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HYDROCONVERSION PROCESS FOR 
MAKING LUBRICATING OIL BASESTOCKS 

FIELD OF THE INVENTION 

PCT/US99/03173 

This invention relates to a process for preparing lubricating oil 

basestocks having a high saturates conten~ high viscosity indices and low volatilities. 

BACKGROUND OF THE INVENTION 

It is well known to produce lubrioating oil basestocks ~Y 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 fractions are then optionally deasphalted and solvent extracted to 

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

dewaxed to produce a dewaxed oil which is risual).y hydrofinished to impi:ove 

stability and remove color bodies. 

Solvent refining is a process which selectively isolates components of 

crude oils having desirable properties for lubricant basestocks. Thus the crude oils 

used for solvent refining are "restricted to those whiCh are highly paraffinic 4t nature 

as aromatics tend to have lower viscosity indices (VI), and are therefore le~s 

. desirable in lubricating oil basestocks. Also, certain types of aromatic coin.pounds 

can result in unfavorable toxicity characteristics. Solvent refining can :Produce 

lubricating oil basestocks have a VI of about 95 in good yields. 

Today more severe opeµlting conditions f9r automobile engines have 
. . . . 

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

viscosities) and lower pour points. These improv~ents can only be achieved with 

basestocks of more isoparaffinic character, i.e., those with VI's of 105 or greater. 
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Solvent refining alone cann~t econooucally prodii~ bas~tod.a; having a VI of 105 
. ..· -~- · .. : .;··., .. ·.·~···· ·. '···::·. "· !"·.~·~··.=.·: ·. ·._<:.~.':.: . _:i~·-·.·.~~-;-:~·i·.. : .::~'/·:·. _;.:··.' :~:..=-.'. 

with typical crudes. Nor-d0es solvent refining alone typically produce basestocks 

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

produce high quality lubricating oil basestocks; (1) WBJC is~·tlon and .(2) . 

hydrocracking. Both of the methods involve high capital in~stoients. In some 

locations wax isomerimtion economics can be adversely imp~d when the raw 

stock, slack wax, is highly valued.· Also, the typically. low quality f~edstocks us~d in 

hydrocracking, and the consequent severe conditions require~ to achieve the desired . 

. . viscometric and volatility prop~es can res~t in the fo~on of undeskable (~~c). 
species. These species are formed in sufficient coiicenifatfon that a further 

processiiig step such as extraction is needed to achieve a non-toXic base stock. 

An article by S. Bull and A Mannin entitled "Lube OifManmacture 

by Severe Hydrotrea1ment'~, Proceedings of the tenth Wo~ld Petrolemn Congress,·· ·· 

Volume 4, Developments in LubricatiOn, PD 19(2), pages 221-22.8, describes a· 

process wherein the extraction unit in solvent refining is' replaced by a hydrotreater. .· · 

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

and high VI oil by hydrotreating a narrow cut lube fee~tock. .The hydrotrea~g step 

involves a single hydrotreating zone. .U.S. Patent 3, 732,-~54 discl~ses hydro~sbing 

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

:titili;~g step is derived :from a hi!hly aromatic so~ ~h. as ~ .. naphth~c 
·distillate. U.S. Patent 4,627,908 relates to a proce~s f~ ~proving the bU1k oxidation 

stability and storage stability of lube ~il basestocks derived from hydri>cracked bri~t. 

stock. The process involves hydrodenitrification of a hydrocracked bright stock 

followed by hydrofinishing. 
' :_. ·. 

U.S. Patent 4,636,299 diScl~ses a process far reducing the pom point. 
of a feedstock containillg nitrogen and sulfur.:Contafuing c'ompolUlds wheiefu th~; .. ' -
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feedstock is solvent extracted with N-methyl-2-pyrrolidone to produce a ra:flinate, 

the raffinate is hydrotreated to convert the nitrogen and sulfur containing compmmds 

to ammonia and hydrogen sulfide, stripped of ammonia and hydrogen sulfide and 

stripped eftluent cat dewaxed. 

It would be desirable to supplement the conventional solvent refining 

process so as to produce high VI, .low volatility oils which have excellent toxicity, 

oxidative and thermal stability, :fuel economy and cold start properties without 

incurring any significant yield debit which process requires much lower inv~stment 

· · costs than competing technologies such as hydrocracking. 

SUMMARY OF THE INVENTION 

This invention relates to a process for producing a lubricating oil 

basestock meeting at least 90°/o saturates by selectively hydroconverting a raffinate 

produced from solvent refining a lubricating oil feedstock which comprises: 

(a) conducting the lubricating oil feedstock to a solvent extraction z.one and 

separating 1herefrom an aromatics rich extract and ~ Para:81115 rich raffinate; 

(b) solvent dewaxiJ:ig the raffinate lD).(ler solvent dewaxing conditions to. obtain a 

dewaxed oil feed; 

. . 
( c) passing the dewaxed oil feed to a first hydrQconversion zone and processing 

the dewaxed oil feed in the presence of a non-acidic hydroconversion catalyst 

at a temperature of from 340 to 4200C, 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 ftom 500 to 5000 Scf1.B to produce a first hydroconverted dewaxed oil; 
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( d) passing the hydroconveited dewaXed oil from the ':first hydrOconversion zone tc> 

a second hydroconVersion zone mid processing ih.Chydll>Ccmverted dewaxed 

oil in the presence of a non-acidic hydroconversion ca~yst at a temperature of 

from 340 to 400°C provided that the temperature m second hydfoconversfori is 
not greater than the temperature in die first hydroconversion zone, a hydrogen 

partial presslire of from loOO to 2500 psi& asl>ace velocify of from 0.2 to 3.0 

LHSV and a hydrogen to feed ratio of from SOO to 5000,.Sct7B to_ produce a 

second hydroconverted dewaxed oil; ·· 

( e) ·passing the second hydroconverted dewaxed oil to a hydro:finishing .zone and 
. . . . . . . .: . . . . 

conducting cold hydrofinishing of the second hydroconverted dewaxed oil in 

the presence of a hydrofinishing catalyst at a temperaturepf :from 260 t~ 360°C., . 

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

0.2 to 5 LHSV and a hydr~gen .~feed ratj.o offrQJD. 50() to 5000 Scf/B to 

produ~ a hydro:finished ~ed oil; 

(f) passing the hydrofinished dewa"-ed ·oil to a separation zone to remove products 

having a boiling less than about 250°C; and 

(g) passing the hydrofinished dewaxed oil :from step (f) ~ a dewaxing zone. and 

catalytically de\vaxing the hydrofinished dewaxed oil under catalytic dew.axing 
. . . . . . . . . .· . 

conditions in the presence. ofliYdrogen and~ ~~yti~ d~ c~yst . ' 

comprismg a metal hydrOgenation component ~d a aystalline 10 0r 12 ring 

mol~sieve. 

In another embodiment,.tbis invention relates to a prQcess for 

producing a lubricatlng· oil basestock meeting at least 90% satunites by selectively 

hydroconverting a raffinate produced from solvent refining a lubricating oil . 

feedstock which comprises: 

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

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

(b) solvent dewaxing the raffinate Wlder solvent dewaxing conditions to obtain a 

dewaxed oil feed; 

( c) passing the de~ed oil feed to a first hydroconversion mne and processing 
. . .. -

. . . 

the dewaxed oil feed in the presence of a no~-acidic hydroconversi~n catalyst 

at a temperature of from 340 to 4200C, 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 Scf7B to produce a first hydroconverted dewaxed oil; 

. . . 
( d) passing the hydroconverted dewaxed oil from the :first hydroconversion zone to 

a second hydroconversion zone and processing the hydroconverted dewaxed 

oil in the presence of a non-acidic hydroconversion catalyst at a temperature of 

from 340 to 400°C provided that the temperature in second hydroconversion 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 ratlo of from 500 to 5000 Scf/B to produce a 

second hydl'oconverted dewaxed oil; 

(e) passing the second hydroconverted dewaxed oil to a separation zone to ~ove 

pro<lucts having a boiling less than about 250°C; 

(f) passing the stripped second hydroconverted dewaxed oil from step ( e) to a 

dewaxing zone and catalytically dewaxing the stripped second hydroconverted 

dewaxed oil under catalytic dewaxing conditions in.the presence of hydrogen 

and a catalytic dewaxing catalyst comprising a metal hydrogenation component 
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and a crystalline 10 or 12 ring molecular sieve to produce a catalytically 

dewaxed oil; and ·· · · ·· · 

.. : . 

(g) passing the catalytically dewaxed oil to a hydro:finishing zone and conducting 

cold hydrofinishing of the catalytically dewaxed oil in the presence of a 

hydrofinishing catalyst at a temperature 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 ~~a hy~og~ to feed·~~ ~ffto~ sci().: u; :~ooo:Scfm.· 

The proeess accotili~g to.the ht~on p~~d~s in go~d,yi~l<J!;.~ 
. : ; . ; : . . . ·. .. : :' : . .. ·. -. . . :· . . .·:·· . ; ... :: .:·. .: . ' ' . . . . . . . ~ 

basestock which 4as VI and volatility properties meeting :future industry engine oil 

standards while achieving good oxidatl~n stabmty.··~ld··· fuel ~~ono~,' ~d 
thermal stability properti.~s. In additio~ toxicity te~ts. $ow that tJie b~estock .has. .· 

• • • • •• • ...... •• ••• • • • • •• •• • • • • • • • • • •• • •y•, ••••• ~ ':··. ••• .... • • - • : •• • - • - • 

excellent toxicological properties as measured by tests. such as the FDA( c) test. 
,. ·.. .. . .·· . :·-. ··•. ...· . . · .. '•. ' .. :·· : 

:-··. ··:· ·.- .. · 

BRIEF DESCRIPTION OF THE DRAWINGS 

- :· 

Figure 1 is a plot ofNOACK volatility vs. viscosity for a lOON 

base~tock. 

Figure 2 is a schematic flow diagram of the hydroeonversion process. 

Figure 3 is a graph showing VI HOP~· c~version at different · 

pressures. 

Figure 4 is a graph showing temperatme in the first hydroconversion 

zone as a function of days on oil at a fixed pressure. 

111111! 
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Figure 5 is a graph showing saturates concentration as a :function of 

reactor temperatme for a fixed VI product 

Figure 6 is a graph showing toxicity as a :function of temperature and 

pressme in the cold hydrofinishing step. 

Figure 7 is a graph showing control of saturates concentration by 

varying conditions in the cold hydrofinishing step. 

Figure 8 is a graph showing the comlatiori between the DMSO 
. . 

screener test and the FDA ( c) test 

Figure 9 is a graph showing the catalytic dewaxing of dewaxed oil and 

total liquid products. 

Figure 10 is a graph showing the comparison catalytic dewaxing a 

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

DETAILED DESCRIPTION OF THE INVENTION 

The solvent refining of select CI"U4e oils to pro~e lu~cating oil 

basestocks typically involves atmospheric distillation, vacuum distillation, 

exiraction, dewaxing and hydrofinishing. Because basestocks having a hi8h 
isopara:ffin content are characterized by having good viscosity index (VI) properties 

and suitable low temperature properties, the crude oils 1Jsed in the solvent refining 

process are typically paraffinic crudes. One method of classifying lubricating oil 

basestocks is that used by 1he American Petroleum. Institute (API). API Group Il 

basestocks have a saturates content of 90 wt.°/o or greater» a sulfur content of not 

more than 0.03 wl°/o and a viscosity index (VI) greater than 80 but less than 120. 
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API Group ill basestocks are the same as Group Il basestocks except that the VI is 

greater than or equal to 120. · · ·· 

Generally, the high boiling petrolaw fractions from atmospheric 

distillation are sent to a vacuum distillation unit, and the disii:natiollfracti.ons from 

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

de~halted is sent to other processing. Other fee~ ·1o sol'Vfmt. extra¢on 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 paridlinic components in a. 

raffinate phase. Naphthenes are distnouted between the extract and raffuiate phases. 

Typical solvents for solvent extraction include phenol, :furfural and N-methyl 

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

method of contacting distillate to be extracted with solvent, one·can control the 

degree of separation between the extract and ndTinate phases. 

In recent years, solvent ex.traction has been replaced by hydrocracking 

~ a means for producing high VI basestocks in some refineries. The hydro~king 

process u~ low quality feeds such as feed distillate from the vacuum.dis~tion 

unit or other ~ery streams such as~ gas oils and coker gas oils. The· 

catalysts used in hydrocracking are typically Sulfides of Ni, Mo, Co and W Oii an 

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

as :fluorine. Some hydrocracking catalysts also contain highly acidic zeolites. The 

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

dea1kylation of aromatics rings, ring opening straight chain and ·side-chain cracking, 

and wax isomeriz.ation depending on operating conditions. In view of these reac­

tions, separation of the aromatics rich phase that occms in solvent extraction is an 

Wlllecessary step since hydrocracking reduces aromatics content to very low levels. 

. '1 I 
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By way of contras~ the process of the present invention utilizes a 

three step hydroconversion of 1he solvent dewaxed oil produced ftom the raffinate 

ftom the solvent extraction unit under conditions which minimi7.es hydrocracking 

and passing waxy components remaining in the dewaxed oil through the process 

without wax isomerization. Thus, dewaxed oil (DWO) and low value foots oil 

streams can be added to the raflinate feed to the solvent dewaxer whereby hard 

waxes are removed from 1he solvent dewaxer. and the ~sidual wax molecules in the 

solvent dewaxed oil pass unconverted through the hydroconvemon process. 

Removing hard wax from the raffinate feed to the hydroconversion units lessens the . 

load on the hydroconversion units and preserves the wax as a valuable by-product. 

Moreover, unlike hydrocracking. the present hydroconversion process takes place 

without disengagemen~ i.e., without any intervening steps involving gas/liquid 

products separations. The product of the subject three step process has a saturates 

content greater than 90 wt°/o, preferably greater 1han 95 wt°/o. Thus product quality 

is simiJar to that obt.ained from hydrocracking without the high temperatures and 

pressures required by hydrocracking which results in a much greater investment 

expense. 

The :mffinate from the solvent extraction is preferably under-extracted, 

i.e., the extraction is cmied out under conditions such 1hat the"ra.flinate yield is 

maximiz.ed while Still removing most of the lowest quality molecules from the feed. 

Raffinate yield may be maximiz.ed by controlling extraction conditions, for example, 

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

The raffinate from 1he solvent extraction unit is solvent dewaxed Under solvent 

dewaxing conditions to remove hard waxes ftom the rnffinate from the solvent 

extraction unit 
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Solvent dewaxing typically involves mixing the raffinate feed from the 

solvent extraction unit with chilled dewaxing solvent to form an oil-solvent solution 

and precipitated wax is thereafter separated by, for example :filtration. The tempera-: · 
ture and solvent are selected so that the oil is dissolved by the chilled solvent while · 

the wax is precipitated .:'•. 

A particularly suitable solvent de~ process involves the rise of a 

cooling tower where solvent is prechilled and added incrementally at several pomts 
. . .. 

along the height of the cooling tower. The oil-solvent mixture is agitated duritig the 

- chilling step to penmt substantially Instantaneous miXin.g of 1he prechilled solv~t 

with the oil. The prechilled solvent is added incrementally along the length of the 

cooling tower so as to maintain an average chilling rate at or below 1 O°F/minute, 

usually between about 1 to about S°Flminute. The final temperature of the oil­

solvent/precipitated wax mixture in the cooling tower will usually be between 0 and 

SO°F (-17.8 to 10°C). The mixture may then be sent to a scraped surface chiller to 

separate precipitated wax from the mixture. 

In general, the amount of solvent added will be sufficient to provide a 

liquid/solid weight ratio between the range of 5/1 and 20/l at the dewaxing tempera­

ture and a solvent/oil volmne ratio between I.Sil to 5/1. The solvent dewaxed oil is 

typically dewaxed to an intermediate pour point, prefel'ably less than about+ 10°C. _ 

Representative dewaxing solvents are aliphatic ketones having 3-6 

carbon atoms such as methyl ethyl ketone and methyl isobutyl ketone, low molecular 

weight hydrocarbons_such as propane and butane, and mixtures thereof. The 

solvents may be mixed with other solvents such as bemenc; toluene or xylene. 

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

Patents 3, 773,650 and 3, 775,288 which are incorporated herein in their entirety. 

!! 
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The dewaxed oil feed is then sent to a first hydroconversion unit 

containing a hydroconversion catalyst This dewaxed oil feed has a viscosity index 

of from about 85 to about 105 and a boiling range not to exceed about 650°C, prefer­

ably less 1han 600°C, as determined by AS1M 2887 and a viscosity of from 3 to 15 

cSt at 1 OO°C. 

Hydroconversion catalysts are those containing Group VIB metal~ 

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

VIlI metals, i.e., iron, cobalt and nickel and mixtures thereof. These metals or 

mixtures of mCtals are typically present as oxides or sulfides on refra.ctoiy metal 

oxide supports. 

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

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

of2-methyl-2-pentene as descnDed by Kramer and Mc Vicker, J. Catalysis, 92, 

355(1985). In this scale of acidity, 2-methyl-2-pentene is subjected to th~ catalyst to 

be evaluated at a fixed temperature, typically 200°C. In the presence of catalyst 

sites, 2-methyl-2-pentene forms a carbenium ion. The isomeriz.ation pathway of the 

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

acidic sites form 4-methyl-2-pentene where~ strongly acidic sites result in a skeletal · 

reauangement to 3-me1hyl-2-pentene with very strongly acid sites forming 2,3-

dim.ethyl-2-butene. The mole ratio of 3-methyl-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 near 0.0 whereas veiy strongly acidic sites 

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

acidity values of less than about 0.5, preferably less than about 0.3. The acidity of 

metal oxide supports can be controlled by adding promoters and/or dopants, or by 

controlling the nature of the me1al oxide support, e.g., by controlling the amount of 

silica incorporated into a silica-alumina support. Examples of promoters and/or 
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dopants include halogen, especially fluorine, phosphorus, bor~ yttrla, rare-earth 

ox.ides and magnesia. Promoters such as halogens generally increas~ the acidity of 

metal oxide supports while mildly basic dopants such as yttria or magnesia tend fo 

decrease the acidity of such supports. 

Suitable metal oxide supports include low acidic oxides _such as silica, 

alwnina or ti.tania,, preferably abµnina. Preferred B.tm,ninas are porous almninas such 
.. .· .. . . 

as gamma or eta having average po~ sizes from 50 to 200.A, preferably 75 to 150.A, a 

swface area from 100 to 300 m2/g, preferably-150 to 250 m2/g and a pore volume of 

from 0.25 to 1.0 cm.3/g, preferably 0.35 to 0.8 cm.3/g. The.supporis ~ p~ferablynot 
promoted with a halogen such as fluorine as this generally increases the acidity of . 

the support above 0.5. 

Preferred metal catalysts include cobalt/molybdenum (1-5% Co as 

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

oxide) or nickeJ/tungsten (1-5% Ni as oxide, 10-30% Was oxide) on alumina. 

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

Hydroconversion conditions in the first hydroconversio~ unit include 

a temperature of from 340 to 4200C, preferably 350 t() 40<>°C, a hydrogen partial 

pressure of from 1000 to 2500 psig (7.0 to 17.3 mPa), preferably 1000 to 2000· psig . . . 

· (7.0 to 13.9 mPa), a space velocity of from 0.2 to 3.0 LHSV, preferably 0.3 to 1.0 · 

LHSV, and a hydrogen to feed ratio of from 500 to 5000 Scf/B (89 to 890 m3 /m3
), 

preferably 2000 to 4000 Sctra (356 to 712 m3/m3). 

The hydroconverted dewaxed oil froin the first hydroconversion unit 

is conducted to a second hydroconversion unit The hydroconverted dewaxed oil is 

preferably passed tbroUgh a heat exchanger located between the first and second 

hydroconversion units so 1hat 1he second hydroconversion unit can be nm at cooler 

11 
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temperatmes, if desired. Temperatures in the second hydroconversion 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 38S°C, a hydrogen partial pressure offtom 1000 to 2500 psig (7.0 to i7.3 

Mpa), preferably 1000 to 2000 psig (7.0 to 13.9 Mpa), a space velocity of from 0.2 

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

to 5000 Scf/B (89 to-890 m31m.3), preferably 2000 to 4000 Scf/B {356 to 712 m3 /m3
). 

The catalyst in the second Jiydroconversion unit can be the same as in the first 

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

The hydroconverted dewaxed oil from the second hydroconversion 

unit may then conducted to a cold hydro:finishing unit Alternatively, cold·hydro­

:finishing may be deferred until after the catalytic dewaxing step. A heat exchanger 

is preferably located between these units. Reaction conditions in the hydrofinishing 

unit are mild and include a temperature of :from 260 to 360°C, preferably 290 to 

3500C, more preferably 290 to 330°C, a hydrogen partial pressure of from 1000 to 

2500 psig (7.0 to 17.3 mPa), preferably 1000 to 2000 psig (7.0 to 13.9 mPa), a space 

velocity of from 0.2 to S.O LHSV, preferably 0.7 to 3.0 LHSV, and a hydrogen to 

feed ratio of:from 500 to 5000 SCF/B (89 to 890 m3/m.3), preferably 2000 to 4000 

Scf7B (356 to 712 m3 /m3
). The catalyst in the cold hydrofinishing unit may be the · 

same as in the :first hydroconversion unit However, m:ore acidic catalyst supports 

such as silica-ahunina, zirconia and the like may be used.in die cold hydrofinishing 

unit 

In order to prepare a finished basestock, the hydrofinished oil from the 

hydrofinishing unit is conducted to a separator, e.g., a vacuum stripper (or fi:actiona­

tion) to separate out low boiling products if the separator is followed by a catalytic 

dewaxing step. Such products may include hydrogen sulfide and ammonia formed 

in the first two reactors. If desired, a stripper may be situated between the second 



-----------------~~----------------------------

WO 99145084 PCTiuS99l03 J 73 

- '14-

hydroconversion unit and the hydro:finishing unit, but this is not essential to iiroduce· 

basestocks-according to the invention 
: .. ·.,· 

The hydrofinished dewax~d oil separated frOm the. separator i~ then. 

conducted to a dewaxing unit. Catalytic dewUuig, sol~t dew~g or a cornbina-

1ion may accomplish dewaxing thereo£ · 

The catalysts useful in the catalyti~-dewaxing step incl~d~ cry~talline--

10 and 12 ring molecular_sieves and a metal hy~gtiJa~o~ compon~t. Ciys~e 
molecular sieye~ mclude alumino silicates and aluminum phosphates .. ~pies of­

Cl)'Stalline alumino silicates inc;:lude ~~lites such as ZSM-5, ZSM-11, ZSM-12, 

theta-1 (ZSM-22), ZSM-23, ZSM-35, ferrierite, ZSM-38, ZSM-48, ZSM-57, beta,: -

mordenite and offretite. Examples of aystalline al~ phosphates include 

SAP0-11, SAP0-41, SAP0-31, MAP0-11 and MAP0-31. Preferred molecri.lar -

sieves include ZSM-5, theta~ 1, ZSM-23, fenierite and SAP0-1 l. 

The dewaxing catalyst may also contain an amoiphous component 

The acidity of the amorphous component is preferablyfrom. 0.3 to-2~5, preferably -

0.5 to 2.0 on the Kramer/Mc Vicker acidity scale described above. Examples of 

amorphous materials include silica-allJmina, halogenated alumina, acidic clays, 

silica-magnesia, ~a silica-alumina and the like. Especially preferred is silica­

alumina. 

If the dewaxing catalyst contains an amoiphous component, the 

crystalline molecular sieve/metal hydrogenation com.ponent/ammphous component. · 

may be composited together. The hydrogenation metal can be deposited on each 

component separately or can be deposited on the composited catalyst. In the alterna­

tive, the ciystalline molecular sieve and amorphous component can be in a layered 

configuration. Preferably, the top layer in the reaction vessel is the amorphous 

: I 
; i 
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component and the lower layer is the crystalline molecular sieve, although the 

configuration can be reversed with the top layer as the molecular sieve and the 

bottom layer as 1he amorphous component. In the layered configuration, the 

hydrogenation me1al should be deposited on both the molecular sieve and the 

amorphous component 

The metal hydrogenation component of the dewaxing catalyst may be 

at least one metal from the Gro'ilp VIB and Group VIlI of the Periodic Table 

(published by Sargent-Welch Scientific Company); Preferred metals are Group VIlI 

noble metals, especially palladium and platinum. 

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

catalyst, from 5 to 95 wt°/o of ciystalline molecular sieve, from 0 to 90 w1:°/o of 

amoiphous component and from 0.1 to. 30 wt°/o of metal hydrogenation component 

with the balance being matrix material. 

The dewaxing catalyst may also include a matrix or binder which is a 

material resistant to process conditions and which is substantially non-catalytic 

under reaction conditions. Matrix materials may be synthetic or naturally occurr.ing 

materials such as clays, silica and metal oxides. Matrix materials which are metal 

oxides include single oxides such as alumina, binaly_ compositions such as silica­

m8gnesia and temmy compositions such as silica-alumllia-zirconia .. 

Process conditions in the catalytic dewaxing zone include a tempera­

ture of :from 240 to 420°C, preferably 270 to 400°C, a hydrogen partial pressure of 

from 3.45 to 34.5 mPa (500 to 5000 psi), preferably 5.52 to 20.7 mPa, a liquid 

hourly space veloci1¥ of:from 0.1 to 10 v/v/hr, preferably 0.5 to 3.0, and a hydrogen 

circulation rate of :from 89 to 1780 m3 /m.3 (500 to 10000 sc:t7B), preferably 178 to 

890m3/m3
• 
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. _.;;_· .. :· .. ·•··. ·' ;.:.d: _,· .. 

The final catalytic dewaxiiig step_ may~ followed by a second cold . 

hydrofinisbing step under the cold hydrOfinishing conditions desciibedabOve: thi_s 

second cold hydro:finishing step would be used in those.~ces where· needed to··· · 

meet product quality requirements such as color or light stability.·· 

. . In an alternative embodiment, hydroeonvertCd _dewax~d oil from th~ 
second hydroconversion unit ~s conducted to a separator to separat~low boiling ··· ·• 

. . 

components such as ammonia and hydrogen sulfide. The stripped hydroconverted 

dewaxed oil is then sent to a catalytic dewaxing unit and catalytically dewaxed· under . . . . 

the conditions set forth above. The catalytlcally dewaxed oil from catalytic dewax-

ing can then be cold hydrofinished 8s described above~ 
: .. · 

The lubricating oil basestock produced by.the process according· tO the 
. . .. · 

invention is characterized by the following properties: viscosity index of at least 

about 100, preferably at least 105 and saturates of at least 900/o, preferably at least 

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

dewaxed oil feedstock of at least about 3 wt°/o, preferably at least about 5 wl°/o, at 

the same viscosity within the range 3.5 to 6.S cSt viscosity at 100°C, pour point of·. 

-1S°C or lower, and a low toxicity as determined by IP346 or phase 1 of FDA (c). 

IP346 is a me~ of polycyclic aromatic ~unds. Many of these.·c~pollllds 

are carcinogens or suspected carcinogens, especially_ those. with se>-Catl~dbay·regfons 

[see Accounts Chem. Res . .!L 332(1984) for further details]. The present process 

rediices 1hese 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 :from Figure 1, NOACK volatility is related to VI for 

any given basestock:. The relationship shown in Figure 1 is for a light basestock 
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(about lOON). If the goal is to meet a 22 wt°/o NOACK volatility for a lOON oil, 

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

5 to 500/o off by GCD at 600C. Vola1ility improvements can be achieved with lower 

VI product by decreasing the cut width. In the limit set by zero cut width, one can 

meet 22% NOACK volatility at a VI of about 100. However, this approach, using 

distillation alone, incms significant yield debits. 

- . 
Hydrocracking is also capable of producing high VI, and consequently 

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

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

wax isomeriz.ation 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 mvention is further illustrated by Figure 2. The 

feed 8 to vacumn pipestill 10 is typically an attnospheric reduced erode.from an 

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

(medium) and 16 (heavy) may be sent tO solvent extraction unit 30 via line 18. 

These distillate cuts may range from about 200'C to about 650°C. The bottoms from 
. . 

vacuum pipestill 10 may be sent through line 22 to a coker, a visbreaker or a 

deasphalting extraction unit 20 where the bottOms are contacted with a deasphalting 

solvent such as propane, bu1ane or pentane. The deasphalted oil may be combined 

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

deasphalted oil has a boiling point no greater than about 6500C or is preferably sent · 

on for :further processing through line 24. The bottoms from dCasphalter 20 can be 

sent to a visbreaker or used for asphalt production. Other refinery streams may also 

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

feedstock criteria described previously for raffinate feedstock. 
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In extraction unit 30, the distillate cuts are solvent extfacted with · 

N-methyl pyrrolidone and the extraction unit is preferably operated in countercWTent ' 

mode. The solvent-to-oil ratio, extraction temperature and percent water in the: 

solvent are used to control the degree of extractioll, i.e., sep8ration iilto a panl:fims 

rich raffinate and an aromatics rich extract The present Process permits the extrac­

tion unit to operate to 8!1 ''under extraction" mode, i.e~, a greater 8m:Ollllt of aromatics 

in the paraffins rich ~te phase. The aromatics.rlch~extract phase is sent_ for 

further processing through line 32. The raffinate phase is conducted through lille 34 

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

and stripped ra:ffinate is conducted through line 39 to solvent dewaxing unit 40 . 

. •: ' 

Solvent dewaxing unit 40 is a cooling tower wherein chilled solvent is 

added at several points along the height of the unit 40 through line 41. Precipitated 

wax is removed through line 45 while dewaxed oil is sent to first hydroconversion 

unit 42 through line 43. 

The first hydroconversion unit 42 contains KF-840 catalyst which is 

nickel/molybdenum on an alumina support and available from Akzo ~obel. 

Hydrogen is 8:'1mitted to unit or reactor ~2 through line 44. Gas chromatographic 

comparisons of the hydrocon~ ~ed oil indica~ that aJmost no wax 

- isomeriz.ati~ is taking pla&?C. While not wishing to be bound to any particular 
. . . 

themy since the precise mechanism for the VI increase which occurs· in this stage is. · ·· 

not known wi1h certainty, it is known that heteroatoms .are.being removed,-aromatic 

rings are being satmated and naphthene rin~, particularlf multi-ring naphthenes, are 

selectively eliminated. 

Hydroconverted dewaxed oil :from hydroconversion unit 42 is 

conducted through line 46 to heat exchallger 48 where the hydiuconverted dewaxed 

l 
j 
l 
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oil stream may be cooled if desired. The cooled hydroconverted dewaxed oil stream 

is conducted through line 50 to a second hydroconversion unit 52. Addi1ional 

hydrogen, if needed, is added through line 53. This second hydroconversion unit is 

operated at a lower temperature (when required to adjust product quality) than the 

first hydroconversion unit 42. While not wishing to bound to any theory, it is 

believed that the capability to operate the second unit 52 at lower temperature shifts 

the equilibrium eonversion between saturated species and other unsaturated hydro-
. . 

carbon species back towards increased saturates concentration. In tlris way, the 

concentration of saturates can be maintained at greater than 90 wt°/o by appropriately 

controlling the combination of temperature and space velocity in second hydro­

conversion unit 52. 

Hydroconverted dewaxed oil from unit 52 is conducted through line 

54 to a second heater exchanger 56. Alternatively, hydroconverted dewaxed oil 

from unit 52 can be sent directly through line 55 to separator 68. After additional 

heat is removed through heat exchanger 56:. cooled hydroconverted dewaxed oil is 

conducted through line 58 to cold hydrofinisbing unit 60. Temperatures in the 

hydrofinishing unit 60 are more mild than those ofhydroconversion units 42 and 52. 

Temperature and space velocity in cold hydrofinishing 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 concentration of poly­

nuclear aromatics to very low levels. 

Hydrofinished dewaxed oil is then conducted through line 64 to 

separator 68. Light liquid products and gases are separated and removed through 

line 72. The remaining hydrofinished dewaxed oil is condu~d through line 70 to 

catalytic d.ewaxing unit 74. Catalytic dewaxing involves selective hydrocracking 

with or wi1hout hydroisomerimtion as a means to create low pour point lubricant 

basestocks. Finished lubricant basestock is removed through line 76. If hydro-
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converted .raffinate from unit 52 is sent directly to separatOr 68 .. through line 55, then ·. 

basestock removed through line 76 can be sent to cold hydrofiDishing (not shown). 
-~· . · .. ,·; · ... 

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

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

sum of all saturated. rings, paraffins and isoparaffins. In the present raffinate hydro­

conversion process, under-extracted (e.g., 92 VI) light and medimn ra.ffigates ··· 

including isoparaffins, n-paraffins, naphthenes and aromatics having from I to about 

6 rings are processed over a non-acidic catalyst which prlinarily operates to (a) ... · 

hydrogenate aromatic rings to naphthenes and ~) con~ ring comprnmds to leave 

isoparaffins in the lubes boiling range by either deaJkylation o~ by ring opening of 

naphthenes. The catalyst is not an isomeriz.ation catalyst and therefore leaves 

paraffinic species in the feed largely unaffected. High melting paraffins and 

isoparaffins are removed by a subsequent dewaxing step. Thus other than residual 

wax the saturates content of a dewaxed oil product is •:function of the irreversible 

conversion of rings to isoparaffins and the reversible formation of naphthenes from 

aromatic species. 

To achieve a basestock viscosity index t8:£get, e.g., 110 VI, for a fixed 

catalyst charge and feed rates, hydroconversion reactor temperature is the primacy 

driver. Temperature sets the conversion (arbi1rarily ~easured here as the conversion 
. . 

to 370°C-) which is nearly linearly related to the VI increase, irrespective of 

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

For a fixed pressure, the saturates content of the product depends on the conversion, 

ie., the VI achieved, and the temperature required to achieve conversion. At start of 

nm on a typical feed, the temperature required to achieve the target VI may be only 

350°C and the corresponding saturates of the dewaxed oil will normally be in excess 

of 90 wt>/o, for processes operating at or above 1000 psig (7.0 mPa) H2• However, 

the catalyst deactivates with time such that the temperature required to achieve the 

11111 
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same conversion (and the same VI) must be increased. Over a 2 year period, the 

temperature may increase by 25 to 50° C depending on the catalyst, feed and 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 3500 C, the saturates associated with the ring species left in the product are 

determined only by the reactor temperature, i.e., the naphthene population reaches 

the equilibrium. value for that temperature. 

Thus as the reactor temperature increases from about 350°C, saturates 

will decline along a sinooth cmve defining a product of fixed VI. Figure S shows 

three typical cmves for a fixed product of 112 VI derived from a 92 VI feed by 

operating at a fixed conversion. Saturates are higher for a higher pressure process in 

accord with simple equilibrium considerations. Each curve shows saturates falling 

steadily with temperatures increasing above 350°C. At 600 psig (4.24 mPa) H2, the 

process is incapable of simultaneously meeting the VI target and the required 

saturates (9o+ wt°/o). The projected temperature needed to achieve 9o+ wt°/o 

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

with the preferred catalyst for this process at any reasonable feed rate/catalyst 

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

achieve· 90 wt°/o satmates and the target VI. 

An important aspect of the invention is that a temperature staging · 

strategy can be applied to maintain saturates at 9o+ wt°/o for process pressures of 

1000 psig (7.0 mPa) H2 or abOve without disengagement of sorir gas and without the 

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, saturates and toxicity 
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using a cascading temperature profile over 3' reactors ~th.out the. experisive msertion.··-·· 

of stripping, recompression and hydrogenation steps. API Group ·n and Illba8e.,; 

stocks (API Publication 1509) cm be P-oduced m ~ sfu8te stage, temperature .· 

controlled process: .' •: 

Toxicity of the basestock is aqjusted m the cold hydrofini~g step. 

For a given target yi, the toxicity may be adjusted by controfiin.g 'the temperature · · 
and pressure. 'This is illustrated in Figure 6 which sho:Ws ~t-higber'pressufe:s· 
allows a greater temperature range to correct toxicify. 

The invention is further illustrated by the followUig iion-lilnitirig 

examples. 

EXAMPLE 1 
· .. . ·: .; 

This examples~ ~Qtions of eac~ reactor A, B .~d.C. · 
.·· ·. • '· .· - .·• 'r :··· ., . • ....... •.. . ' - ' .. 

Reactors A and B affect VI though,A ~ controlling. ~h reac.tor ~~ contribute to . · -

saturates, but Reacto~ B a11d C may~ u.sed to control. saturates. Toxicity is 

controlled primarily by reactor C. 
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EXAMPLE2 

This example illustrates the product quality 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 summariz.ed in Tables 2 and 3. 

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

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

inde~ then, with adjustment of the temperature of reactor C, it is possible to keep 

saturates above 90 wt°/o for the entire nm length without compromising toxicity (as 

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

temperature and lower space velocity in reactor C (even at end of nm conditions in 

reactors A and B) produced even higher saturates, 96.2%. For a 1 OON feed stock, 

end-of-nm product with greater than 9()0/o saturates may be obtained with reactor C 

operating as low as 290C at 2.5 v/v/h. (Table 3). 



-~ 

TABLE2 

-SOR-- -EOR-- --EOR-

Temp. LHSV Temp. LHSF Temp. LHSV 

Reactor {°C) (v/v/hr) eel (v/v/hr) co {y/y/M) 

A 352 0.7 400 0.7 400 0.7 

B 352 1.2 400 1.2 1: 1.2 

c I 290 2.5 290 2.5 .2.s 

* Other Conditions: 1800 psig (12.5 ·mPa) H2 inlet pressure, 2400 scf/b ( 427 m3 /m3) .. 

Dewaxed Oil Pronerties I 250N(l) 
Feed SOR EOR. 

I 
··EOR: 

1 OO°C Viscosity, cSt 7.34 S.81 5.53 S.47 

40°C V1SC0sity, cSt 54.41. 34.28 . 31.26 :: 

I 
.• ·.30.63. 

VlSCOsity Index 93 111 115 115 

Pour Point, °C -18· -18 -16 I .. ·· -18" . 
Saturates, wt°/o 58.3 100 . 85.2 .. I 91 

DMSO Screener for 0.30 0.02 0.06 I 0.10 

toxicity(2) 

370°C Yield, wt. on I 100 I 87 I : 81 I 81 

raffinate feed 

{1) 93 VI under extracted feed. 
(2) Maximum ultra-violet absorbance at 340 to 350 run. 

-EOR--

Temp. LHSV 
(°C) (v/vlhr) 

400 0.7 

400 1.2 

350 1.0 

. .... , 

:·EOR 

5.62 

32.08 
.· 114 . 

-19 

·96.2 

···0.04 

82 
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TABLE3 

--SOR --EOR ------
Temp. LHSV Temp. LHSV 

Reactor eel (v/v/hr) (°C) (v/v/hr) 

A 355 0.7 394 0.7 

B 355 1.2 394 1.2 
., 

c 290 2.5 290 2.5 

*Other Conditions: 1800 psig (12.5 mPa) H2 inlet pressure, 2400 scf/B (427 m3/m3). 

Dewaxed Oil Pronerti.es 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 
Satmates, wt°/o 64.6 99 93.3 
DMSO Screener for 0.25 0.01 0.03 
toxicity (2) 
370°C+ Yield, wi°A> on 93 80 75 
raffinate feed 

(1) 95 VI under ex1Iacted feed. 
(2) Maximum ultra-violet absorbance at 340 to 350 nm. 

EXAMPLE3 

The effect of temperature and pressure on the concentrati.on of 

saturates ( dewaxed oil) at constant VI is shown in this example for processing the 

under extracted 2SON raffinate feed Dewaxed product saturates equilibrium plots 

(Figure S) were obtained at 600, 1200 and 1800 psig (4.24, S.38 and 12.5 mPa) H2 

pressme. Process conditions were 0.7 LHSV (reactor A+ B) and 1200 to 2400 

SCF/B (214 to 427 m3/m3). Both reactors A and B were operating at the same 

temperature (in the range 350 to 415°C). 
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As can be seen from the fi8ureit is not possible to achieve 90 wt°/o 

saturate~. at 600 psig ( 4.14 mPa) hydrogen partial pressure. While in th~ory, one 
;. 

could reduce the temperature to reach the 90 wt°/o targe~ the space velocity would be 

impractically ~ow. The .um ~s~ to aclu~-the 90 wt°/o at reasonable 
\ .'!. . . ' :, :. .. 

space velocities is about 1000 psig (7.0 m.Pa). Increasing the pressure increases the 
• • . :•.. . .:. ! 

temperature range wh,ich may 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 

hydrocrackers, which the process. of the inventi.~n can·a~oid.. ·. 

EXAMPLE4 

The catalyst deactivation profile as rdlected by temperature reqmre~ . ·. 

to maintain product quality is shown in this example. Figure 4 is a typical plot of . · · 

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

·increase of 18 points versus time on stream. KF840 catalyst was used for reactors A 

and C. Over a two year period, reactor A temperatures could increase by about 

50°C. This will affect the product satmates content Strategies to offset a decline in 

product saturates as reactor A temperature is increased are shown below. 

EXAMPLES 

This example demonstrates the effect of temperature staging between 

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

desired saturates content for a 1400 psig (9. 75 mPa) H2 process with a 93 VI 

raffinate feed. 
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TABLE4 

Base 
Case 

Reactor T LHSV 
!°Cl (vlv/h) 

A 390 0.7 
B 390 1.2 
c 290 2.5 

114 

80 

PCT/US99/03173 

Temperature 
Staged Case 

T LHSV 
(DC) (vlv/h) 
390 0.7 
350 o.s 
290 2.5 

115 

96 

A comparison of the base case versus the temperature st.aged case 

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

velocities. The bulk satmates content of the product was restored to the 

thermodynamic equilibrium at the temperature of reactor B. 

EXAMPLE6 

The effects of temperature and pressure in the cold hydrofinishing unit 

(reactor C) on toxicity are shown in this example. The toxicity is estimated using a 

dimethyl sulphoxide (DMSO) based screener test d~oped as a surrogate for the 

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

spectrum of a DMSO extract The maximum absorb&n:ce at 345 +/- 5 nm in the 
. 

screener test was shown to correlate well wi1h the maximum absorbance between 

300-359 nm in the FDA (c) test as shown in Figure 8. The upper limit of accep~ble 

toxicify using the screener test is 0.16 absorbance units. As shown in Figure 6, 

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

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

versus a maximum of only about 315°C when operating at 1200 psig H2 (8.35 Mpa)) 
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in the cold hydrofinisher to achieve a non-toxic product. The next example 

demonstrates that higher saturates, non-toxic products can be made when reactor C 

is operated at higher temperature. 

EXAMPLE7 
.i 

' ··~ 

This example is directed to the use of the cold hydrofinishing (reactor 

C) unit to optimize saturates cont~t of the oil product. Reactors A apd B. were . 
operated at 1800 psig (12.7 mPa) hydrogen partial pres~ 2400 Scf/B (427 m3/m3

) 

treat gas rate, 0.7 and 1.2 LHSV resJ,ectively and a~ a near end~of~nm {EOR) 

temperature of 400° C on a 92 VI 250N raffinate feed. The efiluent from reactors A 

and B contains just 85% satmates. Table 5 show~ the condltioD.S used in reactor C 

needed to render a product that is both bi8her saturates content and is non~toxic. At 

350°C, reactor c can achieve 9o+% saturates even at'spaee\Telocities of2.5 v/v/hr. 
. . 

At lower LHSV, saturates in excess of 95% are achie'1ed 

TABLES 

RUNS 
Run Number ! 2 1 ~ 

Temperature, °C 290 330 350 350 
LHSV, v/v/hr 25 2.5 2.5 1.0 
H2 Press, psig .. 1~00 1800 1800 1800 
Treat Gas Rate, SCF/B 2400 2400 24()0 2400 
DWOVI llS "ti4 115 114 
DWO Saturates, wt°A. 85 88 91 96 
DMSO Screener for Toxicity(l) 0.06 0.05 0.10 0.04 

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

Figure 7 further illustrates the flexible use of reactor C. As shown in 

Figure 7, optimi7Jltion of reactor C by controlling temperature and space velocity 

gives Group n basestocks 

11 .. 
!\ 

l 
·1 
:I. 
ii 
ii 

II 
[I 

! : 

llllli ! 



--------··------

WO 99/45084 PCT/US99/03J73 

-29-

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 

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

used either directly or as a feed blendstock with under extracted ra:ffinates or 

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

psig ( 4.58 mPa) H2 to demonstrate their value in the context of this invention. 

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

ISON, were used as feeds. 

TABLE6 

SOON ISON 
Feed Product Feed Product 

Temperature, °C (Reactor A/B) 354 354 
Treat Gas rate (TGR), Scf/B, (m3/m3

) 500(89) 500(89) 
Hydrogen partial pressure, psig (mPa) 650(4.58) 650(4.58) 
LHSV, v/v/hr (Reactor A+B) 1.0 1.0 
wt°/o 370°C - on feed 0.22 3.12 1.10 2.00 

370°C+ DWO Inspections 
400C viscosity, cSt 71.01 48.80 25.01 17.57 
lOO°C viscosity, cSt 8.85 7.27 4.77 4.01 
VI I Pour Point, °C 97/-15. 109/-li'-> 111/-8 129/-9(l) 
S~wi°/o 73.4· 82.8<1> 79.03 88.57(l) 
GCD NOACK, wl°/o 4.2 8.0 . 19.8 ·23.3 
Dry Wax, wl°/o 66.7 67.9 83.6 83.3 

DWO Yield, wl°/o of Foots Oil Feed 33.2 31.1 16.2 15.9 

<1> Saturates improvement will be higher at higher hydrogen pressures 
(2) Excellent blend stock 

Table 6 shows 1hat both a desirable basestock with significantly higher 

VI and saturates content and a valuable wax product can be recovered from foots oil. 
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In general, since wax molecules are neither consumed or formed in this process, · 

inclusion of foots oil streams as feed blends provides a means to recover the valuable 
. . . :--·: :, ·. . . . . : .. ··.:,:- ;. - ; ,-.',.: . 

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

EXAMPLE9 

This example illustrates the advantage of catalytic 1rim dewaxing a 

solvent dewaxed hydrotreatedrafflv~ .. 111~.~ c~ytic ~ed prod~C!S, eye,n .... 

though they have lower~ have much better low temperature properties (products . : 

as defined by lower Brookfield Viscosity) than the corresponding solvent dewaxed 

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

dewaxing. 

A raffinate product made under the conditions in Table 7 was topped 

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

solvent to raffinate product ratlo and a filter temperature of -21°C to make a 

dewaxed oil having the properties shown in Table 8. 

Process Conditions 

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

R2 Conditions 
Pressure, psig 
TGR, scfi'B 
Space Velocify, v/v/h 
Temperature, °C 

TABLE7 

1800 (12.4 mPa) 
2500 ( 445 m3/m3

) 

. 0.7 
375 

1800 
2400 (427 m3 lm3) 
2.5 
290 

I 
.. ,. 
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TABLES 

Product Properties 
Viscosity, cSt at 100°C, 
V1SC0sity, cSt at 40°C, 
SUS, cP at lOO°F 
VI 
Pour Point, °C 

Brookfield Viscosity, at -40°C 

4.182 
20.495 
107.7 
106 
-19 

39900 

PCT/US99/03 l 73 

This dewaxed oil was then ca1alytically dewaxed over a 0.5 wt°/o Pt 

TON (zeolite) I Pt Silica-alumina {25.:75 wt/wt, zeolite: -silica-alumina) mixed 

powder composite catalyst under the conditions shown in Table 9 and to produce the 

products , after fractionation at 370°C, shown in Table 9. 

Process Conditions 
Pressure, psig 
TGR, scf1B 
Space Velocity, v/v/h 
Temperature, °C 
Yield, wt°/o 

Product Properties 
Viscosity,_cSt at 100°C, 
Viscosity, cSt at 40°C, 
SUS, cP at lOO°F 
VI 
Pour Point, °C 

TABLE9 

1000 
2500 
1.0 
295 
67 

4.150 
20.634 
108.4 
101.7 
-33 

1000 {7.0 mPa) 
2500 {445 ~/m3) 
1.0 
303 
60 

4.122 
20.441 
107.5 
101.3 
-40 

Brookfield Viscosity, cP at -40°C 32100 22900 

The dewaxed oils, both feed and products from the catalytic dewaxer 

were formulated as Automatic Transmission Fluids using a Ford type A TF ad pack 

(22 wt°/o treat rate of ATP ad pack, 78 wt°/o dewaxed oil) and Brookfield Viscosities 
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at -40°C measlll'Cd. The_ Brookfield Viscosities for both feed and products are 

shown in Tables 8 and 9 respectively. , - ,-, _ 

EXAMPLE 10-

This example illustrates the advantage of catalytic dewaxing a total 

liquid product produced from hydrotreating a ra:ffinate over the process described in 

Example 9. Catalytic dewaxing is shown to give a product with improved VI over 

that obtained by solvent dewaxing at the same pour points. In addition, 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 hydrotreated raffinate product was made under the conditions listed 

Process Conditions 

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

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

TABLE IO 

1800 (12.4 mPa) 
2400 (427 m3/m3

) 
0~7 . 
382 

1800 
2400 
2.5 
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 

'I' I -

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

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

TABLE 11 

Product Properties 
Viscosity, cSt at 100°C, 3.824 
Viscosity, cSt at 40°C, 17.5 
SUS, cP at 100°F 93.5 
VI 1@3 
Pour Point, °C -19 

Yield on TLP, wt°/o 65.5 

Brookfield Viscosity, cP at -4-0°C 26800 

The total liquid product from this step was then catalytically dewaxed 

over a 0.5 wt°/o Pt TON (zeolite) I Pt Silica-alumina (25:75 wt/wt zeolite:silica­

alumina) mixed powder composite catalyst under the conditions shown in Table 12 

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

Process Conditions 
Pressme, psig 
TG~ scf/B 
Space Velocity, v/v/h. 
Temperature, °C 
Yield, wt°/o 

Product Properties 
Viscosity, cSt at 100°C 
Viscosity, cSt at 40°C, 
SUS, cP at 100°F 
VI 
Pour Point, °C 

Brookfield Viscosity, at-40°C 

TABLE12 

1000 
2500 
1.0 
304 
48.2 

3.721 
16.511 
89.0 
112.6 
-20 

13640 

1000 
2500 
1.0 
306 
46.3 

3.672 
16.256 
87.8 
111 
-23 

12740 

1000 (7.0mPa) 
2500 ( 445 u.i3 /m3

) 

1.00 
314 
33.5 

3.593 
15.925 
86.4 
107.0 
-39 

10600 
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. . . ! • ., ;·· 

The dewaxed oils, both solvent dewaxed and the prodµcts .fropi th~ 
. ': ' . : . . . : ' :, :. •.' '· - ;· : ~ '·." ·. '·: . ·: ~ .. : ,. .... .: .· . '.. . ... .' : . :'' ;' . .'.. :.. . . : : . . .··-·.. .. . .' : : . : . . : : ·. . 

catalytic dewaxer, were formulated as Automatic Transmission Fluids using a Ford 
. -

type ATF ad pack (22 wt°/o treat ra~ of A TF ~ }>ack, 78 wt°/o dewaxed oil) and 

Brookfield Viscosities at -40°C measured. The Broo.JP.i~W y;sc~s~ties for both feed 

and products are shown in Tables 5 and 6 respectlvely. - . 

Figure 9 shows the.benefit of catalytic dewa:xing both the DWO and 

total liquid products. Comparing the data in Examples 9 and 11 (Tables 9 and 12) 

shows a further benefit for dewaxing a TL:e vs. a DWO hi tbRt the fo~er results in 

products having a higher VI at the same pour point Catalytic dewaxing also 

improves the VI of the products from dewaxing a TLP over that obtained by solvent 

dewaxing. 

EXAMPLE 11 

This example further illustrates the advantage of catalytic dewaxing a 

total liquid product versus solvent dewaxing to the same pour point. Catalytic 

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

dewaxing at the same pour points. In addition, the ca1alyti.c dewaxed products have 

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

than the corresponding solvent dewaxed product · 

A hydrotreated raffinate product was made under the conditions listed 

in Table 10. 

II 

111111 
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Process Conditions 

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

R2 Conditions 
Pressure, psig 
TGR, sc:f1bbl 
Space Velocity, v/v/h 
Temperature, °C 
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TABLE13 

1800 (12.5 mPa) 
2400 ( 427 m3 /m3

) 

0.7 
382 

1800 
.2400 
2.S 
290 

PCT/US99/03173 

The hydrotreated raffinate total liquid product made llll.der the condi­

tions in Table 4 was topped at 370°C to give a 370°C+ product which was solvent 

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

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

TABLE 14 

Product Pro.perties 
Viscosity, cSt at 100°C, 
Viscosity, cSt at 40°C, 
SUS, cP at 100°F · 
VI 
Pour Point, °C 

Yield on TLP, wt°/o 

Brookfield Viscosity, cP at -40°C 

5.811 
34.383 
177 
110.6 . 

. -21 

64.6 

148200 

The total liquid product from this step was then catalytically dewaxed 

over a 0.5 wt% Pt TON ( zeolite) I Pt Silica-alumina ( 25:75 wt/wt, zeolite: silica-
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alumina ) mixed powder composite catalyst llD.der the conditions shown in Table 15 

and to produce the products , after topping at 370°C, shQw;l\ jn Table .11. 

TABLE 15 
.. 

·, .c .. 

Process Conditions 
Pressure, psig 1000 1000 1000 (7.0 mPa) 
TGR, scf/B 2500 2500 2500 ( 445 m3 /m3

) 

Space Velocity, v/v/h 1.0 1.0 1.00 
Temperature, °C 304 306 314 
Yield, wt°/o 48.2 46.3 33.5 

Product Pro12erties 
Viscosity, cSt at 100°C, 5.309 5.261 5.115 
Viscosity, cSt at 40°C, 28.899 28.552 27.364 
SUS, cP at 100°F 148.9 147.2 141.2 
VI 117.6 117.0 116.4 
Pour Point, °C -13 -20 -18 

Brookfield Viscosity, at -40°C 47150 35650 38150 

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

catalytic dewaxer, were fmmulated as Automatic Transmission Fluids using a Ford 

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

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

and products are shown in Tables 14 and 15 respectively. 

Figure 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 1he VI of the products from catalytic dewaxing are higher than that 

obtained by solvent dewaxing. 

,-11 
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CLAIMS: 1111111111111111111 11111111111 
* C L M S * 

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

900A. saturates by selectively hydroconverting a raffinate produced from solvent 

refining a lubricating oil feedstock which comprises: 

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

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

(b) . solvent .dewaxing the raffinate under solvent dewaxing conditions to obtain a 

dewaxed oil feed; 

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

the dewaxed oil feed in the presence of a non-acidic bydroconversion catalyst 

at a temperature of from 340 to 4200C, 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 Scf7B to produce a first hydroconverted dewaxed oil; 

(d) passing the hydroconverted dewaxed oil from the first bydroconversion zone to 

a second hydroconversion mne and processing the hydroconverted dewaxed 

oil in the presence of a non-acidic hydroconversion catalyst at a temperature of 

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

not greater than 1he temperature in the first hydroconversi~n 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 Scf7B to produce a 

second hydroconverted dewaxed oil; 

(e) passing the second hydroconverted dewaxed oil to a hydrofinishing zone and 

conducting cold hydrofinishing of 1he second hydroconverted dewaxed oil in 

the presence of a hydrofinishing catalyst at a temperature of from 260 to 360°C, 

a hydrogen partial pressme of from 1000 to 2500 psig, a space velocity of from 
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0.2 to 5 LHSV and a hydrogen to feed ratio of from 500 to 5000 ScfiB to. 

produce a hydrofinished dewaxed oil; 

(f) passing the hydrofinished dewaxed oil to a separation zone to remove produ2ts , .. 

having a boiling less than about 250°C; aDd ·: ·.·· 

(g) passing the hydrofinished dewaxed oil from step (f) to a dewaXing zone and 
catalytically dewaxing the hydrofinished dewaxed oil under catalytic dewaxing 

co11ditions in the presence ofh)l'drogen and a catalytic dewaxing ~talyst 

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

molecular sieve. 

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

900/o saturates by se}ectively_hydroconvtming a raffinate produced from solvent 

refining a lubricatins oi:l ,eedsrock \V~~h ~omprises: . 

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

separating therefrom an aromatics rich extract and a paraffins rich raffi.nate; 

(b) solvent dewaxing the ra:ffinate under solvent dewaxing conditions to obtain a 

dewaxed oil feed; 

( c) passing th~ dewaxed oil feed to a first hydroconversion zone and processing 

the dewaxed oil feed in the presence of a non-acidic hydroconversion catalyst 

at a temperature of from 340 to 4200C, 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 Scf7B to produce a first hydroconverted dewaxed oil; 

(d) passing the hydroconverted dewaxed oil from the first hydroconversion zone to 

a second hydroconversion zone and processing the hydroconverted dewaxed 

oil in the presence of a non-acidic hydroconversion catalyst at a temperature of 

I lllllll llllll lllll lllll ll llll 
* C L M S * 
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from 340 to 400°C provided that the temperature in second hydroconversion 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 dewaxed oil; 

( e) passing the second hydroconverted dewaxed oil to a separation zone to remove 

products having a boiling less than about 25<fC; 

(f) passing the stripped.second hydroconverted dewaxed oil from step ( e) to a 

dewaxing zone and catalytically dewaxing the stripped second hydroconverted 

dewaxed oil under catalytic dewaxing conditions in the presence of hydrogen 

and a catalytic dewaxing catalyst comprising a metal hydrogenation component 

and a ciystalline 10 or 12 ring molecular sieve to produce a catalytically 

dewaxed oil; and 

(g) passing the catalytically dewaxed oil to a hydro:finishing zone and conducting 

cold hydrofinishing of the catalytically dewaxed oil in the presence of a 

hydrofinishing catalyst at a temperature of from 260 to 3600C, a hydrogen 

partial pressure of :from 1000 to 2500 psig, a space velocity of :from 0.2 to 5 

LHSV and a hydrogen to feed ratio of :from 500 to 5000 Scfm. 

3. The process of claim 1 wherein there is no disengagement between 

the first hydroconversion zone, the second hydroconversion zone and the 

hydrofinishing reaction mne. 

4. The process of claims 1 or 2 wherein the basestock contains at least 

95 wt°/o saturates. 

111111~ 1111~ 1111111111111111 
M s * 
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5. The process of claiins 1 or 2 wherein the raffinate is under- .. 

extracted. 

6. The process of claims 1 or 2 wherehl thenon-addic hydro~ •· 
. . 

conversion.catalyst is cobalt/molybdenum, Dickellniolybdeiiurii or Dickel!tlingsten on 

alumina. 

7. The process of claims i or 2 wherein the hydrogen partial pressure 

in the first hydroconversion zone, the second c011yersion zone or the hydrofinishing 

zone is from 1000 to 2000 psig (7.0 to 12.5 mPa). 

8. The process of claims 1 or 2 wherein the non-acidic hydflt 

conversion catalyst has an acidity less than about 0.5, said acidity being detem;rined · 
' . . . . ~.: . . . . . . 

by the ability of 1he catalyst to convert 2-methyl-2-pentene to 3-methyl-2-pentene 

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

4-methyl-2-pentene. 

9. The process of claims 1 or 2 wherein the. dew8xing catalyst is. a 

zeolite selected from ZSM-5, ZSM-11, ZSM~l2, Theta-1, ZSM-23, ZSM-35, 

ferrierite,- ZSM-48, ZSM-57, beta, mordenite and offretite. 

10. The process of claims 1 or 2 wherem the dewaxing catalyst is an 

aluminum phosphate selected from SAP0-11, SAP0-31 and SAP0-41; · · 

11. The process of claims 1 or 2 wherein the dewaxing catalyst is a 

composite of a crystalline molecular sieve and an amorphous cOm.pooent 

\ 1\lllll \Ill~ 11111111\J II 1\11 
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12. The process of claims 1 or 2 wherein the dewaxing catalyst is 

layered catalyst containing a first layer of amoiphous component and a second layer 

of etystalline molecular sieve. 

13. The process of claims 1 or 2 wherein the metal hydrogenation 

component of the dewaxing catalyst is at least one of a Group VIB and Group VIlI 

metal. 

14. The process of claim 1 wherein the catalytic dewaxing step is 

followed by a cold hydrofinishing step. 

15. The process of claims 1 or 2 wherein the amorphous component of 

the dewaxing catalyst is selected from silica-alumina, silica magnesia, halogenated 

alumin~ yttria silica-alumina and mixtures thereof. 

16. The process of claim 13 wherein the metal hydrogenation 

component is at least one of Pt or Pd. 

17. The process of claims 1 or 2 wherein solvent dewaxing comprises 

mixing the raffinate with a chilled solvent to form an oil-solvent solution mixed 

with precipitated wax, separating precipitated wax from the oil-solvent solution, and 

separating the solvent from the solvent-oil solution thereby forming a solvent 

dewaxed oil. 

18. The process of claim 17 wherein the solvent is at least one of 

propane, butane, methyl ethyl ketone, methyl isobutyl ketone, benzene, toluene and 

xylene. 

I 1\llllj 1111~ llljl \11\J II 1\11 


