use only a final cold hydrofinishing step. These sequences 

are defined as 2-step hydroconversion - catalytic dewaxing - cold hydrofinishin& or 

hydroconversion - solveQt dewaxing- catalytic dewaxing - cold hydrofimshing. 

The lubricating oil basestock produced by the-process according to the 

mvention is charactem.ed by the following properties: viscosi1y index of at least 

about 100, preferably at least 105 and saturates of at least 90°/o, preferably at least 95 

wt.°/o, NOACK volatility improvement (as measured by DIN 51581) over raffinate 

viscosi1¥ within the range 3.5 to 6.S cSt viscosity at lOO°C, pour point of -IS°C or 

lower, and a low toxici1¥ as determined by JP346 or phase 1 of FDA (c). IP346 is a 

measme of polycyclic aromatic compounds. Many of 1hese compounds are 

carcinogens or suspected carcinogeos, especially those with so-called bay regions 

[see Accoum Chem. Res. rz, 332(1984) for fbrther details]. The present process 

reduces these polycyclic aromatic compounds to such levels as to pass carcino-
. . . . 

genicity tests. The FDA (c) teSt is set forth in 21 CFR 178.3620 and is based on , 

ultraviolet absorbances in the 300 to 359 nm range. 

As can be seen ftom Figure 1, NOACK volatility is related to VI for 

any given basestock. The relationshlp shown in Figure 1 is for a light basestock 

(about lOON). Ifthegoalistomeeta22wt.°AaNOACKwlatilityfora lOON oil, 

·then the oil should have a VI of about 110 for a product with typical-cut width, e.g., 

S to SO% oifby GCD·at 60°C. Volatility improvements can be achieved with lower 

VI product by decreasing the cut width. In the limit set.by zero cut width, one can 
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meet 22°1' NOACK volatility at a VI of about 100. However, this approach, using 

distmation alone, incurs significant yield debits. 

Hydrocracking is also capable of producing high~. and CC>DSequently 

low NOACK volatility basestoclcs, but is less selective (lower yields) than the 

process of the invention. Furthermore both hydrocracking and processes such as 

· wax isom.eriza1:ion destroy most of the molecular species responsible for the . 

solvency properties of solvent refined oils. The latter also uses wax as a feedstock 

whereas the present process is designed to preserve wax as a product and does little, 

if any, wax conversion. 

The process· of the invention is :funher illustrated by Figure 2. The 

feed 8 to vacuum pipestill 10 is typically an atmospheric reduced crude from an 

atmospheric pipestill (not shown). Various distillate cuts shown as 12 (light), 14 

{mediuni) and 16 (heavy) may be •to solvent extraction unit 30 via line 18. 

These distillate cuts may nmge :ftom about 200°C to about 65C>°C. The bottoms from 

vacuum pipestill 10 may be sent1hro-.Ji line 22 to a coker, a visbreaker or a 

deaspbal1ing extraction unit 20 where the bottoms are contacted with a deaspha11ing 

solvent such as propane, butane or~e. The 4eas.Phalted oil may be com~ 
. . ~· . 

with distillate from the vacuum pipestill 10 through line 26 provided that the · 

deasphalted oil has a boiling point no greater 1han about 6SC>°C or is preferably sent 

on for further processing through line 24. The bottoms from deasphalt.er 20 can be 
. '·~ .·· 

sent to a visbrCaker or used for asphalt production. Other retinefy streams may also 

be added to 1he feed to the extraction unit through line 28 provided they meet the 

feedstock criteria descn"bed previously for raffinate feedstock. 

Jn extraction unit 30, the distillate cuts are solvent extracted wi1h N­

methyl pyrrolidone and the extraction UDit is preferably operated in countercmrent 
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mode. The solvent-to-oil ratio» extraction temperature and_ percent water in the 

solvent are used to conttol the degree of~ i.e.» separation into a paraffins 

rich mffinate and an aromatics rich extract The present process pennits the extrac­

tion unit to operate f:O an "under extraction" mode, i.e., a greater amount of aromatics 

in the paraffins richraffinate phase. The aromatics rich extract phase is sent for 

fm1herprocessing through line 32. The nffinate phase is conducted through line 34 

to solvent. stripping unit 36~ Stripped solvent is sent through line 38 for recycling 
. . . . . 

and stripped.raffinate is conducted through line 40 to first hydroconversion unit 42. 

The first hydroconvelsion mrit 42 contains KF-840 ca1alyst which is 

nickel/molybdenum on an alumina support and available from Ala.o Nobel. 

Hydrogen is admitted to·lJDit or reactor 42 through line 44. Gas chromatographic 

comparisons of the hydrocon~ raffinate indicate that almost no wax: isomeriza­

ti.on is taking place. While not~ to be bound to any particular themy since the 

precise mechanism for~ VI increase which occurs in this stage is not known with 

certaint¥, it is known that heteroatoms are being removed, aromatic rings are being 

saturated and naphtbene rings, panicularly multi-ring niph1henes, are selectively 

elhninated 

Hydroconverted iamnate from hydroconversion unit 42 is c0nducted · · · 

1hrough line 46 to heat exchanger 48 where the hydroconvened raffinate stream may 

be cooled if desired. The coo1ecl raffinate stteam is conducted through line SO to a 

second hydroconversion unit 52 Additional hydrogen, if needed, is added through 

line 54. This second hydroconversion unit is operated at a lower temperatme (when 

required to a4just product~) than 1he first hydroconversion unit 42. While not 

~to bound to any theoiy, it is believed that the capabilitf to operate the 

second unit 52 at lower~ shifts the equihDrium conversion between 

satundecl species and o1her unsaturated hydrocarbon species back towards increased 

: ~. 
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saturates concentrati~ Jn this way, the concentration of saturates can be main­

tained at greater than 90 wt°At by appropriately controlling the combination of 

temperature and space velocity in second hydroconversion unit 52. 

Hydroconverted raffinate :from mdt 52 is conducJed through :1hie S4 to 

a second beater exchanger 56. After additional beat is removed through heat 

exchanger 56, cooled hydrocOnverted ~is conducted through line 58 to cold 

hydrofinishing unit 60. Temperatures in the hydrofinisbing unit 60 ·are more mild 

duui 1hose ofbydroconversion units 42 and 52. Temperatme and space velocity in 

cold hydrofinismng unit 60 are controlled to reduce the toxicity to low levels, ie., to 

a level sufficiently low to pass standard toxicity tests. This may be accomplished by 

reducing_the con~on of polynuclear arolnatics to veiy low levels. 

Hydrofinished niffinate is then conducted through line 64 to separator 

68. Light liquid products and gases are separated and removed through line 72. The 

remabring hydrofinished mffinate is conducted through line 70 to dewaxing unit 74. 

Dewaxing may occur by the use of solvents inttoduced through line 78 which may 

be followed by cooling, by catalytic dewaxing or bY a combinatlon thereo£ If 

dewaxing unit 74 utiliz.es solvent dewaxing, 1hen hydrofinished mffinate may be 

conducted directly ftom reactor 60. to dewixing unit 74 without going through 

separator 68. The solvent dewaxed oil from mdt 74 may then be sent to a secoDd 

dewaxing unit (not shown) wherein catalytic dewaxing of the solvent dewaxed oil 

occms. If dewaxing unit 74 uttlims catalytic dew8xing, then the hydroffoished 

raffinate :ftom reactor 60 should go through separator 68 before being conducted to 

dewaxing unit 74. CatJltytic dewaxing involves selective hydrocracking with or 

without hydroisomerization as a means to create low pour point lubricant basestocks. 

Solvent dewaxing with optional cooling separates waxy m.olecules from the hydro­

converted lubricant basestock _thereby lowering the pour point Jn markets where 
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waxes are valu~ bydrofinished ra:ffinate is preferably contacted with methyl 

isobutyl ketone followed by the DILCHILL® Dewaxing Process developed bY 
Exxon. This method is well known in the art. Finished lubricant basestock is 

removed 1hrough line.76 and~ product 1hrough line 80. 

While not wishing to be bound by any themy, the factors affecting 

saturates, VI and toxicity are discussed as follows. The term "saturates" refers to the 

· smn of all saturated rings, paraffins and isoparaffins. 1n· the present raftinate hydro­

conversion process, under-extracted (e.g. 92 VI) light and medium raffinates includ­

ing isoparaffins, n-paraffins, naph1henes and aromatics having fi'om 1 to about 6 

rings are processed over a l10Jl·acidic catalyst which primarily operates to (a) 

hydrogemde aromatic rings to naphthenes and (b) convert ring compounds to leave 

isoparaftins in the lubes boiling range by ei1he.r dealkylation or by ring opening of 

naphthenes. The catalyst is not an iscm~ catalyst and iherefore leaves 

paraffinic species in the feed largely 1maffected. High melting paraffins and 

isopa:raflins are removed by a subsequent dewaxing step. Thus other than residual 

wax the saturates content of a dewaxed oil product is a :function of the irrevem"ble 

conversion of rings to isopara:flins .and the reversible fonnation of naphthenes from 

aromatic species. 

To achieve a basestock viscosi1y index target, e.g., 110 VI, for a fixed . 

catalyst charge and feed ntes, hydroconversion reactor tempe.mture is the primary 

driver. Temperature sets 1he conversion (arbitrarilY ineasured here as the conversion 

1o 3700C-) which is nearly linearly.related to 1he VI increase, iaespective of 

pressure. This is shown in Fi.gore 3 relating the VI increase (VI HOP) to conversion. 

For a :fixed pressure, the satm;ates content of the proc1nct depends on the conversion, 

_ i.e., the V!_~ and the temperatme required to achieve conversion. At start of 

run _on a typical feed, the temperature required to achieve the target VI may be only 
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3500C and the corresponding satmates of the dewaxed oil will nonnally be in excess 

of90 wt°/~ for processes operating at or above 1000 psig (7.0 mPa) H2. However, 

1he catalyst deactivates With time such that the temperature required to achieve the 

same conversion (and 1he same VI) must be increased. Over a 2 year period, the 

temperature may increase by 2S to SOOC depending on 1he catalyst, feed an6 the 

operating pressure. A typical deactivation profile is illustrated in Figure 4 which 

. shows temperature as a function of days on oil at a fixed pressure. In most 

circumstances, with process rates of about 1.0 v/v/hr. or less and temperatures in 

excess of 3500C, 1he satmates associated with 1he ring species left in 1he product are 

determined only by the reactor temperature, ie., the naph1b.ene population reaches 

the equihmium value for that tempemtme. 

Thus as the reactor temperature increases from about 3500C, satmatcs 

will decline along a· smooth cmve defining a product of fixed VI. Figme S shows 

1hree typical cmves for a :fixed product of 112 VI derived from a 92 VI feed by 

operating at a fixed convenion. Saturates arc higher for a higher pressure process in 

accord wi1h simple equihlni.mn considerations. Each curve shows satmates falling 

steadily with temperatures increasing~ 35C>°C. At 600 psig (4.24 mPa) H:z, the 

process is incapable of ~ly ~eeting the VI target and the required 

saturates (90+ wl°A,). The projected temperature needed to achieve 90+ wt°/o . 

saturates at 600 psig (4.24 mPa) is well below that which can be reasonably achieved 

with 1he paefened catalyst for this prpcess at any reasonable feed rate/catalyst 

chmge. However, at 1000 psig H2 and above; the catalyst can simultaneously 

achieve 90 wt8/o saturates and the target VI. 

An impmtant aspect of 1he invention is th.at a temperatme staging 

strategy can be applied to maintain satwates at 9o+ wt°A, for process pressures of 

1000 psig (7.0 mPa) H2 or above without disengagement of sour gas and without the 
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use of a polar sensitive hydrogenation catalyst such as massive nickel that is 

employed in typical hydrocracking schemes. The present process also avoids the 

higher temperatures and pressmes of the conventional hydrocracking process. This 

is aCcomplished by separating the functions to achieve VI, satmates and toxicity 

. using a cascadjng temperature profile over 3 reactors ~thout the expensi~ msertion 

of stripping, re~ion and hydrogenation steps. API Group JI and ill base­

stocks (API Publication 1509) can be produced in a single stage, temperature 

controlled process. 

Toxicity of the basestock is adjusted in the cold hydrofinishing step. 

For a given target VI, the toxicity may·be IUljusted by controlling the temperature 

and pressme. This is illustrated in Figme 6 which shows that higher pressmes 

allows a greater 1emperature range to cmrect toxicity. 

The invention is further illusttated by 1he following non-limiting 

examples. 

EXAMPLEl 

~example sw:innarizes :fancti.ons of each reactor A, B and C. 

Reactors A and B affect VI though A is controlling. Each reactor can eon.tribute to 

saturates, but Reactors B and C may be used to con1rol saturates. Toxicity is 

controlled primarily by Je8Ctor c. 

Product Parameter 
VI 
Satmates 
Toxicity 

TABLE I 

ReactorA 
x 

ReactorB 
x 
x 

ReactorC 

x 
x 
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EXAMPLE2 

This example illustrates the product quafi1¥ of oils obtained :from the 

process according to the invention. Reaction conditions and product quality data for 

start of nm (SOR) and end of nm (EOR) are summarized in Tables 2 and 3~ 

As can be seen from the data in Table 2 for the 250N ~stock, 

reactms A and B operate at conditions sufficient to achieve the desired viscosity 

index, then, with adjustment of the tempCratme of reactor C, it is possible to keep 

saturates above 90 wt°A. for the entire nm length without comproinising toxicity (as 

indicated by DMSO screener result; see Example 6). A combination ofhigher 

temperature aild lower space Velocity in reactor C (even at end of nm conditions in 

reactors A and B) produced even higher~ 96.2°/o.. ¥or a IOON feed stock; 

end-of-nm product with greater.than 90°.4. satmates may be obtained with reactor C 

operating as low as 290C at 2.S v/v/h (fable 3). 

·.· ·. 



~ ~ : 

TABLE2 

·~t 
'.: 

--SOR- I I ~EOR~- I ---EOR---
~ 

~EOR- ~ .a:o; 

Temp. IHSV Temp. IHSV LHSV -IJISF Temp. Temp. ~ 

Reactor cg (v{ylbr) eel (Y{ylhr) eel {y/::J/hr) (°C) [yMJg) .... 

A 352 0.7 400 0.7 400 0.7 400 0.7 

B 352 1.2 400 1.2 400 1.2 400 1.2 

c 290 2.5 290 2.5 350 2..5 350 l.O 

• Other °.>11'fitions: 1800 psig (12.S mPa) H2 inlet pressure, 2400 scf/B (427 m3/m3) 

IlewaxedDilProoerties I 2SON(l> N 

!tlll .sQB mm. ma EOR 
. VI 

100°C Visr.osity, cSt 7.34. 5.81 5.53 S.47 5.62 

40°C Viscosity, cSt 54.41 34.28 31.26 30.63. 32.08 

VtsCOsity Index 93 Ill 115 115 114 

Pour Point, °C . -18 -18 -16· -18 -19· 

Saturates, wt°A 58.3 100 85.2 91 96.2 

DMSO Screener for 0.30 0.02 0.06 0.10 0.04 
toxirlty(2) 

3700C Yield, wt. on I 100 I · 87 I 81 I 81 I 82 .,, 
ra1linate feed ~ 
(I) 1 93 VI under extracted feed. en 

\0 

(2) l Maximum ultra-violet absorbance at 340 to 350 nm. ~ 
~ -Cl 
CIO 
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TABLE3 

.SOR EOR 
Temp.- LHSV Temp. LHSV 

Reactor CQ (v/v/br) ro (Y/v/hr) 

·A 355 0.7 394 0.7 

B 355 1.2 394 1.2 

c 290 25 290 25 

* Other Conditions: 1800 psig (12.S mPa) H2 inlet pres~ 2400 scf/B (427 m3/m3). 

Dewaxed Oil Properties lOON(l) 
Feed SOR EOR 

100°c Viscosity, cSt 4.35 3.91 3.83 
40°C Viscosity, CSt 22.86 18.23 17~36 

VISCOsity Index 95 108 112 
Pour Point, °C -18 -18 -18 
Saturates, wt°/o 64.6 99 93.3 
DMSO Screener for 0.25 0.01 0.03 
toxicity (2) 
370°C+ Yiel~ wt°/o on 93 80 75 
raffinate feed 

(1) 95 VI under extracted feed. 
(2) Muimnm ul1ra-violet absorbance at 340 to 350 nm. 

EXAMPLE3 

The effect of temperature and pressure on the concentration of 

saturates (dewaxed oil) at const8nt VI is shown in this eXattiple for Processing the 

under exCracted 250N raffinate feed. Dewaxed prOduct satmates equih'lxium plots 

(Figure S) were obtained at 600, ~and 1800 psig (4.24, 8.38 and 12.5 mPa) H2 

preSsme. Process conditions were O. 7 LHSV {reactor A+ B) and 1200 to 2400 

SCF/B (214 to 427 m3/m~. BOth readms A_ and B were operating at the same 

temperature (m 1he range 350 to 41S°C). 
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As can be seen :&om the figure it is not poSSiole to achieve 90 wl°/o 

saturates at 600-psig-(4.14 mPa) hydr()gen partial pressure. While in 1heoiy> one 

· COllld reduce the tempeiature to reach the 90 wt°/o target, the space velocity would be 

impiactically low. The mfoimum pressure to achieve the 90 wt°/o at ~le 

space velocities is about 1000 psig (1.0 mPa). Increasing the pressure increases the 

temperature range which inay be used in the first two reactors (reactor A and B). A 

- practical upper limit to pressure is set by higher cost metallurgy typically used for 

hy~ which the process of the invention can avoiii 

EXAMPLE4 

The catalyst deactivatiOn. profile as reflected by temperature required 

to maintain product quality is shown in this example. Figure 4 is a t;ypical plot of 

isothermal temperature (for reactor A, no reactor B) required to maintain a VI 

increase of 18pointsversus1ime on siream. KF840 catalyst was used for reactors A 

- and C. Over a two year petj.od, reactor A temperatures could increase by about 

Sa°C. This will affect the product satmates content Strategies to offset a decline in 

product saturates as reactor A temperature is increased are $>wJ1 below. 

EXAMPLES 

This example ~ODSllates 1he effect of temperature s1aging between 

the first (reactor A) and second (reactor B) hydroconversion units to achieve the 

dcshed satmates content for a 1400 psig (9.75 mPa) HJ pocess wi1h a 93 VI 

nftinate feed. 
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TABLE4 

Base Temperature 
Reactor Sequence: Case StapdCase 

Reactor T LHSV T LHSV 
cg (v/vtbl ~ (v/v/h) 

·A 390 0.7 390 0.7 
B 390 1.2 350 0.5 
c 290 2.5 290 2.5 

Dewaxed Oil Vucosity Index 114 115 
Dewaxed Oil Saturates, wt% 80 96 

A comparison.of the base case versus the temperatme staged case 

demonstrates the merit of operating reactor B at lower temperature and space 

velocities. The bulk saturates content of the product was restored to the thenno­

dynamic equilibrium at the temperatme of reactor B. 

EXAMPLE6 

The effects of temperature and pressme in the cold hydrofinishing unit 

(reactor C) on toxicity are shown in this example. ·The toxici1f is e~ using a 

dimethyl su1phoxide (DMSO) based screener test developed as a SUJTogate for 1he 

FDA (c) test The screener and the FDA (c) test are bOth based on the ultra-violet 

spectmm of a DMSO extract. lhe maximum absorbance at 345+/-S nm in the 

screener test was shown to C01J'elate well wi1h the maxhmun absorbance between 
. 

300-359 nm in the FDA (c)·test as shoWn in Figme 8. The upper limit of acceptable 

toxicity using 1he screener iest is 0.16 absorbance units. As shown in Figme 6, 

operating at 1800 psig (12. 7 Mpa) versus 1200 psig (8.38 Mpa) hydrogen partial 

pressure al.lows the use of a much broader temperature.range (e.g., 290 to --360°C 

versus a maximum of only about 31S°C when operating at 1200 psig Ha (8.3S Mpa)) 

in the cold hydrofinisherto achieve a non-toxic product. The next example 
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demonstrates that higher satmates, non-to,Pc products can be made when reactor C 

is operated at higher temperature. 

EXAMPLE7 

This example is directed to the use of the cold hydro:finishing (reactor 

C) unit to optimi7.e saturates content of 1he oil product Reactors A and B were 
.. . · ... 

operated at lsOo psig (12 7 mPa) hydrogen p8rtial JlfCSSlire, 2400 scf7.B (427 m3 lm.3) 
treat gas~ 0. 7 and 1.2 LHSV respectively and at a near end-of -nm {EdR) · 

temperature of 400°C on a 92 VI 2SON raffinate feed. The efll:uent from reactors A 

and B ~ins just 85% saturates. Table 5 shows the conditions used in reactor C 

needed to render a product1hat is both higher saturates content and is non-toxic. At 

3S<>°C, reactor C can achieve 90+°.4 saturates even at space velocities of 2.S v/v/hr. 

At lower LHSV, satmates in excess of 95% are achieved. 

TABLES 

RUNS 
Run Number l ~ 1 ~ 

. Tc:mperaturc; °C 290 330 350 350 
LHSV, v/v/hr 2.S 2.S 2.5 1.0 
H2 Pressure, psig 1800 tsoo- 1800 1800. 
Treat Gas Rate, SCF/B 2400 2400 2400 2400 
DWOVI 115 114 115 114 
DWO Samrates, wt°Aa 8S 88 91 96 
DMSO Screener for Toxi~I) 0.06 o.os 0.10 0.04 

(1) Maximum ultra-violet absorbance at 340-350 nm 

Figme 7 fiD1her illusfrates die flexil>le use of reactor C. As shown in 

Figure 7, oj>timization of reaCtor C by controlling temperature and space velocity 

gives Group n basestocks. 

•. ::. .. :'· . .•. :·: .=·-~.: .•. :_ .. i:.:.~~~~-~-.-···. 
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EXAMPLES 

This example demonstrates that feeds in addition to raffinates and 

dewaxed oils can be upgraded to higher quality basestocks. · The upgrading of low 

value foots oil streams is shown in this example. Foots oil is a waxy by-product 

stteam from the production of low oil content finished wax. This material can be 

~d either direcd.y or as a feed bleiidStock with under extracted raffinates or 

dewaxed oils. In the example below (Tabl"' 6), foots oil feeds were upgraded at 650 

psig (4.58 mPa) H2 to demons1Iate their value in die context of1his invention. 

Reactor C was not included in the processing. Two grades of foots oil, a SOON and 

ISON, were used as feeds. 

TABLB6 

Temperature, °C (Reactor A/B) 
. Treat Gas rate (TGR1 Scf1B, (m31m3) 
Hydrogen partial pressure, psig (mPa) 
LHSV, v/v/hr (Reactor A+B) 
wt°A. 3700C - on feed 

3700C+ DWO Jns.pections · . ·. · 
400C '1iscosity, cSt 
lOO°C viscosity, cSt 
VI/Pour Point, °C 
Safmates, wt°A. 

. GCD NOACK, wl°A. 
Dry Wax. wt°A. 

DWO Y'~ wt°At ofFoots Oil Feed 

SOON. 
Feed Product 

354 . 
500(89) 

650(4.58) 
1.0 

0.22 3.12 

. 71.01 48~80 
8.85 1.TI 

97/-15 109/-l'fl> 
73.4 . 82.&<1> 
4.2 8.0 
66.7 67.9 

33.2 31.l 

lSON 
Feed Product 

354 
500(89) 

650(4.58) 
1.0 

1.10 2.00 

25~01 . 17.57 
4.77 4.01 

111/-8 129/-CJ<2> 
79.03 ss.s,<1> 
19.8· . 23.3 .'· 
83.6 83.3 

16.2 lS.9 

Cl> Saturates improvement will be higher at higher hydrogen pressures 
(.2) Excellent blend stock . . . . 
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Table 6 shows that bo1h a desirable basestock with significantly higher 

VI and saturates content and a valuable wax product can be recovered :fro~foots oil. 

Jn general, since wax molecules are neither coilsumed or fonned in 1his process, 

Dlclusion of foots oil mams as feed blends provides a means to recover the valuable 

wax while improving 1he quality of the resultant base oil product 

EXAMPLE9 

This example illustrates the advantage of catalytic trim dewaxing a 

solvent dewaxed hydrotteated raffinate. The trim catalytic dewaxed products, even 

1hough they have lower~ have much better low temperature properties (products 

as defined by lower Brookfield v~) than the conesponding solvent dewaxed 

feed. Trim dewaxing refers to the process of solvent dewaxing followed by catalytic 

dewaxing. 

A :raffinate produet made under the conditions in Table 7 was topped 

at 370°C to give a 370°C+ product which was s01vent dewaxed using MIBK in a 3: 1 

solvent to raffinate product ratio 8nd a fibl:rtemperature of -21°C to make a 

dewaxed oil having the properties shown in Table 8. 
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Process Conditions 

RI Conditions 
Pressure, psig 
TGR, scf/B 
Space Velocify, v/v/h 
Temperatme, °C 

R2 Conditions 
Pressure, psig 
TGR, scf/B 
Space Velocity, v/v/h 
Temperature,°C 

Product Pro_perti.es 
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TABLE7 

TABLES 

1800 {12.4 mPa} 
2500 (445 m3/m3) 
0.7 
375 

1800 
2400 (427m3Jm3) 
2.S 
290 

Vucosity, cSt at lOO°C, 4.182 
V1SCOsity, cSt at 40°C, 20.495 
SUS, cP at lOO°F 107.7 
VI 106 
Pour Point, °C -19 

PCT/US99/03108 

This dewaxed oil was.then catalytically dewaxed over a 0.5 wt°A> Pt 

TON (zeolite)/Pt Silica-alumina ~;75\vt/\vt, zeolite:silica~)miXed powder 

composite catalyst under1he conditions shown in Table 9 and to produce the 

~ after :fiactionation at 37004 shown in. Table 9. 
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TABLE9 

Process Conditions 
Pressure, psig 
TGR, scf7B 
Space Velocity, v/v/h 
Temperature,°C 
Yiel~ wt°A. 

Product Prqpenies 
VJSCOSity, cSt at 100°4 
VtSCOsity, cSt at 40°4 
SUS, cP at 100°F 

. VI 
Pour ;point, °C 

1000 
2500 
1.0 
29S 
67 

4.150 
20.634 
108.4 
101.7 
-33 

1000 
.2500 
1.0 
303 
60 

4.122 
20.441 
107.5 
101.3 
-40 

Brookfield Viscosity, cP at-40°C 32100 · 22900 

PCT/US99/03108 

The dewaxed o~ both feed and products from the catalytic dewaxer 

were fommlated as Automatic Transmission Fluids using a Ford fype ATF ad pack 

(22 wt°A.1reat rate of ATP ad pack. 78 'Wt°A. dewaxed oil) and Brookfield Viscosities 

at-40°C measured. The Brookfield Viscosities for both feed and products are 

shown :in Tables 8 and 9 respectively. 

EXAMPLE IO 

This example illustrates the advantage of catalytic dewaxing a total 

liquid product produced ftom hYdrotieating a nffinate over ihe process descn'bed in 

Example 9. Catalylio dewaxing is shoWn. to give a product with improved VI over 

that obtained by solvent dewaxing at the same pour points. Jn addition, the catalylic 

dewaxed products have mudl better low temperature proper1ies (as defined by lower 

Brookfield Vucosity) than the~ solvent dewaxed product. 

.. 
·· .... {·:::.'.\;'·,,.··: 
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A hydrotreated raffinate product was made llllder the conditions listed 

in Table 10. 

Process Conditions 

Rl Conditions 
Pressure,psig 
TGRsscf7B 
Space Veloci1¥, v/v/h 
Temperatme,°C 

R2 Conditions 
Pressure, psig . 
TGR,scf/B 
Space Velociiy, v/vth 
Temperatme,°C 

TABLE IO 

1800 (12.4 mPa) . 
2400 (427 m31m3) 
0.7 
382. 

1800 
2400 
2.S 
290 

The hydrotreated raffinate total liquid product made under the condi­

tions in Table 10 was topped at 370°C to give a 370°C+ product which was solvent 

dewaxed using MIBK in a 3:1 solvent to nffinate product ratio and a filter tempera­

tme of-21°C to make a dewaxed oil.having the properties shown in Table 11. 

TABLEll 

Product Prcprties 
VJ.SCOSi1y, cSt at 100°C, 3.824 
VJ.SCOSi1y, cStat40°c,·· . .. 17.S · 
SUS, cP at lOO°F 93.5 
VI 109.3 
P01D' Point, °C -19 

Yield on TLP, wl°.4 6S.S 

Brookfield VJ.SCOSi1y, cP at -40°C 26800 
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The total liquid product :from this step was then catalytically dewaxed 

over a O.S wt°A. Pt TON (zeolite)/Pt Silica-alumina (25:7S wt/wt, zeolite:silica­

alumina) mixed powder c<>mposite catalyst under the conditions shown in Table 12 

and to produce the products , after topping at 37004 shown in· Table 11. 

TABLE12 

Process Conditions 
Pressure, psig 1000 . 1000 1000 (7.0 mPa) 
TGR, scD.B 2500 2500 2500 (445m31m3) 
Space Velocity, v/v/h 1.0 1.0 1.0 
Tem.perature,°C 304 306 314 
Yield. wt°A. 48.2 46.3 33~S 

ProduCt Properties 
Viscosity, cSt at 100°C 3.721 3.672 3.593 
VISCOSity, cSt at 40°C 16.511 16.256 15.925 
SUS, cP at lOO°F 89.0 87.8 86.4 
VI 112.6 111 107.0 
Pour Point, °C -20 -23 -39 

Brookfield VJ.SCOSity, at -40°C 13640 12740 10600 

The dewaxed oils, both solvent dewaxed and the products :from the 

catalytic dewaxer, were fonnulated as Automatic Transmission Flu_.ids using a Ford 

type ATF ad pack (22 wt°A. treat rate of ATF ad pack, 78 wt°A. dewaxed oil) and 

Brookfield VlSCOSities at-40°C measured. The Brookfield Viscosities for both feed 

·and products are shown in Tables S and 6 respectively. 

Figure 9 shows the benefit of ca1alytic dewaxing both the DWO and 

to1al liquid prodncts. Comparing1hedata in Examples 9 and 11 (Tables 9 and 12) 

~ a finther benefit for dewaxing a 1LP vs. a DWO in diattbe fonner results in 

products having a higher VI at the same pour point Catalytic dewaxing also 
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improves 1he VI of tbe products from dewaxing a TLP over that obtained by solvent 

dewaxing. 

EXAMPLE11. 

This example :futther illustrates 1he advantage of catalytic dewaxing a 

total liquid produCt versus solvent dewaxing to 1he !J81D.e p<>1JI" point Catalytic 

dewaxing is shown to give a product with improved VI over that obtained by solvent 

dewaxing at 1he same pour points. Jn additi~ the catalytic dewaxed products have 

much better low temperature properties (as defined by lower Brookfield Viscosity) 

than the corresponding solvent dewaxed product 

in Table 10. 

A hydro1reated raffinate product was made under the conditions listed 

Process Conditions 

RI Conditions 
Pressure, psig 
TGR,scf7B , 
Space Velocity, v/v/h 
T~°C· 

R2 Conditions 
Pressure, psig 
TGR,scf/B 
Space Veloci1y, v/v/h 
Temperature,°C 

TABLE13 

1800 (125 mPa) 
2400 (427 m3/m3

) 

0.7 
382 

1800 
2400 
2.5 
290 

The hydro1reated nffinate total liquid product made under the condi­

tions in Table 4 was topped at 370°C to give a 370°C+ product which was solvent 
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dewaxed using MIBK in a 3:1 solvent to ra:ffinate product ratio and a filter tempera­

ture of -21°C to make a dewaxed oil having the properties shown in Table 14. 

TABLE14 

Product Properties 
Viscosi1¥, cSt at lOO°C, 
Viscosity, cSt at 40°C, 
SUS, cP at IOO°F 

. VI 
Pour Point, °C 

Yield on TLP, wl°A, 

Brookfield Viscosity, cP at-40°C 

S.811 
34.383 
177 
110.6 
-21 

64.6 

148200 

The total li,Pd product from 1his step was then ca1alytically dewaxed 

over a 0.5 wt°A Pt TON ( zeolite) I Pt Silica-alumina ( 25:75 wt/wt, 7.e<>lite: silica­

alunrina) mixed powder composite catalyst under 1he conditions shown in Table IS 

·antt to produce the products, after topping at 370°C, shown in Table 11. 

TABLBlS 

ProcesS Conditions 
Pressure, psig 
TGR,scf1B 
Space Velocity, v/v/h 
Temperature, °C . 
Yiehl, wt°A 

Product Properties 
VJSCOsity, cStat lOO°C, 
VJSCOsity, cSt at 40°C, 
SUS, cP at lOO°F 
VI 
Pour Point, °C 

Bmokfield Viscosity, at-40°C 

1000 
2SOO 
1.0 
304 
48.2 

S.309 
28.899 
148.9 
117.6 
-13 

47150 

1000 
2500 
1.0 
306 
46.3 

S.261 
28.552 
147.2 
117.0 
-20 

35650 

1000 
2500 
1.00 
314 
33.S 

5.115 
27.364 
141.2 
116.4 
-18 

38150 
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The dewaxed oils, both solvent ·dewaxed and 1he products from the 

catalytic dewaxer, were formuJated as Automalic Transrrrission Fluids using a Ford 

type ATF ad pack (22 wt»/o treat rate of ATF ad pack. 78 wt»/o dewaxed oil) and 

Brookfield Vtse0sities at-40°C measured. The Brookfield Viscosities for both feed 

and products are shown in Tables 14 and 15 respectively. 

Flgure 10 is a graphical illustration of the results from Example 11. 

· This example also illustrates the benefit of catalytic dewaxing versus solvent 

dewaxing in that the VI of the products fiom catalylic dewaxing are higher than 1hat 

obtained by solvent dewaxing. 
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CLAIMS: I 1111111 111111 11111 1111111 1111 
* C L M S * 

l~ A process for producing a lubricating oil basestock meeting at least . 

90 wt°A saturates by selectively hydroconverting a raffinate produced from solvent 

refining a lubricating oil feedstock which comprises: 

(a) conducting the lubricating oil~ to a solvent extraction zone and 

separating therefrom ali ·aromatics rich extract and a paraffins rich raffinate;· 

(b) sttipping the raffinate of solvent to produce a raffinafe feed having a dewaxed 

oil viscosity index from about 85 to about 105 and a :final boiling point of no 

greater than about 6SOOC; 

(c) passing at least a portion of 1he raffinate feed to a first hydroconversion zone 

and processing the nftinate feed in the JRSellCC of a non-acidic hydro­

conversion catalyst at a temperature offtom 340 to 420°C, a hydrogen pat1ial 

pressure of mm 1000 to 2500 psig, space veloci1¥ of 0.2 to 3.0 LHSV and a 

hydrogen to feed ratio of from SOO to 5000 Scf7B to produce a-:firsthydro­

converted raffinate; 

(d) passing 1he hydroconverted raffinate :from the first hydroconversion zone to a _ . 

second hydroconversion mne and processing the hydroconverted raffinate in · 

the presence of a non-acidic hydroconversion catalyst at a temperature of :from 

340 to 400°C provi~ that the temperature in second hydroconversion is not 

greater than the temperature in die fimt hydroconversion mne, a hydrogen 

partial pressure of :&om 1000 to 2500 psig. a space veloci1;y offtom 0.2 to 3.0 

· LHSV and a hydrogen to feed ratio offi'om SOO to 5000 Scf7B to produce a 

·. second hydroconverted raffinate; 
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(e) passing the second hydroconverted raffinate to a hydroflnishing mne and 

conducting cold hydrofinishing of the second hydroconverted raffinate in the 

presence of a hydrofitrishfug catalyst at a temperature of ftom 260 to 360°C,. a 

hydrogen partial pressure of from 1000 to 2500 psi& a space veloci1y of :from 

0.2 to S LHSV and a hydrogen to feed ratio of from 500 to 5000 Sc:flB to 

. . 

(f) passing the hydroDnisbed raffinate to a sepiration mne to remove products 

having a boiling less than about 2SO°C; and 

(g) passing 1he hydrofinished raffinate from step (t) to a dewaxing zone and 

catalytically dewaxing the hydrofitrished raffinate under ca1alytic dewaxing 

conditions in 1he presence of hydrogen and a catalytic dewaxing catalyst 

comp:rising a metal hydrogenation component and a aystalline 10 or 12 ring 

molecular sieve. 

2. A process for selectively hydroconve:rting a raffinate produced from 

solvent refining a lubrlcatlng oil feedstock which coinprlses: 

(a) . conducting the lubricating oil~ to a solvent extraction zone and 

s~theiefrom an ~cs rich~and apandimsrich~; 

(b) stripping the nflinate of solvent to produce a nffinate feed having a dewaxed 

oil viscosiW index ftom ~-SS fri ~ IOS and a fu.aI boiling point of no · 

greater than about 6SOOC; 

(c):'. passing at least a portion of 1he raffinate feed to a first hydroconversion mne 

and processing the raft'jnate feed in the presence of a non-acidic hydro­

eoilVersion catalyst at a temperature of from 340 to 420"C,. a hydrogen partial 

pressure of from 1000 to 2500 psig. space velocity of 0.2 to 3.0 LHSV and a 
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hydrogen to feed ratio of ftom 500 to 5000 Scf/B to produce a first hydro­

converted nrffinate; 

(d) passing the hydroconverted raffinate from the first hydroconversion zone to a 

second hy~version 7.0De and processing the bydroconverted raffinate in 

the presence of anon-acidic hydroconversion catalyst at a temperature of ftom 

340 to 400°C provided that the temperature in the second hydroconversion is 

not greater 1hantbe temperature m the firsthydroconversion mne, a hydrogen 

partial pressure of from 1000 to 2500 psig, a space veloci1¥ of from 0.2 to 3.0 

LHSV and a hydrogen to feed ratio of mm 500 to 5000 Scf/B to produce a 

second hydroconverted nrffinate; 

( e) passing 1he second hydroconverted raffinate to a hydrofinishing reactlon zone 

and conducting cold hydmfinishing of the second hydroconverted mffinate in · · 

the presence of a hydrofinishing catalyst at a temperature of from 2~ to 360°C, 

a hydrogen partial pressure of from 1000 to 2500 psig, a space veloci1¥ of from 

0.2 to s LHSV and hydrogen to feed ratio of mm 500 to 5000 Scf/B to 

produce a hydrofinished raffinate; 

(f) solvent dewaxing the hydrofinished raffimtte under solvent dewaxing condi­

tio_ns to obtain a dewaxed oil having a pour point less than about 10°C; and· 

(g) caialyticaDy dewaxing 1he solvent dewaxed oil under catalytic dewaxing 

oonctitions in the presence ofhydrogen mid a catalytic dewaxing catalyst 

comprising a metal hydrogenation component and a ciystal1ine 10 or 12 ring 

molecular sieve to produce a dewaxed lubricating oil basestock. 
.. ......... 

3. A process for producing a lubricating oil basestock meeting at least 

90 wt°A. saturates by selectively hydroconverting a raffinate produced from solvent 

refining a lubricating oil feedstock which comprises: 
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(a) condllcting the lubricating oil feedstock to a solvent extraction zone and 

separating therefrom an aromatics rich extract and a paraffins rich ra:ffi.nate; 

(b) stripping the raffinate of solvent to produce a raffinate feed having a dewaxed 

oil viscosiqr index from ~ut 85 to about 105 and a final boiling point of no 

greater than about 6500C; 

(c) passing at least a portion of the raffinate feed to a first hydroconversion zone 

and processing the raffinate feed in 1he presence of a non-acidic hydro­

conversion catalyst at a~ offi'Qm 340 to 42004 a hydrogen partial 

presmre of from 1000 to 2500 psig, space velociqr of 0.2 to 3.0 LHSV and ·a 
hydrogen to feed ratio of from 500 to 5000 Scf7B to produce a :firsthydro­

converted raffinate; 

(d) pas.mg the hydroconverted raffinate from the first hydroconversion zone to a 

second hydroconversion zone~~ the hydroconverted raffinate in 

the presence of a non-acidic hydroconversion ca1alyst at a tempera.tore of from 

340 to 4()()0C provided that~~ in secondhydroconversion is not 
~ . . . 

greater 1han die trmperatlu'e in die first hydroconversion zone, a hydrogen 

partial pressun: of:&om 1000 to 2500 psig, a space~ of :&om 0.2 to 3.0 

. . . ~Vanda hydrogen_ to feed ratio of fi:om soo to sooo Sct7B to produce a 
. . . . ~ -
second hydroconverti:d pffinare; 

(e) passing the second hydroconverted raffimte to a separation mne to remove 

products having a boiling less than about 2S0°C; 
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(t) passing the hydroconvertedraffinate from step (e) to a dewaxing mne and 

catalytically dewaxing th~ hydroconverted raffinate under catalytic dewaxing 

conditions in the presence of hydrogen and a catalytic dewaxing catalyst 

comprising a metal hydrogenation component and a aysta]line 10 or 12 ring 

molecular sieve to.yield a dewaxed hydroconverted raffinate; and 

(g) passing the dewaxed hydroconverted ra:ffinate to a hydrofinishing zone and 

conducting cold hydrofinishing of the dewaxed hydroconverted raffinate in the 

-presence of a hydrofinishing ·catalyst at a tempe.ratme of from 260 to 360°C, a 

hydrogen partial pressure of :from 1000 to 2500 psig, a space velocity of from 

0.2 to S LHSV and a hydrogen to feed ra1io of from 500 to 5000 sct7B to 

produce a lubricating oil basestock. 

4. A process for selectively hydroconverting a raffinate produced :from 

solvent remring a lubrica1ing oil feedstock which comprises: 

(a) conducting the lubricating oil feedstock to a solvent extiaction zone and 

separating the:reftom an aromatics rich extract and a paraffins rich raffinate; 

(b) . stripping 1he raffinate of solvent to proclµce a raftinate feed having a dewaxed 

oil viscosi1¥ index ftom about SS to about 105 and a :final boiling point of no 
greater than about 6SOOC; 

(c) pas.cring at least a portion of the raffinate feed to a first hydroconversion zone 

·· and processing the nffinate feed in the presence of a non-acidic hydro­

conversion catalyst at a 1emperature of mm 340 to 420°4 a hydrogen partial 

pessare of from 1ooO to 2500 psig space vcloci1¥ of 0.2 to 3.0 IBSV and a 
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hydrogen to feed ra1io of ftom 500 to 5000 scf/B to produce a first 

hydroconvcrted nrffinate; 

( d) passing the hydroconverted raffinate ftom the first hydroconversion zone to a 

secondhydroconversion zone and processing the hydroconverted raffinate in 

the presence of a non-acidic hydroconversion catalyst at a temperature of :from 

340 to 400°C provided that j)ie temperature in the second hydroconversion is 

not greater than the temperature in the first hydroconversion zone. a hydrogen 

partial pressure of ftom 1000 to 2500 psig. a space velocit¥ of from 0.2 to 3.0 

LHSV and a hydrogen to feed ratio of :from 500 to 5000 scf/B to produce a 

secondhydroconvertedraffinate; 

(e) solvent dewaxing 1he second.hydroconverted raffinate under solvent dewaxing 

~ons to obtain a dewaxed oil having a pour point less than about lO°C; 

. (f) . catalytically dewaxing the solvent dewaxed oil under ca1alytic dewaxing 

conditions in the presence of hydrogen and a catalytic dewaxing catalyst 

comprising a metal hydrogenation component and a mystalline 10 or 12 ring 

molecular sieve to produce JL catalytically dewaxed oil; and 

(g) passing the catalytically dewaxed oil to a hydrofinishing reaction zone and 

conducting cold hyclrofinisbing of the ·catatytically dewaxed oil in the presence 

of a hydrOfinisbing catalyst lit a temPerature of ftom 260 to 360°C, a hydrogen 

p811ial pressure offtom 1000 to 2SOO psig. a space veloci1¥ of :from 0.2 to 5 

UISV and hydrogen to feed ntio of ftom SOO to 5000 sct1B to produce a 
' ~ ... :.: :: -~ dewaxed lubrlcating oil basestock. 
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5. The process of claims 1 or 2 wherein there is no disengagement 

between the first hydroconversion 7.0lle, the second hydroconversion zone and the 

hydrofinisbing reaction z.one. 

6. The.process of claims 1, _2, 3 U: 4 wherein the non-aci~c hydro­

conversion catalyst is cobalt/molybdenum, nickeVmolybdenum or nickel/tungsten on 

alumina. 

7 ~ ·The process of claims 1, 2, 3 or 4 where.in the hydrogen partial 

pressure in.1he first hydroconversion zone, the second conversion zone or the 

hydrofinishing zone is ftom 1000 to 2000 psig \/.0 to 12.S mPa). 

8. The process of claUns 1, 2, 3 or 4 where.in the non-acidic hydro­

conversion catalyst has an acidiif less tbm about O.S, said acidlly being determined 

by the abiliqr of the r.atalyst to convert 2-m.ethyl-2-pentene to 3-methyl-2-pentene 

and 4-methyl-2-pentene and is expressed as the mole ra1iO of 3-methyl-2-pentene to 

4-methyl-2-pentene. 

9. The process of claims 1, z 3 OJ,' 4 where.in the catalytic dewaxing 

catalyst is azeolite selected :&om ZSM-s,·zsM-11, ZSM-12, theta-1, ZSM-23, 

ZSM-35, ferrierite, ZSM-48, ZSM-S7, be1a, mordenite and offi'e1ite. 

10. The process of claims 1, 2, 3 or 4 wherein the catalytic dewaxing 

catalyst is an aluminum phosphate set~ 1iom SAP0-11, SAP0-31 and SAP0-41. 

. 11. The process of claims 1, 2, 3 or 4 wherein the cata1ytic dewaxing 
. .. 

catalyst is a composite of a crys1a1line molecular sieve and an mnmphous 

component 
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12. The process of claims 1, 2, 3 or 4 wherein the ca1alytic dewaxing 

catalyst is layered catalysteontaining a :first layer of ammpbous component and a 

second layer of ctyStalline molecular sieve. 

13. The process of claims 1, 2, 3 or 4 wherein the me1al hydrogenation 

component of the catalytic dewaxing catalyst is at least one of a Group VI and 

Group vm metal. 

14. The process of claims 1 or 2 wherein the catalytic dewaxing step is 

followed by a cold hydrofurishing Step. 

15. The process of claim 11 wherein the ammphous component of the 

dewaxing catalyst is selected :&om silica-almnina, silica magnesia, halogenated 

alumina, yttrla silica-alumina and mixtures thereo£ 

16. The process of claim 13 wherein the metal hydrogenation 

component is at least one of Pt or Pd. 

17. The process of claiins 2 or 4 whCrein solvent dewaxing comprises 

~the hydrofinisbed raffinate with a chilled solvent to fonn an oil-solvent 

solution mixed with piecipitated wax, separating precipitated wax from the oil­

solvent solutioD, and separating the solvent from the solvent-oil solution thereby· 
fanning a solvent dewaxed oil.· 

·- '' 18 •. 1he process of claim 17wherein1he solvent is at least one of 

propa.ne, butane, methyl ethyl ketone, Diethyl isobutyl ketone; ~z.ene, tolUene and 

xylene • 

. ' . '. :~· . . 


