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;e!eSx] SUXXY4Z4[\62] T|PXT 0 4 JUNE 2002 .p ~. LOW VI SCOSITY LUBE
BASESTOCK FI ELD OF THE | NVENTION This invention relates to a nethod §6rUNI200Z
maki ng | ow viscosity, high Viscosity Index (VI) Tube oil materials usef uI '

as |ight “ m M\\u\m oi | basestocks or bl ending stocks, especially
automatl \m um on fluid (ATF) basestocks or bl ending s toth
forml ated prggdicts produced using such- ptocks. DESCRI PTI O\IWM@W I#
ART Wax isomerate oils are a devel oping, high quality alternati

m neral oils as tube basestocks. Such oils have found applicati§uzn a
variety of uses such as pggRWIYESCOSITYILUBEBASESTOOKeases. Wax isonerafe
oils and nethods for their preparation are described In nunerous patent
references including USP 3, 308, 052; USP 5, 059, 299; USP 5, 158, 671; USP
4,906, 601; USP 4 959 337 USP 4, 929, 795; USP 4, 900, 707; USP 4,937, 399; USP
4,919, 786, LBk 84t APTI0 843, 672; USP 5, 200, 382; USP 4,992, 159; USP
4,923, 588; USP 5 290 426 USP 5, 135, 638; USP 5, 246, 566; USP 5, 282, 958; US
5,027,528; USP 4,975,177; USP 4,919, 788. Automatic transm ssion f1 ui ds

(ATF' ) are divi ded | §hQ hyGhdi AL OND mebidd ordaliRg i isdokit) Ofighnc

non-friction nodified urds and are use I'n au onot |

vehi cl e ser yigdsity Iedex’ (V) Tibe 6P trateériuls ﬂﬁwﬁmﬂé\hﬁhphlbﬁﬁa@@gibﬂ ibadestdelisds ar

generally simlar’ in theif basic requirenents igh thermal and oxi dati on

resi st ance, ot bhndm@oddsuespeﬁiaﬂnychmgmahc transwission Huidi (ATF) basestodks\or 2 f oam
control, corrosjon cqontraol anpd antl- ro Bpot h types_of fluids!
have simi | ablending ﬁt%kspﬂndﬂ@ ¢€‘§nﬁ-¥1 &qtgpﬁgl@sé@a@gw fstackst |
automati c transm ssi on nanufacturers do require somewhat different
properties in the fluids used as sliding speed approaches zero (clutch

| ock-up). SpER N mmp%g%q:the ATF's used with their
transm ssi o C on coefficient (i.e., nore
slipperiness) while others want an increase in friction coefficient. ATF s

contain detergents, dispersants, anti-wear, anti-rust, friction nodifiers
and anti-foani ng agentax lfbmetam pils amardemlepmgl hlghquﬁttcybkematmam bl e wi th

synt hetic rubber, seal s na{) 3{93 S Lur.rent .,

FUIT y-t or mmsneral aisasluba assetobie Sie ¢ dgund applidstiond s vasiesyaf 60 at

40C, between abo 4.1 to 10 fi d viscosity of 200 poise at

about - 30 t?ﬁeéﬁBgﬁ“Ra@ﬁng?(ﬁ??E}bqj@ggﬁ Eé(g%asg 6 to -40C, and 50 poise at

about 21 to about -35C, flash points (COC) between about 150 to about 220(C;
[
S

pour point between about -36 to 48C, Col or (ASTM between about 2 to abou

2.5; and an oper ati ngWaxigémetate oils and metieédyfor théip ptepaddtidnoareldestribéal”. A
the perfornmance requirenents of ATF s increase basestocks other than

mi neral oi | insurherons pateot referennes mhdang HISR 3e308,052; 48P 15,0419,299; 18P ng

Cpeci 11 cat | AoBe 1L P ok ebd USR5S LR PR0BS USRERIR 707 o

future | ubrus?u 997 §9§ BSP%E ?WUSP snm%»ga {9SpQ 433, 6TAOSPL i C

transhission"T1 07 ds; Bbe énvi’ronnent friendly,’ as evidenced by

hi gh bi odegs Qdelslsm USSP ASDWABB( OSP14;623, lsw\msm 790 azspwsms v35,688at es to| a
met hod of naking a wax i somer ate oil characterized 4a§/75ha\“ nlgsa vi scosity pof
I

from about WUSP §246566CG8P#,282)988; LSP G002 7\5628;KUSB 173, @SP250C of from
10 to 40, a vi sc%ssity i ndex of from 110 to 160,

’ ’

Automatic transmission fluids (ATF's) are divided into two main
groups, friction modified fluids and non-friction modified fluids and are used in

automotive and commercial vehicle service. The friction modified and non-
friction modified fluids are generally similar in their basic requirements; high
thermal and oxidation resistance, low temperature fluidity, high compatibility,




0 4 JUN 002 | -3 a saturates content greater than 98% and a pour point of
| ess than -20C which conprises the steps of hydrotreating a wax havihg JEN|2002
mean boiling point of from400 to 500C and having a standard devi ation (Q
of about 20 to 45C, containing not nore than 20% oil and having a viscosity
of from4-10 ¢St at 100C, said hydrotreating being conducted at a

tenperature of from 280 to 400C, a pressuge of from500 to 3,000 psi H2, &
hydrogen treat gas rate of from500 to 5, 000 SCF H2/ bbl and a fl ow vel oci}
of fromO0.1 to 2.0 LHSV, isonerizing the hydrotreated wax over an

i someri zati t /. ' : 9 rsio
o Br00 - ( i QERREGUI, chftofion J¥firoPind Bl-Nea pofRrrisd. BERPLpLYYE HRICT S 0

a fraction heavendmilay friction psopertiéshut highhglidiap epeeds. (Differéntlautéinatic 100C a
boi |'i ng above about 340C, and dewaxing the recovered fraction. In anot her}
enbodi ment, trmsnissionmanufacturdssdedequire semewbatodiffeyentipaopérties imthe

| sopar af fni c_basest ock, .there is a relationship between_ the viscosity of I
the basest ocﬂ“’gﬁ ufe@es é@@ﬁ@eﬂiﬂpﬂr_ﬁéchqsr%? &lBﬁg'floﬁh'élPD-s SBMW‘R .oe)
& expr essea By eaTRRk e e A Hs b BREOGF wafifenitHond exhl § e e "
exceed 50. TAUS:~tibRicHet & @an ; i I I ihcReasEnt ock
Ui tabl o orPanetol SReHIRER (.2 R APBPRRL walle ORER P BRAREREOC v
100) equal tfictionwoefficient. NATF3. ddnth detedgents,’ dispersarnits anti>dexr, @hfibpusguch
that the product, P, in t:n(ibsgé%tlo.n P = tSLV'I%I?O z FCl, doe&sﬂ;\ﬁj exggced 50,
Yet anot her frictiotimedifiers eamungtagents. clhe ormiulate paimus i sin
(V' 100), "gr coArRpatible ith SPheIcHPOAT seals SxsaiinydemATe CapsmRstonsP Carrenitne
, gr . HSP, e
equation P = I . - 20 ) | f an
addi ti ve pacil OBt EnIRE e okinBRE Vise Syl (65T bR SERIA 8 oF
vi scosity o i . 1 (PIC¥EF00°T; Brobkiié 01200 t
i nhi bitors, ‘fsbeg:fgg\}be?elﬁidnugﬁggents, afrelf(i} Pust ager}tg\éegor?csiﬁgntifoarﬁgsrfga agent s,

These and otdbeut Shtabouti-45%C, 100pdise/atrabionn -26 td -403Cansd 50 ipeisei at abouti |
bel ow. BRI EF, DESCRI PTI ON THE, DRAW N%I:Yiygures 1(a). an (bé are graphs |
showi ng t he 2ltoabawts33°%6; ints (GO hetween abont; 150 tg t 320G tBPUr ndex|

currently accepted in the | st hat_ that Brookfielqd visscosily goes
Gown as. 1 - Gkt betweln bt 36 8 4G, CoRbr ATV YorweRL AhoR A4 RR &)
exi sts betwegh é}%g bl | LtV 2@f i sanpl es nade
by hydroi soner |Jzﬂ|1§% t%%&ggﬁn%fﬁeﬁg%\%%%fﬁ?ﬁete%it?%gégﬁ%&g'I contents
and the effect different wax hydrotreating conditions have on that
rel ationship. Figure 3 is a graph show ng that Hrookfield viscosity is
i nfl uenced by isoneri zAs theperformance cequiremsents of ATH sineréasecbasestackon cut!
point and thaf contrary to,copventional understanding, for, the products of
the present Q véﬂmmnm@@rwﬁlba\(m qn;l@é@is e(,imdémt)POas VI goe
down. Figure 4.is a hemat i _repr.esentative of three jsoparaffins having a
2002 di 1 f or dRetiAditioRa) pnd inereRsingly stfingént operatitig and perfotuiance ’
specification, it will be desirable, if not absolutely necessary that future
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lubricating oil product such as motor lube oils, automatic transmission fluids,

etc., be environmentally friendly, as evidenced by high biodegradability.

SUMMARY OF THE INVENTION

This invention relates to a method of making a wax isomerate oil
characterized by having a viscosity of from about 3.0 to 5.0 ¢St at 100°C, a
Noack volatility at 250°C of from 10 to 40, a viscosity index of from 110 to 160,
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0. a ~uN 2o0pt | -5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The present
invention is directed to a nethod for making a | ow vi scosity tube 0iU4JUN%UUZ
mat erial having a saturates content greater than 98% saturates and useful
as a light lubricating and base stock or bl ending stock for passenger car
notor oils and heavy duty diesel oils, and especially useful as an
automatic transm ssion fluid (ATF) basesipck producing a fornul ated ATF
having a Brookfield viscosity of |ess than about 10,000 cSt -40C. The | ubg
oil material nmade by the nethod according to the invention is characterized
by its high biadeaeesstibad ' ' i ; anﬂfgnv_ W and
hi gh sat uratse)bcontént. %ﬂeéﬁ%ﬁtgghgﬂ %&?W%@%&gﬁ adabi | ?QQ}E wéisleﬁ/
det er mi ned byorhpesestihe isteps-oThydfstreati ggr\eﬁ havinganmeaw bbilitg moinr ef foab! y
greater than about 80%, nore preferably greater than about 85% nost
preferably g40hte500°Coandbaving aGtandankdEhation 68) GPaticaxt 20(thet538Cpebntainidi-C

test) is a popular and widely used test, in Europe for determ n; ng t he
bi odegr adabi netimoxsrthan 2094 gil andrhavingsa VISQO%%%%\gQM‘d\O qStiatd P9°C, said

nirared (| ADAEBBERTEpORERBONGEE o 4 RmhabiE of ol 2805 0lhC 4Bt o
i nfrared (1 FY4P Bhe B
mnocul um B acSRPPEI00 HEi He MhyEEF cRarile el of 6l 300 & S0O0RGE"

di rect conpagi/BBlénd’a flW Yeldeity of fin OSI L. 0TIHSV! ih@iﬁe?iﬁné e hylirbl er ent
sources (or even the same source but collected at different tines) should

not be undertredtedwakeover aa isdmerizationlvatalyst, to adereleof caniversidiCof asleasts
val uabl e as a statistical tool and as a neans for denonstrating and

observing 0% copnemsianpta 3700, (BE¥ACtopping), fractienatingthe sesulting: t er ns,
Bnd passes AGTEEAE HTeCRVELE RALGA heyigR aaviseauty c the PAnesabonh 3 oegar ol oh
A . ; RIS ; _

At omat o Lr0St B0, add Giofing s8pudBbf 140-COdhL UORRRIENRE tbvefed U0 | |

meet increaskg@ion severe requirenents, including | ower Brookfield

vi scosities and high biodegradability. Currently ATF' s nmust neet a
Brookfield viscosity of about 15,000 cSt at -40C but in the future
Brookfield viscosities |less tha , 000 cSt,, and pr%f erably | ess than abo
10,000 cSt at -40C wi |in apothergm % fhis fibuention/1s ased o the giseavery

bi odegr adabi 4] . | I [Wo] f

Vi scosi ¢1 oo bt BiSChaBfial Bilsock fRefe 8L fefMansifis Babickn hEPILBL
bi odegr adabigfithy bidksidik A00°CTY 10OV the stiRfureFihe! di ¥, gisscover ed
that fornulated ATF s usl ng basestock prepared according to the teaching bof
t he inventi difreexdartior indext KFCHI that/is prepared for ATFSw Hiorelatiéhshiispr ovi ded !
the product, P, in the equation P = (V1$0)Z FCl is |less than 50, where V100
i s the vi scoxpressed by sheoequatiancP =(3pH10)T FCLi FopAHI’s, R rhomld notexeeed 3 frice
carbon index_of the.basestock. In a preferred.enhodi meqr'kte P.is,.in the range
of 15 to 45, Thsethifimentonalss caneetns dncisoparatfinie DasesioReSHRNRIOTHR Car bon

carbon ana. ASPARERE HallschliSion g RS viskouBARY 10 ETVARY sghBoor T O
4 structure gefigHthan0 8P ard 9 Teedarbh ek (FOI sﬁlﬂét%xﬁﬂih%fﬂﬂu&@l’?ﬁl thehas a

FCl of 8 Simlarly, structures B and C have FCl's d 2 respectivelyy.
The FClI of eequhﬁom@ra('VilooﬁeE(Hsﬁoeganbed661 ernmned by neasuring the
percent of nethylene groups in an isoparaffin sanple using 13C NVR (400
megahertz); nultiplying the resultant percentages 0 4 JUN 002 p by the

cal cul ated average carpon nunber of..the sanple determ ned by ASTM Tes
Met hod 2502 and di vi di‘gsf w%mcﬁmhqﬁémpac%cem%@m&@ysméan&@ﬁ%m

based on 13 . i i . cJols

paraffins w%oﬁ@ﬁg@%ﬁﬁﬁ{)@%r%a@ggoﬁwg%%%é\%g&;o@ay“ﬁ# \%\ev? %8%&& val gnt
NMR adsor pt Ilwcsfvmgpgfm&&hwmﬂéstt@am Fel sudt that thedprodist, Pain tRE hy! erles
fromthe second, third and forth positions fromthe nolecular ends ((i, YV,
and & respecguatioy )P =6(F\d0ﬂ)7EFGI doees notrdxoeed50mnda angot pertivacédbame whi ch
have a common chem cal shift (E). The intensities of the a, p, y, and S are
equal and t radditiveepackage compnising atdeash ane of ponepoiah depressantdseasitycul e.
Simlarly the side branches on the 1 backbone of an iso-paraffin have

uni que chem cal shifts and the presence of a side chain causes a uni que
shift at the tertiary carbon ( branch point ) on the backbone to which it
is anchored. Further, it also perturbs the chemcal sites within three.—]
carbons fromthis branch point inparting unique chemcal shifts (a', ~, and
~. The Free Carbon Index (FCl) is then the percent of s nethyl enes neasured
fromthe overall carbon species in the 13C NVR spectra of the a basestock",
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f.rom ASTM net hod 2502, divided by 100. Figure 3 presents the rel ationship
whi ch exists between Brookfield viscosity at -40C and conversion to ﬁio N
i ncluding Viscosity Index for a nunber of sanple fractions of isonerat
made from wax sanples hydrotreated at different |evels of severity. The
oils of different viscosities are recovered by taking different fractions
of the obtained isonerate. As is seen, Brgpokfield 0 4 ~uN z~0z _g_
viscosity inproves (i.e., decreases) as Viscosity Index decreases. This i
just the opposite of what is the current understanding of those skilled i
the art. Th j I t 1 Ngd leHi Y
hydr oi soner :?“zllar:]% ﬁgﬁvdvgg gr’??a(g\g %{%rbgﬁe%gﬁg‘? Hﬁhélr)ﬁgﬁh gétzg r@'?;lc Eéb?&% %ngs a
petrol eum slaskagents id sitifo sgantent dewaxi ng hydrocarbon oils, or a
synt hetic wax such as that produced by the Fischer Tropsch process using
synthesis gas. The wax feed is selected fromany natural or synthetic wax!
exhi biting the properties of .a 100 to 600 N , .preferably a 100_tq .250
wax, having a mean boi“ﬁﬁﬁaﬁéioﬂ!“iqml!WémF&ﬁdﬁ@ ¢ pyEHtion ¢ gessmibed in
preferably 3&% él%oc to 450C and having a standard deviation (Q of about
20 to 45C P W about 25C to 35C and contai ni ng about 25% or | ess
oil. Waxes having viscosity at 100C in the range of about 4 to 10 cSt are
appropriate feeds for conversion by hydroi sonmerization into the | ow
viscosity | BRIBRDESCRIPAION OF THEODRAWINGSsent i nvention. Wax feeds
secured from natural petroleum sources (i.e., slack waxes) contain :
quantities of sulfur and nitrogen conpounds which are both undesirable in

the final lube oil material .produc as |1, as. any f | at.e roduct
nmade using the materi ‘;“Iﬁﬂa?%)r %@g g@‘f)ﬁ@gl&qmléeirglrgﬁgpg}lgﬁqeg\ﬁeen
catal ysts, i . . J ” I : u as
pl ati num onB{Ph%ﬁ?igg‘éﬁéshﬂl%HQ%%ﬁ%s@@#e%ﬂg ﬁgggﬁd gglttgé ﬁdg% nslhgﬂ\" eed
contai n no [RrRat BrjokkelPvisto &d'&dﬁn%ﬁ’W?ﬁé@ y less than 5 ppmsul fu
and no nore than 5 ppmnitrogen,” preferably IFess than 2 ppm nitrogen. o 4
JUN 3001 I -9 To achieve these ends the feed can be hydrotreated if
necessary to reduce the sulfur and nitrogen contents. drotreating can be

conducted using any t Fagwal2 isyagreph showing therelagionship b eists,betyveen
FON 30 Nt Noaek vafaliand viscasly SEgiee'Bl SBinplesdnadd b Byroiiomerizing»
Cemper at ur o SO Tix SRS hadte dice Bferbit Gifconiits Ahy3ge Llet difREgiCr o0

preferably Jihydiéfieatini cotidiiony kéve ¢h tHagrélatiamshp0 to 3, 000 psi HZ (3.45
to 20.7 nPa), at” hydrogen treat gas rate in the range 500 to 5,000 SCF/ B

(89 tg 8|90 nB othf2/rr8 of oil), and at flow velocity of ﬁ.l tg 2.0 LHS I\/

I . . . . . 50 oi | i
vva>e<2_(0_esvl |n'? ;Mstpr e?gﬁﬁﬁmxeﬁﬁah'ag ; @O%bwcmo%&n£§@r@5€8r ?’F&t B&'t%an ?Ff pceci):c l:jn
havi ng o w JVaaiBeEhi QS aT el hotRelef Rcs Gfol en mofr and Mt o' o]

tenpera tar %sn&ﬁrgi t@oecoh%ﬂﬁoxﬁdé%deéw tﬂgr 10da6s rof‘tﬁt?fﬁf‘éséﬁ%%nﬁéh the

range being enployed wth t hi gher oil content waxes. Thus, for wax fegds
havi ng abouBrookfiél Wisuoditpigoesdown (ahproves)wmeVhgoesdowmabout 365C is
preferred as conpared to hydrotreating at 345C which is generally

sufficient for wax feeds of lower oil content (3-5%or less). This is

especially true when the object |s tq produce a product, neetig S ecififc
product specificati on.ﬁﬁlﬁﬁg IS/ ﬁlrePr§SQ%a$Y£Bﬁ8’é°%‘sPBﬁ’@' ] %E?Y‘gga !

suitable for,ATF ligatio aving a kinematic viscosity of about 3.5 cSt
at 100C anddﬁmﬁﬁp‘i%‘ﬁgbppi %f about 20 at 250C and a pour point of

about -25C froma feed having nore than 5% O W wax 0 4 ~uN 202
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-.io feed, in high yield, it is preferred that the feed be hydrotreated at
above 345C, preferably above about 365C as shown in Figure 2. The ¢4 JuN 2002
hydrotreated feed is then contacted with an isonerization catal yst under
typi cal hydroi sonmerization conditions to achieve a conversion |level of |ess
than 75% conversion to 370C- (H VAC topping), preferably about i 35% 45% q?f
conversion 370C-. Conditions enployed inglude a tenperature in the range,
about 270C to 400C, preferably about 300C to 360C, a pressure in the rang¢
about 500 to 3000 psi H2, (3.45 to 20.7 nmPa), preferably 1000 to 1500 psi
H2 (6.9 to , { the range about 100 to
10, 000 SCF f Bs ?mmte of about 0.1 to 10
v/ v/ hr, preferably about 1 to 2 v/v/hr. The isonerate recovered is then
fractionated and sol vent dewaxed. The fractionation and dewaxi ng can be
practiced in any or defThelpresent inventionfiedirected taa théthod doamiaking oldvows
fractionation as then a smaller volune of material needs to be treated. The
i somerat e i yiscosity luhenibmaterial havingra saturates contentigreator thgni 388 saturates| .

BT RS o o S Bk B ek k™
St LB A b AT S A P

aromati cs hy@hShasim Buid{ATF) 6@&:&6&9? iﬂg@forﬂi\ﬂﬁﬁﬁfh'l’ﬁhﬁ as We'
as autorefrigerative dewaxi ng sol vents such "as propane, etc. ef erred

dewaxi ng soBreokfield visciokity bf Biss thardaboutd 0,000 cStod02@out 3:1 to 1:3 5
preferably 50:50, at a dilution rate of on feed about 4 to 1, preferably |
about 3 to 1. 0 a ~u~ 2oot -11 The devvaxi ng is conducted to achieve a |

Fecovbr that portion SENTGonRRrshmas 895K et auebRibeR e ° wL
conver i on SReyofis SRyBLRHELRy s Tieh Biodel prePﬂf*ﬁ@“’mﬁ?‘ﬁ%‘ B e T

35% 45% t o Rledck vohitidity ahd higlisiterate caiteity H VAC topp| ng. The isonerization
cat al yst component can be any of the typical isomerization catalyst such as

t_h?)_se colrrpr! si ng _refractory nmet al oxi de support bﬁse (ebg , alum na, | ,
oht Al i rcally acti ve. he iwbeal sututalls Satestadanbion s d¢ f o efwﬂ )%’Etlfe'éﬁupaw’
B, & VI VI I

111 ¢ BTN i T S o R |
optional ly ppgl gne5| {ebly BreAE: diin & o.ﬁmtxﬁaftgﬁ} Pe?aﬁl?ﬁgﬁertlﬁh%%?rus i

bor on, yttrla etc erably a or magnesia, nostt
preferably 90%Upri ne. The cat al ytlcally active rretals are present in the

range 0.1 to 5 wt% preferably 0.1 to 3 ww% nore preferably 0.1 to 2 wm %
nost preferably 0.1 to 1 wt% The pronoters and dopants are used to contr,ol

the ar! dity of the The CEC-L-33-82 test (hereinafter CEC test) is a popular and |
widely used test in Europe for determining the biodegradability of material. The

test is a measure of primary biodegradation and follows the decrease in the
methylene C-H stretch in the infrared (IR) spectrum of the material. The test is
an aerobic aquatic test which utilizes microorganisms from sewage plants as the
waste digestion innoculum. Because of the inevitable variability in the micro-
organisms, direct comparisons of data generated using microorganisms from
different sources (or even the same source but collected at different times)
should not be undertaken. Despite the variability, however, the CEC test is

valuable as a statistical tool and as a means for demonstrating and observing



| sonmeri zation catal yst. Thus, when the isonerization catalyst enploys a
basematerial such as alumna, acidity is inparted to the resul tant c@galys$i;
by addition of a halogen, preferably fluorine. Wen a hal ogen is used,
preferably fluorine, it is present in an anobunt in the range 0.1 to 10 wt%
preferably 0.1 to 3 wt% nore preferably 0.1 to 2 wt% nost preferably 0.5
to 1.5 % Simlarly, if silica-alumnags used as the base materi al
acidity can be controlled by adjusting 0O 4 ~uN ~aot - 12 the ratio of
silica to alumna or by adding a dopant such as yttria or nagnesia which

reduces the gehéd &Qfg;’?iﬂ oRlte' firAR. RGWwev bRl W . S.
Pat ent 5, 254@51%%% end, Vi ckﬂ?? Gat es, I\f‘s%eoép.’ahfﬁ]g E:alt%gﬁ{?st ué%gpf:ogn bd
char act er i zedetermihe witethér 4 waste oz@ildnests and passeisthe Germfanr“Bide AmgbET ei n i $
determ ned by the nethod described in "Hydride Transfer and O efin i
| soreri zat i cwandardwdiich provisies that regardlessiofunigreorgamsm sousee,dhe oilnrvi cker
and Kramer, Acc Ch s .9 1986, ., 78-84. This nethod neasures the .
ability of c‘&?%?ﬁ&i%%f’@?mae‘f@ Egﬂ%ésrt 2-met hyl pent-2-ene into 3 "
met hyl pent - 2-ene and 4 net hyl pent-2-ene. More acidic materials will produge
nore 3-net hyl pent-2-ene (associated with structural rean~angenent of a
carbon atomon the car 'ﬁéxﬁﬁ?issiJﬂ‘ﬂui&tdn‘aWdriﬂﬁ'@hﬁy(i)r?ﬂ{gcfluﬁlnt@?ﬁllt0

4- et hypent - 2-ene forned at 200C 1s a conveni ent” neasure

| someri zat i diave ad aleet incréasinglysevére rd%ﬁn{:ﬂ%ntg,dnbwdﬁﬁgl@b@&dokﬁbm que i es
abou .

in the ratio region in the range of ¢ to about 2.5, preferably
about 0.5 t ovisdesitiesand high bicdegradabilitys CaurentlysATF'stthustaneetia Bronkfield

Ot ek AR AT ol Ao o i Al i 500
moie raio ofaRToo i pleeanR el inbn sbobP 80,008 ek WS o1 o Lo
to the fluorg o‘?rﬂr}f,ﬂ oild %Bmﬂglﬁgdégggﬁ%%gﬁ qfAd ﬁigb’%}. and to

the yttria content atinumon vy ope m na cat al ysts.

Thi s” i nf or MRAOs Gusrendyexhitiit Brookfield viscdsidits-of 3DOR 3600 duperiding ofithe. 3% Pt
on fluorided alumna at different fluorine |evels: E Content %9 0.5 0.75

1.0 1.5 0. 83dditivei packagebethaveriedegradabilitysinithe 59 to 89 range.(i nt er pol at ed)
Acidity of 0.37. Pt on yttria doped silica/alumna initially conprising 25
w%silica: Yriria Content f% Aciditv~MVicker/Krame~ 4.0 0.85 9.0 0.7 IF_‘
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having acidifies in the recited range wherein there is an about 0.1 to
about 0.9 mviscosities below aboutf 10;000 provided therproductpR; in the equationy Pt

f er abl haut 0.1 to abqut 0.5 mole.rati di ff bet t h
Catalyat. pathI0RRPChisdessbanoewhie- V108 ispodscontyat 08GOt tchi b ¢ or
d trate.acidi | f thei ing Little
o moJsi 11 cAtpratbic bifesER IO e AREEHRIReTof W etk Tp' by ke
f t Lo e yad e
Cat i yor, - oPREAedRmYotkAC P KTh ot fdp CRLNT0IeS, | TR MEred L lbbi M s
of a platinyedsusé ofittiecnuiabetr! of-darbeiatoms\iran isopattin teat ufd Réated at

controlling the anount of fluorine
least 4 carbons from a terminal carbon and more than 3 carbons away from a
side chain. Therefore, in Figure 4 structure A has 8 carbon atoms which meet
this criteria and hence A has a FCI of 8. Similarly, structures B and C have
FCT’s of 4 and 2 respectively. The FCI of an isoparaffin basestock can be
determined by measuring the percent of methylene groups in an isoparaffin

sample using °C NMR (400 megahertz); multiplying the resultant percentages



0 4 JUN 2002 - 14 incorporated into the catalyst. Simlarly, the |ow
acidity and high acidity catalyst particles can al so conprise materi ks N 2007
such as catalytic nmetal incorporated onto silica alum na. The aci di t@ 0’{‘1 i
such a catal yst can be adjusted by careful control of the amount of silica
incorporated into the silica-alum na base or as taught in USP 5, 254, 518,
the acidity of starting a high acidity sjficaalum na catal yst can be

adj usted using a dopant such as rare earth oxides such as yttria or

al kal i ne earth oxide such as nmagnesia. The Tube oil material produced by

t he process y HsgnOirh j Shite di ng
stock. It i Sﬁggﬂgg@?%?@aﬁgﬁ%}yc‘éfs an auy%ljn(%?lﬁ ggwg@‘l&gm onhf%{‘g#ﬁgse
stock. Such et Methed 2502 aaddividasy by 1002addi tives (adpack) to produce a
formul ated ATF product. Typically automatic transm ssion fluid adpacks w I{
contain a detergent-inhibitor pack, a VI inprover, seal sweller and a pour

depressant. The anounts o hese conponents in _a given adpack varies wth,
adpack used and with Gﬁéfef:gib% : ﬁémeqséggpwéll@ée@ﬁPP?&%endi ng on,
the particul gy, ical a Lren ed in the
i ndustry inc@&@%gﬂﬂwcwgﬁﬁ‘%%g@@@@% i %#g}]&&boﬁt hyl

Cor por at i on.qpefge ﬁéﬁhhﬂ@g%\%&bﬁf}fﬁg@gﬁﬁ-éﬁﬁif elt@'W%?aﬂiorngﬁﬁ 5 to 30

w % based on ATF Tormul ation, t anc ase s _ _

Sur pri si ngl Yeoriesptiding &6 theiephingg hesthyinirborfsel) maéthylenes fionh GRcsticoad n t he
art, in the present invention, Brookfield viscosity of the fornul ated ATF
product i nprthirdanddorth positionsdror ke Moledulirends {Bey, sdnd-8 rebpectvelg) andhi s

behavi or can be attributed to the base stock. Based upon the teaching of

t he |it er at ithe othet carhion ajomsalongithecdackbone whichdhavieanedmimmncchemicdl shift

i ncludi ng hydrotreated stocks and poly al pha ol efins, one woul d have F
S

ef<pect ed t hzkiﬁ)-t 'lé‘he ingensities\of the a,-B,5, anflijﬁe?]re enn?;lrmde@eéntsgﬁﬁy oftheg scositi
5 ' . i ) ' .
ot her thzﬁ depends,on B Tengincy s'aé«g%‘éﬂsc@rﬁéiﬂy?tﬁégﬁﬁﬁéfﬁéi%é&%ﬁ&eifﬁ>P_
Fig. 1 i " ]
Composi 1 bn kB o dof Po-srafBr e i cheliBpl RS mnl mEBRREAAES 8. 11

Nov. 1990, éifdn oduSes o uriQP iR R the 1HRaRARBERE brarkBbdiat b fleed ATF

products of the present invention, Brookfiefd viscosities decrease as VI
decreases ( baeckborpuoewhich it is dnchofed. | Fusthey, it alsoperturbsitheocheniicalsites ack
waxes of differing A Wcontents were isonerized to product base stock

mat eri al s fwthxnrtgmthnSi&mth@rbmmhp@nAmpmmque ehemvoabshifts anpl e {1
150N sl ack \gaxﬁ rﬁ hydrotreated over KF-840 catal yst at 345C, 0.7

v/ v/ hr, 1008% Q'“V\@ 0 nPa) and 1500 SCF/ mn (42.5 nB/ m n) hydrogen. The ]
hydr ot r eat ed waxes were then isonerized over a Pt/F stamna catalyst at 1.3
v/v/hr, 1000 psig (7.0 nPa), and 2500 SCF/mn (70.8 nB/m n) hydrogen at the

tenperatures |isted i mpkyye hfeh
fractionation conditi g'rl\ls ar gq#%?gguﬁ’\‘ @E‘g) %Fggeﬁﬁge?ggnir at legnges
obt ai Aed wasehguredeRiomthe @verall darbon Epetiey in'the O NMRAupecta ofitkeaa pour
poi nt of -21C) and a 50150 v/v solution of mnethylethyl ketone/

met hyl i sobutbabestaxtky dividah by dee\averdgo carboa Nimbenofithe basestackrasalenlptedEC 434
and the properties of the formul ated fluid are al so shown in the Tables.

0 4 ~uN 002 from AS¥Ynethed 562 odivdsd by AP8nt !
w 989. 789. 389. 389. 389. 389. 389. 3lsom Tem erature C351351356359354351348Cut
Poi nt C351393369367Conver si on AC3 53 56075503 524Wax Cont ent

8. 912. 21. 0014. 513. 83 i S . .

cSt12. 7214. 7312. 8912. %@E?ﬁ’zfé@%%‘.‘%’é‘%ﬁ%@gl&p W¥Bish exists between Brookfield

cSt 3. 233. 633gtdgity AB-40°C. MdoRVMstsiP il 37070 idclddingIVistdSit? deR fgA Four  Poi int
C- 23- 23-25-26- 22-22- 20Noack Vol atility 250C29. 718.429. 830. 617. 018. 81 7. 1Frlee
Car bon | ndenufithet 3f sanple fraGiots. ofdserhéatemade from wax samples hydrotreated at

FCl 37. 648. 82921. 84648, 859. 6FORMULATED ATE. C 434vscosi at 40C 1
cSt 24. 3028. gifferenplevelsgf seyenity. SJBherold)of diffarentaiscasitiss are recovered by |

: : : : : : . 90V i, | 23023222.7122922722 Poi
LS 20l e S S KL GRS ™
-40cPg3, 9805, 8703, 3603, 1705, 9307, 68012, 680 !

i



0 4 JU 2002 - 17 TABLE 2 Physical Properties of Basestocks and
Correspondi ng Formul ated ATF BASESTOCK Wax Content of 1SON wax, 04 JUN 2002
wt'/89.3.9797I som Tenperature (C)348349349Cut Point (C)360370390Conversi pn
(HI ' VAC) 233737Wax Content (9 13.67.98.8Viscosity 40C, cSt_

12. 2S513. 2614. 74Vi scosity 100C, cSt3.173. 363. 63VI 124129133Power Poi nt
(C)-23-24-24Noack Vol atility (2S0C), ¥32.§24.S18.0 FORMILATED ATF ( ATEC
434) Viscosity 40C, cSt Viscosity 100C, cSt VI Pour Point, C Brookfield
Viscosity, -40C cP 23.7424.8426.816. 226. 486. 8323323S233- SO S3- S

14, S704, 4606y, : i ae | [ | edfhi a
ot oi] suﬁ"g%‘%é@%f nﬁﬁ&vo usﬁ.@.,%créﬁé&)% Vistdshy Ialek Hgén“e‘aié. gg}g?ﬁé)ﬂié?ﬂ&

S ‘automatrc transntssi on base st neeting th

anti ci pat ed ppiasite of Wiaekd thel chrient aadérstandiigoef thofe kI116Q@n didadtess cSt of
-40C. Exanpl e 2 The bi odegradability of the slack wax isonmerate (SW)

product of the present invention was conpared agai nst that of

pol yal phaol efins and Ijnear 0 4 ~u 02 - 18- .i al kyl. benzene, The test
enpl oyed were the 306 m&%foww%oémewwwwonﬁﬁw b¥ooper at i
and Devel op . : - VIO rl The
results ar e%élgﬁﬁlgﬁ&i}% %gﬁeég‘.l aﬂﬁ%ﬁ@%gﬁﬂh W‘?}S@éghgﬁgs BAO

L. A B. ~1~ 2356if1ewmt shick Wadobtaihed By §61yé:g%w6{g@£§ Hgd%cﬁx%onaaﬂs ora

100C1. 81 81. 322Pour pol nt, C< -60< -"60Bi odegrabi ITtYy, OCED 306 test~2~203CEC
L- 33- T- 82 TesyinflietidOnvax sucheay that produted by s FisgherT'aspsch process usihgEconomni c!
Cooperation and Devel opnment See Table 2, colum 1 12.24 3.174 -24 45

83. 0/ 99. 8 Assymthesisegaseen, the slack wax isomerate of the present invention

i s possessed of an exceptionally high |evel of biodegradability, well in
excess of ' that routinely established by its nearest conpetitor, PAQO

4 ~uN zoa~ -19 The wax feed is selected from any natural or synthetic wax
exhibiting the properties of a 100 to 600 N wax, preferably a 100 to 250 N wax,

11%

o~
>

having a mean boiling point in the range of about 400°C to 500°C, preferably
about 420°C to 450°C and having a standard deviation (o) of about 20 to 45°C, i
preferably about 25°C to 35°C and containing about 25% or less oil. Waxes
having viscosity at 100°C in the range of about 4 to 10 cSt are appropriate feeds
for conversion by hydroisomerization into the low viscosity lube base stock

material of the present invention.

; Wax feeds secured from natural petroleum sources (i.e., slack
waxes) contain quantities of sulfur and nitrogen compounds which are both

undesirable in the final lube oil material produced (as well as any formulated

product made using the material) and are known to deactivate isomerization

catalysts, particularly the noble metal isomerization catalysts such as platinum

on fluorided alumina.

It is, therefore, desirable that the feed contain no more than 1 to 20 !
ppm sulfur, preferably less than 5 ppm sulfur and no more than 5 ppm nitrogen,
preferably less than 2 ppm nitrogen.



What is claimed is: 1. An automatic transmssion fluid conprising a najor
portion of an isoparaffinic basestock having a viscosity at 100. degrgeg JUNi001
(V 100) equal to or greater than 3.0 cSt, a viscosity index |ess than 130
and a free carbon index (FClI) such that the product, P, in the equation
P=(V 100).sup.2 FCl does not exceed 50; and a mnor portion of additive
package conprising at |east one of pour ppint depressants, viscosity inde
nodi fiers, flow inprovers, detergents, inhibitors, seal swelling agents,
anti-rust agents and antifoam ng agents wherein the Brookfield viscosity of
the automatic transmssion fluid is | ess than 10,000 cSt at 40.degree. C
2. The fluid of claiml wherein the basestock viscosity at 100. degree. C
i's between 3.0 and 5. Or¢ géhieve thES€ ehds/ihé feéd EhbEhydrétRiatédifhecdssafy td'e
range of 15 to 45. 4. An automatic transm ssion fllUid conprising a mjor .
portion of aeducothersaifur and niteogentconiteritsivi ng a vi scosity at 100. degree. C.
(V 100) equal to or greater than 3.0 cSt, a viscosity i ndex | ess than 130
and a free carbon index (FQ) such that the product, P, in the equation

P=(V 100). sup. 2 FCl s, not exceed, 50; and a minor porti f additive |
pa((:kage z:orrprpi sing at ydro °6%8?“B68?“‘§!ﬁt?ff“ﬂ§§ra§¥§m&°§i)ﬂ ousamg i nde

Tt s acafle ERUENME SlaRIAE CA/MHY b ehirfina” EBNTF o A ”ffy
the aut onat 'ef%t K30840, R 3A3f HDN-3065 I-h§NS66 t@:&eﬁa @-qucat: PBulkLathipitsss C

and wherein e isoparaffinic basedtock is made by a process conprising the

steps of hydies¢rilsea ingSR 5002, 288 carg alsobearsed andiang preferred.of from
400. degree. C. to SOO degree. C. having a standard deV| ation (.rho.) of

about 20.degree. C. to 45.degree. C. , cont aining |l ess than about 20% oil |
and having a viscosit from 4: 00. degr

hydr ot rea'?i ng being CMBFEW&W aaﬁ%ténatm ﬁ%&&erréﬁg? 260(,(af°al ys#
h t b t

e caaen! upbict BRIARHY el s RO MBI MeTA) ST IR0y pRGatRETRC,

to 5000 SCFiké e300 t3/3J060 pSiTl, (3249 €6 0. 7ahPhY, A ?dﬂogbﬁ trea ghd Rate in

i sonerizing the ydrotreat ed wax over an |sorrer| ion catal st cont ai ni ng
a refract or yheange 560itds ,80(bSGCF(B (89 to 880 &’ mﬁHd wﬁml)oandfatﬂbw east 25%

conversion to, 370. [ ee, actionating the resulting isonerate to :
recover a fi"ﬁlﬂcitbfr?%ﬁgl/?‘ha Oiﬂsg)cosi ty of fromabout 3.0 to 5.0 cSt at |

100. degree. C. and boiling above about 340.degree. C., and dewaxing the
recovered fraction. 5. The automatic transm ssion fluid of claim4 wherei

the isomerized hydrot Wﬁé M?ié g()?nl he
hydrotreated wax to a veﬁ conver si on Cl)?vﬁf east %xgl%onver m%%#o ]
370. degr ee. 5% oildhevax(OIW) 1t1§1Prﬁhﬁedﬂtatcthé hedrorteating befdonddcted ualder m 4

wherein the hydrotreating catalyst is at |east one of Ni/M on alum na,
Co/ M on al eandiions at the/mprensevere end of the range recited, i.e., for wax feeds having

AT @{}@ reatdrthnn abau Sy é@g@%éqeé?ﬁéap ted Bt temperan) oa] oha
o ralea s frerrahge ?é?‘?i}g@]‘@]‘r@?@%mﬁmmwﬂf 6%‘]%%‘]‘8&] callca
]6;2]>Cﬁ/l] ((:?a][ gt#o W’*ﬁg]ﬁ@wﬁ?} Sﬁl‘%ﬁ nggg]l&% i gﬁ% gfaf%lé]“é‘g ca ca] calica

] ca] ca] ca] caP¥eDIW hpdroakeatihg ai sedmp&maireafaﬁa&tc?»difalle@}efehed]ag a] ca] c&a] ca
1 001142* 4h4551 606266668F8K9z; 5=A=H===>>D??2@R@IBAHA| wr nhc”Y] ca] ca] ca] ca] ca
] ca] ca] ca] c apmphred) todiysdrotreating at 345°C which is generally sufficient for wax feeds .
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viscosity of about 3.5 cSt at 100°C and a Noack volatility of about 20 at 250°C
ddeeefffo cf[ffgg' h:h>hyhM Wiiijjjkkkkkl Iiupj e ZUni d*Y] calU] ca] ca] caV] ca] ca
] c”a] ca] cAaMpmpcpama]f@bapbﬂgthﬁm]acﬁp hpuingonofecthpo 806 £)I1¥ vaxa] ca] ca] ¢
al] ca] caU] ca
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feed, in high yield, it is preferred that the feed be hydrotreated at above 345°C,
preferably above about 365°C as shown in Figure 2.

The hydrotreated feed is then contacted with an isomerization
catalyst under typical hydroisomerization conditions to achieve a conversion
level of less than 75% conversion to 370°C- (HIVAC topping), preferably about
35%-45% of conversion 370°C-. Conditions employed include a temperature in
the range, about 270°C to 400°C, preferably about 300°C to 360°C, a pressure in
the range about 500 to 3000 psi H,, (3.45 to 20.7 mPa), preferably 1000 to 1500
psi H, (6.9 to 10.3 mPa), a hydrogen treat gas rate in the range about 100 to
10,000 SCF H,/B (17.8 to 1780 m’/m3), and a flow rate of about 0.1 to 10 v/v/hr,
preferably about 1 to 2 v/v/hr.

The isomerate recovered is then fractionated and solvent dewaxed.
The fractionation and dewaxing can be practiced in any order, but it is preferred
that the dewaxing follows fractionation as then a smaller volume of material

needs to be treated.

! The isomerate is fractionated to recover that fraction having the
desired kinematic viscosity at 100°C. Typically, the factors affecting fractiona-

tion cut point will be degree of conversion and oil-in-wax content.

Dewaxing is practiced using any of the typical dewaxing solvents
such as ketones, e.g., methyl ethyl ketone, (MEK), methyl isobutyl ketone
. (MIBK), aromatics hydrocarbons, e.g., toluene, mixtures of such materials, as
well as autorefrigerative dewaxing solvents such as propane, etc. Preferred
dewaxing solvents are MEK/MIBK used in a ratio of about 3:1 to 1:3 preferably
50:50, at a dilution rate of on feed about 4 to 1, preferably about 3 to 1.

0)
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The dewaxing is conducted to achieve a pour point of about -20°C

and lower.

The isomerate is fractionated to recover that portion boiling above i

about 340°C (340°C cut point).

Hydroisomerization, as previously stated, is conducted so as to
achieve wax conversion of 20 to 75% to 370°C- material, preferably wax |
conversion of 35%-~45% to 370°C- material as determined by HIVAC topping,. '

The isomerization catalyst component can be any of the typical

isomerization catalyst such as those comprising refractory metal oxide support

base (e.g., alumina, silica-alumina, zirconia, titanium, etc.) on which has been
deposited a catalytically active metal selected from the group consisting of !
Group VI B, Group VII B, Group VIII metals and mixtures thereof, preferably |
Group VIII, more preferably noble Group VIIL, most preferably Pt or Pd and
optionally including a promoter or dopant such as halogen, phosphorus, boron,

j yttria, magnesia, etc., preferably halogen, yttria or magnesia, most preferably
fluorine. The catalytically active metals are present in the range 0.1 to 5 wt%,
preferably 0.1 to 3 wt%, more preferably 0.1 to 2 wt%, most preferably 0.1 to
1 wt%. The promoters and dopants are used to control the acidity of the
isomerization catalyst. Thus, when the isomerization catalyst employs a base-
material such as alumina, acidity is imparted to the resultant catalyst by addition
of a halogen, preferably fluorine. When a halogen is used, preferably fluorine, it

is present in an amount in the range 0.1 to 10 wt%, preferably 0.1 to 3 wt%,
more preferably 0.1 to 2 wt%, most preferably 0.5 to 1.5 wt%. Similarly, if

silica-alumina is used as the base material, acidity can be controlled by adjusting
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the ratio of silica to alumina or by adding a dopant such as yttria or magnesia
which reduces the acidity of the silica-alumina base material as taught on U.S.
Patent 5,254,518 (Soled, McVicker, Gates, Miseo).

The catalyst used can be characterized in terms of their acidity.
The acidity referred to herein is determined by the method described in “Hydride
Transfer and Olefin Isomerization as Tools to Characterize Liquid and Solid
Acids”, McVicker and Kramer, Acc Chem Res 19, 1986, pg. 78-84.

This method measures the ability of catalytic material to convert
2-methylpent-2-ene into 3 methylpent-2-ene and 4 methylpent-2-ene. More
acidic materials will produce more 3-methylpent-2-ene (associated with
structural rearrangement of a carbon atom on the carbon skeleton). The ratio of

3-methylpent-2-ene to 4-methypent-2-ene formed at 200°C is a convenient

measure of acidity.

Isomerization catalyst acidities as determined by the above
technique lies in the ratio region in the range of about 0.3 to about 2.5,
) preferably about 0.5 to about 2.0.

For a number of catalysts, the acidity as determined by the
McVicker/Kramer method, i.e., the ability to convert 2-methylpent-2-ene into
3-methylpent-2-ene and 4-methylpent-2-ene at 200°C, 2.4 w/h/w, 1.0 hour on
feed wherein acidity is reported in terms of the mole ratio of 3-methylpent-2-ene
to 4-methylpent-2-ene, has been correlated to the fluorine content of platinum on
fluorided alumina catalyst and to the yttria content of platinum on yttria doped
silica/alumina catalysts. This information is reported below.
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Acidity of 0.3% Pt on fluorided alumina at different fluorine

levels:
F Content (%) Acidity (McVicker/Kramer)
0.5 0.5
0.75 0.7
1.0 1.5
1.5 2.5
0.83 1.2 (interpolated)
Acidity of 0.37. Pt on yttria doped silica/alumina initially
comprising 25 wt% silica: \
Yttria Content (%) Acidity (McVicker/Kramer)
4.0 0.85
9.0 0.7

It is taught in U. S. Patent 5,565,086, which teaching is
incorporated herein by reference, that a preferred catalyst is one made by
employing discrete particles of a pair of catalysts selected from those recited

) above and having acidities in the recited range wherein there is an about 0.1 to
about 0.9 mole ratio unit difference between the pair of catalysts, preferably an
about 0.1 to about 0.5 mole ratio and difference between the catalyst pair.

For those alumina based catalysts which do not exhibit or
demonstrate acidity, for example, as a consequence of their having little or no
silica in the support, acidity can be impacted to the catalyst by use of promoters
such a fluorine, which are known to impact acidity to catalyst, according to
techniques well known in the art. Thus, the acidity of a platinum on alumina
catalyst can be very closely adjusted by controlling the amount of fluorine
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incorporated into the catalyst. Similarly, the low acidity and high acidity

catalyst particles can also comprise materials such as catalytic metal

incorporated onto silica alumina. The acidity of such a catalyst can be adjusted
by careful control of the amount of silica incorporated into the silica-alumina
base or as taught in USP 5,254,518, the acidity of starting a high acidity silica-
alumina catalyst can be adjusted using a dopant such as rare earth oxides such as

yttria or alkaline earth oxide such as magnesia.

The lube oil material produced by the process is useful as a low
viscosity lube oil base stock or blending stock. It is especially useful as an

automatic transmission fluid base stock.

Such base stock is combined with additives (adpack) to produce a
formulated ATF product. Typically automatic transmission fluid adpacks will
contain a detergent-inhibitor pack, a VI improver, seal sweller and a pour

depressant. The amounts of these components in a given adpack varies with

adpack used and with base stock. The treat level also varies depending on the
particular adpack employed. Typical adpacks currently used in the industry
include HiTec 434 which is a proprietary formulation of Ethyl Corporation.
Adpacks are typically employed in the range of from 5 to 30 wt%, based on ATF
formulation, with the balance being base stock.

Surprisingly, it has been discovered that, contrary to the teaching

in the art, in the present invention, Brookfield viscosity of the formulated ATF 7
product improves (goes down) as the VI of the base stock decreases. This l
behavior can be attributed to the base stock. Based upon the teaching of the |
literature and data generated for more conventional base stocks, including

hydrotreated stocks and poly alpha olefins, one would have expected that to
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|
achieve improved Brookfield viscosities (lower Brookfield viscosities), it would |
have been necessary to increase rather than decrease VI of the base stock used I
(see Figures 1(a) and 1(b)). Fig. 1 (b) is taken from Watts and Bloch, “The |
Effect of Basestock Composition of Automatic Transmission Fluid
Performance”, NPRA FL 90-118, Nov. 1990, Houston, TX. In comparison, the

basestocks and formulated ATF products of the present invention, Brookfield

viscosities decrease as VI decreases (see Figure 3).

In the following examples various 150N slack waxes of differing
OIW contents were isomerized to product base stock materials for formulation

into formulated ATF products.

EXAMPLES

Example 1

150N slack waxes were hydrotreated over KF-840 catalyst at
345°C, 0.7 v/v/hr, 1000 psig (7.0 mPa) and 1500 SCF/min (42.5 m’/min)
hydrogen. The hydrotreated waxes were then isomerized over a Pt/F alumina
catalyst at 1.3 v/v/hr, 1000 psig (7.0 mPa), and 2500 SCF/min (70.8 m*/min)
hydrogen at the temperatures listed in Tables 1 and 2. The degree of conversion

and fractionation conditions are listed in the Tables. The isomerate so obtained i
was dewaxed using a filter temperature of -24°C (to give a pour point of -21°C) i
and a 50/50 v/v solution of methylethyl ketone/ methylisobutyl ketone. The

dewaxed oil was formulated as ATF with HITEC 434 and the properties of the

formulated fluid are also shown in the Tables.
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TABLE 1
BASESTOCK
Wax Content, wt% 89.7 89.3 89.3 89.3 89.3 | 89.3 | 89.3
Isom. Temperature (°C) 351 351 356 359 354 351 348
Cut Point (°C) 351 393 369 367
Conversion (HIVAC) 35 35 60 75 50 35 24
Wax Content (%) 8.9 122 | 1.0 0 145 | 13.8 ] 33
Viscosity, 40°C cSt 1272 | 14.73 | 12.89 | 12.89 | 1548 | 14.97 | 15.05
! Viscosity, 100°C cSt 3.23 3.63 3.22 3.21 368 | 3.63 | 3.68
Viscosity Index 122 | 13¢ | n7 | 15 | 126 | 129 | 134
Pour Point (°C) -23 -23 -25 -26 -22 -22 -20
Noack Volatility 29.7 184 29.8 30.6 170 | 188 | 17.1
(250°C) %
Free Carbon Index (FCI)| 3.6 3.7 2.8 2.12 3.4 3.7 4.4
(V100)2 FCI 37.6 48.8 29 21.8 46 48.8 | 59.6
FORMULATED ATF
(HITEC 434)
Viscosity at 40°C, cSt 24.30 | 28.81 | 24.52 | 24.39 | 27.79 | 27.26 | 27.09
) Viscosity at 100°C, ¢St 6.30 683 | 630 | 630 | 693 | 6.83 | 6.90
Viscosity Index 230 232 227 229 227 227 | 233
Pour Point, °C -53 -52 -59 -63 -54 | -52 | -46
Brookfield Viscosity, 3,980 | 5,870 | 3,360 | 3,170 | 5,930 | 7,680 | 12,680
-40°cP
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TABLE 2
Physical Properties of Basestocks and Corresponding Formulated ATF

BASESTOCK |
Wax Content of 150N wax, wt% 89.3. 97 97 j
Isom. Temperature (°C) 348 349 349 |
Cut Point (°C) 360 370 390 |
Conversion (HIVAC) 23 37 37 |
Wax Content (%) 13.6 7.9 8.8
Viscosity 40°C, cSt - 12.25 13.26 14.74
Viscosity 100°C, ¢St 3.17 3.36 3.63 !
Vi 124 129 133 |
Power Point (°C) -23 <24 -24 i
Noack Volatility (250°C), % 32.1 24.5 18.0
FORMULATED ATF (ATEC 434) |
Viscosity 40°C, cSt 23.74 24.84 26.81 !
Viscosity 100°C, cSt 6.22 6.48 6.83 |
VI 233 235 233 |
) Pour Point, °C =50 -53 -51
Brookfield Viscosity, -40°C cP 4,570 4,460 6,610

As can be seen, isomerization of these feeds produces a base oil
suitable for use as automatic transmission base stock meeting the anticipated
future. Brookfield viscosity target of 10,000 and less cSt of -40°C.

j
Example 2 l
|

The biodegradability of the slack wax isomerate (SWT) product of

the present invention was compared against that of polyalphaolefins and linear
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As can be seen, the slack wax isomerate of the present invention is

possessed of an exceptionally high level of biodegradability, well in excess of i
that routinely established by its nearest competitor, PAQ. |
i
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6. The automatic transmission fluid of claim 4 wherein the hydrotreating catalyst is at least one of Ni/Mo
on alumina, Co/Mo on alumina and Co/Ni/Mo on alumina.
i
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