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(57) Abstract

A process for producing a lubricating oil basestock having at least 90 wt % saturates and a VI of at least 105 by solvent extracting a
feedstock in unit (20) to produce a raffinate, solvent dewaxing the raffinate, selectively hydroconverting the solvent dewaxed raffinate in a
two step hydroconversion zone which comprises a first hydroconversion unit (42) and to a second hydroconversion unit (52) followed by a
hydrofinishing zone in hydrofinishing unit (60) and a dewaxing zone in unit (74),




Today nor e severe operat| ng conditi.ons for autoenobil e engrnes have -resul ted .

i n denands Wworokgesest ocks with | ower volatilities (V\/ﬂl | e I et aRCNIUSYI/H0VE
Vviscosities) and | ower pour points. These inprovenments can only be achi eved
with basestocks of nore isoparaffinic gharacter, 'i.e., those with VI's of
105 or greater. -2- Solvent refining al one cannot econom cal ly produce
basestocks having a VI of 105 with typical crudes. Nor does sol vent

refining alone typicallypypPROCONPVERSION PROCESSFOR sat urat es contents.
Two alternative appr OMW@A@@@W? ﬁaf@él@? hi gh quality
ana

| ubricating oil basest , hydr ocr acki ng.
Both of the nethods involve high capital investnents. In sone |ocations wax
i someri zati on econom cs can be adversely inpacted when the raw stock, slack
wax, is hiFGELD OBITHE INVMENTIONe typically low quality feedstocks used in
hydrocracking, and the consequent severe conditions required to achieve the
desired visconetric and volatility properties can result in the formation
of undesirable (tom’ﬂ)xsumnumsrelmmmssefprpmpannghﬁnmungoﬂf i ci ent

concentration at a further proceSS| ste suc;h .extr needed
to achi eve wsmﬂsmﬂdagh saffugales Confenk, hi F)'ecey $ An. xoanﬁ

entitled "Lube G| Manufacture by Sever e Hydr ot reat ment", Proceedi ngs of
the Tenth World Petrol eum Congress, Volune 4, Devel- opment s in Lubrication,

PD 19(2) . BRORGRGUNIEDF TERCINVENTION

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 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 usually hydrofinished to improve
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 hlghly parafﬁmc in nature

' 'as aromatics tend to have lower viscosity indices (VI), and are therefore less
- desirable in lubricating oil basestocks. Also, certain types of aromatic compounds
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 operating conditions for automobxle engmes have
resulted in demands for basestocks with lower volatilities (while retaining low
v1scosmes) and lower pour points. These improvements can only be achieved with
basestocks of more isoparaffinic character, i.e., those with VI's of 105 or greater.



process mhereln t he extractlon unlt I n solvent reflnlng s replaced by a
‘hydrotreater. U.S. Patent 3,691,067 describes a process for_ producing a
medi um and“m&%""%“ oil by hydrotreating a narrow cut | ube fsg?i’é?%%?a
hydrotreating step involves a single hydrotreating zone. U S. Patent
3,732,154 discloses hydrofinishing thesextract or raffinate froma sol vent
ext hacti on process. The feed to the hydro- finishing 'st ep Is derived froma
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hydrocracking, and the consequent severe conditions required to achieve the desn'ed

. viscometric and volatility propertles can result in the formation of undesirable (toxxc)
spec1es These species are formed in sufficient concentrahon that a further

processing step such as ext_racuon is neede_d to achieve a non-toxic base ‘stock.

An arﬁcie by S, Bun and A. Marmin entitled “Lube Oil"Maniifecture
Volume 4, Developments in Lubncatlon, PD 19(2), pag_es 221-228, describesa
process wherein the extraction unit in solvent refining is replaced by a hydrotreater.

U.S. Patent 3,691,067 describes a process for producmg amedium
and high VI oil by hydrotreating a narrow cut lube 'fee'dstOCk. The hydrotreating step
involves a single hydrotreating zone. U.S. Patent 3 7'3"2-,"1'54 diseloSes'hydroﬁiiishing
the extract or raffinate from a solvent extraction process The feed to the hydro- '-
ﬁmshmg step is denved from alnghly aromatic source ‘such as anaphthemc T |
distillate. U.S. Patent 4,627, 908 relates to a proeess for 1mprov1ng  the bulk oxidation

| stability and storage stability of lube oxl basestocks derived from hydrocracked bright |
stock. The process involves hydmdemtnﬁcatlon ofa hydrocracked bnght stock
' followed by hydroﬁmshmg. L S '

USS. Patent 4,636,299 dlscloses a process for reducmg the pour pomt
of a feedstock contammg mtrogen and sulﬁ:r-contammg compounds wherein the

1



oxi'dalive and thermal stability, fuel econony and cold start properties . .
wi t hout i ncwigd@sesay significant yield debit which process rpayiysesodiesh

| ower investnment costs than conpeting technol ogi es such as hydrocracki ng.
SUMVARY COF THE I NVENTION This invention,relates to.a process for producing
a lubricating oil basestock neeting at Teast 90% saturates by sel ectively
hydr oconverting a raffinate produced fromsolvent refining a |lubricating

oi | feedstﬁs&miseoméavgmmﬁ gﬁ}ﬂ#ﬂ&?ﬂ?ﬁo‘aﬁ&é A9affinbtel €€dSt OCK
to.a solvent extraction zone and separatindg therefrontan aromatics rich

extract anHe saffidatefi§ hydrotreated tatonvert the nitfogen nd sulfuricont@iningdonipounds f | nat e

under sol vent dewaxing conditions to obtain a dewaxed oil feed;, (c) passing
t he dewaxdd aniﬂm:heaﬂdgwdmgbn sulfidey strippethofammoniaanddydnogen t he
dewaxed oil feed in the presence of a non-acidic hydroconversion catal yst
at a terrpeﬁ"aPRﬁdeefgpeﬂtFéﬁagﬂI@‘e?’@ 420[err]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 from500 to 5000 Scf/B to produce a first hydroconverted

dewaxed oi | ; -4- Kk WouldBe heﬁxdbt@mt%‘sg Y Sl ol vErRISHAR Sol Odnt T the
first hydroconversion zone to a second” hydroconversion zone and processing
t he hydr ooiyessssd as evprodiice 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 procéss requires much lower investment

- 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% 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 conditioné to obtain a
dewaxed oil feed;: '

(©) passmg the 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 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 dewaxed oil;



ool |n the presence of a non-acidic hydroconver5| on cat aI yst-at. a

" tenperature of from 340 to 400[err]C provided that the ténperatu

second hyd?”&??ﬁ’\?@“m on is not greater tham the tenperature FﬂT’pﬁ%’/"fsVPst
hydroconversi on zone, a hydrogen partial pressure of from 1000 to 2500
psig, a space velocity of fromO0.2 to-4-0 LHSV and a hydrogen to feed ratio
of from500 to 5000 Scf/B to produce a second hydroconverted dewaxed oil :
(e) passing the second hydroconverted dewaxed. oil to.a hydrofinishing zone

and ﬁondL( W%&;@WW@E*W%MWM@HW%%%XM oi |
260
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hydrof i ni shedy 930944 occgﬂwi’dm tehperatife inGe éﬁiMﬁkBédiﬂsti&libaVI ng a
boiling |ess than about 250[err]C, -and (g) passing the hydrofinished

dewaxed oi | fropgreates tha the temy iti the firstrhydeovdneersionyone,zd hydrdgamm xi ng t he
hydr of i ni shed dewaxed oil_under . catalxtlc dEMBXIn condltlons in_the

presence of tpﬁmdmwatlﬁm}tQ35 »8 SPGCe ¥e 99%9 Thom280 38 a net aI
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“lubricating m@f@ &ﬁf, El‘ggx .east 90% saturates by selectively .
hydroconverl %& I nate pro uce 63*?1# om sol vent ref| n| ng a I ubr| cating oil -

(e) -passing the second hydroconvemed dewaxed oiltoa hydroﬁmshmg zone and -
conducting cold hydroﬁmshmg of the second hydroconverted dewaxed oil in
the presence of a hydrofinishing catalyst at a temperatureof from 260 to 360°C, -
a hydrogen partial pressnre of from 1000 to 2.5.00 psig, a space velocity of from
0.2 to 5 LHSV and a hydrogen to feed ratio of from 500 to 5000 Scf/B to

 produce a hydrofinished dewaxed oil;

® passmg the hydroﬁmshed dewaxed 011 to a separauon zone to remove products
havmg a bollmg less than about 250°C and

(g) passing the hydroﬁnishéd dewaxed oil from step () toa dewaxing 'zone'and
camlyncally dewaxmg the hydroﬁmshed dewaxed 011 under catalytlc dewaxmg
condmons in the presence of hydrogen and a catalync dewaxmg catalyst K
eompnsmg a metal hydrogenatlon component and a clystallme 10 or 12 nng .

. molecular sieve. '

- In another embodlment, ﬂns invention relates to a process for
producing a lubricating oil basestock meetmg at least 90% saturates by selectively
hydroconverting a raffinate produced from solvent refining a lubncanng ol - . .
feedstock which comprises: |

N



- feedst ock whi ch conpri-ses: (a)—conducting the lubricating_oil feedstock
to a sol venwoesstasesson zone and separating therefrom an ar onaPCTase9/ed173
extract and a paraffins rich raffinate; (b) solvent dewaxing the raffinate
under sol vent dewaxing conditions to obsain a dewaxed oil feed; (c) passing
t he dewaxed oil feed to a first hydroconversion zone and processing the
dewaxed oil feed in the presence of a non-acidic hydroconversion catal yst
at a tenperature of from340 to 420[[err]C, a hydrogen partial pressure of
from 1000 to 2500 psi g, space veIOC|t of 0.2 to 3.0 LHSV and a hydrogen to
feed rati oapf dondnectbithedubsixatin Xs&oqkrtoascbmtexmmmnomdverted

dewaxed oil; (d) passing fhe hydroconverted de oil fromthe first

hydr oconver si cP3gHBEE QB AT, ATORR! ?Sdé%m ﬂ@éﬁﬂ“ fhg the
hydr oconverted dewaxed oil in the presence of a non acidic hydroconversion
catal yst a t rrperature of rgm 340 to 400C provj ded that the tenperature
in second dri?i Wﬁ“@?@&é@rsc’l dewaxipg pRsto ¢ first

hydr oconver si og_zon drogen partial pressure of from 1000 to 2500
psig, a space Mﬁt"ﬁ?&’from 0.2 to 3.0 LHSV and a hydrogen to feed ratio

of from500 to 5000 ScVB to produce a second hydroconverted dewaxed oil;

(0) Passi ng i ol bW S Y6EH 5 G Sbombrsl o, Borkoll b Ridg?™ 1 °

renove

the dewaxed oil feed in the presence of a non-acldm hydroconversmn 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-ahydrogen to feed
ratio of from 500 to 5000 Scf/B 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 ratio of from 500 to 5000 Scﬁ'B to produce a
second hydroconverted dewaxed 011

(e ﬁassing the second hydroconverted dewaxed oil to # séparation zone to femove
products having a boiling less than about 250°C; - ~ -

(f) passingthe stripped second hydroconverted dewaxed oil from step () 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



products -having a boiling |ess than-about 250C; (f) ‘passing the strl pped
second hyd ted dewaxed oi [ from step (e) to a dewang_zone: '
“cat al ytlcalw)@ 924\6/5 ing the stripped second hydroconverted dEWé%P’q}FP under
catal ytic dewaxng conditons in the presence of hydrogen and a catal ytic

dewaxing catal yst conprising a netal h§drogenat|on conponent . -6- and a -

cnystalline 10 or 12 ring nol ecul ar sieve to.produce a catal y_tical |y

nyar of i ni shi Al 0 2 ng ol Sve b AR AoBRYBRIN atat vt cal 1y

dewaxed oi | &Néi%g ce of a;hydrofini Shl ng: catal yst ..at a tenperature
of from 260 t ti%'ilfsa‘éﬂ a’ hydrogen partlal pressure of from 1000 to 2500

psig, a space velocity of -from-0.2 to 5 LHSV ahd”a-hydrogen to-feed ratio

ff 509 t d
"n good v GRS heGic W e S e
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stability, cold economy, and ; thermal stability propert | es

I n addition, h}@keﬁmShmgeslalystaKH/temthatnﬂemﬂﬁnm%ﬁtddﬁﬂ%l ehydidgen
t oxi col ogi cal properties as rreasured 08/ tests such as the FDA&C) test.
BRI EF DESCRI FPAFGM PIFSSWISED 2500 psig, a space Veloclty of from -

LHSV and a hydrogen to feed ratro of ﬁ'om 500 to 5000 Scf/B

The process accordmg to the mvennon produces in good ylelds a
basestoek wlnch has VI and volatlhty properues meenng future mdusny engme oil
standards wlnle aclnevmg good oxidation stabxhty cold smrt, fuel economy, and
‘thermal stability properues In addltlon, toxrcxty tests show ﬂlat the basestock has
excellent toxicological proper&es as measm'ed by tests such as the FDA(c) test.

Figure 1is a plot of NOACK volatility vs. viscosity for a lOON

basestock.
Figure 2 is a schematic flow diagram of the hydroeonversion process.
Figure Jisa graph showing VI HOP vs carr\ierSioh at different
pressures. '

Frgure 4 is a graph showing temperature in the first hydroconversron
zone as a function of days on oil at a fixed pressure.



Figure 1 is a pl ot of NOACK volatility vs. vi scosMy for a- IOO\I basestock
Figure 2 i S ®eegart i'c f1 ow di agramof the hydroconversion’ peeaseso3is gur e
3 is a graph showing VIHOP vs. conversion at di erent pressures. Figure 4
is a graph showi ng tenperature in the first hydroconversion zone as a
function of days on oil at a fixed pressure. -7 - Figure 5 is a graph
show ng saturates concentration as a function of reactor tenperature for a

fixed VI product. mguﬁ Perph sﬁ&bm?'\ﬂ Wirdids bondeirhtionas & filnélibh OF Of
tenperature and pressure int cold hydrofinishing step. Figure 7 is a

gr aph showeagior tendpepdture fos atfixed Vsproduetent rat i on by varying conditions in
the cold hydrofinishing step. Figure 8 is a graph showing the correl ation
bet ween the DMSO screener test and the FDA (c) test. Figure 9 is a graph

howi ng the catal ytig. d d ol tatal 1iquid prodycts.
Figure 10 s a gr aphFIHERE i Eh shENRE Cotbiey 48 Ao fBprgde B °

pressure in the cold hydrofinishing step.

Figure 7 is a graph showing control of saturates concentration by
varying conditions in the cold hydroﬁnishiﬂg step.

Flgure 8 is a graph showmg the correlatnon 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 crude oils to produce Iubricating oil
basestocks typically involves aunosphegic distillation, vacuum disﬁﬂation,
extraction, dewaxing and hydrofinishing. Because basestocks having a high
isoparaffin content are characterized by having good viscosity index (VI) properties
and suitable low temperature properties, the crude oils used in the solvent refining -
process are tf/pically paraffinic crudes. One method of classifying lubricating oil
basestocks is that used by the American Petroleum Institute (API). API Group II
basestocks have a saturates content of 90 wt% or greater, a sulfur content of not
more than 0.03 wt% and a viscosity index (VI) greater than 80 but less than 120,



“total |IC]UI d product- vs.. sol vent devvam ng to t he: sane pour poi nt DETAI LED - .
DESCRI PTI O&G: THE | NVENTI ON The sol vent refi'ni'ng of sel ect crude oils to

produce | uBf? &4ty oi | basestocks typically invol ves -at nos BREMUSR/3173 -

distillation, vacuumdistillation, extraction, dewaxing and hydrofi nishing.

Because basestocks havi ng a hi gh |sop-88f-aff| n content are characterized by

havi ng good viscosity index (VI) properties and suitable | ow tenperature

propertie he e 0ils us in the_ sol yvent refining process._are

typi cal | ﬁ%@m‘mﬁ%ﬂ &esamas&‘mep IkbasedoeksiaxgeptitbatithaMlng oi |
basest ocks i hat _u he American Petroleum Institute. (APlI). - API

G oup I %@érs Méogz aturates content of 90 wt%or greater, a sul fur

content of not m)re than 0.03 wt % and a viscosity index (VI) greater than
80 but | ess than 120. API Group |1 basestocks are the sane as Goup Il

basest ocks except t(erderillys thd high idunifractions fdm aimdsperiGener al 1y,
the high boiling petroleumfract | ons rom at nospheric. di sti.[lation are sent

to a vac snlhnonmmmmdunﬂmmtmd&amsﬂnm&ammﬁomtm s unit
are solvept exntractd The regique from acuumdlstlllatlo rray be
deasphal tt&a"mt%m Wap&gﬁ distillation, %@

ol vent | SepialdR %?é‘ée@&@?@%s?ﬂﬁe@ed@%@%‘@?*s%éﬂ%&%ﬂéﬁmﬁ gis T“e.

waxy streams such as dewaxed oils and foots oxls

The solvent extraction process selectively dissolves the aromatic
components in an extract phase while leaving the more paraffinic componentsina
raffinate phase. Naphthenes are distributed between the mt and raffinate phases.
Typical solvents for solvent extraction include 'phenel, furfural and N-methy]
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 sepaxatmn between the extract and raffinate phases |

In recent years, solvent extraction has been replaced by hydrocracking
as a means for producing high VI basestocks in some refineries. The hydrocrackmg
process utilizes low quality feeds such as feed distillate from the vacuum distillation ~
unit or other refinery streams such as vacuum gas oil§ and coker gas oils. The
catalysts used in hydrocracking are typically sulfides of Ni, Mo, Co and W ori 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-etom removal, aromatic ring saturation,
dealkylation of aromatics rings, ring opening, straight chain and side-chain cracking,
and wax isomerization depending on operating conditions. In view of these reac-
tions, separation of the aromatics rich phase that occurs in solvent extraction is an
unnecessary step since hydrocracking reduces aromatics content to very low levels.

[T]: &



conponents in an extract phase while |eaving the nore paraffinic conponents
in a raffi ngoeymémsse.. Napht henes are distributed bet ween’t hererussasziand
raf fi nate phases. Typcal solvents for solvent extraction include phenol,
furfural and N-methyl pyrrolidone. By_eqQntrolling the solvent to oil ratio,
extraction tenperature and nethod of contacting distillate to be exracted
with solvent, one can control the degree of separation between the extract
and raffinate phases. In recent years, solvent extraction has been repl aced
by-hydrocrackdng as_a neans for producing high VI basestocks_ in sone
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solvent dewaxed oil pass unconverted through the hydroconversion 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 hy-pi'oduct.

Moreover, unlike hydrocracking, the present hydroconversion process takes place
without disengagement, 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 wi%, preferably greater than 95 wt%. Thus product quality
is similar to that obtained from hydrocracking without the high temperatures and
pressures required by hydrocracking which results in a much greater investment
expense.

The raffinate from the solvent extraction is preferably under-extracted,
i.e.; the extraction s carried out under conditions such that the raffinate yield is
maximized while still removing most of the lowest quality molecules from the feed.
Raffinate yield may be maximized by controlling extraction c.onditions, for example,
by lowering the solvent to oil treat ratio and/or decreasing the extraction temperature.
The raffinate from the solvent extraction unit is solvent dewaxed under solvent
dewaxing conditions to remove hard waxes from the raffinate from the .solvent
extraction unit. |



.By way of cohifaét;-thé.pfOCess'of the present iﬁvéhtidn’ﬁtiIfzes*a=;hréeﬁ :
step -hydro rskLon of the solvent -dewaxed oi'l ~ produced frqom.the I nat e
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preser vesaid tafedl wax i therehferieparated s/, for\dxanplefiltratioh The fefaipaas acki ng,
the present hydroconversion process takes place w thout di sengagenent,

i .e., w ttweandsglventare sel s@ thap thei oil/is|dissolyed by/the chilled solventovhile

separati Oag’é The praduct .of the subject three step process has a saturates
content gH¥W@%1 FpBged,; o, “prefeéerably -greater than 95 wt % Thus product
quality is simlar to that obtained from hydrocracking w thout the high

t enper atures and pressures required by hydrocracl dng which results in a
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- is preferably under-extracted, 1.e., e extra n.s carried out. under -
“condi ti onsoclitgtoivenivhieteesolwdnt isyartehilled hnd addodeincreen t bevesdlipoints eroving
most of the |owest quality nolecules fromthe feed. Raffnate yield my be _
maxmi zed Blpng dhe height of ghecoolingitower. cThelptlisolvent mirture,is agitated dyringsther i ng t he -
solvent t & flne st & permit substantially instantansous inbting of e prechilled soffeat 2 V"¢
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 10°F/minute,
usually between about 1 to about 5°F/minute. The final temperature of the oil-
solvent/precipitated wax mixture in the cooling tower will usually be between 0 and
50°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 -genexal, the amount of solvent added will be sufficient to provide a
liquid/solid weight ratio between the range of 5/1 and 20/1 at the dewaxing tempera-
ture and a solvent/oil volume ratio between 1.5/1 to 5/1. The solvent dewaxed oil is
typidally dewaxed to an intermediate pour point, preferably les_s than about +10°C. .

Represenﬁﬁve dewaxing solvénts are ahphatlc ketones havfng 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 benzeixe, toluene or xylene.
Further descriptions of solvent dewaxing process useful herein are disclosedin U.S.
Patents 3,773,650 and 3,775,288 which are incorporated herein in their entirety.

T



The raffinate fromthe solvent extraction unit is solvent dewaxed under -
sol vent dewa®iongsosendi ti ons to renove hard waxes fromthe rapETmss®os73om
t he sol vent extraction unit Sol vent dewaxi ng typically involves m xing
the raffinate feed fromthe solvent exgjaction unit with chilled dewaxing
solvent to forman oil-solvent solution and precipitated wax is thereafter
separated by, for exanple filtration. The tenpera- ture and solvent are

sel ected so that thehel dewskedioiifebd cthéry sént o & firdthgdracohvesionwhiiit € t he wax

is-precipitated. A particularly suitable solvent dewaxing process involves
t he use ofcontaining ahydrosenversionoatalysty This dewaxed oflife¢dbiassaviscasitydndex

I ncrenental lly at, several ., poi nts ong.,.the height of the cooling to
oi | - sol veﬁfﬂ%@?‘!ﬁ‘g 4o abo B fangemot fo ng@bom&-"&%ém er-

subst anti i Q 1 XL N0y ,Of hilled saglv Wi e oil.
The prec h%ﬁ*%ﬁsmmﬁiﬁﬁm%yeﬁgm%gyﬁ? ﬁaﬂfﬂ%{x éﬂ%‘?‘ﬂ 332’ ﬁle
cooling tQgest Re@S tO maintain an average chilling rate at or bel ow
l1Jerr]F/ mnute, usually between about 1 to about 5[err]F/ mnute. The fina
tenperature of the oil- solvent/precipitated wax m xture in the cooling

tower will usually be between O and 50[err]F (-17.8 to 10[err]C). The
m xture nmay then be Hydrocenyersion catplystsage those containing Gronps VB3 metals

DT o P e L S o PP ik RN B SRR, 200
Vil metgls, i.e., iron, cobalt and nickel and mixtures thereof. These metals or
mixtures of metals are typically present as oxides or sulfides on refractory metal
oxide supports. ' | | o

. The

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 isomerization
of 2-methyl-2-pentene as described by Kramer and McVicker, J. Catalysis, 92,
355(1985). In this scale of acidity, 2-methyl-2-pentene is subjected to the 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 isomerization pathway of the
carbenium ion is indicative of the acidity of active sites in the catalyst. Thus weakly
acidic sites form 4-methy}-2-pentene whereas strongly acidic sites result in a skeletal
rearrangement to 3-methy}-2-pentene with very strongly acid sites forming 2,3-
dimethyl-2-butene. The mole ratio of 3-methyl-2-pentene to 4-methyl-2-pentene
can be correlated to a scale of 5cidity. This acidity scale ranges from 0.0 10 4.0,

Very weakly acidic sites will have values near 0.0 whereas very 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 dopalits, or by
controlling the nature of the metal oxide support, e.g., by controlling the amount of
silica incorporated into a silica-alumina support. Examples of promoters and/or



li qui d/solid weight rati o between t he "range of 5/1 and 20/ 1 at the dewaxi ng
tenpera- tu sol vent/oil wvolune ratio between 1.5/1 tg
sol vent- devvahioe %I is typically dewaxed to an internediate B‘B@ﬁ‘&%&g%

preferably | ess than about +10[err]C. .Representative dewaxi ng solvents are .

al i phatic ketones having 3-6 carbon atdﬁs such as nethyl ethyl ketone and
met hyl isobutyl ketone, |ow nolecular weight hydrocarbons such as propane
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hydroconversion catalyst This dewaxed oil feed has a viscosity index of

f r om aboutdegfeasothetacidityidfsuel suppdntsi | i hg r'ange not to exceed about = -
650[err]C, prefer- ably less than 600[err]C as determ ned by ASTM 2887 and
a viscosity of from3 to 15 ¢St at 100[err]C. Hydroconversion catalysts are

those containing & B net al.g (base Perlodl c, Tabl.e | i shed by
Fi sher Scientific), Q‘ﬁﬁ@# eﬁ%ﬁ*@eé’m@w@v& ox&des SPFlbﬁ&‘g%al t and
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as gamma or eta having average pore sizes from 50 to 2004, preferably 75 to 1504, a
surface area from 100 to 300 m’/g, preferably 150 to 250 m /g and a pore volume of
from 0.25 to 1.0 cm™/g, preferably 0.35 to 0.8 cm’/g. The. supports are preferably not -
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 nickel/tungsten (1-5% Ni as oxide, 10-30% W as oxide) on alumina.
Especially preferred are nickel/molybdenum catalysts such as KF-840.

Hydroconversion conditions in the first hydroconversion unit include
a temperature of from 340 to 420°C, preferably 350 to 400°C, a hydrogen partial
preséure 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 Sc/B (89 to 890 m*/m’),
preferably 2000 to 4000 Scf/B (356 to 712 m*/m®).

The hydroconverted dewaxed oil from the first hydroconversion unit
is conducted to a second hydroconversion unit. The hydroconverted dewaxed oil is
preferably passed through a heat exchanger located between the first and second

hydroconversion units so that the second hydroconversion unit can be run at cooler

[T e



oxi dé supports..It is inportant that the netal .oxide support  be non-acidic
so as to combbelsogs acki ng. A useful scale of racidity for catpdyes®/Bssbased
on the isonerization of 2-nethyl-2-pentene as described by Kraner and
MVicker, J. Catalysis, 92, 355(1985).44n this scale of acidity, :
2-met hyl - 2-pentene is subj ected to the catalyst to be evaluated at a flxed
tenperature, typically 200[err]C. In the presence of catal yst sites,

2- et hyl - feniRRAtane, ificiRed Tempeaatirés indhie sddvadihydftvonvésionunedhionhy of the
carbenium ion is indicative OP the acidity of active sites in the

cat 3I yst. ?mwﬁdwmrmek lusnt:dmsthﬁl cﬁrmhy(hmdnymibmmts?m&hzenmhstronglhy
acidic sites resu in a skel etal .rearrangenen ne Wi
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have aci dltd?(MaHSVSP fexlablysosh@m 5408V, @nd a hydaigen ab feedratie of fram $0ut 0. 3.
The acidity of netal oxide sgpports can be controlled by addi ng Qr%rmters
and/ or dopmf080 Sci/BI{89 tw890 ni biy 2000 to#000 SchB (356 tod7 HemS/mopor t ;

e.g., by controlling.the anmpun{ of silica inco porated |r1toa
si ['i ca- al (Hhesatalyss i the seqonbhydrogmnversionwait sambeifhs;same asn the first

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

The hydroconverted dewaxed oil from the second hydroconversion
unit may then conducted to a cold hydrofinishing 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
350°C, 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 5.0 LHSV, preferably 0.7 to 3.0 LHSV, and a hydrogen to
feed ratio of from 500 to 5000 SCF/B (89 to 890 m*/m"), preferably 2000 to 4000
Scf/B (356 to 712 m*/m’). The catalyst in the cold hydrofinishing unit may be the
same as in the first hydroconversion unit. However, more acidic camlysf supports
such as silica-alumina, zirconia and the like may be used in the 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 fractiona-
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



.dopant s i ncl ude “hal ogen, especralry fl'uori ne, phosphorus,’ beroh- yttrla o
fare-earth 2 and magnesi a. Pronoters such as hal ogens generall
i ncrease th‘pég(%ﬁsgq"ty of netal oxide supports while. mldly bg St ”’Bi'ﬁts
such as yttria .or nmagnesia tend to decrease-the aci dlty of such .supports.
. Sui tabl e netal oxide supports i ncl ude Moew aci di ¢ oxi des such as silica,
‘alumina or titania, preferably alumina. Preferred aluninas are porous

al um nas such as ganma ,0 Vi ng ave par.e, si zes -fr.qm.50 200A,

pr ef er abl By ecqrwe@mmaa@(ﬁ&méw ehmthlsxssme&qeera ]tp@rofincef erably -
150 to 250 err rreof from0.25:to 1.0 cnjerr]/.g, :
preferab%ﬁsgl%&%gﬁ’d%ﬁ{'geﬂﬁ%#he supports are preferably not pronoted
with a hal agen such-as fluorine as this general l'y-increases the acidity of
the support above 0.5. Preferred metal catalysts include cobalt/nol ybdenum

(1-5% Co as oxide, Tﬂe%ﬁhxsheddwd&)doﬂ dbesepatatoiyothén as oxi de,
10- 25% Co as oxrde) or njickel/tungsten (1-5% Ni-.as oxi.de,..10-30% W as

oxi de) orcamdueted 40 adepexing/unit. ((; ¢dqwamgrﬂo&mtd¢mmsmemﬁombmrysts
such as KE-84 dr c n erSLon conditions in:the: first:hydroconversion

uni t mcl&ﬂﬂa‘% g thereok 10 to 420[err] C preferably 350 to
400[err] C, a hydrogen par ti-al". pressure .of - from 1000::t.0: 2500 psig (7.0 to
17.3 nPa), preferably. 1000 to 2000 psig (7.0 to 13.9 nPa), .a space velocity

of fromO0.2 to 3.0 Tiatalysts uSéfabinthe catal cheQ,ajdﬂg ebilisn to feed
ratio of from500 to 5000°Scf/B (89 to 83}8l mB8/ n8), preferablbyézooo to 4000

Scf/ B (358 aml ¥2 fingimoledular]sieve} and i'metﬂ;hy&mgmamn mjn]immkeﬁ]ystdlhﬂe omthe

first hydroconversion .unit
molecular sieves include alummo sxhcates and aluminum phosphates. Examples of

crystalhne alumino silicates include zeohtes such as ZSM-5, ZSM-11, ZSM-12,
theta-1 (ZSM-22), ZSM-23, ZSM-35 femente ZSM-38, ZSM-48, ZSM-57, beta,
mordenite and offretite. Examples of cxyslallme alummum phosphates include
SAPO-11, SAPO-41, SAPO-3 1, MAPO-11 and MAPO-31. Preferred molecular
sieves include ZSM-5, theta-1, ZSM-23, ferrierite and SAPO-11. |

The dewaxmg catalyst may also contam an amorphous component.
The acidity of the amorphous component is preferably from 0.3 t0 2.5, preferably
0.5 to 2.0 on the Kramer/McVicker acidity scale described above. Examples of
amorphous materials include silica-alumina, halogenated alumina, acidic clays,
silica-magnesia, yttria silica-alumina and the hke Especlally prefen‘ed is silica-

alumina.

If the dewaxing catalyst contains an amorphous component, the
crystalline molecular sieve/metal hydrogenation component/amorphous 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 crystalline molecular sieve and amorphous component can be in a layered
configuration. Preferably, the top layer in the reaction vessel is the amorphous



I s conducted to a second hydroconversion unit. The hydroconverted dewaxed
oi | is prefwoaddgogaassed t hrough a heat exchanger |ocated betrerarsovba7sir st
and second hydroconversion units so that the second hydroconversion unit
can be run at cool er -13- tenperatungs, if desired Tenperatures in the
second hydroconversion unit should not exceed the tenperature used in the
first hydroconversion unit Conditions in the second hydroconversion unit
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can be. ¢ hanRaRaoR Fet) shovid B depaiind o b Tng SRRt B.AgH F g 11 er on
hydr oconv | y be used. The hydroconverted dewaxed oil from
t he secon?‘Iﬁﬂé;/l@gggéndl\;41 SI oFiraunit may then conducted to a cold hydrofinishing

unit Alternatively, cold hydro- finishing may be deferred until after the
catal ytic dewaxing step. A heat exchanger is preferably |ocated between

t hese units. Reacti obhemetil hydrogenationeompahent ofithe dewaxing catalyss mayt be and
include a tenperature_qf from, 260 360[ert pr.ef er apl. 90 to
350[ err] C,at E%M&S’Wﬂ@%ﬂ“@ g&)f‘@?h‘@ll myﬁ&%ﬁﬁfaﬁp pressure of
from 1000 {3blished 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 5 to 95 wt% of crystalline molecular sieve, from 0 to 90 wt% of
amorphous component and from 0.1 to 30 wt% 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 occurring
materials such as clays, silica and metal oxides. Matrix materials which are metal
oxides include single oxides such as alumina, binary compositions such as silica-
magnesia and ternary compositions such as silica-alumina-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 préssure of -
from 3.45 to 34.5 mPa (500 to 5000 psi), preferably 5.52 to 20.7 mPa, a liquid
hourly space velocity 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 m*/m® (500 to 10000 scf/B), preferably 178 to
890 m*/m’,
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accor di ngmpemrﬁéuqtﬂvew.rewmem@tﬁm&smlqmbgbmw oi | separated from

the separator is then conducted to a dewaxing unit.

Cat al yti c dewaxng,

sol vent dewaxing or a conbina- tion may acconplish dewaxing thereof The

catal ysts useful i npy{ eyt tvélenfbodiitent] ﬂﬂdﬁw&husaé‘dasmmee

second hydroconverslon unit is conducted to a separator to separate low boﬂmg
components such as ammonia and hydrogen sulfide. The s1npped hydroconverted
dewaxed oil is then sent to a catalytic dewaxmg umt and camlyncaﬂy dewaxed under
the conditions set forth above. The catalyucally dewaxed oil ﬁ'om catalync dewax-
ing can then be cold hydroﬁmshed as described above o

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 90%, preferably at least
95 wit%, NOACK volatility improvement (as measured by DIN 51581) over solvent
dewaxed oil feedstock of at least about 3 wt%, preferably at least about 5 wt%, at
the same viscosity within the range 3.5 to 6.5 ¢St viscosity at 100°C, pour point of "
-15°C or lower, and a low toxicity as determmed by IP346 or phase 1 of FDA (c)
IP346 is a measure of polycyclic aromatlc compounds Many of these compounds

are carcinogens or suspected carcmogens, especlally.ﬂlose with so—called bay regions

[see Accounts Chem. Res. 17, 332(1984) for further 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 from Figure 1, NOACK volatility is related to VI for
any given basestock. The relationship shown in Figure 1 is for a light basestock

[



10 and 12 ring nol ecul ar sieves and a netal . hydrogenati on conponent.

Crystal | i newodogsegsar si.eves include alum no silicates -and alpg#uysgsnsi73
phosphat es. Exanpl es of crystalline alumno silicates include .zeolites such
as ZSM5, ZSM11, ZSM 12, theta-i (ZSM®2), ZSM 23, ZSM 35, ferrierite,
ZSM 38, ZSM 48, ZSM 57, beta, nordenitée and offretite. Exanples of
crystalline al um num phosphates include SAPO |1, SAPO 41, SAPO 31, NMAPO |1
and MAPO- &houb1 6619)." g%bﬁqymp&mwmm@{%%mtyfdﬁm o SM 23,
fenierite and SAPC 11. e dewaxi ng catal yst may al so “contai n an anor phous
conponent thendhe oil dhoylddfave ladVEofabot 110 foraprodudt with typidabcatividthreogn 0. 3 to
2.5, preferabl@k/ 0.5 to 2.0 on the KranerfMVicker acidity scale described

above. ExarpP%o off by BChhat 60°Ga\Volatility improvements cande achieved avithlemsgenat ed
| um na, i di iica- ' ttri. Ll ica-alum d the |ike.
Bpoct ai | Y grodust bl eteasing e SRtpiGH. in the imifaet o 8 s VLS PBE Pt o af e
h ; . |\ | | ti
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nmet al Candisﬁﬂdﬁm&ﬂohe,dn@&s%@ﬁ débiscpar ately or can be deposited on
the conposited catalyst. In the alterna- tive, the crystalline nol ecul ar

si eve and anor phous conponent can be in a |ayered configuration.

Preferably, the top_layer in the —reactii)n essel iij he anmqgr phous

)? cracking is also capable of producin, V1, and consequently

low NOACK volhtility basestocks, but is less selective (lower yields) than the
“process of the invention. Furthermore both hydrocracking and processes such as
wax isomerization destroy most of the molecular épecies 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 further 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
(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 pipesﬁll‘ 10 may be sent through line 22 to a cokér, a visbreaker or a
deasphalting extraction unit 20 where the bottoms are contacted with a deasphalting
solvent such as propane', butane 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 650°C or is preferably sent -
on for further processing through line 24. The bottoms from deasphalter 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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al t hough t%@9ﬁ£§4gurat ion can be reversed with the top | ayﬁéﬁﬂg?%@fﬁ S
e .

nol ecul ar sieve and the bottom | ayer as the anorphous conpo _
| ayered configuration, the hydrogenation netal should be deposited on both
the nol ecul ar si eve and the anor phoust®&onponent The metal hydrogenati on
conmponent of the dewaxing catal yst may be at. | east one netal firomthe

G oup VIB and G oup. VM of. .the Periodi.c Table (published.by Sargent-Wlch
Scientific Conpany). Preeféerred netals are G oup Vmnobl'e netals, especially

pal | adi um and pl at 3 AQE Gatal VS i I P d on the
wei ght of total ca%d;%c,aaﬁpgﬁq @g%ﬁ%&@ﬁ%ﬁo ecul ar sieve, ‘
from O tN-fethyl feélidoiieranld the eaRitHon Qhit iS preférably dpefatéPinTountcporirant net al
hydr ogenati on conponent with the:bal ance bejng matrix material. The
dewaxi ngmode.aThe solvent-tetaibratioséxtrhetian terhpératuce atirl pateentwhitertinithe 2 nat eri al
resistant to process conditjons and which is substantially non-.catalytic
under r esplvensareasedite contzol the degree pfextraction, igwseparation mteaiparafingat ur al | y
. Matri:x

B A e, B P
1Y, RO B8PS RS eSS BRGART )

zone i ncinutle paraffnmédtoraffingte phise! The adfatics Abaract phase isdent iyl y 270 to
400[err] C,. a hydrogen.partial pressure of S
further processing through line 32. The raffinate 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 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. R

The first hydroconversion unit 42 qohtaihs KF-840 catalyst which is
nickel/molybdenum on an alumina support and available from Akzo Nobel.
Hydrogen is admitted to unit or reactor 42 through line 44. Gas chrométog'raph'ic
comparisons of the hydroconverted dewaxed oil indicate that almost no wax

 isomerization is taking place. While not wishing to be bound to any particular _

" theory since the precise mechanism for the VI increase which ocours in this stageis
not known with certainty, it is known that heteroatoms are being removed, aromatic
rings are being saturated and naphthene rings, particularly multi-ring naphthenés, are -
selectively eliminated. |

Hydroconverted dewaxed oil from hydroconversion unit 42 is
conducted through line 46 to heat exchanger 48 where the hydroconverted dewaxed



from3.45 to 34.5 nPa (500 to 5000 psi), preferably 5.52 to 20.7 nPa, a

i qui d hourwp wpsesa vel ocity of fromO0.1 to 10 v/ v/ hr, prefepablugsfoBr o
3.0, and a hydrogen circulation rate of from89 to 1780 [err] (500 to 10000
scf/B), preferably 178 to 890 [err]. _jo9. 16- The final catal ytic dewaxi ng
step may be followed by a second col d hydrofinishing step under the cold
hydr of i ni shing conditions descri bed above. This second col d hydrofi ni shing

st ep woul thibstreafiehay beldookd if dedireds Thewooled liydessonveneddewaxedasilistteagual i ty

requirenments such as color or light stability. In an_alternative

enbodi (rjrentis CMMWMMWMMW%VETiQBMéZhMﬁﬁMer rs\i on unit
5%‘3%”3@%&»@@%@3@%@% od e@iﬂﬁ%ﬁe{fwm'l'n_@@% %Eié'staf?a&n&suc-lzaiss N
condi t 1 onsoeeftef B €lofiesTeBirt SRl bedilfa IS B rficeipOTHER S °T o1 "
dewax- ingﬁﬁ@ﬁ}(d:ﬁ@éh‘}%f‘si it By ANORASH tg%ﬁﬁd&?&l)ﬁ;ﬂ%g& itige

| ubricating oi1 basestock produce y the pifocess acco _ fo_the

i nvention bdievb@ﬂﬁcﬁﬁrda?ebiﬁtytddperétemmommseratlmerwmpmanéxhiﬂsdex of

at | east about 100, preferably at |least 105 and saturates of at |east 900%

pr ef er abl ytheequilibsinmodonvessj en saturated speciespnd othes unsaturateddaadroed by

DI N 51581) oyver solvent ) - . :
carbon species back towards increased saturates concentration. In this way, the
concentration of saturates can be maintained at greater than 90 wt% 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 hydrofinishing unit 60. Temperatures in the
hydrofinishing unit 60 are more mild than those of hydroconversion units 42 and 52.
Temperature and space velocity in cold hydrofinishing unit 60 are controlled to
reduce the toxicity to low levels, i.e., to a level sufficiently low to pass standard
 toxicity tests. This may be accomplished by reducing the concentration of poly-

" muclear 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 conducted through line 70 to
catalytic dewaxing unit 74. Catalytic dewaxing involves selective hydrocracking
with or without hydroisomerization as a means to create low pour point lubricant
basestocks. Finished lubricant basestock is removed through line 76. If hydro-



dewaxed .o'i'I__ feedst-ock of at |east about 3 w% fprefer—abl‘y;-at_ | east about 5

W% at theysasmso¥s SCOsity within the rangé 3.5 to 6.5 cStVissgRmbins1H

100[ err] C, pour po‘fnt of -15[err]C or |owér, and a Iowtoxi{??@fsgs .
determ ned by 1P346 or phase 1 of FDA,(c). IP346 is a neasure of polycyclic
aromati ¢ conmpounds. Many of these coﬁﬁ inds carci nogens or suspected

carci nogens, especially those with so-called bay regions [see Accounts

Chove por AR ob Ol 4 e GG el BE BB JRESE e

geni ci tYHaE&i&k_rIﬂ%vEPﬂnéﬁ%hﬁﬁé% b@ﬁ@émiw&adhgd&hﬁﬁﬁ%@tagﬁ;%. nd.is

based on ultraviolet absorbances in the 300 to 359 un ranhge, an be seen
fromFigure 1, NOACK volatility is related-t6 VI -for any given basestock.
The rel ationship shown in Figure 1 is fqor a |ight basestock ,-17- (‘about
lOON). If the goal Wbﬂ@mhwgmgtgzbe\mm@my i the facters affgctinN o |

o, e ook S g1 ol iR ol T B St et L Ol

ot by - S ORISR e SRR o DR W el it (SR ot

190 : Fb\l\l%bﬁfiersibh?iomﬂ r@geiamwdxdg‘,sgz Vl)allghv ﬂndihibﬂﬂlm l’iﬁnﬁt&s signific a.nt
yiel d debits. Hydrocracking is al so capabl e -of. produci ng high VI, and
consequerindlyding isoparaffins, n-paraffins, naphthenes and aromatics having from 1 to about
6 rings are processed over a non-acidic catalyst which primarily operates to (a) | S
hydrogenate aromatic rings to naphthenes and (b) convert ring compounds to leave
isoparaffins in the lubes boiling range by either dealkylation or by ring opening of
naphthenes. The catalyst is not an isomerization 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 a function of the irreversible
conversion of rings to isoparaffins and the reversible formation of naphthenes from =

aromatic species.

To achieve a basestock viscosity index target, e.g., 110 VI, for a fixed
catalyst charge and feed rates, hydroconversion reactor temperature is the primary -
driver. Temperature sets the conversion (arbitrarily measured here as i_he conversion
to 370°C-) which is neafly linearly related to the VI increase; iﬁespéctive 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,
i.e., the VI achieved, and the temperature required to achieve conversion. At start.of :
run 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%, for processes operating at or above 1000 psig (7.0 mPa) H,. However,
the catalyst deactivates with time such that the temperature required to achieve the



| ow. NOACK vol atility basestocks, but is |ess selective (ower yields) than
t he processWEf9948e84i nventi on. Furthernore both hydrocrackdng PERAS9/8HES ses
such as wax isonenzation destroy nost of the nol ecul ar species responsible
for the solvency properties of solvent2refined 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

i nvent i onsame f:omtdmon(andﬂaersmedﬂbmlﬁtbumehsedih@vbeeﬂ y&ax pericak; them

pipestill 10 i s typi caI I y an at rmsiaherl ¢ reduced_crud from an rmspherl o

pi pesfi | | tmRSr °|C derendingon;the A zem‘b ,

(medi um agﬁg@égg{,%g@n% sent soI entlne tra un t&&& Vi a I I ne
18. These® IASW E’éﬂ‘%‘f

650[ err] Cg, te@i;ﬁﬂﬁﬁe Q?ls #Qerf@é Qﬁesﬁi‘fné%pr ough |ine 22
to a coker re a ea phalt1ng extraction unit where the

aker or
bot t ons abﬁcﬁﬁﬁthﬁ@éseda thiprbceds fesofebout 1O wolhy ofless uad teaaparatapssria, but ane
or pentane. The deasphal ted oi | may be conbined with distillate fromthe

vacuum pi peeass bf 3307 Cthesaturdtesussadiated ovithithe ringspecies lefeixtbh produstatel  has a

boi ling pqint po greajer, than about 6500(: or. i s preferabl sent n for
further pﬁmwﬁgm& therepsta temperatyee ﬂ%ﬁ]%alﬁlm 2%) can be
sent to a ke t productlon O her reflnery streans
may al so Bﬁé é‘ﬁ%@%‘ %g{?’gg]&{% extraction unit through line 28

provi ded they neet the feedstock criteria described previously for
raffinate feedstock.

Thus as the reactor temperature increases from about 350°C, saturates
will decline along a simooth curve defining a product of fixed VI. Figure 5 shows
three typical curves 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) H,, the
process is incapable of simultaneously meeting the VI target and the required
saturates (90+ wt%). The projected temperature needed to achieve 90+ wi%
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 H, and above, the catalyst can snnulmneously
achieve 90 wt% saturates and the target V1.

An important aspect of the invention is that a temperature staging ‘.
strategy can be applied to maintain saturates at 90+ wt% for process pressures of
1000 psig (7.0 mPa) H; or above without disengagement of sour 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 pressures of the conventional hydrocracking process. This
is accomplished by separating the functions to achieve VI, saturates and toxicity



- -18- I'n extraction unit 30, the di stillate cuts ‘are sol Vent'-'ei.(t"racte_d with

N-met hyl pyfg @dsgigne and the extraction uni't is preferably ggerat g in :
countercurrent node. The solvent-to-oil ratio, extraction t%ﬁ%@@gfo ﬁg and
percent water in the solvent are used to control.the degree of. extraction,

i.e., separation into a paraffins richéTaffinate and an aromatics rich
extract The present process pernits the extrac- tion unit to operate to an

para f ﬁ@@?cﬁﬁ%ﬁ%@ﬁ?@hﬂﬁ%ﬁ BB Vbl B BTBLRR B0E .,

for furthgmBgag([e sgfoﬁtﬂa eﬁé’uoxir ga%?lrggia@Jpgﬁfmb&&onduct ed

t hrough |'ine sol'vent stri. Q. unit- : vent s sent

t hr ough btooks fhxblwenomlsovgoanﬁemdmbdihaaﬁ@dmg% tenpepatatect ed t hr ough
line 39 to solvent dewaxing unit 40. Solvent dewaxing unit 40 is a cooling
t oner wheemrolledprogasd sol vent' i s added at several ‘points along t he hei ght
of the unit 40 through line.41, ‘Precipitated wax is remoyved through line 45
‘while dewaxed oil is sent to first hydroconver5|on ‘unit 42 through line 43.

ni ckel / mo 3%3223%”2‘?@%‘9'11‘3‘%%#@0@% e R L

Hydr ogen tb@totx] wﬁt% ef:ﬁﬁr _
chr omat og?i?) I C: %gparl sons of‘irytl{llgaﬁélgdocon{‘/)grte g/a“;eeﬁﬁlg ndi cate that

e

al nost nand\pnesstn'errﬂ‘hlsmh]llmuatedmﬁgmg6w1hchshmﬂﬂt]ilgheﬂpr&éum to be bound
to any particular theory since the preci se nmechanr smfor t he VI |ncrease

whi ch ocel!mgs agrqamrée@pqy@mﬁangeto correcttoxlclty -

The inveiition is further illustrated 'b'y the fanowing' non-limiting
examples. S S
EXAMPLE 1
| Th1s example summarizes flmcuons of each reactor A, Band C.
Reactors A and B affect VI though A is controllmg Each reactor can contnbute to.
saturates, but Reactors B and C may be used to control saturates. Tox_lclty is

controlled primarily by reactor C. .
Product Parameter Reactor A Reactor B | Reactor C
i@ X X |
Sanms | o X X _



‘not known with certainty, it is known that heteroatons are being renoved,
aromati c ri wymossessbei ng saturated and napht hene rings, partiPCTun9d93173
mul ti-ring napht henes, are selectively elimnated. Hydroconverted dewaxed
oi | from hydroconversion unit 42 is copglucted through line 46 to heat
exchanger 48 where the hydroconverted dewaxed - 19- oil stream may be
cooled if desired. The cool ed hydroconverted dewaxed oil streamis

conduct edBXAMPIIE 21 ne 50 to a second hydroconversion unit 52. Additional
hydrogen, if needed, is added through line 53. This second hydroconversion
unit is operated at a | ower tenperature (when required to adjust product

i o, 17 b S o e AL
g alt ur at eg%&%fé%cogcﬁgg m?ﬁﬁ%@gﬁ Mﬁ%%hg@a#@cﬁgﬁéﬁgggb§g owar ds

| ncr eased sﬁf&f’nﬁh a| nggﬂ%fhﬁi‘ d)R b sz iR TaBRE D dridd.| On Of

saturates can be at gr ate than 90 wt % by appropriately
controlling the conbl nation of tenperature and space velocity in second
hydro- conversion unit 52. Hydroconverted dewaxed oil fromunit 52 is

conduct ed t hrough Wsmenie seen froputherdatainsFable 3 forthe g60Nsed stockr nat i vel y,

hydroconv Teacto oo (Aevva dop%rate at conditions sufficient to achieve the desired viscosity
index, then, with adjustment of the temperature of reactor G, itis ‘possible to keep
saturates above 90 wi% for the entire run 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 run conditions in
reactors A and B) produced even higher saturates, 96.2%. For a 100N feed stock,
end-of-run product with greater than 90% saturates may be obtained with reactor C

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



fromunit 52 can be sent directly through line 55 to separator 68.. After .
-addi ti onal; s renoved through heat exchanger 56, cool g y verted
dewaxed oiwai%g}“%dg?lduct ed through line 58 to cold hydrofint ?ﬁ{ﬂr%ggﬁ??gm
Tenperatures in the hydrofinishing unit-60 are nore mld than those of

hydr oconversion units 42 and 52. Tenpejature and space velocity in cold
hydrof i ni shing unit 60.are controlled to reduce the toxicity to |l ow | evels,
i.e., to alevel sufficiently lowto pass standard toxicity tests. This my
be acconpli sh?d gy educing the concentration of poly- nuclear aromatics to
very |low | evelis. rof iqi shed dewaxed oil is then conducted through |ine
64 to separat d¢r S| LPgHT T quid products and gases are separated and
renoved through |1 ne 72. The remaini ﬁ Igy dBf #ni @hedd waxed oil is
conducted thrgugh. line 70 to catal yti@l dewskimy @ni® =. Citalytic dewaxing
i nvol ves sel edti \géamyg'rcgr &ling with or wthout hydroisonerization as a
means to creatje b pour¥pdPnt |ubricant. basestocks. Fini-shed |ubricant

basestock is _renoved through line z6 1f hydro- . caonverted raffinate from -

unit 52 is sent directly to separator 68 through |ine 55, then basestock
removed t hroudh a L6 Qan,be sent to cold hydrofinishing (not shown).
Whil e not wishin e Bound by any theary; the-factors-affecting
saturates, Vlgan xicity are discusgedsagfoflguns., Tbe term "saturates”
refers to theQsumof all saturated riQosa gar & fhs®and i séparaffins. In
t he present relfficﬂate hydroé. e
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conver si on process,.

having from |

under-extracted (e.g.,
raf finat es:wWomeldsa8¥ng i soparaffins,

92 VI)
n- paraffins,
to about 6 rings are processed over a non-acidic catalyst

lig
naph

ht and medi um
t henes BEATWUSPUIMTI cs

which primarily operates to (a) hydrogehate aromalic rings to napht henes

and (b) convert

ring conpounds to | eave isoparaffins in the |ubes boiling
range by either deal kylation or by ring opening of naphthenes.

The cat al yst

is not an isonerzation catalyst and TABLEfore | eaves paraflinic species in
the feed largely unaffected. H gh nelting paraffins and isoparaffins are

renoved by a subsequent dewaxjng step.| Thus ader.than resi dEﬂR wax._t he
saturates content of a dewaxefl-oil progugt A sf'ﬁ :l‘Of

i rreversi bl e conversion of ripgs to isa%‘h n ﬁé Eerz@?&)
formati on of napht henes from ar 5P i lev ba Kk
viscosity index target, e.g.,}110,VL fpr | xed cghal yjst arge f eed
rates, hydroconversion reactof tenperajure 1s the prinmary driver.’
Tenperature sets the conversi pn (B bitfar33y neaslRed jheri®4as t hd.2
conversion to 3700C) which i$ nearly [inearly related tq the VI Jincrease,
irrespective of pressure. Thi$ is&Ghown 9905 gure23 rel at2My t he 2

increase (VI HOP) to conversion. For a fixed pressure, the saturates

content ok | ved,
and the tenper a%%qglg%ggg m&e@ggﬁ frégfhgﬁ 2‘%0 ss?t ar a2 nﬁ?ﬁiﬁon a
t ypi cal feed the terrperature uired, to achieve the target VI may be only
350[ err] evaxed OiLF 3asndi ng1 Jafes of the dewaxled oil will nornall y
be in excess of 90 vvt% Tor ptocFeeds opperatiS@Rat or pbove EOR) psig (7.0
nmPa) H2. HOORE Rliscositg, ¢Stt al ysi deg@3 i vates wizbitinme such t haig3t he
t enper at uggec 8AKdsRY, ¢k achi eye 4hge 18.23 17.36

Viscosity Index 95 108 112

Pour Point, °C -18 -18 -18

Saturates, wi% 64.6 99 93.3

DMSO Screener for 0.25 0.01 0.03

toxicity (2)

370°C+ Yield, wt% on 93 80 75

raffinate feed

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

EXAMPLE 3

The effect of temperature and pressure on the concentration of
saturates (dewaxed oil) at constant VI is shown in this example fm: processing the
under extracted 250N raffinate feed. Dewaxed product saturates equilibrium plots
(Figure 5) were obtained at 600, 1200 and 1800 psig (4.24, 8.38 and 12.5 mPa) Hy
pressure. Process conditions were 0.7 LHSV (reactor A + B) and 1200 to 2400

SCF/B (214 to 427 m*/m®). Both reactors A and B were operating at the same
temperature (in the range 350 to 415°C).



-21 - sane conver5| on (and the same VI) nust be increased' Over a 2 'yeér:

peri od, t hgy g!ggg ture may increase by 25 to 50 C dependin
catal yst, fee néjﬂt he operating pressure. A typical deacti \i/la?}lbo%ﬁ%rlal | e

is illustrated.in Figure 4 which shows tenperature.as a function of days on"
~oil at a fixed pressure. In nost circéfstances, with process rates of about -
1.0 v/v/ihr or less and tenperatures in excess of 350 C the saturates

associated with the, rin seC|es ef n.t.he produect a ed only by
the reactor t enper 441¥ q’qso rﬁ%ﬁ?ﬁéﬁ@"%ﬁﬁﬁ%&t bﬁ@g‘}’?he

eqw l'i brig w ﬁﬁﬁ? alqi?l“'%re?ﬁn{: erature

i ncreases from about s%% sa g&?g\n ecli.ne a ong a s E‘dcgqt&h curve

defining wuhhedwcathetcxﬁpereﬁhé/to mM@m%erwmw&dwaMé or a
fixed product of 112 VI derived froma 92 Vi-teed by oper ating at a fixed

conver si omprasticallylove Theminigmm prassurs toaghieve the 89awit’e agmeasnmablei n -accor d

5t ond; | y SRR RS "'br'uﬁéme@bm&ef Ji R AR R Y =
mPa) H2 -
ang)the r%‘gﬁﬂgﬁ@gﬁﬁ‘%ﬁt‘ ﬁ%gggu\%f%n&f pt?ﬂﬁ%%@t% rrpera?"tEJre neeélgtrjgtez)

achi eve gl highe? dodt Bl e Fgrat - whi ch -
can be r asonatﬁ achi ev d w th the prefe red cat al yst fod?&!t hi S process at
any reas duydtﬂcmdkeﬁdwhmwtepradeysof the invention can avoxd : -

EXAMPLE 4

) The catalyst deacnvanon proﬁle as reﬂected by temperature requ:red
to maintain product quality is shown in this example Figure 4isa typlcal plot of
isothermal temperature (for reactor A, no reactor B) requtred to maintain 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 saturates content. Strategies to offset a decline in
product saturates as reactor A temperature is increased are shown below. |

EXAMPLE 5
This example demonstrates the effect of tempemture 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) H; process with a 93 VI
raffinate feed.

HiF



charge. However, at 1000 psig H2 and above, the catalyst can sinultaneously
achi eve 90 wi%os@egsr at es and the target VI. An inportant aspect/ushyehes
invention is that a tenperate staging strategy can be applied to maintain
saturates at 90+ wt 0o for process presgires of 1000 psig (7.0 nPa) H2 or
above wi thout di sengagenent of sour gas and w thout the use of a polar
sensitive hydrogenation catal yst such as nassive nickel that is enployed in
typi cal hydrocaki ng schenes. The pr gBILLER' ocess al so avoi ds the higher
tenperates and pressures of the conventional hydrocracking process. This is
acconpl i shed by separating the functions achi eve VL turates and
toxicity -22- using a cascadi ng tenper &r e profile o P actors
wi t hout the expendieogior PeaMensen of st u_p.ij '&e_ﬂr_e.conpmf
hydr ogenati on steps. APl Goup Il and Il base- stocks (APl Publication
1509) can be produced in a singlReastbfige Tt emESWL ure confrol | gH$vVocess.
Toxicity of the basestock is adjusted idct hgy, d hydr ofs ishi%@t ep. For
a given target VL the toxicity ma%be agfgst y contr I ng the
tenperature and pressure. This isdllus]late 'in Fi gure whichb' hows t hat-
g0 B0 i

hi ghi er pressures allows a greate terrpj, ature“range to ect_"Loxicity.
The invention is further illustratled byz%e %P1 ow ng N9l i i t% g
Dewaxed Oil Viscosity _ - 114 115
Index '
Dewaxed Oil Saturates, wt% 80 96

A comparison of the base case versus the temperature 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
thermodynamic equilibrium at the temperature of reactor B.

EXAMPLE 6

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 developed 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 DMSOI extract. The maximum absorbance at 345 +/-5 nm in the
screener test was shown to correlate well with the maximum absorbance between
300-359 nm in the FDA (c) test as shown in Figure 8. The upper limit of acceptable
toxicity 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 H; (8.35 Mpa))



- |
exarrpl es. EXAMLE 1 This exanple summarizes: functions of each reactor A B |
and C. Rea nd B affect VI though Ais controlling. or- can
contri but e%{"%gz gﬁf?at es, but Reactors B and C nay be used tgéi}glﬁ 9?@?;
saturates. Toxicity is control | ed prinparil y by reactor C. TABLE 1 Product

Par anet er Reactor A Rea@ or ‘ ReactorC Vi
- X X Sat ur at es X

AL tﬁ‘ﬂﬁ %Mf&ﬁ@'ﬁhﬁ t?smﬁvs@ q%etofsmfaé'ectqaypw A 5 ot ai ned

from t he gahfmsest en c@g ﬂﬁf’e nd
product quality- gata r start - run gs@a‘lan end run ?E@?G;re

sunmai zedsopeﬁﬁalaemgaeﬂmpérataﬁ cah be seen fromthe data in Table 2 for
the 250N feed stock reactors A and B operate at conditions sufficient to

achi eve the desired viscosity index, then, w.th adjustnment of the
tenperatyre, of reactor C, it |s ossi bI e to. kee
P EAMPLE T > ROSSIDTE To-KeEh

| This example is directed to the use of the cold hydrofinishing (reactor
C) unit to optimize saturates content of the oil product. Reactors Aand B were
operated at 1800 psig (12.7 mPa) hydrogen partial pressure, 2400 Scf/B (427 m3/m )
treat gas rate, 0.7 and 1.2 LHSV respectlvely and at a near end-of -run (EOR) |
temperature of 400° C on a 92 VI 250N raffinate feed. The effluent from reactors A
and B contains just 85% saturates. Table 5 shows the condmons used in reactor C
needed to render a product that is both hiéher saﬁiretes content and is non-toxic. Af |
350°C, reactor C can achieve 90+% saturates even at space velocmes of2.5 v/v/hr
At lower LHSV, saturates in excess of 95% are achieved. -

TABLE 5
. o RUNS .

Run Number 1 ' 2 3 4
Temperature, °C o - 290 330 . 350 350
LHSV, v/v/br 2.5 25 25 1.0

H2 Press,psig = .. .. . 1800 1800 . 1800 1800 .
Treat Gas Rate, SCF/B 2400 2400 2400 2400
DWO VI 115 114 115 114
DWO Saturates, wt% 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, optimization of reactor C by controlling temperature and space velocity
gives Group 1I basestocks



saturates above 90 wt% for the entire run | ength w t hout .conprom sing
toxicity (wedondésaated by DVSO screener résult; see Exanpl ep&Y/usso/o3173
conbi nati on of higher tenperature and | ower space velocity in reactor C
(even at end of run conditions in reaggors A and B) produced even higher
saturates, 96.2% For a 100N feed stock, end-of-run product with greater
than 90% saturates nmay be obtained with reactor C operating as |ow as 290C

at 2.5 VEXAMPI®ESe 3). - 24 - -25 - TABLE 3 -- SOR -- EOR Tenp.
LHSV Tenp. LHSV React or (O (v/v/hr) (C) (v/ivihr A
355 0.7 394 0.7 B 355 394 1.2 C
290 2.5 le Eeﬁoﬁsiﬁtéﬁhama&hmﬁoﬂﬁﬁﬁﬁmﬂ and2. 5 nPa) H2
inl et pressure, 2400 scf/ 427 nB/ nB)

dewaxed oils can be upgméed to higher quallty 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 raffinates or
dewaxed oils. In the example below (Table 6), foots oil feeds were upgraded at 650
psig (4.58 mPa) H, to demonstrate their value in the context of this invention.
Reactor C was not included in the processing. Two grades of foots oil, a SO0N and

150N, were used as feeds.
TABLE 6
500N 150N
Feed Product Feed Product
Temperature, °C (Reactor A/B) - 354 - 354
Treat Gas rate (TGR), Scf/B, (m*/m”) - 500 (89) - 500 (89)
Hydrogen partial pressure, psig (mPa) - 650 (4.58) - 650 (4.58)
LHSV, v/iv/hr (Reactor A+B) - 1.0 - 1.0
wit% 370°C - on feed 022 3.12 1.10 2.00
370°C+ DWO Inspections
40°C viscosity, cSt 71.01 48.80 25.01 17.57
100°C viscosity, cSt 8.85 727 477 401
V1/ Pour Point, °C 97/-15.  109/-17® 111/ 129/9®
Saturates, wit% : 73.4 - 82.8 7903 8857
GCD NOACK, wi% 42 80 - 198 233
Dry Wax, wt% ' 66.7 679 836 83.3
DWO Yield, wt% of Foots Oil Feed 332 31.1 16.2 159

W) Saturates improvement will be higher at higher hydrogen pressures
@ Excellent blend stock

Table 6 shows that both a desirable basestock with significantly higher
VI and saturates content and a valuable wax product can be recovered from foots oil.



‘Dewaxed G| Properties 100N (1) Feed T SOR ~ EOR 100C

Vi scosity, 99/45084 * 4 35 3.91 3.83 4 ty,
cSt 2. 8964 18. 23 . . 17.36 Viscosity ?&'ﬂb&‘}d}ﬂs
95 108 - 112 Pour Point, IC _ -18

-18 - .18 Saturates, w%39- - 64.6 99

93.3 DMBO Screener for - 0.25 0: 01 © 0.03

i Ci 2) 370 C+ Yi d % 93 . 80 o
V2% ot £V IR eepdl Sk S Totefladbre néither constied gr formed in S BMCER 1 o vi of et
b b
absor bancgag *‘ﬂaﬂgf m"g’éﬂ i blena] Blovidestithediis b ROBITEARBNENARE || |

pressure on the concentrati-en. ol

shown i n tbswhileimproviny the qaslity ofde: febaltannbase sikpr odﬁéted 250N raffinate
feed. Dewaxed product saturates equilibriumwplots (Fl gure 5) were obtained

at 600, 1200 and 1800 psig (4.24, 8.38 and 12.5 nPa) H2 pressure. .Process
condi ti onEXRMPIE Y LHSV (reactor A + B) and 1200 to 2400 SCF/ B: (214 to 427
[err]). Both reactors A and B were operal ng at the same tenperature (in the
range 350 to 415[err]C).

This example ﬂlusuates the advantage of catalytic trim dewaxing a

solvent dewaxed hydrotreated raffinate. The trim catalyuc dewaxed products, even
| though they have lower VI, 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 ratio and a filter temperature of -21°C to make a
dewaxed oil having the properties shown in Table 8.

TABLE 7
Process Conditions
R1 Conditions :
Pressure, psig - 1800 (12.4 mPa)
TGR, scf/B 2500 (445 m’/m’)
Space Velocity, v/vh 0.7
Temperature, °C 375
R2 Conditions
Pressure, psig 1800
TGR, scf/B 2400 (427 m*/m’)
Space Velocity, v/v/h 25
Temperature, °C 290

N



-26 - As can be seen fromthe figure it -is not possible to achieve 90 Wt %
sat urat es wio %A6osasi g (4. 14 nPa) hydrogen partial pressure. pdfinises 73

t heory, one could reduce the tenperature to reach the 90 wt % target, the
space velocity would be inpracticallysjow The mninumpressure to achieve
the 90 wmt % at reasonabl e spare vel OCi%I es is about 1000 psig (7.0 nPa).

| ncreasing the pressure increases the tenperature range which may be used
in the first two reactors (reactor pABNE§). A practical upper limt to
preessure is set by higher cost netalturgy typically used for hydrocrackers,

whi ch the process Ef ihe]Ei nvention can avoid. EXAMPLE 4 The catal yst
deactivation profi by tenperature required to naintain

product quality |s\§$m,l¢sttah|1§0&anpl e. Fi4i82% 4 is a typical plot of
I sot her mal t enper atViseosityoeStraed0t@r A, no re20:49F B) required to maintain a
VI increase of 18 [gpig)icP a¢q08%® time on strepm7KF840 catal yst was used for
reactors. A and C Q{)(er a two year period, reﬂg‘or A tenperatures could

i ncrease by about 2,' i’ é)gl dhl s will affect e product saturates content
Strategies to offs g ine in product sa't'1 ates as reactor A
tenperature is increased are shown bel ow. EXAMPL 5 This exanpl e deosrtsthe

effect of tenper at BreokfieldiVigcosityysteA0t@e fi3W00( r eact or A) and second
(reactor B) hydroconversion units to achieve the
This dewaxed oil was then 6atalytically dewaxed over a 0.5 wt% Pt
TON (zeolite) / 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.

TABLE 9
Process Conditions
Pressure, psig 1000 1000 (7.0 mPa)
TGR, scf/B 2500 2500 (445 m*/m)
Space Velocity, v/v/h 1.0 1.0
Temperature, °C 295 303
Yield, wt% 67 60
Product Properties
Viscosity, cSt at 100°C, 4.150 4.122
Viscosity, cSt at 40°C, . 20.634 20.441
SUS, cP at 100°F 108.4 107.5
Vi 101.7 101.3
Pour Point, °C -33 -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 ATF ad pack
(22 wt% treat rate of ATF ad pack, 78 wt% dewaxed oil) and Brookfield Viscosities



desired saturates content for a 1400 p5| g (9 75 nPa) H2 process W|th a 93

VI raffinat TABLE 4 Base Tenper at ure

Sequence: %Jﬁ%lou Case : St aged Case Reactor %’bﬁ-@?}”

T LHSV [err]C : [err]C) v/ivih A 390

390 0.7 B 390 1.2 3350 - 0.5 C 290 2 5

290 - 2.5 Devvaxed Q1 Viscosity - : 114 115

96 A

| ndex De %0 ¢ 1 X eieine 400
cgme));r i sgﬁ '46 EHEC ri@ze(?\é%ﬁ@ Y‘ﬁ“e"%ﬁﬂ% g?%fﬁe%%mdgﬁémdemnst rat es
the nerit qpéwhRETabeS ahg%gecﬁvag | oner tenperature and space velocities.

The bul k saturates content o roduct was restored to’the thernodynam c
equilibriumat the tenperature-of reactor B. - EXAMPLE 6 The ef fects of

t enperature and pressure in the coI d hydrofini sh| ng unit-.
XAMPLE 10 .

This example illustrates the advantage of cataljrﬁc dewaxmg a total
liquid product produced from hydrotreating a raffinate over the process described in
Example. 9. Catalytic dewaxing is shown to give a product with iinproved VI over
that obtained by solvent dewaxing at the same pour pomts In addition, the catalytxc
dewaxed products have much better low temperatute 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.
TABLE 10
Process Conditions
R1 Conditions
Pressure, psig 1800 (12.4 mPa)
TGR, scf/B 2400 (427 m3/ %)
Space Velocity, vivh 07
Temperature, °C 382
R2 Conditions :
Pressure, psig 1800
TGR, scf/B 2400
Space Velocity, v/v/h 25
Temperature, °C 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

HnE7T



(reactor. C) on toxicity are shown in this exanple. The toxicity is

esti mat ed wsony4svs4li met hyl sul phoxi de (DMBO) based screener lteﬁtjsgjmg;lz,oped
as a surrogate for the FDA (c) test The screener and the FDA (c) test are
both based on the ultra-violet spectrumof a DMSO extract The maxi mum
absorbance at 345 +-5 un in the screenér test was shown to correlate well
with the maxi num absorbance bet ween 300-359 nmin the FDA (c) test as shown

in Fi gurg%eggxrxb NAIBKI iffla3: 0 SoRERER rffirfitd eﬁé&iﬁét%ué‘ﬁhd‘ﬂﬁl&? g@gner test

i s.0.16 ance unlts As shown 1 n Figur operating at 18 psig
(12.7 Mpare/ef-213C 18 Gikeai deviaked dil Haning the peepertigsashbivalin Mablslr.e al | ows t he
use of a much broader tenperature range (e.g. 290 to -360[err]C versus a
maxi nrum of only about 315[err]C vvhen OEEI’atI ng at 1200 psig H2 (8.35 Mua))
WD 99/ 45084 PCT/ US99/ 03173
28- in the cold hydrofnisher to ach| eve a non-toxi product. The next

exanpl e denonstrt esPfoda ’esaturat es~, non-toxic products, can be made

when reactor Cis cﬁ&l t enper a 2@. LEXAMPLE 7 This exanple
is directed to the yse ? C c,Q:hydroflnla g (reactor C) unit to
optim ze saturates e ®il produc %gactors A and B were
operated at 1800 ps@g( t

¢baty ) hydr ogen pa|9§ pressure, 2400 Scf/B (427
[err]) 109.3
Pour Point, °C -19
Yield on TLP, wt% 65.5

Brookfield Viscosity, cP at -40°C 26800

The total liquid product from this step was then catalytically dewaxed
over a 0.5 wt% Pt TON (zeolite) / 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.

TABLE 12
Process Conditions
Pressure, psig 1000 1000 1000 (7.0 mPa)
TGR, scf/B 2500 2500 2500 (445 m*/m’)
Space Velocity, v/iv/h 1.0 1.0 1.00
Temperature, °C - 304 306 314
~ Yield, wt% ' 482 46.3 335
Product Properties
Viscosity, ¢St at 100°C 3.721 3.672 3.593
Viscosity, ¢St at 40°C, 16.511 16.256 15.925
SUS, cP at 100°F 89.0 87.8 86.4
VI 112.6 1m 107.0
Pour Point, °C -20 -23 -39

Brookfield Viscosity, at -40°C 13640 12740 10600



treat gas rate, 0.7 and 1. 2 LHSV respectively and-at -a near end- of - run

(FR) Lemidhiigee! 100Leri] Con a 021 250N raifinate fqeducIBin, o

ef fluent fr ors A and B contains just 85% saturates.

the conditions used in reactor C needed to render a product that is both -

hi gher saturates content and is non- rofic. At 35 err]C, reactor C can
achi eve 90+% saturates even at space velocities of .2.5 v/v/hr. At |ower
LHSV, saturates in excess.of 95% are achl eved. . TABLE 9-RUNS Run. Nunber

4 T t C - 0
Ll_ls\e/rrp\e/; \6,1 / E; e ler r'}'he dewaxed oils, bqh§olvent Rewa@d@nd the prodgctg from axe 1.0 H2

gggs Sl‘?a t gséa%éﬁu‘sdewaxer were %%I%Pe% as Au%ég qoransmsésh%ﬁpmds %r eat

s opg i ad packid g et IR AR, Bulh fowaipd dand  °F oo

0.10 BfookfieldVisbbeities ut-409C muwé&tmmmv&‘coﬁﬂes fopboth feedure 7

further illustrates the folexible use of reactor”C.” As shown in -29 -

and products are shown in Tab}es 5and 6 respectlyely o

Figure 9 shows the beneﬁt of catalytic dewaxmg both the DWO and
total liquid products. Companng the data in Examples 9 and 11 (Tables 9 and 12)
shows a further benefit for dewaxing a TLP vs. a DWO in tha_t the former results in
products having a higher VI at the _samé 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
toml liquid product versus solvent dewaxmg 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 additidﬁ, the catalytic dewaxed products have
much better low temperature propetties (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.

350



EXAMPLE 8 This exanpl e denonstrates that feeds in additian to raffinates
and dewaxedwaidesisesan be upgraded to higher quali ty basest ock ®CT/IS9/03173
upgradi ng of |ow value foots oil streanms is shown in this exanple. Foots
oil is a waxy by-product streamfromthe_production of low oil content
finished wax. This material can be used either directly or as a feed

bl endst ock with under extracted raffinates or dewaxed oils. In the exanple
bel ow (Table 6), foots oil feeds weTABIE13ded at 650 psig (4.58 nPa) H2 to
denonstrate their value in the context of this invention. Reactor C was not

i ncluded in the progéﬁi ng Bﬁ)ongrades of foots oil, a SOON and | 50N, were
used as feeds. TABL 150N Feed Pr oduct Feed

Product Tenperature, C (Reactor A/ B) - 354 - _
354 Treat Gas rate (RiCEpndifionsB, ([err]) - 500( 89) - 500 (89)
Hydrogen partial pr ®yessire, psigi 9 (nPa) - 65018005(&25mPa) 650( 4. 58)
LHSV, v/v/hr (React efgr Bicf/B ﬂd@(427m3/m) 1.0 wt %
370C - on feed 22 3.12 0.7 2.00 370C+ DWO
| nspeci ons 40[err]CSP|a§%X§h°§'y Vb 71 01 48. 80 25. 01
17.57 100[err] C vi s S8 7.27 4.77
4.01 VI | Pour P0| nt C 97/-15. 109/-17[err] 111/-8
129/ -9[ err] R2 Conditions .

Pressure, psig 1800

TGR, scf/bbl 2400

Space Velocity, v/v/h 25

Temperature, °C 290

The hydrotreated raffinate 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
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 Properties
Viscosity, ¢St at 100°C, 5.811
Viscosity, cSt at 40°C, 34.383
SUS, cP at 100°F 177
VI ' 1106 -
Pour Point, °C 21
Yield on TLP, wt% 64.6
Brookfield Viscosity, cP at -40°C 148200

The total liquid product from this step was then catalytically dewaxed
over a 0.5 wit% Pt TON ( zeolite ) / Pt Silica-alumina ( 25:75 wt/wt, zeolite: silica-



M g e [ .

Saturates,. W% | ~73.4  82.8([err])  79.03 |
88.570[ err CK, wt % - 4.2 8. Q i 8
*23.3 Dry b'o\ao, WS 66. 7 67.9 9%?’."8”’”3}%83 3
DWO Yield, w%of Foots Ol Feed 33.2 31.1 16. 2 15.9 "
Saturates nprovement will be higher aB6higher hydrogen pressures (2)
Excel l ent bl end stock Tabl e 6 shows that both a desirable basestock with

can be  ALUBRGUAEHPOGET Comppsti catalyst i e FuRon<TaNg APl Fbcul os
f f | .
21 et N R o ol P95 oSBT 10012 O1) |

~inproving the quality of the resultant base oil product. EXAMPLE 9 This

exanple illustates the advantage off hgtic tri-mdewaxing a sol vent
dewaxed hydrotreated. raffinate.- The trimcatal yti.c dewaxed products, even

t hough t hey ha lL.ower VI, have much better |ow tenperature properties (
productské&ﬁ-&ﬂéﬁl@ | over Brookfield Viscosi ty) than the correspondi ng
sol vent dwessaesiptiged. Tri m dewaxi n00ef er s tlﬂmhe pr ocH¥® (ameBa)/ent

dewaxng fRGRosefB by catal ytic dewRS009. 2500 (445 m/m)
Space Velocity, v/v/h , 1.0 1.0 - 1.00
Temperature, °C 304 306 - 314
Yield, wt% . - 482 463 335
Product Properties E ' S o
Viscosity, ¢St at 100°C, 5309 5.261 5115
Viscosity, cSt at 40°C, 28.899 28.552 27.364
SUS, cP at 100°F 148.9 1472 = 1412
VI 117.6 1170 1164
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 formulated as Automatic Transmission Fluids using a Ford
type ATF ad pack (22 wt% treat rate of ATF ad pack, 78 wt% dewaxed oil) and
Brookfield Viscosities at -40°C measured. The Brookfield Viscosities for both feed
and products are shown in Tables 14 and 15 respectlvely

* Figure 10 s 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 from catalytic dewaxing are higher than that
obtained by solvent dewaxing.



A raffinate product nade under the conditions in Table 7 was topped at 370C
to give a WO@4mmsoduct whi ch was sol vent dewaxed usi ng M BKpCTIUS99A3173
solvent to raffinate product ratio and a filter tenperature of -21C to nake
a dewaxed oil having the properties shgwn in Table 8. TABLE 7 Process

Conditions R1L Conditions Pressure, psig 1800 (12.4 nPa) TGR
sc/B 2500 (445 [err]) Space Vel Oﬁlmmm'ﬂ”m"“"l 0.7
Tenper at UCEATMS: 375 R2 Conditions Press

1800 TGR~sci/ B 2400 (427 [err]) Space Vel dcify, *v/v/h
2.5 Tenperature, C 290 -31 - TABLE 8 Product Properties

1. A process for producing a lubricating oil basestock meeting at least
90% 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 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 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
LHSYV and a hydrogen to feed ratio of from 500 to 5000 Scf/B to produce a
second hydroconverted dewaxed oil;

(¢) passing the second hydroconverted dewaxed oil to a hydrofinishing zone and
conducting cold hydrofinishing of the second hydroconverted 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



Vi scosity, cSt at 100C, . 4.182 Viscosity, cSt at 40[err]C : ', . 20.495
. SUS, cP at F ' 107.7 VI 106

Pour Poi nt &@%ﬁg‘)ﬂ -19 Brookfield Viscosity, at 4OECT/US§§%Z)3 Thi s
dewaxed oil was then catalytically dewaxed over a 0.5 wt% Pt TON (zeolite)

[ Pt Silica-alumna (25:75 w/wt zeol~ i3e: silica-alumna ) m xed powder
conposite catal yst under the conditions shown in Table 9 and to produce the

%Lgﬁ%‘f?%rz‘iifﬁ#soﬁ&i%@”a& a Byaitged o oes3 S€o“?/ /h{c@%e%p%o&cﬁ% TR sef/E
2500 2 1.0
Tgmoerat ure, ?@ %ﬁi&aﬁﬁh@w@ﬁp ty V3\(S3 Yield, w% - |

67 60 Product Properties Vi scosHy ¢St at. 100[err]C 4. 150

oo S #gné,ﬁi Eﬁdréﬁﬁn@ﬁéd&waxedoﬂt%%s@ﬁﬁagmz&téwgfp?@cgt 100F

having a boiling less than about 250°C; and " -

(g) passing the hydrofinished dewaxed oxl from step (Htoa dcwaxmg zone and
catalytically dewaxing the hydroﬁmshed dewaxed ol under catalytic dewaxing
conditions i in the presence of hydrogen and a catalyhc dewaxing catalyst o
comprising a metal hydrogenauon component and a cxystallme 10 or 12 nﬁg L

molecular sieve,

2. A process for producmg a lubricating oil basestock meeting at least
90% saturates by selectively hydroconverting a raffinate produced from solvent
refining a lubricating oil feedstock which comprises: .

(@ 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 undér solvent dewaxing conditions to obtain 2
dewaxed oil feed;

" (¢) passing the 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 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 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
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Pour Point, C -33 .40 Brookfield Viscosity, cP at
-40[err] C 339445082900 The dewaxed oils, both feéed and produatsusmwemshe
catal yti c dewaxer were forrmul ated as Automatic Transm ssion Fluids using a
Ford type ATF ad pack (22 wt % treat ratg of ATF ad pack, 78 w % dewaxed
oil) and Brookfield Viscosities at -40[err] C neasured. The Brookfield
Vi scosities for both feed and products are shown in Tables 8 and 9

tively. o] ' .
catalyti o dendaie s 0T pRaRIABafine erHBlafrem Soebad ydReaiRdn kb
raf fi nate overnt pReall e dSREErahRg i thoHBr)dRodbnverict et a UGHREEHO | S

shown to give a product with inproved VI over that obtained by solvent
dewaxi ng at t partialpeessuxerofifcom 1600 ite 25001 psigom spach evelogity lof fiom 20030

products have much better low te raturge, pr rties (as _defined by |ower
B ooki 1 ol d-vi oSN mpda ydsmentio 1661 F0 RS TN 300 39 5600 SGERAR erpdeBdct A
hydrotreated raffipat roduct as de under the conditions listed in
Tabl e 10. TABL%‘W@%B@%V%MFW%%% Condi ti'ons

(e) passing the second hydroconverted dewaxed oil to a separation zone to remove
products having a boiling less than about 250°C;

(O passing the stripped second hydroconverted dewaxed oil from step (€) 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 crystalline 10 or 12 ring molecular sieve to produce a catalytically
dewaxed oil; and

(g) passing the catalytically dewaxed oil to a hydrofinishing 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 5
LHSYV and a hydrogen to feed ratio of from 500 to 5000 Scf/B.

3. The process of claim 1 wherein there is no disengagement between
the first hydroconversion zone, the second hydroconversion zone and the
hydrofinishing reaction zone.

4. The process of claims 1 or 2 wherein the basestock contains at least
95 wt% saturates.

L M



Pressure, psig E 1800 (12.4 nPa) . TGR, scfB-

2400 (427 %err Space Vel oci ty, vivih = - 0.7 Terrperature err

382 R2 ConWO¥Y¥r84pr essure, psig 1800 TGR, sSlublrS

2400 Space Vel ocity, v/v/h 2.5 Terrper ature, OC 290 The
hydrotreated raffinate total Iiquid p4®duct made under the condi- tions in
Table 10 was topped at 370[err]C to give a 370[errr]C+ product which was
sol vent -33 - dewaxed using MBK in a 3:1 solvent.to raffinpate product

ratio and a filteb. {Eupprogessioiiclaims 1.0z 2owheseimthe raffivatedsuadest | havi ng t he

propertles shoiin in Table 11. TABLE 11 Product Properties Viscosity, cSt at
100C, \/ sc05|ty cSt at 40[err]C ' 17 5 SUS cP at 100F
93.5 N _ - PR .

6. The process of claims 1 or 2 wherem 1he'hon-’ébidi¢ hYdro; -
eonversion'camlyst is cobalt/molybdenum, hicgeVﬁiol)'?bdenuxﬁ or nickel/timasten on

alumina,

7. The process of elalms Tor 2where1n the hydrogen parual pressure
in the first hydroconversion zone, the second conversion zone or the hydrofinishing
zone is from 1000 _t_o_._2000 psig (7.0to 1_2._5.mPa)...

8 The process. of clanns 1 or 2 wherein the non-aeldlc hydro-
conversion catalyst has an acidity less than about 0.5, said acidity being determined
by the ability of the 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-Z-pentene to
4-methyl-2-pentene ’ o c

9. The process of claims 1 or 2 wherein the dewaxing catalyst is a
zeolite selected from ZSM-5, ZSM-11, ZSM-12, Theta-1, ZSM-23, ZSM-35,
ferrierite, ZSM-48, ZSM-57, beta, mordenite and offretite. |

10. The process of elz_tims 1 or 2 wherein the dewaxmg ca_talyst is an
aluminum phosphate selected from SAPO-11, SAPO-31 and SAPO-41;

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

composite of a crystalline molecular sieve and an amorphous component.
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Vi 109. 3 PourPoint, C -19 Yield
on TLP, W %0 99/45084 65.5 Brookfield Viscosity, cP at -40[mrmys9so26800
The total liquid product fromthis step was then catal ytically dewaxed over
a 0.5 w%Pt TON (zeolite) / Pt Silicgjalumna (25:75 w/w,
zeolite:silica- alumna) m xed powder conposite catal yst under the
conditions shown in Table 12 and to produce the products, after topping at

370[err] C, shown i T¢hé SS mﬂzoﬂ%ﬁﬁénwmcﬂﬂ%ﬁweéogﬁ g

1000 1000 1000 (7.0 nmPa) TGR, scf/B

2500 hy&é@ﬁatﬂ%ﬁcc[tﬂming ﬂmthybbbﬁanolphous cothponent and 4 sécond layer 1.0
1.00 Terrperature 306 314 Yield, w%
48. 2 mmhnem"lmsy‘@roduct Properties Viscosity, cSt at 100C
3.721 3.672 3.593 Viscosity, cSt at40C, 16. 511

16. 256 15.925 SUS, cP at 100[err]F 89.0 87.8

86.4 VI process 1 our Poi nt,
[err]C 13. Tg% ofcla.mi’s Fof2 whercid -39 Broeﬁfﬂ%ﬁ ‘\Z}il%ggm ty, at

40[ er r ] C compbaérifof the HewiRing catalﬁb@i@at least one of a Group VIB and Group VII
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
alumina, 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 ﬂlereby 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

. T



-34 - The dewaxed oils, both solvent dewaxed and the products fromthe

catal yti c devasensosyvere fornul ated as Automatic Transm ssion Fluids using a -
Ford type ATF ad pack (22 wt%treat rate of ATF ad pack, 78 wPSFHSRMUB 7{
oil) and Brookfield Viscosities at -ﬁQ}gpr]C measured. The Brookfield
Viscosities for both feed and product's e shown in Tables 5 and 6
respectively. Figure 9 shows the benefit of catal ytic dewaxi ng both the DWD
and total liquid products. Conparing the data in Exanples 9 and 11 (Tabl es

9 and 12) shows a further benefit for dewaxing a TLP vs. a DAD in that the
former results in products having a higher VI at the sanme pour point

Catal ytic dewaxing also inproves the VI of the products from dewaxing a TLP
over that obtained by solvent dewaxi ng. EXAMPLE 11 This exanple further
illustrates the advantage of catalytic dewaxing a total |iquid-product

versus sol vent dewaxing to the sanme pour point. Catalytic dewaxing is shown

to give a product with inproved VI over that obtained by sol vent. dewaxdng

at the sang PoUT—pOrmrs—tmatei-t+eor—thecatalyti ¢ dewaxed pGoducts have

much better] | ow tenpeure properties (as defined by |ower Brqogfield

Vi scosity) |[than the correspondi ng sol vent dewaxed product
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A hydrotreated raffinate product was made under the conditions listed in
Tabl e 10. wo®nse84TABLE 13 Process Conditions Rl Conditions pbPragssnsays psi g

1800 (12:5 nPa) TGR, scB 2400 (427 [err]) Space

Vel ocity, v/v/h 0.7 Tenperat upg,10° 382 R2 Conditions
Pressure, psig 1800 TGR, scf/ bbl 2400 Space
Vel ocity, v/v/h 2.5 Tenperature, C o 290 The hydrotreated
raffinate total |iquid product nade under the tions in Table 4 was

xondi -
‘ si ng MDBK

t opped at 370C to give a 370C+ pr%
ture of

ina 3:1 solvent to raffinate pro
-21C to nmake a dewaxed oil having the prp%t

ent dewaxed u

60

.

56

52

48

53
l
FIG. 2
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TABLE 14 Product Propgies. Viscosity, ¢St at 100C, = - ° 5:811

Vi scosity, 40[err] C, + 34.383 SUS, cP at 100F
177 Vi viboiibhnd 110. 6 Pour Point, C PCT/US99/03173
-21 Yield on TLP, Wi 3/6406 Brookfield Viscosity, cP at -400C

148200 The total liquid product fiomthis step was then catal ytically
dewaxed over a 0.5 wt% Pt TON (. zeolite ) / Pt Silica-alumna ( 25:75
wt/w; zeolite: silica- -36 .- alumina) m xed powder conposite catalyst
under the conditions shown in Table 15 and to produce the products, after
t oppi ng @t 3XO[erTIC,—shown Tn Tabre I1l. TABLCE I5 Process Congdti ons

Pressurd, psi 1000 1000 1000 (74 0 nmPa) TGR,
scf/B 2500 2500 2500 (445 [efr]) Space
Vel ocity, v/v/ 1.0 1.0 : 1.00 '
~ c
2 L2
. g L5
o
; 288882 K
awv--'c-(\lm
8xn-+-|
| %
(«
Ne)
N

15
Conversion wt%
FIG. 3
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Tenperature, OC 304 306 314 Yield, wm%

48.2 T wd99/45084 33.5 Product Properties- Viscosity, RCIVE$99/03173
100[err] C, 5. 309 5. 261 5.115 Viscosity, cSt at 40[err]C,
28. 899 28. 552 27.364 SUS,,cPi@ 100[err]F 148.9
147. 2 141.2 VI 117.6 117.0
116.4 Pour Point; [err]C -13 - 20 -18
Brookfield Viscosity, at -40[err]C 47150 35650 3815@ The dewaxed
oils, botfrsSorve dewaxgd and the products fromthe catal yt dewaxer,
were fornplated & Autorgtic Transm ssion Fluids using a Ford type ATE ad
pack (22 WMt% treay rate ®f ATF ad pack, 78 W % dewaxed oil) jnd Brookfield
Viscositips at -4 err] ggneasured. The Brookfield Viscositieg for both feed
and produgts are sfoOwWT TTT Tabtre A=y ESPe Very. Oure 10 is a
graphical [illustraf{ion of the results from Exanple 11. This g@rrpl e al so
illustratges the §e efit of catal ytic dewang versus sol vent dpwaxi ng in that
the VI of [the prgdugts from catal yti c dewaxi ng are hi gher thpan that
obt ai ned by sol vghf Mewaxi ng. x 37 - '
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1. A process for producing a lubricating oil basestock neeting at |east 909@#¢-
saturates ively hydroconverting a raffinate produc vent o
refining aw ?JIE?G.{I ng oil feedstock which conprises: (a) cggaﬁjg?%
| ubricating oil feedstock to a solv%gf 6xtraction zone and separating
therefroman aromatics rich extract & a paraffins rich raffinate; (b)
sol vent . dewaxi ng the - raffinate under solvent dewaxing conditions to obtain
a dewaxed oil feed; (c) passing the dewaxed oil feed to a first
hydroconversi on zone and processing the dewaxed oil feed in the presence of
a non-acidi ¢ hydroconversion catalyst at a tenperature of from340 to
420[err] C, a hydrogen partial pressure of from 1000 to 2500 - psig, space
velocity of 0.2 tg;3.0 LISV_and E%d%dro n_to feed ratio of from500 to

5000 ScMB to proditeEa fitsE hyd nvedt g8 dewaxed oil; (d). passing the .
hydroconverted deweXSd @i 5 o Bns i §ydeoconver sion zone to a second .
" hydroconver si on zE&eDand gpess th roconverted déwaxed oil in the

presence of a non@cPdi c sy dr ocogwver si oﬁ catalyst at a tenperature of from

340 to 400[err]C provided that the tenperature in sec@d hydroconversion is
not greater thaithe tenperature in the first hydroco rsion zone, a
hydrogen partiall pressure of from 1000 to 2500 psig, {a space velocity of
fromO0.2 to 3.0 |LHSV and a hydrogen to fe ratio of [from 500 to 5000 Scf/B

to produce a sedond hydroconverted dewaxed oil; (e) passing the second
hydr oconverted dewaxed oil to a hydrofingfshing zone %nd conducting cold

hydr of i ni shing df the second hydroconvefted dewaxed i] in

18

]
380 _
Reactor A Temp, C
FIG. 5
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the presence of a hydrofinishing catalyst at a tenperature of from 260 to
360[ err] C, woOppusasgen partial pressure of from 1000 to 2500 PETASIMOBTHCE
velocity of from -38 - 0.2 to 5 LHSV and a hydrogen to feed ratio offrom
500 to 5000 Scf/B to produce a hydr &/ f0shed dewaxed oil; (i) passing the
hydr of i ni shed dewaxed oil to a separation zone to renove products having a
boiling | ess than about 250[err]C, and (g) passing the hydrofinished
dewaxed oiI from step (f) to a devvaxng zone and cat al yt| caIIy ewaxi ng t he

hydr of i nifshred—dewaxed—ort—under—catatyticdewaxrng—condirtior n the
presence fof hydrogen and a catal yti c dewaxi ng catal yst conprli §?ng a netal
hydr ogengti on conponent and a ciystalline 10 or 12 ring nol dcul ar sieve. 2.
A procesy for producing a lubricating oil basestock neeting |at | east 90%
saturateq by sel ectively hydroconverting a raff_L_n&'f &P oducgd from sol vent
refiningja lubricatng oil feedstock whic corrprg_s 'w=(a) conducting the
| ubricatijng oil feedstock to a solvent extracti dne and defarating
therefrom an aromatics rich extract and g paraf @r'ﬁch raf fi mate; (b)
sol vent dewaxi ng &?e raffinate under solyent dewax ¥ conditlions to obtain
a dewaxed oil f%e . ® | o«
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(c) passing the dewaxed oil feed to a first hydroconversion zone angd: . . %;351'
processi ng the dewaxed oil feed in the presence of a non-ag {i Goamats i
hydr oconv QP%MF%%IaIyst at a tenperature of from 340 to 43%%?ﬁgw:?a?ogen

partial pressure of from 1000 to 2 gptssrg, space velocity of 0.2 to 3.0
LHSV and a hydrogen to feed rati o Of HPom 500 to 5000 Sgf/ B to produce a

first hydroconverted dewaxed oil; (d) passing the hydrogonverted dewaxed
oil fromthe first hydroconversion zone to a second hydgoconversion zone
and processing the hydroconverted dewaxed oil in the pr§§ence of a

non- aci di ¢ hydroconversi on catal yst at a tenperature of@ -39 - from 340

to 400[err] C provided that the tenperature in seggnd hydf oconversion is not
greater t han the-_-tenperati-e~nA—the—first+—hve -

P Hr—the—H-Fst—hydreoqauver si On zone, a hydrogen
partial pressyre of from 1009 to 2500 psig, a spdﬁe vel &ity of fromO0.2 to
3.0 LHSV and g4 hydrogen to fé¢ed ratio of om 500 to 500 Scf/B to produce
a second hydrdconverted dewaxed oil; (e) ssing the se@end hydroconverted
dewaxed oil tq a separation fone to renofe prodychs havigg a boiling |ess
t han about 25Q[err]C, (f) pagsing the sfripped gegond h%?roconverted
dewaxed oil frjomstep (e) tola dewaxi zone and catal ytically dewxing the |
stipped second hydroconverted dewaxeghoil under {catal yti® dewaxing |
conditions in fthe presence off hydro : %l o
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and a catal ytic dewadng catal yst conprising a netal hydrogenation conponent
and a crystwOlop/mses40 or 12 ring nol ecul ar sieve to produce PCHUSANIBIBal |y

dewaxed oil; and (g) passing the catalytically dewaxed oil to a
hydr of i ni shi ng zone and conducting 1@ hydrofi ni shing of the catalytically
dewaxed oil in the presence of a hydrofinishing catal yst at a tenperature

of from260 to 360[err]C, a hydrogen partial pressure of from 1000 to 2500
psig, a space velocity of from0.2 to 5 LHSV and a hydrogen to feed ratio
of .from500 to 5000 Scf/B. 3. The process of claim| whereingthere is no
di sengagdgieEnt Detween the T1rst nydr ocCONVer si on zone, the seeond

hydr oconyer si on zone and the hydrofinishing reaction zone. B. The process
of clainmg 1 or 2 wherein the basestock contains at |east 95| w % saturates..
-40 - 5. |The process of clainms 1 or 2 wherein the raffinate}is under-
extracted. 6. The process of clainms 1 or 2 wherein the non-pcidic hydro-
conversign catalyst is cobalt/nol ybdenum nickel/nnlybdenuq or

ni ckel / t ungst ®n al um na. 4
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7. The process of clains 1 or"2 wherein the hydrogen parti al

the first

hydr of i ni shing Zone is

process of

has an acidity | ess than about 0.5,

ver si on zone,

b6 §508)

g

pressure |n
t he second conversi on zone or the :
from 1000 to 2000 psig (7.0 to 12.5 RﬁE’)‘m%“-"”Phe

claims 1 or 2 wherein thgggﬁp aci di ¢ hydro- conversion catal yst

ability of the catalyst to convert 2-nethyl-2-pentene.to 3-nethyl-
and 4-nethyl -2-pentene and .is expressed as the nole ratio of
3-met hyl - 2-pentene to 4- nethyl 2-pentene. 9. The process of clainms 1 or 2
wherein the i 7@H5 ZSM 11, ZSM -
12, Theta-I|, ZSM 23, ZSM 35, ferrierite, ZSM 48, ZSM 57, |beta, nordenite
and offretijte. 10. The process of clains 1 or 2 wherein {he dewaxing
catal yst i 4 an al mi num phosphate sel ected from SAPO-1 1, | SAPO 31 and:
SAPO-41. 113. The process of clainms 1 or 2 wherein the de%axing-catalyst
a conpositdg of a crystalline nol ecular sieve and an -anorpl@us conponent
-41 - 12. THhe process of clainms 1 or 2 wherein the dewax catalyst is
| ayered catfjal yst containing a first |ayer of anorphous cpnponent and a
second | aydr of crystalline nol ecubabil_eve :
wo _
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13. The process of clains 1 or 2 wherein the netal hydrogenation conponent
of the dewaX¥Q@g%¢x84l yst is at | east one of a Goup VIB and GErossdlosi7s
netal. 14. The process of claim1l wherein the catalytic dewaxing step is
fol lowed by a cold hydrofinishing s’g@p.]é)15. The process of clains 1 or 2
wherei n the anor phous conponent of the dewaxing catalyst is selected from
silica-alumna, silica nmagnesia, halogenated alumna, yttria silica-alumna
and m xtures _thereof. 16. The process of claim 13 wherein thg netal
hydrogenat ifon conponent is at |east one of Pt or Pd. I7. &process of
clains 1 of 2 erein sol vent dewaxing conprises mxing thq raffinate with
a chilled golyent to forman oil-solvent solution m xed w tth precipitated
wax, separdtiBg precipitated wax fromthe oil-sol vent solution, and
separatingfthegysolvent fromthe solvent-oil solution therely forming a

sol vent deyaxdd oil. 18. The process of claim 17 wherein tije solvent is at
| east one ¢f pfopane, butane, nethyl ethyl ketone, nethyl ijlegbut yl ket one,
benzene, t ¢l u¥ne and xyl ene. : 4®
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