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This invention relates to a process for pr_e;igring lubricating oil

basestocks having high viscosity indices and low volatilities.

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
" prodizc‘e a paraffin rich raffinate and an aromatics rich extract. The raffinate is then

' dewéxed 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 highli( paraffinic in nature as
~ aromatics tend to have lower viscosity indices (VI), and are therefore less desirable in
- lubric:gating oil basestocks. Also, certain types of aromatic compounds can resuilt in
. -unfaféorable toxicity characteristics. Solvent refining can ﬁfoduce lubricating oil
| basestocks have a VI of about 95 in good yields.

Today more severe operating conditions for automobile engines have
resulted in demands for basestocks with lower volaﬁlities_(wbhi)e retaining low
 viscosities) and lower pour points. These improvements can only be achieved with
_ basestocks of more isoparaffic character, i.c., those with VI’s of 105 or greater. Solvent
refining alone cannot economically produce basestocks haying a VI of 105 with typical
crudes. Two alternative approaches have been developed-__ttj_ ;produce high quality
lubricating oil basestocks; (1) wax isomerization and (2): 'ﬁihrocracking. Both of the

methods involve high capital investments and suffer from yield debits. Moreover,
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hydroécrackiﬁ"g}@ﬁminates some of the solvency properties of basestocks produced by

S tradmonalsolvent refining techniques. Also, the typically low quality feedstocks used

hydrocrdckjng; and the consequent severe conditions required to achieve the desired
.visém:hetric and \_r;olatility properties can result in the formation of undesirable (toxic)
specics. These species are formed in sufficient concentration that a further processing

'§'te_p such as extraction is needed to achieve a non-toxic base stock.

- “Anarticle by S. Bull and A. Marmin entitled “Lube Oil Manufacture by

» Proceedings of the Tenth World Petroleumn Congress, Volume

<228, describes a process wherein
-‘the extlrac'tionj_qnit_ in solvent refining is replaced by a hydrotreater,

“U.S. Patent 3,691,067 describes a process for producing a medium and
aigh VI oil by hydrotreating a narrow cut lube feedstock. The hydrotreating step
_n_:volve;S a singlé;;ﬁydrotreating zone. U.S, Patent 3,732,154 discloses hydrofinishing
he extl%act orrafﬁnate from a solvent extraction process, The feed to the
_&droﬁinishix___xg step is derived from a highly aromatic source such as a naphthenic
i?ﬁllafe.. US p;:i:_ém 4,627,908 relates to a process for improving the bulk oxidation
ta bilit);!' and __sto_fgge stability of lube oil basestocks derived from hydrocracked bright

tock. The prqées__s.-'involves hydrodenitrification of a hydrocracked bright stock
ollowed by hyk_i_;'éﬁnishing.

_ It would be desirable to supplement the conventional solvent refining
,Qirocess 50 as to produce high VI, low volatility oils which ha_ye excellent toxicity,

::?Sx-i_dativé and thennal stability, solvency, fuel economy and cold start properties

bit which process requires much lower
investment costs__:;it_'l,i_'gn competing technologies such as hydrocracking,

This invention relates to a process for producing a lubricating oil

basestock by seléc';-j_yely hydroconverting a raffinate produced from solvent refining a

., lubricating oil feedstock which comprises:
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:_t':o'nductin;, r the lubricating oil feedstock to a solvent extraction zone and
'.-separatmg therefrom an aromatics rich extract and a paraffins rich

: rafﬁnate

.strlppmg the raffinate of solvent to produce a raffinate feed having a

-dewaxed oil viscosity index from about 85 to about 105 and a final

_b_ogh_ng point of no greater than about 600° C;

passmg the raffinate feed to a first hydroconversion zone and processing
tljéf'ifaiﬁnate feed in the presence of a non-acidic catalyst at a

t_é_i@perature of from 340 to 420° C, a hydrogen partial pressure of from
800 .to 2000 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

raffmate,

passmg the first hydroconverted raffinate to a second reaction zone and
conductmg cold hydrofinishing of the first hydroconverted raffinate in
-the presence of a hydrofinishing catalyst at a temperature of from 200 to
32C, a hydrogen partial pressure of from 800 to 2000 psig, a space
veloclty of from 1 to 5 LHSV and hydrogen to feed ratio of from 500 to
SOOOScﬂB to produce a second hydroconverted raffinate;

passmg the second hydroconverted raffinate to a separation zone to

remove products having a boiling less than about 250° C; and

passmg the second hydroconverted raffinate to a dewaxing zone to

produce a dewaxed basestock having a viscosity index of at least 105
prov ed that the basestock has a dewaxed oil viscosity index increase of
at least 10 greater than the raffinate feed, a NOACK volatility

xmprovement over raffinate feedstock of at least about 3 wt.% at the

e viscosity in the range of viscosity from 3.5 to 6.5 cSt viscosity at

100°C,and a residual aromatics content of at least about 5 vol. %
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. provided that the basestock has low toxicity and passes the IP346 or

' FDA(c) tests notwithstanding the residual aromatics content.

- In another embodiment, this invention relates to a process for selectively

hydroconvemng a raffinate produced from solvent reﬁmng a Jubricating oil feedstock

wh\ch compnses

-(a)

®)

conducting the lubricating oil feedstock 1o a solvent extraction zone and

- separating therefrom an aromatics rich extrgpt and a paraffins rich

| _ raffinate;

stripping the raffinate of solvent to produce a raffinate feed having a

- dewaxed oil viscosity index from about 85 to about 105 and a final

 boiling point of no greater than about 600° C;

passing the raffinate feed to a first hydroconversion zone and processing

the raffinate feed in the presence of a non-acidic catalyst at a

‘temperature of from 340 to 420° C, a hydrogen partial pressure of from
800 to 2000 psig, space velocity of 0.2 to 3.0 LHSV and a hydrogen to
“feed ratio of from 500 to S000 Scf/B to prodlice a first hydroconverted

- -raffinate; and

@

‘ passing the first hydroconverted raffinate to a second reaction zone and

"+ _conducting cold hydrofinishing of the first hydroconverted raffinate in

the presence of a hydrofinishing catalyst at a temperature of from 200 to
320° C, a hydrogen partial pressure of from 800 to 2000 psig, a space
velocity of from 1 to 5 LHSV and hydrogen _19 _-feed ratio of from 500 to
500.0 Scf/B to produce a second hydroconvct_f__‘c:;'_(__i_ raffinate.

The process according to the invention produces in good yields a

basestock which has VI and volatility properties meeting futl_.__(":_: industry engine oil

" standards while achieving good solvency, cold start, fuel eb(_»ﬁqmy, oxidation stability
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and thermal stability properties. In addition, toxicity tests show that the basestock has

excellent toxicological properties as measured by tests such as the FDA(c) test.
B . [D - I. £ Il n .

Fig. 1 is a plot of NOACK volatility vs. viscosity index for a 100N
basestock.

Fig. 2 is a simplified schematic flow diagram of the raffinate

hydroconversion process.

Fig. 3 is a plot of the thermal diffusion separation vs. viscosity index.
Detailed Description of the Inventi

The solvent refining of select crude oils to produce lubricating oil
baseStocks typically involves atmospheric distillation, vacuum distillation, extraction,
dewéicing 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 typically

paraffinic crudes.

Generally, the high boiling petroleum fractions from atmospheric
distillation are sent to a vacuum distillation unit, and the distillation fractions from this
unit are solvent extracted. The residue from vacuum distillation which may be

deasphalted is sent to other processing.

The solvent extraction process selectively dissolves the aromatic
compbnents in an extract phase while leaving the more pafgfﬁnic components in a
raffinate phase. Naphthenes are distributed between the ev;i}act and raffinate phases.
Typical solvents for solvent extraction include phenol, furfural and N-methy!
pynoiidone. By controlling the solvent to oil ratio, extraction temperature and method
of contacting distillate to be extracted with solvent, one cag_connol the degree of

separation between the extract and raffinate phases.
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.;'I#_)_.;gcent years, solvent extraction has been replaced by hydrocracking as
- a meéms for producmg high VI basestocks in some refineries. The hydrocracking
p_rocejss qt’_ilj_izes_f‘!éﬁ;quality feeds such as feed distillate from the vacuum distillation
'. unit or other refinery streams such as vacuum 8as oils and coker gas oils. The catalysts
' - used m hydro : rackmg are typically sulfides of Ni, Mo, Co and W on an acidic support
" such as s:hca/alumma or alumina containing an acidic promoter such as fluorine. Some
' hydmzcracking catalysts also contain highly acidic zeolites. The hydrocracking process
may i?xvolve _-h_eté‘xj'i)-';xtom removal, aromatic ring saturation, dealkylation of aromatics
rings,_;,ring open_i'_l';é;:"_s:traight chain and side-chain cracking, and wax isomerization
_.depeng_ding onoperatmg conditions. In view of these reactions, separation of the
h aroma:_iticsiric_:ﬂf;")h;sg;}that occurs in solvent extraction is an unnecessary step since

: 3 _-hydro&;racking: reduces aromatics content to very low levels.

‘B way of contrast, the process of the present invention utilizes a two

- step hjdrbcom}fef'_rs_zx_oqf of the raffinate from the solvent extraction unit under conditions
: ':which mmumzes 'ydrocracking and hydroisomerization while maintaining residual

. aromatics cont

f 'ét least about 5 vol. %. The aromatics content is measured by a

© . high pérfqnn_an'gj : nquxd chromatography method which quantitates hydrocarbon

mixtures into éé;ufété,i and aromatic content between 1 and 99 wt. %.

: Th:_'_iafﬁnate from the solvent extraction is preferably under-extracted,
ie., -théf-exjtﬁraé'_tio}' scamed out under conditions such that the raffinate yield is
.xﬁaximi:zed:.ﬁvhiig;-ﬁll.;i.removing most of the lowest quality molecules from the feed.
_Raﬁingie yle]dmay be maximized by controlling extraction conditions, for example, by
-lowerinjg the solventto oil treat ratio and/or decreasing the extraction temperature. The
~raffinate from the. solvent extraction unit is stripped of solvent and then sent to a first
hy(i'rochve:si:bnéiiﬁt i;}ontaining a hydroconversion catalyst. This raffinate feed has a
viscosity indek of from about 85 to about 105 and a boiling range not to exceed about
600° C, prefera‘bl_y less than 560° C, as determined by ASTM 2887 and a viscosity of

from 3 to 10 ¢St at 100° C.
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balt and nickel and mixtures thereof. These metals or mixtures of

present as oxides or sulfides on refractory metal oxide supports.

met:hy]-2.-pen-te_:______ s described by Kramer and McVnckcr, J. Catalysis, 92, 355(1985).

In this scale of amd1ty, 2-methyl-2-pentene is subjected to the catalyst to be evaluated at
a ﬁxed temperatu typically 200° C. In the presence of caxalyst sites, 2-methyl-2-
ac 'bomum ion. The isomerization pathway of the carbonium ion is

mdu:atwe of th aclchty of active sites in the catalyst. Thus weakly acidic sites form 4-

methyl 2-pentene whereas strongly acidic sites result in a skeletal rearrangement to 3-

methyl-Z-pentene w:th very strongly acid sites formmg 2, 3 dimethyl-2-butene. The

mole ratio of 3—' yl’2-pentcne to 4-methyl-2-pentene can be correlated 10 a scale of

acldny This. acldnty scale ranges from 0.0 to 4.0. Very weakly acidic sites will have

valuq_s near 0.0.;:whe§eas very strongly acidic sites will have values approaching 4.0.
The c’:ataly'sts uscfulm 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

addmg promoters and/or dopants, or by controlling the nature of the metal oxide

support e.g. by coﬁtrolhng the amount of silica incorporated into a silica-alumina

support Exampl : of ‘promoters and/or dopants include halogen, especially fluorine,

phosphorus boron,' 'yttna, rare-earth oxides and magnesia. Promoters such as halogens
generally mcreasc the acxdxty of metal oxide supports whxle mlldly basic dopants such

as yttria or magnes’ tend to decrease the acidity of such supports

Sultable metal oxide supports include low acldlc oxides such as silica,

: 'preferably alumina. Preferred alummas are porous aluminas such as

gamma or eta havmg average pore sizes from 50 to 2005, prefemb)y 75 to 150M, a
surface area from 100 t0300 m /g, preferably 150 to 250 m’ /g and a pore volume of

from0.2510 1.0 c:m3 =g, preferably 0.35 to 0.8 cm /g The supports are preferably not
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promoted with a halogen such as fluorine as this greatly increases the acidity of the

support.

Preferred metal catalysts include cobalt/molybdenum (1-5% Co as
oxide, 10-25% Mo as ox1de) nickel/molybdenum (1-5% Ni as oxide, 10-25% Co as
oxide) or mckel/.t.uggsten {1-5% Ni as oxide, 10-30% W as oxide) on alumina.

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

Hydroconversnon conditions in the first hydroconversion unit include a
temperature of from 340 to 420° C, preferably 360 to 390° C, a hydrogen partial
pressure of 800 to.2000~psng (5.5 to 13.8 MPa), preferably 800 to 1500 psig (5.5 to 10.3
MPa), a space velocity of from 0.2 to 3.0 LHSV, preferably 0.3 to 1.0 LHSV and a
hydrogen to feed ratlo et-fmm 500 to 5000 Scf/B, preferably 2000 to 4000 Scf/B.

The'-h?drbconveﬂed raffinate from the first reactor is then conducted to a
second reactor where it 1s 'subjected to a cold (mild) hydrofinishing step. The catalyst
in lhxs second reactor may be the same as those described above for the first reactor.
However, more .a__c;(;l__l_p.i c_ggalyst supports such as silica-alumina, zirconia and the like

may be used in the second reactor.

Conditiop__s in the second reactor include temperatures of from 200 to
320°C, preferably 230 3t6 .300" C, a hydrogen partial pressure of from 800 to 2000 psig
(5.5 to 13.8 MPa),: preferably 800 to 1500 psig (5.5 to 10.3 MPa), a space velocity of
from 1to 5 LHSV preferably 1 to 3 LHSV and a hydrogen to feed ratio of from 500 to
5000 Scf/B, prefe_r_ab_ly 2000 to 4000 Scf/B.

In Order- 1o prepare a finished basestock, the hydroconverted raffinate
fror the second reactor is’conducted to a separator e.g., a vacuum stripper (or
.fractxonator) to separate out low boiling products. Such products may inciude hydrogen
sulfide and ammoma fotmed in the first reactor. If desired, a strlpper may be situated
between the first and second reactors, but this is not essential to produce basestocks

according to the mve_pt_xon.
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The hydroconverted raffinate separated. fto_'m the separator is then
conducted to a dewaxing unit. Dewaxing may be accomphshed using a solvent to
d:lute the hydrofinished raffinate and chilling to crystalhze and separate wax molecules.
Typlcal solvents include propane and ketones. Preferrc;_i_-__ ketones include methyl cthyl

ketone, methy! isobutyl ketone and mixtures thereof.

The solvent/hydroconverted raffinate mixture may be cooled in a
refrigemtion system containing a scraped-surface chiller. Wax separated in the chiller
issenttoa separating unit such as a rotary filter to separate wax from oil. The dewaxed
oil is suitable as a lubricating oil basestock. If desired, the dewaxed oil may be
subj%ecte‘d to catalytic isomerization/dewaxing to further -Ié“_rer the pour point.

Sepé;ated wax may be used as such for wax coatings, canﬂles and the like or may be

sent to an isomerization unit.

The lubricating oil basestock produced by.;t__he process according to the
invei}tion is characterized by the followipg properties: vi_@;_)sity index of at Jeast about
105, preferably at least 107, NOACK volatility improverh_é_nt (as measured by DIN
515 85;1) over raffinate 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 detennined-g,bf IP346 or phase 1 of FDA
(). I:__P346 is a measure of polycyclic aromatic compounﬂs. ‘Many of these compounds
are cé;rcinogens or suspected carcinogens, especially thos__t_‘:'with so-called bay regions
[see }z\ccounts Chem. Res. 17, 332(1984) for further detaﬂs] The present process

reduces these polycyclic aromatic compounds to such levels as to pass carcinogenicity

tests even though the total aromatics content of the lubricatii;g oil is at least about 5 vol.
%, preferably from 5 to 15 vol. % based on lubricant basestock. 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 Fig. 1, NOACK volatlllty is related to VI for any

given basestock. The relationship shown in Fig. 1is fora. llght basestock (about 100N).
If the goal is to meet a 22 wt. % NOACK for a 100N oil, then. the oil should have a V1
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refined oils, The --la___ er also uses wax as a feedstock wherea__s the present process is.

designed to prese  ¢'__ wax as a product and does little, if any. wax conversion.

Theprocess of the invention is further illustrated by Fip. 2. The feed 8
to vacuumplpesulllo is typically an atmospheric reduced crude from an atmospheric
pipestill (not showh), Various distillate cuts shown as 12 (light), 14 (medium) and 16
(heavy) may be sem __£o solvent extraction unit 30 via line 18. These distillate cuts may
range from abou 00° C to about 600° C. The bottoms from vacuum pipestill 10 may
be sent through Ime'22 to a coker, a visbreaker or a deasphaltmg extraction unit 20

where the bottoms' é contacted with a deasphalting solvem such as propane, butane or
pentane. The deasphalted oil may be combined with distillate from the vacuum
pipestill 10 through lme 26 provided that the deasphalted oil has a boiling point no _
greater than about 600° C or is preferably sent on for further processing through line 24.
The bottoms‘-'ﬁ:é-m- dééZSphalter 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 prowded they meet the feedstock criteria described previously for
raffinate feedstocl_c '

In eﬁi‘_hji:tion unit 30, the distillate cuts are solvent extracted with n-

- methyl pyrrolidoanfﬁqd the extraction unit is preferably operated in countercurrent

mode. The sblvgn t&-oil ratio, extraction temperature and p'ercent water in the solvent

are used to control- the degree of extraction, i.¢., separation into a paraffms rich raffinate

and an aromatlcs nch extract The present process permits thc extraction unit to operate
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to an “under extraction_”_ mode, i.c., a greater amount of aromatics in the paraffins rich
rafi__‘mate phase. The aromatics rich extract phase is serit for further processing through
line 32. The raffinate phase is conducted through line 34 to solvent stripping unit 36.
Strfpped solvent is sent through line 38 for recycling and stripped raffinate is conducted
through line 40 to first hydroconversion unit 42.

The first hydroconversion unit 42 conm{p$ KF-840 catalyst which is
nickcl/molybdenum on an alumina support and available from Akzo Nobel. Hydrogen
is admitted to unit or. reactor 42 through line 44. Unit conditions are typically
temperatures of from 340-420° C, hydrogen partial pressures from 800 to 2000 psig,
space velocity of from 0.5 to 3.0 LHSV and a hydrogen to feed ratio of from 500 to
5000_ Scf/B. Gas chromatographic compatisons of the hydroconverted raffinate
indié__ate that almost.r_lo wax isomerization is taking piace._ ‘While not wishing to be
bound to any particular theory since the precise mechanism for the VI increase which
occui-s in this stage is not known with certainty, it is kﬁown that heteroatoms are being
removed, aromatic ﬁrigs-are being saturated and naphthene rings, particularly multi-ring

naphthenes, are selectively eliminated.

Hydroconverted raffinate from unit 42 is sent through line 46 to second
unit or reactor 50. Reaction conditions in unit are mild and include a temperature of
from 200-320°C, a hjd’mgen partial pressure of from 800 to 2000 psig, a space
velocity of 1 to 5 LHSV and a hydrogen feed rate of from 500 to 5000 Scf/B. This

mild or cold hydroﬁnishing step further reduces toxicity t:"d'--._very low levels.

Hydroconverted raffinate is then conducted through line 52 to separator
54. Light liquid products and gases are separated and removed through line 56. The

remaining hydroconverted raffinate is conducted through 'iine 58 to dewaxing unit 60.
Dewaxing may occur by the use of solvents (introduoea -tﬁfough line 62) which may be
followed by cooling, by catalytic dewaxing or by a con'i:bi.ti)',qt_ion thereof. Catalytic
dewaxing involves hydrocracking and/or hydroisomerizatibh as a means to create low
pour point lubricant ba&pst_ocks. Solvent dewaxing with o};ﬁonal cooling separates

waxy molecules from the hydroconverted lubricant basestock thereby lowering the pour



WO 98/00479 ' PCT/US97/10969

-12-

point. Hydrqcoi__\"'é_’__erted raffinate is preferably contacted with methy! isobuty! ketone
. followed by the '-lijCHILL Dewaxing Process developed by Exxon. This method is
well known in't_h_e_jjlart. Finished lubricant basestock is removed through line 64 and

waxy product throi_xgh line 66.

In the process according to the invention, any waxy components in the
feed to extract_io_q_:_yhit 30 passes virtually unchanged through the hydroconversion zone

and is conducted to dewaxing unit 60 where it may be recovered as product.

The invention is further illustrated by the following non-limiting

examples.

Example 1

Thermal diffusion is a technique that can be used for separating
_hydroqarbonmix\t_t@s into molecular types. Although it has been studied and used for
over 100 years, no .-_@ally satisfactory theoretical explanation for the mechanism of

thermal diﬂ‘usionzéjil'c:ists. The technique is described in the following literature:

A. L. Jones and E, C, Milberger., Industrial and Engineering Chemistry, p. 2689, Dec.
1953. o

T. A. Warhall and F W Melpolder., Industrial and Engineering Chemistry, p. 26, Jan,
1962. |

H. A. Harner and MM Bellamy., American Laboratory, p. 41, Jan. 1972,

and references therem

_ The then'nal diffusion apparatus used in the current application was a
batch unit constmcté_é of two concentric stainless steel tubes with an annular spacing
between the inner and outer tubes 0of 0.012 in. The length of the tubes was approximate
6 ft. The sample to be tested is placed in the annular space between the inner and outer
concentric tubes. 'I‘_héinner tube had an approximate outer diameter of 0.5 in.

Application of this m_éthod requires that the inner and outer tubes be maintained at
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different temperatures. Generally temperatures of 100 t_§--200°C'for the outer wall and
about 65°C for the inner wall are suitable for most lubriéaiing oil samples. The

tem}seraturcs are maintained for periods of 3 to 14 days.

While not wishing to be bound to any pa‘t__gicu!ar theory, the thermal
difﬁ:sion technique utilizes diffusion and natural convention which arises from the
temﬁerature gradient established between the inner and Qﬁter walls of the concentric
tubes. Higher VI molecules diffuse to the hotter wall and ;rise. Lower VI molecules
diffuse to the cooler inner walls and sink. Thus a concentration gradient of different
molécular densities (or shapes) is established over a pen‘t;d of days. In order to sample
the té_oncentration gradient, sampling ports are approximately equidistantly spaced
betuéeen the top and bottom of the concentric tubes. Ten is a convenient number of

samﬁling ports.

Two samples of oil basestocks were analyzed by thermal diffusion
tec‘hriiques. The first is a conventional 150N basestock .-h&ﬁing a 102 VI and prepared
-hy._sélvent extraction/dewaxing methods. The second is a 112 VI basestock prepared
by the raffinate hydroconversion (RHC) process accordi-t;é to the invention from a 100
Vi, 2$ON raffinate. The samples were allowed to sit for 7:days after which samples
were %removed from sampling ports 1-10 spaced from top to-bottom of the thermal

diﬁuséion apparatus.

The resuits are shown in Fig. 3. Fig. 3 demonstrates that even a “good”
convénﬁonal basestock having a 102 VI contains some very ‘undesirable molecules
from ﬂae standpoint of VI. Thus sampling ports 9 and esi;i:’_é;:__ially 10 yield molecular
fractions containing very low VI’s. These fractions whlchhave VI's in the -25 to -250
range likely contain multi-ring naphthenes. In contrast, the RHC product according to
the invention contains far fewer multi-ring naphthenes as -__g:{_'__'i._denced by the VI’s for
products obtained from sampling ports 9 and 10. Thus thepresent RHC process
selectively destroys multi-ring naphthenes and multi-ring%ématics from the feed

without affecting the bulk of the other higher quality moleé’ular species. The efficient
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removal of the undesirable species as typified by port 10:is at least partially responsible

for the improvement in NOACK volatility at a given viscosity.
Example 2

This Example compares a low acidity catalyst useful in the process
according to the invention versus a more acidic catalyst. .The low acidity catalyst is
KF-840 which is commercially available from Akzo Nobel and has an acidity of 0.05.
The other catalyst is a more acidic, commercially availablg catalyst useful in
hydrocracking processes having an estimated acidity of 1 and identified as Catalyst A.
The feed is a 250N waxy raffinate having an initial boiling point of 335° C, a mid-
boiling point of 463° C and a final boiling point of 576° C, a dewaxed oil viscosity at
100° C of 8.13, a dewaxed oil VI of 92 and a pour point of -19°C. The results are

shown in Tables 1 and 2.

Table1
Operating Conditions _ Catalyst
Temperature, ° C 355 360
LHSV, vivihr - 0.5 0.5
H, pressure psig 800 800
H, to feed Scf/B 1600 1300
Conversion to 370° C—, wt.% 22 11

Product VI 114 ' 116



WO 98/00479 | PCT/US97/10969

-15-
_ Table2
.'. P .
Temperature 345 360
"LHSV, viv/ar 0.5 0.5
:H, pressure psig 800 800
"H, to feed Scf/B 1600 1300
_Conversion to 370° C-, wt.% 11 1t
Product V1 107 116

. ‘As can be seen from Table 1, if reaction conditions are similar, then
Catalyst A :giiles a much higher conversion. If conversion is held constant (by adjusting
reaction co_nglit_ions), then the VI of the product from Catalyst A is much lower. These
rgsu!ts shd_w thé_\t while more acidic catalysts have hig_her activity, they have much

lower selectivity for VI improvement.
Example3

This example shows that processes like Jubes hydrocracking which
typically involv;e a more acid catalyst in the second of two reactors is not the most
effective way to improve volatility properties. The results for a 250N raffinate feed
having a 100 VI DWO is shown in Table 3. -Product was topped to the viscosity

required and then dewaxed.

Tablc3
2 Reactor 2 Catalyst *
Two Stage Process Raffinate Hydroconversion **
Viscosity,cSt NOACK *** Viscosity,cSt NOACK
Yiell @100°C Yolatility. wt.%  Yield @100°C Volatility
30,5 6.500 33 69.7 6.500 3.6

* Iststage conditions: Ni/Mo catalyst, 360°C, 800 psig H,, 0.5 LHSV, 1200 Scf/B

2nd stage conditions: Ni/Mo/Silica alumina catalyst, 366°C, 2000 psig H,, 1.0 LHSV, 2500 Sci/B
** Conditions: KF:840 catalyst, 353°C, 800 psig H,, 0.49 LHSV, 1200 Scf/B
*#* Bstimated by GCD
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With an acid silica-alumina type catalyst in the second reactor of the 2
reactor process, the yield of product of a given volatility at the same viscosity is lower
than the yield of the process of the invention using raffinate feeds. This confirms that a

low acidity catalyst is required to achieve low volatility selectively.
Example 4

Many current commercially available basestocks will have difficulty
meeting future engine oil volatility requirements. This examples demonstrates that
conventional extraction techniques vs. hydroconversion techniques suffer from large
yield debits in order to decrease NOACK volatility. NOACK volatility was estimated
using gas chromatographic distillation (GCD) set forth in ASTM 2887. GCD NOACK
values can be correlated with absolute NOACK values measured by other methods such
as DIN'51581. '

The volatility behavior of conventional basestocks is illustrated using an
over-extracted waxy raffinate 100N sample having a GCD NOACK volatility 0f27.3
(at 3.816 cSt viscosity at 100° C). The NOACK volatility can be improved by
removing the low boiling front end (Topping) but this increases the viscosity of the
material. Another alternative to improving NOACK volatility is by removing material
at both the high boiling and low boiling ends of the feed to maintain a constant
viscosity (Heart-cut). Both of these options have limits to the NOACK volatility which
can be achieved at a given viscosity and they also have signiﬁcant yield debits

associated with them as outlined in the following table;
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None 27.8 100 3.816
Topping 26.2 95.2 3.900
Heart-cut 22.7 58.0 3.900
Heart-cut 224 50.8 3.900
Heart-cut 21.7 38.0 3.900
* DWO = dewaxed oil
*+ estimated by GCD
Example 5

The over-extracted feed from Example 4 was subjected to raffinate
hydroconversion under the following conditions: KF-840 catalyst at 353° C, 800 psig -
H,, 0.5 LHSYV, 1200 Scf/B. Raffinate hydroconversion under these conditions
increased the DWO VI to 111. The results are given in Table 5.

'NOACK *

100°C

None - 385 999 e
Topping 21.1 76.2 3.900
Heart-cut 20.9 73.8 3.900
Heart-cut 19.9 62.8 3.900
Heart-cut 19.2 522 3.900
Heart-cut 18.7 39.6 3.900
* Estimated by GCD

These results demonstrate that raffinate hydroconversion can achieve lower NOACK

volatility much more selectivity than by distillation alone, e.g., more than double the
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yield at 21 NOACK. Furthermore, since the process of the invention removes poorer

molet;ules, much lower volatilities can be achieved than by distillation alone.

This example illustrates the preferred feeds for the raffinate
hydroé:onversion (RHC) process. The results given in Table .6 demonstrate that there is
an ov%rall yield credit associated with lower VI raffinates to-achieve the same product
qualit&= (110 VI) after topping and dewaxing. The table illusirates the yields achieved
across%RHC using 100N raffinate feed.

Yable6
Yield of Waxy
. NOACK Viscosity Extraction Hydropmcessing Prodnct
103 * - 21.1 3.900 53.7 76.2 40.9
92** - 21.1 4.034 73.9 63.8 47.1

*  KF-840catalyst, 353°C, 800psigH,, O.SLHSV, 1200 Scf/B
*  KF-840 catalyst,, 363-366°C, 1200 psigH,, 0.7LHSV, 2400 Sc/B

The yxeld to get to a 110 VI product directly from distillate by extraction alone is only

39.1% which further illustrates the need to combine extraction with hydroprocessing.

While under-extracted feeds produce higher yields in RHC, use of
dlstnllates as feeds is not preferred since very severe condmons (high temperature and
low LHSV) are required. For example, for a 250N dxstxllate" sver KF-840 at 385° C,
0.26 LHSV, 1200 psi H,, and 2000 Scf/B gas rate, only 104 VI product was produced.

Also, combinations of distillate hydtoprocessihg (to reach an
intermediate VI) then extraction to achieve target VI is not: preferred This is because
the extraction process is nonselective for removal of naphthenes created from aromatics

in the distillate hydmprocessmg stage.
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In the raffinate hydroconversion process. ?ccording to the invention, the
ﬁrs?i: reaction zone is followed by a second cold hydroﬁni:___ig (CHF) zone. The purpose of
CHF is to reduce the concentration of molecular species: Which contribute to toxicity.
Such species may include 4- and 5-ring polynuclear aroﬁia;ic compounds, e.g., pyrenes
whith either pass through or are created in the first reaction zone. One of the tests used as
an indicator of potential toxicity is the FDA “C” test (21 CFR 178.3620) which is based
on absorbances in the ultraviolet (UV) range of the spectrum. The following table
den{onstrates that CHF produces a product with excellént toxicological properties which

are much fower than the acceptable maximum values.

Table7
E' ! a “( :”

280-289 290-299 300-359 360-400
FDA “C” MAX (Absorbance Units) 0.7 0.6 04 0.09
CHF Products
DLM-120 042 0.25 0.22 0.024
(CHF Proeess Cenditions: 3 v/v/h, 260° C, 800 psig, 1200 Scf/B Hydrogen {containing N=38 wppm, S=0.6 w1.% on feed))
DLM-118 0.26 0.14 0.11 0.013
(CHF '_Proeess Conditions: 3 viv/h, 260° C, 800 psig, 1200 Scf/B tHiydrogen)
CHF Products :
DLM-115 036 0.23 0.17 0.016

(CHF Process Conditions: 2 vivih, 260° C, 800 psig, 1200 Scf/B)

These results demonstrate that a CHF step enables the pr“o‘,__dﬁct to easily pass the FDA “C”
test.
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_ Example 8 shows that products from RHC. have outstanding
toxncologncal properties versus basestocks made either by conventional solvent
processmg or hydrocracking. Besides FDA “C”, IP 346 and modified Ames

(mutagemmty index) are industry wide measures of toxlcxty The results are shown in
Table 8.

Table 8
Commercial Commercial
Solvent Extracted Hydrocracked RHC
—Basestock __Bas.em_ck_ _Bam.t_ck__
___ 100N 250N 250N
IP346, wt.% 0.55 0.55 0 67 0 11 0.15
Mod Ames, MI 0.0 0.0 00 0.0 0.0
FDA (C) (phase I) 0.22 0.22 0.21 0.02 0.03

(300-359 nm)

The results in 'I‘able 8 demonstrate that RHC produces a basestock with
much nnproved toxicological propemes over conventional solvent extracted or

hydroc__racked basestocks.
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1. A process for producing a lubricating oil basestock by selectively

CLAIMS:

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) stripping the raffinate of solvent to produce a raffinate feed having a
dewaxed oil viscosity index from about 85 to about 105 and a final

boiling: point of no greater than about 600° C;

(c)  passing the raffinate feed to a first hydroconversion zone and processing
the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from 340° to 420° C, a hydrogen partial pressure of from
800 to 2000 psig, séaoe velocity of 0.2 to 3.0 LHSV and a hydrogen to
feed ratio of from 500 to 5000 Sci/B to produce 2 first hydroconverted
raffinate;

(d)  passing the first hydroconverted raffinate to:a second reaction zone and
conducting '{:_oid hydrofinishing of the first ﬁydroconverted raffinate in
the preséncé ofa hjdrof‘mishing catalyst at ;.temperature of from 200 to
320° C, a hydrogen partial pressure of from800 to 2000 psig, a space
velocity of from 1 to 5§ LHSV and hydrogcnéto feed ratio of from 500 to
5000 Scf/B to produce a second !iydroconver_ted raffinate;

(e passing the second hydroconverted raffinate to a separation zone to

remove pfoducts having a boiling less than about 250° C; and
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¢3] passing the second hydroconverted raffinate to a dewaxing zone to

o

produce a dewaxed basestock having a viscosity index of at least 105
provided that the basestock has a dewaxed oil viscosity index increase of
at least 10 greater than the raffinate feed, a NOACK volatility
improvement over raffinate feedstock of at least about 3 wt.% at the
same viscosity in the range of viscosity from 3.5 to 6.5 ¢St viscosity at
100° C, and a residual aromatics content of at least about 5 vol. %
provided that the basestock has low toxicity and passes the IP346 or
FDA(c) tests notwithstanding the residual aromatics content.

2, The process of claim 1 wherein the raffinate feed has a final boiling point no
greater than about 560° C. '

3. The process of claim 1 wherein the temperature in the first hydroconversion:
zone is from 360 to 390° C.

4, The process of claim 1 wherein the non-acidic catalyst is cobalt/molybdenum,

nickel/molybdenum or nickel/tungsten on an alumina support.

5. The process of claim 1 wherein the cold hydrofinishing is conducted at a
temperature of from 230 to 300°C.

6. - The process of claim 1, wherein the separation zone comprises a vacuum

stripper.

7. The process of claim 1 wherein the dewaxed basestock has a VI of at least 107.
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The process of claim 1 wherein the dewaxed basestock has a NOACK volatility
improvement over raffinate feedstock of at least 4b0ut 5 wt.%, in the range or

3.5 10 6.5 ¢St viscosity at 100° C.

The process of claim 1 wherein the second hydroconverted raffinate is dewaxed

by solvent dilution followed by cooling to crystallize wax molecules.

The process of claim 4 wherein the catalyst is nickel/molybdenum on an

alumina support provided that the alumina support has not been promoted with
a halogen.

The process of claim 1 wherein the non-acidic catalyst has an acidity value less
than about 0.5.

A process for 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) stripping the raffinate of solvent to produce g-;affmate feed having a
dewaxed oil viscosity index from about 85 to about 105 and a final
boiling point of no greater than about 600° C; _

(c)  passing the raffinate feed to a first hydmcon(}_éjsion zone and processing
the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from 340 10 420°C, a hydrogéé partial pressure of from
800 to 2000 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
raffinate; and | .
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(d)  passing the first hydroconverted raffinate to a second reaction zone and
éonducting cold hydrofinishing of the first hydroconverted raffinate in
the presence of a hydrofinishing catalyst at a temperature of from 200 to
320° C, a hydrogen partiai pressure of from 800 to 2000 psig, a space
velocity of from 1 to 5 LHSV and hydrogen to feed ratio of from 500 to
5000 Scf/B to produce a second hydroconverted raffinate.

The process of claim 12 wherein the raffinate feed has a final boiling point no
greater than about 500°C.

The process.of claim 12 wherein the temperature in the first hydroconversion
zone is from 360 to 390°C.

The process of claim 12 wherein the non-acidic catalyst is cobalt/molybdenum,

hickellmolyhdenum or nickel/tungsten on an alumina support.

The process of claim 12 wherein the cold hydrofinishing is conducted at a
temperature of from 230 to 300°C.

The process of claim 12 wherein the second hydroconverted raffinate has
residual aromatics content of at least about 5 vol.% provided that the raffinate
has low toxicity and passes the IP346 or FDA(c) tests notwithstanding the

residual aromatics content.

The process of claim 12 wherein the non-acidic catalyst has an acidity value less
than about 0.5.



