METHOD FOR UPGRADI NG LUBE O L BO LI NG RANGE

FEEDSTREAMS BY TREATMENT W TH A SULFURI C ACI D SOLUTI ON
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relates to a nmethod for upgradi ng nitrogencontaini ng

hydrocarbon streans. Mire particularly, the present

invention relates to an i nproved hydr opr ocessi ng

nmet hod for | ube boili range feedstreans involving
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and/or efficiently as possible. For exanple, the
presence of these het erocﬁ/cl i C nitrogen-containing
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content of feedstreams used in the lube oil processes because heterocyclic

nitrogen-containing compounds, especially basic heterocyclic nitrogen-
containing compounds, contained in lube oil boiling range feedstreams act as
competitive inhibitors on the catalytic sites of catalysts. These nitrogen-
containing compounds are indigenous to crude oils, and are typically
concentrated in the higher boiling fractions, such as lube oil fractions. The
presence of these heterocyclic nitrogen-containing compounds typically
prevents lube oil hydroprocesses from operating as effectively and/or
efficiently as possible. For example, the presence of these heterocyclic
nitrogen-containing compounds in lube oil boiling range feedstreams used in
hydrocracking operations requires that the hydrocracking be performed at high
temperatures that impart a higher degree of over-cracking and lube oil boiling
range yield loss when compared to hydrocracking processes that operate at a

lower temperature.

[0003]  Also, the removal of nitrogen species from lube oil boiling range

feedstreams allow cracking operations to operate more efficiently because



tenperatures that inpart a higher degree of
over-cracking and lube oil boiling range yield |oss

- woh@s/osoapar ed to hydrocracki ng processes that POPERZIN€040091
at a |ower tenperature. [0003] Also, the renoval of

ni trogen species fromlube oil boiling range
feedstreans all ow cracking operations to operate nore
efficiently becauset hese heterocyclic

ni trogen- cont ai ni ng conpounds, especially basic

het er ocyclic nitrogen-containi ng conpounds, act as
conpetitive inhibitors on the acidic cracking sites of
cracki ng catal ysts. Thus, many nethods for reducing

e S S B o i C B R AT Rt 1t ory
hetéroentli®nitRe@nstdradingdiy t8BpBundy, ayt & corhpaithasinhitdtors en
of concentrated sulfuric acid, i.e. at least 95 wt. %
the atidic crackimglsitesoftarachting catilygis. Thns,jmany methdgdsifor ng
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[0004]" 0081 eRAmPEe, TATRIESkatdsBraili6ry Bivehtieh RR@idtiafign H1368,
range stream [(3005] United Statés Patent Nunber

Fray@a2teads:s theaa o coneadtatad sulfunisecidf 1.acit déast 95 wt.%
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peri o .e. not to exceed two seconds.
dikileessethat 0% er mibid bf i Etrogan naede rembhed fiom flerjetifuel

nore effective nitrogen renoval nmethod to be used in
bailing sprgrcsiseAmg schenes for |ube oil boiling range

feedstreans because with their renoval, |ube

hydr opr ocessi ng

[0005] United States Patent Number 4,392,948, Debande, teaches the use of
acidic treatments for straight run distillates boiling in the range of 150°C to
about 290°C. The acidic solution used in Debande has an acid concentration
from about 0.01 to about 2.5 vol.%. This acid is contacted with the straight run

distillate feedstream for a short period of time, i.e. not to exceed two seconds.

[0006] However, there still exists a need in the art for a more effective
nitrogen removal method to be used in hydroprocessing schemes for lube oil
boiling range feedstreams because with their removal, lube hydroprocessing

operations could be improved.



operations could be inproved. SUMVARY OF THE | NVENTI ON
[ 0007] One enbodi nent of the instant invention is

_ Waleoosos@do at an i nproved nmethod for hydropr oceBGT/n§084/040091
ni trogen-containing lube oil boiling range feedstream
The nethod conprises: a) providing a sulfuric acid

sol ution having a sulfuric acid concentration of at

| east about 75 vol.% based on the sulfuric acid

sol ution; b) contacting a n3trogen-containing | ube oil
boiling range feedstreamw th the sulfuric acid

sol ution under conditions effective at renoving at

| east about 60 wt.% of the nitrogen conpounds
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from sol vent™ dewaxli ng,” sol vent *
sulfuric acid solution is greater than about 0.5 vol.%, based on the lube
oil boiling range feedstream thereby producing at least a mixture
comprising a lube oil boiling range effluent and a used sulfuric acid
solution; and

¢) processing said lube oil boiling effluent by at least one process selected

from, solvent extraction, hydrocracking, hydrotreating, hydrodewaxing,

and hydrofinishing thereby producing a lube oil boiling range product.

[0008] In preferred embodiments of the instant invention the sulfuric acid
solution is a spent sulfuric acid solution obtained from an alkylation process

unit.

[0009] In one embodiment, the lube oil boiling range product is
hydrotreated to produce a hydrotreated lube oil boiling range product that is
subsequently processed by a process selected from solvent dewaxing, solvent
extraction, hydrodewaxing , hydrocracking, hydrofinishing, and mixtures

thereof.



extraction, hydrodewaxi ng , hydrocracking,
hydr of m shing, and m xtures thereof.[0010] In another
weniwsasqrent , t he i nproved net hod further conprPGEES2004/040091
contacting the lube oil boiling range product with an
effective anmount of an acid reducing material selected
fromcaustic and water under conditions effective at
reducing the total acid nunber of said | ube oi
boi li ng range product prior-4to step(c). BRIEF
DESCRI PTI ON OF THE FI GURE [ 0011] The Figure
illustrates that the boiling range conversion of the
acid treated lube oil boiling range feedstock takes
place with reactor tenperature requirenents that are
16- 200C | ower than that for the sanme boiling range
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coptaotingdhe ldreeoil Ppiltreg tangempediedt vigh ahefisctve agwunt of an
nitrogen, anopg of her_ {hings. .The nitrogen, which is
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et SRR MR DR PuBREE 4G 150067 ol e
pr@&gi&qofsggﬂ@)_r efiners to operate hydrocracking

proceésses at “tenperatures higher than desired. This
i ncreased operating tenperature increases the relative

amount of over-cracking and | ube oil boiling range
BMEF(DESCRIWI%JE_E&%DCGSS operated at
r ratures. Th reducing th te f .
(00T 0o d B R arka it B B DEe GORy ORI t@lacid
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ower tenperatures-that favor nore selective cracking
redUifsrabtsithetr @@slichg0 O ldwenthanahit for debusamey beilthgamdge

viscosity index ("VI") and extending the useful
conversion of the base, untreated feedstock.

DETAILED DESCRIPTION OF THE INSTANT INVENTION
[0012] Catalytic processes are typically impeded by the presence of

nitrogen, among other things. The nitrogen, which is usually present as
heterocyclic molecules, act as competitive inhibitors of catalytic sites. In lubes
processing, the nitrogen-containing heterocyclic molecules force refiners to
operate hydrocracking processes at temperatures higher than desired. This
increased operating temperature increases the relative amount of over-cracking
and lube oil boiling range yield loss when compared to a process operated at
lower temperatures. Thus, by reducing the content of nitrogen-containing
heterocyclic species in a feedstream, hydrocracking processes can be operated
at lower temperatures that favor more selective cracking thereby increasing
both lube oil product yield and viscosity index ("VI") and extending the useful
life of catalysts. The removal of heterocyclic nitrogen species also permits the

practitioner of hydrocracking processes to utilize hydrogen pressures lower



life of catalysts. The renoval of heterocyclic

nitrogen species also permts the practitioner of
why@sosi7acki ng processes to utilize hydrogen pPEFESI08£040091

| owert han processes utilizing feedstreans having

hi gher nitrogen concentrations. The reduction in

ni trogen-contai ning heterocyclic nolecules simlarly

benefits other |ube oil processes such as, for

exanpl e, hydrodewaxi ng, hydidetreating and

hydr of i ni shing. [0013] Therefore, the instant

invention is directed at an inproved nethod for

hydr oprocessing a nitrogen-containing |ube oil boiling
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Thesre@odti @ig e ditved don -corsaining hetetuuiydlis ahoietwles sirhilarly benefits
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anaéeﬂg%ﬁ%5%¥u§th the sulfuric acid solution produces at
| east a lube oil boiling range effluent. The | ube oi
boiling range effluent so produced is subsequently
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any conventional” lube oil boiling range feedstreans
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and any mixtures thereof. These processes are sometimes referred to herein as

hydroprocessing. The Iube oil boiling range effluent may also be subsequently
processed by solvent extraction.

[0014] Lube oil boiling range feeéstreams suitable for treatment in the
present methods include any conventional lube oil boiling range feedstreams
used in lube oil processing. Such feedstreams typically include wax-containing
feedstreams such as feeds derived from crude oils, shale oils and tar sands as
well as synthetic feeds such as those derived from the Fischer-Tropsch process.
Typical wax-containing feedstocks for the preparation of lubricating base oils
have initial boiling points of about 315° C or higher, and include feeds such as
reduced crudes, hydrocrackates, extracts, hydrotreated oils, atmospheric gas

oils, vacuum gas oils, coker gas oils, atmospheric and vacuum resids,



have initial boiling points of about 315 C or higher,

and i nclude feeds such as reduced crudes,
whyasosirackat es, extracts, hydrotreated oils, PCT/US2004/040091

at nospheric gas oils, vacuumgas oils, colter gas

oi I s, atnospheric and vacuum resids, deasphalted oil s,

sl ack waxes and Fi scher-Tropsch wax. Such feeds may be

derived fromdistillation towers (atnospheric and

vacuum, hydrocrackers, hydﬁbtreaters and sol vent

extraction units, and nmay have wax contents of up to

50% or nore. Preferred |lube oil boiling range

feedstreans boil above about 6500F (3430 C). [0015]
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630°E (9 ontaining lube oil boiling range feedstreans.
e(ﬁgfﬁggen conmpounds appear as both basic and

non basi ¢ nitrogen species. Non-limting exanples of

basi c nitraogen, speC|es may i ncl ude quinolines and
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her.ei n cgnt ins. at | eas bout 75 % sul furic acid,
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nitrogen species may include quinolines and substituted qumohnes and non-
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limiting examples of non-basic nitrogen species may include carbazoles and

substituted carbazoles.

[0016] In practicing the embodiments of the instant invention, the above-
defined lube oil boiling range feedstreams are intimately contacted with a
sulfuric acid solution to remove at least about 60 vol.% of the nitrogen species,
both basic and non-basic. The sulfuric acid solution used herein contains at
least about 75 wt.% sulfuric acid, based on the sulfuric acid solution, preferably
greater than about 80 wt.%, more preferably about 85 wt.% to about 93 wt.%.
The sulfuric acid solution may be obtained through any means known.
However, in one embodiment the sulfuric acid solution is the spent sulfuric
acid obtained or recycled from an alkylation process unit having a sulfuric acid

concentration within the above-defined ranges.



The sulfuric acid solution may be obtained through any

means known. However, in one enbodi ment the sulfuric
wa@eood/osoButi on is the spent sulfuric acid obt aP@EUSING040091

recycled froman al kyl ati on process unit having a

sul furic acid concentration wthin the above-defined

ranges. [ 0017] A typical al kylation process involves

conmbi ning an ol efi nic hydrocarbon feedstream

contai ning C4 olefins w th -/sobutane to produce a

hydr ocar bonaceous m xture. This hydrocar bonaceous

m xture i s subsequently contacted with sulfuric acid.

The sul furic acid used for contacting the

hydr ocar bonaceous m xture is typically reagent grade

sul furic acid having an acid concentration of at |east
[O(Hk??)Ut AGyplcataliefen pRicess htrobudsf domibinaed g bheinc

sulfuric acid concentration of greater than about 95
hydtackaborhte ddgticanaransaiateUs olafiasuvish ispbutancaiotsadvuie &

the sul furic acid under conditions effective at
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cofBichid il LBl TheBLEEACH] LB AR BRBEHTEYe
hy8fodaiSorebbys hfixagk ds splicdliyoRagaiteiaiablfutt asidhavifgan
about 80 w.% sul furic acid, nore preferably about 8
acidodoridchivatdbowt a Beast aboww S wt.te RoafdrabThéhesllfiurd acid has a
acid solution also tfypi cally contains about 0.5 to

sufBancsl cenorniation, ofigresict Rianabest AP gt Hal Hice bei ng
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about an w.%sulfluric acid, about 1 to about 4
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acist, besed oe the maifeiio asidywleion gretrallyigreatar thapebout 80 wt.%
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TH?E sulfuric acid solution also typically contains about 0.5 to about 5 wt.%
water, with the remaining balance being acid suspended hydrocarbons. It is
more preferred that the effective conditions be selected such that the sulfuric
acid solution so produced comprises between about 82 and 92 wt.% sulfuric
acid, about 1 to about 4 wt.% water, with the remaining balance being
suspended hydrocarbons. However, it is most preferred that the effective
conditions be selected such that the sulfuric acid solution so produced
comprises between about 85 and 93 wt.% sulfuric acid, about 1.5 to about 4

wt.% water, with the remaining balance being suspended hydrocarbons.

[0018] It should be noted that it is within the scope of the present invention
to dilute the sulfuric acid obtained from the alkylation unit, or otherwise, with a
suitable diluent, preferably water, in order to provide a sulfuric acid solution

having the above-described concentration of sulfuric acid, i.e. at least about 75



w.%water, with the renai ni ng bal ance bei ng suspended
hydr ocarbons. [0018] It should be noted that it is
wowvakioss78hhe scope of the present invention to BCT/USE04/040091
the sulfuric acid obtained fromthe al kylation unit,
or otherwise, with a suitable diluent, preferably
water, in order to provide a sulfuric acid solution
havi ng t he above-descri bed concentration of sulfuric
acid, i.e. at |east about 78wt .% sulfuric acid, based
on the sulfuric acid solution, preferably greater than
about 80 w.% nore preferably about 85 wt. % to about
93 Wt.% In order to determne the sulfuric acid
wi®R @?ﬁ'&hrcaicicﬁ 3)219&}3&1 e seifhMeakid@Iubes I@fléilﬁlgllyt Aehtlfthan
sulturic acid solution, the sulfuric acid content and
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techni ques. The equival ent acid strength once a
dettirmites therrad fuiseacichentszerdration enpspbadéldieny Basobeabasiied to the
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acid volunetric treat rate of greater than about 0.5
withotheYplloadeg famutlhequivelent Wthosulfuric acidge witkesid fureaagid /

preferaply greater than about 1.0 vol.%nore
(Wﬁ%é?-‘iﬁlékﬂ %Pl‘gﬁo‘mo/%f‘(a(tﬁ bl . % to about 5.0 vol.% The

contacting can be achi eved by any nethod known.

Nonl i m ting exanples of suitable contacting nethods

[0019¢! UdR s RR&SLOD 40390 Sthd MbeGiPE6BingGhHEé Bbddfidahhs
| ube o1l boiling range feedstream through a m xi ng
coutictes], withxthe gulfinec sad fasoluidomat ah scidwtdlomesmel treherataiof
oil boiling range feedstreamin a mxi t ank
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abbit 0Pt ofr TRE cEIRARISTRRA be@cHletel By AKnREhdd Rhd¥n. Non-
limiting examples of suitable contacting methods include passing the sulfuric
acid solution and the lube oil boiling range feedstream through a mixing valve,
mixing the sulfuric acid solution and the lube oil boiling range feedstream in a
mixing tank or vessel, and, passing the sulfuric acid solution and the Iube oil
boiling range feedstream through a packed bed of inert particles, and other
comparable methods. In a preferred embodiment, a mixing tank or mixing
valve is used to contact the lube oil boiling range feedstream and the sulfuric

acid solution.

[0020]  The contacting of the lube oil boiling range feedstream with the
sulfuric acid solution occurs under effective conditions. By effective

conditions, it is to be considered those conditions that allow the present method



valve is used to contact the [ube oil boiling range
feedstream and the sulfuric acid solution. [0020] The
wa@oeosasd7Bng of the | ube oil boiling range feedBtT/@82004/040091
with the sulfuric acid solution occurs under effective
conditions. By effective conditions, it is to be
consi dered those conditions that allow the present
nmet hodt o achi eve a reduction of nitrogen of at |east
about 60 wt.% preferably gPeater than about 75 wt.%
nore preferably greater than 80 w.% [0021] The
contacting of the lube oil boiling range feedstream
with the sulfurlc aC|d sol ution produces at |least a
to 'ﬁblgfegé ﬁ Srg ur| t geﬁgﬁ a? éasP%cht e £ X,‘i:)urrggécr%lyl?'greatm
tha ebartasl w. %?@mratpidfdrabky gehwbehan 80 kai%i ng range
ef fluent and the sulfuric acid solution. The used
sul furic acid solution, which now contains the renoved
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other simlar device The | ubg ol | boiling
limiingesxehfplernd suitabbe s&paaﬂmﬂ nteghédeinpheieentvitpsbitking,

will contain substantially |less nitrogen, both basic
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am stanti a

B
setefiRE RHEFRT i A Rb B, sBrales ntr eV aultid B i Bt the
ubEEABLIER e LEAHGRD IR he sulfuric acid solution be separated, or

allowed to separate, into layers in a separation device such as a settling tank or

drum, coalescer, electrostatic precipitator, centrifuge, or other similar device.

[0022]  The lube oil boiling range effluent thus obtained by the present
method will contain substantially less nitrogen, both basic and non-basic, than
the initial lube oil boiling range feedstream. By substantially less, it is meant
that the nitrogen content of the lube oil boiling range feedstream is reduced by
at least about 60 wt.%, preferably greater than about 75 wt.%, more preferably
at least 80 wt.%. This will typically result in a lube oil boiling range effluent
having a nitrogen level of less than about 800 wppm, preferably less than about
500wppm, more preferably less than about 400 wppm, and most preferably less
than about 200 wppm.



at | east about 60 wt.% preferably greater than about
75 wt.% nore preferably at least 80 wt.% This wl|
wo ysosd7By result in a lube oil boiling range ET/U8M04/040091
having a nitrogen | evel of |ess than about 800 wppm
preferably | ess than about 500wppm nore preferably
| ess than about 400 wppm and nost preferably |ess
t han about 200 wppm [ 0023] The | ube oil boiling range
effluent is typically colletled fromor withdrawn from
the separation device and passed to a suitable |ube
oi | process such as, for exanple, hydrodewaxing,
hydr ocracki ng hydrotreating, hydrofinishing, solvent
jrac t f [
O ST P Ry oL e PRIAR s thilehty, SoRERea i or
wiltlydhaotr feari thg separatipd deficei il prgseditad ysitalslanubeoilgedcess
under any conditions effective at achi eving the
suele 88l flos exaugles Mgqudeévqsmg,thydr@w@ﬁklng kydreBegiéng.i ng a

hygEp B e R e urtiohy find G bk Biersal” it fhadiment,
an&%ﬁﬁﬁ?{é%xﬁrﬁ%&%%%ﬁg?ﬂg tcref?:fklﬁg” Eot'ré%ﬁﬂngég!r Elgdfcﬁimﬁhmg

etc. one e

catdia@ cahlbehged under @iy eoﬁﬂi&ﬂong effebﬁvda ytlicHieeiapate k&ults
produce a hydrotreated | ube oil boiling range product

soughitby thesqubsietyerens 1.9. gruisedisead coytaim paroertsge o Kexfeed, i.c.
m s, nt dewaxin sol.vent ex .ractl on,
th%i}ﬁvred&ﬂxfaﬁmﬁgan&%m@%% Wﬁowa B SRR, TeNgVing a
{ I
ool 68n¢ ARLERL bRk il ASRUtdEh S REAELS BRL TBne
enﬁfd‘dlﬂﬁﬁt thdAfbel 6il byRirEatdnye Bl GerRGs Hyérdtfb@'tbd fa)epﬂddh@e a
oi | boil'ing range feedstréam The neasure of acidity
hydedtesated hibehal boihinigsrange pir«»duadt tlaatiisl subsdgaenily Paotessat by a
t he feedstream or eff]uent. E TAN can_ be descri bed

pregess sgieated; Ergmep W@GW%@ NePN4 SX Ao Myidkodgwaxing,

°<$<i"5‘f§? PLHE DA REISG G Pt BRREG) ot as measur ed

[0024] The sulfuric acid treatment, however, also results in a lube oil boiling
range effluent that is typically more acidic than the lube oil boiling range
feedstream. The measure of acidity referenced herein is the total acid number
("TAN") of the feedstream or effluent. The TAN can be described as a
quantity of base, expressed as milligrams of potassium hydroxide per gram of
sample, required to titrate a sample to a specified end point, as measured by
ASTM method D-664. A more acidic feed can have a detrimental effect on
processing equipment, etc because of its corrosive nature. Thus, one
embodiment of the instant invention involves contacting the lube oil boiling
range effluent, prior to processing said lube oil boiling effluent by a process
selected from solvent extraction, hydrocracking, hydrotreating, hydrodewaxing,
hydrofinishing, and mixtures thereof with an effective amount of a material

selected from caustic and water, preferably water. By an effective amount of



ASTM nmet hod D-664. A nore acidic feed can have a

detrinental effect on processing equipnment, etc
whewansa3of its corrosive nature. Thus, one enbOTIURIN4/040091

of the instant invention involves contacting the | ube

oil boiling range effluent, prior to processing said

| ube oil boiling effluent by a process selected from

sol vent extraction, hydrocracking, hydrotreating,

hydr odewaxi ng, hydrofi ni shildg, and m xtures thereof

wth an effective amount of a material selected from

caustic and water, preferably water. By an effective

amount of material, it is nmeant that anount of nmmateri al
matt@ﬁ&l fad %‘e%%t tﬁa@ amn@t)f ir!rtaehaﬂbtﬁaptddu@g J[He”BAfl\ﬂﬁﬂﬁle lube

| Uent . | ube oil boiling range effluent is

011dm1hag umgamfﬂhemm & he duist 0)1:1 bmlmgtrmgawfcﬂhrenefs‘ auttacted with

conditions. By effective condjtions, iis nmeant. thase
the eausiicios reateg Bgder \ﬁiﬁ%ﬁtl‘é}*ei?@@ﬁi’é@nsalmb@ffﬁ@wq genditions, it is

g sk iy g B st R ATo8 byl Bl g v

op
Ofﬁﬂﬁééh%%% hi f?‘%ﬁ%ﬁ?ﬁ%o T P ompohaebe
matatiall aridie edfectine condidons lardetlbcted suah geatfithe IANedithe lube
More preferably the effective ampunt of material and

oilthreling trange ef@u@@triauequdrtbaapé thalubetaabbeilisg rahge feggstream.
TAN | boi l ffl

MORRT RS ohe S b bRt H6 Al ae e FLisstie G4 samhtlons

ard Ig_)ég%kd e ﬁﬁ? FREES k! Ride! il l?éﬂlﬁ%tr?. %@Efﬁ%\f‘?l > lower

e present 1 nven Se SKi

thdhehafbf thed lhbe o RilhZ fanfgBafecdtti@menbodi nents that are
equal |y effective could be devised for carrying out

the splrlt of this invention. " [0026] The follow ng

il lustrate.the inproved, e tlvenesof
(0435 prig%%oY%%ﬁFPBﬂn 190@#@13@61@6186%%@1115383@%1&5 filae

pr@geﬁ’? EentiBY © Hhb 0 skille &Y t AE RN 1%%(8‘&@25%1&1‘( other

embodiments that are equally effective could be devised for carrying out the

spirit of this invention. »

[0026]  The following examples will illustrate the improved effectiveness of
the present invention, but is not meant to limit the present invention in any

fashion.



EXAMPLE 1 [0027] A lube oil boiling range feedstock to
a lubricant hydrocracker was chosen for a conparative
whyasosi7acki ng study with an acid treated ver sPONUSI004/040091
said feed. The lube oil boiling range feedstream was
conposed of a blend of heavy coker gas oil, heavy
vacuumgas oil, and |ight vacuumgas oil, nomnally in
a 6:2:1 ratio, respectively. The feed had a nitrogen
concentration of 1761 wppnrl? sul fur concentration of
26540 wppm and a total aromatics concentration of
1576 mmol / kg. The experinent was designed to show t he
i npact of acid treating on catal yst perfornance and
ERAMIPGIEQual ity in a pilot scale unit. [0028]
—Z20-galtons of the lube oil boiling range feedstock was
EXAMPE®X &t a tenperature of 1500F with a sulfuric acid
solution having a sulfuric acid concentration of 95

(0027106  Hnlebe eilbailing engs frgdstasldo rdubisicamtidiiiecracker was

SRl 5 B B SE Fh  Wl 488m o
S 70 Dy” Lont] |

said JEell ole! 19¥E %11%1&1?%%51%&?%352?%{3@ e &ﬂnﬁés&?ﬁa} l?lgaglof

uric acrd sol utl biel ni
hdaxy fc@l&éﬂ)%as oijtheaey datieated dilykaddidht Rathimgdsasi@ominally
. feedstock was then subjected to a water wash at 1500F
insy6: 81 Ixiatig) wspeetiatalng Tihe fepd hedmmifragen ooneandradioparial 76
with a 10 vol % treat rgts ﬁf wat er . éOOZ? A loss of
WHPT: GEGHY §ONCTBEAR BoOPHHGRIAGENG Rt HOMAIESt he

B 87 BRGNS SRR Bhpp e

t
ySI'S
infpakSoBamd Itreaﬁhg loh@hatd19§Sperfdiendrceaindhrbagst cﬁiﬂﬁt%’ in% g‘i')ilot

significantly Towered nitrogen content (nmeasure

scANTEK)., reduction in

[0028]  20-gallons of the lube oil boiling range feedstock was treated at a
temperature of 150°F with a sulfuric acid solution having a sulfuric acid
concentration of 95 wt.%. The lube oil boiling range feedstock was contacted
with the sulfuric acid solution at a treat rate of 3 vol.% by continuous mixing
via a static mixer followed by centrifugal separation of the sulfuric acid
solution using a Podbielniak Centrifugal Extractor. The acid treated lube oil
boiling range feedstock was then subjected to a water wash at 150°F by
mixing/separating in the same fashion and apparatus with a 10 vol% treat rate

of water.

[0029] A loss of 4.7 wt% of lube oil boiling range feedstock to the sulfuric
acid stream was calculated by elemental analysis of the used acid stream. In
conjunction with this small material loss, the treated feed exhibited

| significantly lowered nitrogen content (measured by ANTEK), reduction in

sulfur content (measured by X-ray fluorescence spectrometry), and reduction in



sul fur content (nmeasured by X-ray fluorescence
spectronetry), and reduction intotal aromatic content
w(@ pwassi7ed by UV spectronetry). The results of PehesSmo4/040091
treatnment, i.e. the nitrogen, sulfur, and tota
aromatics concentration of the acid treated and water
washed | ube oil boiling range feedstock, are
summari zed in Table 1, below. TABLE 1 Feed Type Acid
Treat Rate Nitrogen Sul fur-13etal Aromatics (vol.%
(ppm (ppm (nmol/Kg) Base, untreated 0 1761 26540
1576 Acid, treated 3 578 24950 1510 EXAMPLE 2 [ 0030]
The base feed and the acid treated feed described in

I .
ol AR coHfeft GAPARATbNIrBRRRRAEy ), il sy oifthé acid
tréétﬂhbnﬁ"@é %Qflﬁ’bgéh a1y, %dﬂ@ta@ atdBfies §Hﬁ&n\ﬁtatt1|@>n§7f5tﬁe acid
H2 treat gas. The pilot unit was | oaded
trehﬁéﬂ :md whterovashed ilabd 9il bodingabhge fapgsiotle carexlsmimrnanzed in
aﬁ%r ocracki ng catal ysts, which were sulfided in situ.
lsedg¥t ocks were processed at 0.6 hr 1LHSV. To
achi eve a conparison between the two feedstocks, each

)
that cnannad B
T LB AYA" |

Was—processed—at—a—tenperature—range—that—spanned—50

Feggg)‘ﬁe% Con“'l%dri ﬁirogi ;fe frat “Nitr g:en ottt Iﬂ'lﬁfuf'3 766 'Fdfg y ?oﬂrrlwatlcs
0 q
FublPoant |51 [ Vehge, WiH'a 1D w ohplihver i Bt
i cattyareqguitTed—t rodute—d Fubrc

BaSe, ul¥eated Yo' T4 176¥ Sp5hFUY L)
Acl B8 qurat i tyg THe TONVEER O VET SUS){HEHACT O 1510

tenperatuare prOTIIe | Snown 1T n tne I—Igure herei m.

[0031] The Figure illustrates that the boiling range
conversion of the acid treated |ube oil boiling range

Eﬁﬂﬁﬂf& takes place with reactor tenperature

[0030] The base feed and the acid treated feed described in Example 1 were

then directly compared in a pilot unit operated under hydrocracking conditions.
The pilot unit was operated at 1700 psig H, pressure with 6750 scf/bbl H, treat
gas. The pilot unit was loaded with 262 cc of commercially available
supported Ni/Mo hydrocracking catalysts, which were sulfided in situ. The
feedstocks were processed at 0.6 hr? LHSV. To achieve a comparison between
the two feedstocks, each was processed at a temperature range that spanned 50
- 80 wi% conversion of material out of the 370°C+ typical lubricant boiling
range, vﬁth a 70 wt% conversion being typically required to produce desired
lubricant product quality. The conversion versus reactor temperature profile is

shown in the Figure, herein. '

[0031]  The Figure illustrates that the boiling range conversion of the acid
treated lube oil boiling range feedstock takes place with reactor temperature
requirements that are 16-20°C lower than that for the same boiling range

conversion of the base, untreated feedstock.




requi renents that are 16-200C | ower than that for the
sane boiling range conversion of the base, untreated
wo ewddsek. [ 0032] While not wishing to b e |i mPeEUSIIN4/040091
theory, the inventors hereof believe the reduction in
operating tenperature may be taken advantage of in at
| east three ways. The first would b e to sinply all ow
a nodest inprovenent in product quality as shown in
Exanpl e 3, below. The secort¥-woul d be to extend
catalyst lifetinme by | owering operational tenperature.
Hydr ocracki ng catal yst tenperature requirenents
i ncrease gradually with aging until an end of cycle
er | : r r thi
e S A e PR EP R RO AR o
betieouyltle xduenion ihep&atiag tspkidtets mey behekdéhadehneid df in at
be to increase unit throughput, effectively expanding
leasighrgeovays. ofheffastiwoslk bpiio staplycallaw anpddess impkoyement in

PrORRPGRATGY & FPTTHETBE GopePlint T BORRAS, GHojdehreto extend
55T PR o ARG R

tehPeRftumvelBirstbhts iABEAL N GraaRANS VRt agmglqmitﬂ%ﬁéﬁ@of E9de
feed rate could be increased substantially. The
temperataseliinitae deached, sadoiwermemoperetionalrtenpethtnsarsquirements

tenperature to et required nversi on. | evel s, but,
tonek PO esT I RbUI LS e O (Y PdsarR. T third
L ncrease and sti. al l.ow t he.t er at . t e in
it R gpERes it Rl b 785 Siafingn8 fntdluf of
fel@dBaS bf Rk&setingn %Zﬂ‘f‘tfc!réékiﬁ%!‘iﬂ%‘x‘@%eé%hﬁﬁ!ﬂghﬁﬁt feqfied
treatnent on procésses such as dewaxi ng,” whi ch occur
insteasatiteantor sagmparanst teanaiataih heongthno coavdtson level (to meet

operation, the 370C+ fraction described in Exanple 2
pragudicdusdity )s Ubgcatsecthetagid droptask case westisRf. an ePYREBEd be

terr}l%te?adru}eht%tat g ﬁiﬂctlgx%%} %vr}%ledégaelf meeting conversion requirements, the
feed rate could be increased substantially. The increased feed rate would
require increased reactor temperature to meet required conversion levels, but
the 17°C window should allow for the temperature increase and still allow the

temperature to be in a normal operating range.

EXAMPLE 3

[0033] To demonstrate the benefits achieved by sulfuric acid treatment on

processes such as dewaxing, which occur subsequent or downstream of the
hydrocracking operation, the 370°C+ fraction described in Example 2 above
was subjected to solvent dewaxing. It should be noted that acid treating does
not directly improve solvent dewaxing, a physical separation process.
However, by improving the hydrocracking operation from which the lube oil
boiling range feedstream subjected to solvent dewaxing is obtained, a product

from solvent dewaxing operation downstream from the hydrocracker can also



not directly inprove solvent dewaxing, a physica

separation process. However, by inproving the
whyasosiracki ng operation fromwhich the | ube oPCT/US2004/040091

boi li ng range feedstream subjected to sol vent dewaxi ng

IS obtained, a product from sol vent dewaxi ng operation

downstream fromt he hydrocracker can al sobe inpacted

by inpacting product characteristics. Thus, the

sol vent dewaxi ng was done t&5illustrate product

qual ity benefits on a basestock produced froma

hydr ocr acki ng operation involving sulfuric acid

treatment prior to hydrocracking. Therefore, this

: iS:i : at:e. b i .
EHATRLELDS Y PASPIE it emaglml s DENEL ke bR dovarin
wanpdrayiongiustratel prodiuct qulity berefityent a pagsseasck produedy from a

illustrating the benefits of the sulfuric acid
hydrecrepking apesatiem Bty adviagsulivricragid Geptmsntmgionte shoul d

e RS B S A SRA  obife Bt o
3§ RSOR TRRH 5 AR SR B8P B el i

adi® teh@n@d prod¥ad 4herthe ilavwatinpotheasene findsiCthe dulgieracid
standard [aboratory sol vent dewaxi n% condi ti ons using
0

treaginient disswtsad pboketfonkydiioctackong. wittshould furthey banwted that
filtration t roduce dewaxed ojl with a -18 out
thg GrAmINEIR RloniHhe Ghberesta aW@ﬁgﬁ?I}%éO%‘ﬁF gfe. Rt y
f 70C+ e 0 c : .
orbf s B DR AR oL OB B XAB AR i o
thadtiREradieseitidlf ardrfpidsly oAitbRAL i ng to miscibility
to'forma slurry. THe sludrry was wei ghed and placed in

a chilled isopropyl alcohol/dry ice bath, where it was

stirred and chilled to the target dewaxjng tenperature
[0834]1 sclherleweping smsondpgtedadden standayd laberaderst salvemgh

filt i i ~d £ |
atifi sPRRGont Pofhgk ST R G ne MG SR} G o
fiIfGYB1 th Produce dewaxed oil with a -18°C pour point. The conditions

included weighing approximately 125g of a waxy 370°C+ lube oil
hydrocrackate from Example 2 and approximately 250g of MIBK and thence
adding these into a flask and heating to miscibility to form a slurry. The slurry
was weighed and placed in a chilled isopropyl alcohol/dry ice bath, where it
was stirred and chilled to the target dewaxing temperature of -18°C. The
chilled slurry was vacuum-filtered through filter paper in a jacketed Buchner
funnel cooled by a circulating refrigeration bath to maintain target dewaxing
temperature. The wax cake and dewaxed filtrate were retained, the solvent was
removed from each by stripping in a rotary evaporator, and the stripped wax
and dewaxed oil were weighed. The wax content was calculated directly, the
VI of the dewaxed oil was measured with a Houllion automatic viscometer, and
the dewaxed oil saturates were measured by physical chromatographic

separation. The results of this Example are summarized in Table 2, below.



tenperature. The wax cake and dewaxed filtrate were
retai ned, the solvent was renoved from each by
WG@RI0S/HORI7BG in a rotary evaporator, and the strP@EPEs200&@540091
and dewaxed oil were wei ghed. The wax content was
calculated directly, the VI of the dewaxed oil was
measured with a Houllion automatic visconeter, and the
dewaxed oil saturates were neasured by physical
chr omat ogr aphi ¢ separation.-1&he results of this
Exanpl e are summarized in Table 2, bel ow. TABLE 2 Feed
Type 370C+ Reactor -180C Wax Content -180C Dewaxed
conversi on Tenperature Dewaxed (-180C Q| Saturates
(W.% Required GI VI dewaxing, (W\t.% (00 w.%
Base, untreated 70 382 106 15.7 92 Acid, treated 70

365 107 16.7 97 [0035] ThenaBlexanpl es provi de evi dence
Feeddypea typi cP°GrydriocriReskiong [ eed8tbck| WaxnChetemhi | -dBYC Dewaxed
treated w tdanvgubiprr|i cerapdrefuteo SJ-"P *ed clant (-18°€edulc eOil $ajurates

ni trogen cont¥it). e ReguiteHe Nébl nii t<i1 é‘ﬁgl e el , (wt.%)

hvdrocracking the id Q’o -’)eat e fe Y
Basg.iniealed by o' 0Q: oplor at $8% ¢t oh erﬂ—r2
Ac: tisated T o Iq e OPT SRR oo
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feedst ock, as evidenced by the bas
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r opr o¢essing a nitrogen-con ng lI'ube oi

fe@@étbel{" farl e@eﬁmeec?@a&é& Wﬁtpﬁﬂﬁfriéa&él to a) n@ﬁ@aﬁtg} RQude its
furic acid solution having a sulfuric acid

nmogele nomtaht. dduefto ahe Il(ymsrtedahtm ger? feveb hydrodraskithgathe tabiel
ul furic acid solu

treated feedstock 1equ1red reduced catalyst operating temperatures and
produced an improved product over hydrocracking a non-treated feedstock, as

evidenced by the basestock properties.



b) contacting a nitrogen-containing |lube oil boiling
range feedstreamw th the sulfuric acid solution under
wa@oendiosé7ems ef fective at renoving at | east aboRtT/682004/040091
W . % of the nitrogen conpounds contained in said |ube
oi |l boiling range feedstream wherein the volunetric
treat rate of the sulfuric acid solution is greater
t han about 0.5 vol.% based on the |ube oil boiling
range feedstream thereby prdduci ng at |east a mxture
conprising a lube oil boiling range effluent and a
used sul furic acid solution; and c) processing said
| ube oil boiling effluent by a process selected from
CPA MRt extraction, hydrodewaxi ng, hydrocracking,
—nydrotreating, hydrofm shing, and m xtures thereof
1.t her gbyinpsrostud innghad fobibediyidrémiokessing afgaitpogaiicdntaiding
The net hod accordlng to claim1 wherein the
luhptaibpeilingoirnge fcadgieumecasnprising! i ng range feedstream

h tial,. boil
mothoh acebraring 4 sUEkC A B ebiid Ring A pcld ©
t I
Cont o e St AR |04t aBRC IS ol AL BBecert B e
pr ecedi nga@ﬂdagdmmr e| nthe nit rogencont ai ning | ube

oil boiling range f'eedst r eam cont ai ns gr eater than
aboub) | COspptacting reyeagerscomaming thabrlo cb@dmg reggeo any

e g Bt e L LR ASED. Lol Lhgiats

IR L e L

cl ai m wheegiponatf contaided ia safd Iﬂlbe oil boiling range feedstream,
wherein the volumetric treat rate of the sulfuric acid solution is
greater than about 0.5 vol.%, based on the lube oil boiling range
feedstream thereby producing at least a mixture comprising a
lube oil boiling range effluent and a used sulfuric acid solution;
and -

c) processing said lube oil boiling effluent by a process selected

from solvent extraction, hydrodewaxing, hydrocracking,

hydrotreating, hydroﬁnishiﬁg, and mixtures thereof thereby

producing a lube oil boiling range product.

2. The method according to claim 1 wherein the nitrogen-containing lube

oil boiling range feedstream has an initial boiling point of about 315° C.

3. The method according to any preceding claim wherein nitrogen-

containing lube oil boiling range feedstream contains about 50% wax.



solution is a spent sulfuric acid solution obtained
froman al kyl ation process unit. 7. The nethod
w@ews/nsi7ag t o any precedi ng cl ai mwherein the Boi/U8200€040091
acid solution and |ube oil boiling range feedstream
are contacted by a nethod selected from di spersive and
non-di spersi ve contacting nmethods. 8. The net hod
according to any preceding claimwherein said inproved
met hod further conprises seddrating said | ube oi
boi ling range effluent and said used sulfuric acid
sol ution by any neans known to be effective at
separating an acid froma hydrocarbon stream 9. The
met h :
4 I ube‘?gf3 ?ﬁ%g{jﬁuaggo@a.% fljeggéth?%nbgélﬂ}w?h\gg% P%tfb‘:%en
conGdithin® lubid ¢ih batlihgSienge at@ﬁubumacmms areaer tﬂaﬂ labBut
selected fromcentrifuges, settling tanks or drunms,
108vappcwitogenl ectrostatic precipitators, and ot her
simlar device.10. The process according to any
preceding clai mwherein said al ykylation process

conp C
> feedgﬂ%l § zi%h%n g@&%&,@&w P 1(éfcg&lﬁlg cl{&ﬁgl{@%&zﬁane ]ttrogen
prEQN id AVHhREARIIESAUE THbetdil BoiliaBGake fRabd€dr Ak basic
t he hydrocarbohaceous mxture with sulfuric acid under
anclonoin-thiasitshat¢foey tlie ritfagenpromopmindg. at | east an
al kyl ate and a sulfuric acid solution having an acid
concentration of at |east about 75 wt.% 11. The

6.6 1 he PR B CHREER S MR Bl e ffuric acid

soﬁﬂi&ﬁ‘is ] @ge&@uﬁﬁﬁc‘%ﬁ& kHluEiPRCHMINAd i 8h aB818kion process

sul furic sol uti on
unit,

7. The method according to any preceding claim wherein the sulfuric acid
solution and lube oil boiling range feedstream are contacted by a method

selected from dispersive and non-dispersive contacting methods.

8. The method according to any preceding claim wherein said improved
method further comprises separating said lube oil boiling range effluent and
said used sulfuric acid solution by any means known to be effective at

separating an acid from a hydrocarbon stream.

9. The method according to any preceding claim wherein the lube oil
boiling range effluent and the used sulfuric acid solution are separated by a
separation device selected from centrifuges, settling tanks or drums, coalescers,

electrostatic precipitators, and other similar device.



12. The method according to any preceding claim
wherein said i nproved net hod further conprises
wa@oeosasd7Bng said | ube oil boiling range effl uentT/B1004/040091
an effective amount of an acid reducing nmateri al
sel ected fromcaustic and water under conditions
effective at reducing the total acid nunber of said
| ube oil boiling range effluent prior to step(c). 13.
The net hod according to any-lJ9recedi ng clai mthe | ube
oil boiling range effluent is hydrotreated to produce
a hydrotreated | ube oil boiling range effluent that is
subsequent|ly processed by a process selected from

101, BB 5 By By Oy, DA BSURELDR o
pthisebynpiResci ng a | ube oil boiling range product.
a) combining an olefinic hydrocarbon feedstream containing C,
olefins with isobutane to form a hydrocarbonaceous mixture; and
b) contacting the hydrocarbonaceous mixture with sulfuric acid
under conditions effective for producing at least an alkylate and a
sulfuric acid solution having an acid concentration of at least

about 75 wt.%.

. 11.  The process according to any preceding claim wherein a diluent is added
to said sulfuric acid solution to adjust the sulfuric acid concentration of said

sulfuric acid solution.

12.  The method according to any preceding claim wherein said improved
method further comprises contacting said lube oil boiling range effluent with
an effective amount of an acid reducing material selected from caustic and
water under conditions effective at reducing the total acid number of said lube

oil boiling range effluent prior to step(c).

13.  The method according to any preceding claim the lube oil boiling range
effluent is hydrotreated to produce a hydrotreated lube oil boiling range
effluent that is subsequently processed by a process selected from solvent
dewaxing, solvent extraction, hydrodewaxing, hydrocracking, hydrofinishing,

and mixtures thereof thereby producing a lube oil boiling range product.



