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VWH TE O L FROM WAXY FEED USI NG HI GHLY SELECTI VE AND
ACTI VE WAX HYDRO SOVERI ZATI ON CATALYST FI ELD OF THE

wo DMERTISRN The present invention relates to a PCDUSHSE5/024508

for producing one or nore white oils fromwaxy feed

using a highly selective and active wax

hydr oi sonmeri zati on catal yst, and the conposition of

the white oils produced. BACKGROUND COF THE | NVENTI ON
WVHIFEDILsSFROM &8 AXIV FBEDyUSIN@rHISHLY BRLECDIMES AN ACTIVE

be either technic or I C r - i cal

white oils ha@eé%ﬁaﬁ%&fé%ﬂﬁ%&%oz of

greater than +20. Medicinal grade white oils have a
Saybol t col or of greater than +25, nore particularly

equal to +30. Medi cEHELD SR THEINVENTIQNRi t e oi |
specifications require that the products have a | ow W
absorbance at different U spectral ranges, as defined

The p@seﬁ%@ﬁr@n%%’t&% é?ﬁo@&%Q’or jUifbne o deore white oils
white oils for use in d applications are required
fromhaiaxy &erd uRing @i Ivglvlymtw and adiyeduayr Brdrosqnerization

Soael b Mg b URMGLS R ERMEGRer T 21 LAl

but generally are expensive to produce since they
require a nunber of process st eps |nclud|no
hydr ocr acki ng, BAKSRQUINDO sthent, and
treating by an adsorbent or a solvent “There is an
incentive to produce oils which neet white oi

PR bilscaviel asentislly ovterless. O\t\ﬁﬁ"gé oifs waythe sMtredr teshnical or

desjred are processes not re uirin racki
madigingliarader degbeical White @4s _e@egﬁ)%ér&%ey ASTM D 156-02

grle%'té}athaﬁr ; M’?chﬁ]eﬂ’grédé \W/hﬁé%h Habb % sd ?@olgéﬁbf 8flgreater
processes woul'd al'so reduce costs y requir | ower
Mrfmmpm pérﬁbularlywwaétd 630.hivthdidisalrand mmmal white oil
specnz( caQ%ns requrre ¥hanr(%he products have a low UV absorbance at different
UV spectral ranges, as defined in FDA 178.3620 and FDA 178.3620.

Medicinal grade white oils for use in food applications are required to have a

kinematic viscosity at 100 degrees C greater than 8.5 ¢St and a 5 wt% boiling
point greater than 391 degrees C.

White oils have high commercial value but generally are expensive to produce
since they require a number of process steps including hydrocracking, high
pressure hydrogen treatment, and treating by an adsorbent or a solvent., There
is an incentive to produce oils which meet white oil specifications at lower
processing cost. What is desired are processes not requiring hydrocracking,
which will produce high quality technical and medicinal grede white oils in high
yield. The desired processes would also reduce costs by requiring a lower
hydrogen partial pressure for hydroisomerization dewaxing, and having a -
reduced number of process steps. What is also desired is a composition of

white oil with high viscosity index, desired composition of molecules with
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reduced nunber of process steps. Wat is al so desired
is a conposition of white oil with high viscosity

WO paben1968eSi red conposition of nol ecul es PCT/US2005/024508

wi t hcycl oparaffin functionality, and | ow pour point,
such that it may be used in a wde variety of
applications. The present invention provides solutions
to shortconmngs in the prior art, where white oils are

eydibsaraftatfunetiongitpraeriew pct)mmomh alch itigati if mayrdd used in a
reduce the yield of white oils that are produced out

WfdQ/\)é@@ﬁtV@ééPpltﬁqt'PFEe hydr oi someri zati on dewaxi ng

catal ysts having |l ow selectivity and activity, or

require significant processing after catalytic

Thegpresent itventiphgrovibiep rsottﬂmeio Bhaﬂcommgsr ia the prior art, where

il e B B B
%@%doﬁklﬁit@%%fﬁeﬁ%%g EP876446 %0018150%@3%¥0r30menzanon

P1366137, EP136613 8A1
YeRoRiog retalyats Favmgjbalssejectpmwmwtth,a@r r¢iqeirasignificant

HRGRE e el erbiNG e dafiide TRl P BhardcsRe g inat require
Redvesitdirpbmdimblcatapite dewvaxinby hrBeRoBld redate Bie §isW 6f white
to produce white oils at high yield wi thout extensive

pitsopresisicag feomp erwaat tgegiare he@gw W@204/0P0BEéE. i n
51881888 PBbI 841 070 LT - 8RO AN TH/G350181508RY,

procésse such

WE20030RMBETAY . AEtampleaadt moa‘eésesrthhﬁdmdteeméyrﬁz&\ﬂth& beneflts
hi gh VI SCOSIt i ndexes, but they are not C&proprl ate

agasiated vy mausee@fdgghla\ﬁe@ctye@mdeacttvsdw gis@fmgrization
g%\gg%lﬂé‘;da?ﬁgﬁgqm%@’ \di@ hg Fo‘éeh%rﬁ%‘l' éﬁéé%%% O%ﬁ'{)@@%@/‘hlfe oils at

processes not
higbtyisld etitroud extemsive prbbeésmmafhmafadaﬁnt desuiiidRédreBescribed

B BN bl BRSO B Dl
6,602,402. Other processes, such as US20040004021A1, teach how to make
white oils with high Viscosity indexes, but they are not appropriate when using
waxy feeds having gréater than 45 wt% n-paraffins and having very low sulfur
and nitrogen; and / or the processes are not optimized to produce high yields of

white oil from waxy feed.

SUMMARY OF THE INVENTION

The present invention is directed to a process for producing one or more white
oils by:

a) hydroisomeriiation dewaxing a waxy feed over a highly selective and
active wax hydroisomerization catalyst under condition sufficient to produce a
white oil; wherein the highly selective and active wax hydroisomerization
catalyst has: 1) a 1-D 10-ring molecular sieve having channels with a minimum
crystallographic free diameter of not less than 3.9 Angstrom and a maximum
crystallographic free diameter of not more than 6.0 Angstrom, and no channels

-2-



10

15

20

25

30

a) hydroi sonerization dewaxi ng a waxy feed over a
hi ghly sel ective and active wax hydroi soneri zati on

wa@ a10a8l0ys81 under condition sufficient to produckCHUSINS/@24508

oil; wherein the highly selective and active wax
hydr oi soneri zati on catal yst has: 1) a 1-D 10-ring
nmol ecul ar si eve having channels with a m ni num
crystal |l ographic free dianeter of not |ess than 3.9

Wit St fRinAu (ﬁyﬂaﬂcbgmﬁhiéfﬁ@é dlantstepphiztef the@ 6l0Ajstiom, 2) a
of not nore than 0 Angstrom and no channelswith a

Relleretat hyemqnégmﬁﬁmpmﬁ@é afidabled eefragtent @¥ide seRport; and
Sh3rhh 95 n% (A}%&k gée},g ﬂaQo tb%mr@yg%:gggfé%tté%an 490 degrees C

comnpone rac ory uppor
(e dbgrebb &) v@xgrebeadhaasm vitPs a-pRaihe Bhd®)pessthan 25 ppm

reater th 490 degr 915 degrees F), 2) greater
%ﬁ%ir?oiﬁb'ﬂﬁawr?%ﬁrh?%@ ?Uraﬁg Iegs t han 25 ppmt ot al
nbi I
coni gﬁ%oﬂé&ﬁrf@@ri\? BF‘Pno?H Vﬂ‘H{grOI M)thé‘ﬂt))d?&gbt‘?l%ngé’ﬁor%tep,

nmore white ol ol soner| zat'ion st
w,herem the ymkyofewmtebll\mﬂm fmrh 33&3 degrgefslfbandzabove (650°F+) is

GRBisiagn B Toat i Waxviired: a5t Perhfk. ol PRGR s & bour

B@ih’f‘!fes%‘%ﬁﬁn B dé@rrr e cesd®aha %S%&ﬂﬂc@o@éf’ P @Ot or"gjﬂeﬁfero‘c

20 or greater present i1nhvention iIs also
d| rected a process for producing one or nore nedi ci naI

$h8 Postlyieditch 1R Alne Pl B R EEE R ey B fore
mediomsigrage wtitewllsant al yst under condltlons
sufficient to produce a white oil; wherein the

sel ect) bydraisoraesizalien m,emaeqrzq)ﬂmwéee@ @V@anehlg@lv shlas ¥Iae and
dotel\Pak) h rd??#rﬁgg%ag%ﬁséaﬂl?ee ddé}%omm}% i (ﬁ% %nt ) produce a

mnimumcC anet er ess

Wwhité ofl; Wharas the hig@tgﬁs@le@tﬂ»e mmaci’\x@hyd!rbimmmamohr@@alyst
di amatgr of . not npre than 0 Angstrom _an no channel s

bes A TaDntkring melegulanpieyg Mymgcchw@l%wgh@t BNNigERt er

R RAROREE O 8ar o1HE{ s IFIONHghESA AP b
crystallographic free dlgmeter of not more than 6.0 Angstrom, an no channels
with a maximum crystallographic free diameter greater than 6‘.0 Angstrom; and
wherein the waxy feed has: 1) a T90 boiling point greater than 490 degrees C
(915 degrees F), 2) greater than 40 weight percent n-paraffins, and 3) less than
25 ppm total combined nitrogen and sulfur;

b) collecting one or more technical grade white oils from the
hydroisomerization dewaxing step, wherein: 1) the yield of the one or more
technical grade white oils boiling from 343 degrees C and above (650°F+) is
greater than 25 weight percent of the waxy feed, and 2) the one or more
technical grade white oils produced have a pour point less than zero degrees C
and a Saybolt color of +20 or greater; and

c) hydrofinishing the one or more technical grade whife oils at conditions
sufficient to produce one or more medicinal grade white oils that pass the RCS

test.
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(915 degrees F), 2) greater than 40 wei ght percent

n-paraffins, and 3) less than 25 ppmtotal conbined
woRasogeal and sul fur; b) collecting one or norBCT/US2005/024508

technical grade white oils fromthe hydroi sonerization

dewaxi ng step, wherein: 1) the yield of the one or

nmore technical grade white oils boiling from 343

degrees C and above (650F+) is greater than 25 wei ght

'{J@é Eﬁéﬂen@fnﬁéﬁﬁonﬁe(ﬁlsbﬁﬁﬁéct@tb &)wHiteeoibingving: aipa Rinematic

ec

RO IO L RN

e S A, 10 R e 2
[t epatioVistosity aetieio)a 1¢6,ax)desditian ‘08 W%t matecules with

pass the RCS test. The present |nve ion i
SRleRarafindgnatonAg i Poiiak 1653 herkperagarass C; and o) a
%émts&glgrghé@gpgr&%y\een about 1.5 cSt and 36 cSt;

a viscosity index greater than an anount cal cul at ed
by the equation: Viscosity Index = 28 x Ln(the

tic.Vi 10 05; | h
29 BHeat inVeBtih i s diiaata 3 whvere{hayiER e A Rijehitc
\R:%stodt ﬂbokéﬂfeﬂvaéﬁ a%:%ﬁm aPsre8s ¢St; g v%)cogltﬁm'greater

color "of +20 or greater. The present invention is also
thianeat amount ealahiated by thenaguaipn: djiscositydedex 28 x Ln(the

RinBiBaic s FoaiBoRto R B Y <3 Bfihed, 3 AR 10RE 1 18 Bt

;séieeﬁﬂmatec@nes With wélbgurdfml fhctionslity; dﬁ(dsb ehh nm@i@t
Vi scosi t 1000 + ween ess than

RRIEGRE M WﬁrbIf@étjﬂé?éonlgfﬁﬁlncfyep%ﬁlﬁy,fe)@ pour point Iess than
E&E ?é;% Q%Rdﬁ?tﬁ;{? ftr((}%%rra fi ﬁ%ﬁ%ggﬁmy e) a

pour point |ess than zero degrees C, and f) a Saybolt
col or _.of +20 or greater. The ite oils of thi
T Bhite oS af dhigdavantion g Lﬁe&ﬁh in gryeespndp @t ApRlisatians.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates the plots of the kinematic viscosity at 100°C in ¢St vs.
viscosity index of the white oils of this invention. The lines define the lower
limits of viscosity index for four different embodiments of the invention. The

[{ P t)

lines are natural logarithm functions with base “e” of the kinematic viscosity of
the technical or medicinal white oil at 100°C in ¢cSt. The equat(ons defining the

four lines are shown in the figure.

FIGURE 2 illustrates the plot of kinematic viscosity at 100°C vs. Noack
Volatility in weight percent. The line defines the preferred upper limits of Noack
Volatility for the white oils of this invention. The Noack Volatility is less than an
amount calculated by the equation: Noack Volatility, wt% = 1000 x (the
kinematic viscosity of t_he technical or medicinal white oil at 100°C, in cSt)

raised to the power of -2.7.
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BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 illustrates
the plots of the kinematic viscosity at 100C in cSt

WO 30060188DSi ty i ndex of the white oils of thisPCT/US2005/024508

invention. The lines define the lower Iimts of
viscosity index for four different enbodi ments of the
invention. The lines are natural |ogarithmfunctions
with base "e" of the kinematic viscosity of the

techni cal oDEFAILEDBESORIFTION OF THEANVENTRN The
equations defining the four Iines are shown in the
figure. FIGURE 2 illustrates the plot of kinematic
YhRgRbeds e Aaen o pIRALEs VIR Ol it HibokRe itical and
afedicinelkwivite atl specificationg, las sumirhariped beloiw tnhTable L.

i nvention. The Noack Volatility is |less than an anount
cal cul ated by the equation: Noack Volatility, wt% =
1000 x (the ki nenstiife YL gEsied OF SPedh@tibaghni cal or
medi cinal white oil at 100C, in cSt) raised to the
power of -2.7.DETAILED DESCRI PTI ON OF THE | NVENTI ON

ha nr nnaoccoc Af + It o + vt o~ o~y Al Ao ool o +that

TC™ P1 Coo Ul U1 S 11V o 1T U f UT. 1 1T .
REQHUIECARPE and med) CPAMTCHiprRESUNIE o Mericing!, Grade White
as summari zed below in| Table | gj Table I |- VWhite @j
Specifications The properties of a nedici|nal

rade
white oi |l are described byDAd78862dW ng |st alﬁgé\rtys?z-%zo (c)

o

cAdhl TlTdl, 11 [ o.bup.lu —ur o rurt, U

Eﬁ’aﬁﬁﬁ@%’ﬁ@f}g bf?kgﬂ .'?d edition; US FDA specification
ghBoection 172.927 for "direct" food use; and US FDA
speci fication CFR sectjon 178.3620(a) for| "indirect"
food contact 2828%nfal gr ade4wR8Xe oil.s |nust b8.70 max
chemcally i t subst ant4 al wi t hout col op,

odor, or tas?gb'%g)?g%di ci nalg'gpg e whitg oil 0:60 max
appl i cat i ons 300m@AAACE Ur er s NBstax enove |'r eadi DYO max

car boni zabl e_subst ances” (RCS) _fromthe ite oil. RCS
are inpuriti 8303 NEhuse t hd-§M@%e oil tlo chan§d9 max
SAyBoIt B by ASTM > +20 +30
D156-02

The properties of a medicinal grade white oil are described by the following
standards: European Pharmacopeia 3.sup.rd Edition; US Pharmacopeia
23.sup.rd edition; US FDA specification CFR section 172.927 for "direct" food
use; and US FDA specification CFR section 178.3620(a) for "indirect" food
contact. Medicinal grade white oils must be chemically inert and substantially
without color, odor, or taste. For medicinal grade white oil applications .
manufacturers must remove "readily carbonizable substances" (RCS) from the
white oil. RCS are impurities that cause the white oil to change color when
treated with strong acid. The Food and Drug Administration (FDA) and white oil
manufacturers have stringent standards with respect to RCS, which must be
met before the white oil can be marketed for use in food or pharmaceutical
applications. The RCS test in this invention is conducted according to ASTM D
565-99. The white oil is treated with concentrated sulfuric acid under
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treated with strong acid. The Food and Drug
Adm ni stration (FDA) and white oil manufacturers have

wareosogeat st andards with respect to RCS, whi cPCTUS1008624508

nmet before the white oil can be marketed for use in
food or pharmaceutical applications. The RCS test in
this invention is conducted according to ASTM D
565-99. The white oil is treated with concentrated

prelstrbed cenditions dad the sesultiegicolonty ¢compareaindith be‘eference
resulting color is cog‘?ared with a refzrence

standaickiondleterminermetnet it passes opfallsdhp desthdt Wi"éf? Silds Teported
éfg‘f)éssﬁg'thé ﬁid@ﬁ%rt n%e&ﬁﬁé é\gstWs ﬁphﬁ@é ||W68F6r:§h@ when

oWs no ange 1n o or an en“t he aci
thayaeaid IaB/emaH ndtadafker thaartheefarefies stanelasd anldainetric solution.
colorinmetric solution. Selection of Waxy Feed: The
waxy feeds useful in this invention have a high

ngb{@gofw@%@@d;h a T90 boiling point greater than
490 degrees (915 degrees F). In addition they have a

hi gh Ievel of n-paraffins, generally greater than 40

Theue) TR B RRlThu "R By Big B i Blrahgt ¥ gyreo
Boilihg Bemt @P@btéﬂfﬁaﬁ%QCﬁé@?ﬂ ¢ (D5 degiern FZ)5 IR mﬂcﬁtﬁin’:\ihey
conbi ned nitrogen and sulfur; preferably |ess than

ava a bighevekolr-paeating caaneralhagronisr thapw waéepreferably
| 9
SRR S0 S ORI RRty SR~ ah 2P oy o have

verpaswfiévals vbingdgeNADdveuies, gaverally tHsscthanQSI ppm total
chemn cal _&I ant Erocesses deoi | ed etrol eum ﬁ;l ve

‘ng‘e“rﬁ' bGeh B SHITir Eralerady [Es et 2roBis dEvaies of waxy
1% 5 use?g%ééﬁﬁﬁ% prorHé‘?'tlé’SOHFe HI9ER W@k, &é‘& APk w yaes,

in this invention are greater t
refiebd fablsyoily nexy dubridaab r&finges, fﬁ#paraﬁmwzﬁ)mj Nm@fwa\xesn

this invention has.a,h b0|I|n r.an

s R e shewmicel gty racersed. RRHKLPe el Mugderived
Qése Qﬁlcfb&%&aﬁ E%)&%S FleeheFTrocpalSkes, 1plddni@ires thereof.
| te ol inematic viscosities at 100 degrees C

The pour points of the waxy feeds useful in this invention are greater than 50

°C, preferably greater than 60 °C.

The waxy feed useful in this invention has a high boiling range. Thé T90
boiling point of the waxy feed is greater than 490 degrees C (915 degrees F).
For greater yields of white oils with kinematic viscosities at 100 degrees C B
greater than 4 cSt, it is preferable to use a waxy feed with an even higher
boiling range. Preferably the T90 of the wax is greater than 510 degrees C
(950 degrees F). For high yields of white oils with kinematic viscosities greater
than about 8.5 cSt the waxy feed should have an even higher boiling range,
preferably greater than 565 degrees C (1050 degrees F). Examples of
processes producing waxy feeds of higher viscosity from Fischer-Tropsch
processes are taught in W0199934917A1. The waxes made from these
processes. will have a T90 boiling point greater than 510 or 565 degrees C; and

have a weight ratio of molecules having at least 60 or more carbon atoms and
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greater than 4 cSt, it is preferable to use a waxy
feed with an even higher boiling range. Preferably the

wa2®enieshe wax i s greater than 5 10 degrees CPCPBS2005/024508

degrees F). For high yields of white oils with

ki nematic viscosities greater than about 8.5 ¢St the

waxy feed should have an even hi gher boiling range,
preferably greater than 565 degrees C (1050 degrees
Foledbtes1hheing cit:lgash SOsrbom atulis igngatenthars €205 opfreater than
ai her viscosity from Fi scher-Tropsch processes are

é@ght in W 19993491 7A1 . The waxes made fromthese
processes will have a T90 boiling point greater than

510 or 565 degrees C, and have a weight ratio of

Hraferrat antydeedg have lhiglsleveld afrn-paraffiinsabdmratamin oxygen,

| 0 b t
SHORRH, SutTo RS Eletfleds sy2h Hs s Gobab Taftim 46as
meKBdehdh, sovri, She r’trrp@rn@feﬁﬁdbﬁ argle prételraW wakyorekes tiseful in

nitrogen, sulfur, and el ements such as al uninu
f@dﬁo@wntl@n have greater then 4@ weishd merﬁdﬁpamﬁlm fess thian, 1

B blR 5 D56t BB A 0o Bk s

amdnmssfthanszs psragotahaombirisel élbtmrﬁl@rh? eabalOtHAsam, IeHS
than 25 ppm total conbi ned nltrogﬁn and sul fur, and

meb@d@ﬁam 29dpith %'6@ i, @sdsiliced. Mare piaterred vy, feeds have
éﬂlefaf’é“r' tHah |§Do: \ig&gpe e ggﬂ%raﬁlﬁ I'éé@% A ®:8 Wg{@t ?)'%ﬂcerpt

I con. have “gr €

Gygea @ss than @0mpm iptat edirhbrmd hitregeh zma Sulfirvandleiss than 20
m t ot al corrbl ned

I ‘iégai,ﬁ"x e ﬁ?s"ﬁu'ynawégﬁwam QN FiA ybﬁ*%num sodium,
ﬁﬁ@ﬁirﬂ%‘ﬁd%ll‘f&@rf‘umos‘f %Pé"e]"redtw&@“ﬂe%% Harvg'ber ¥P§?'75'\Welght

SOdI um Zl NC, ti n, d silicon rreé
pereeist rhr@aeaf@nsdees thdna0.8AGeight gertcepénxyagﬁn rhes,mﬂmhfzmppm

(o Sohiied Alwdam ety S -ahd fRedRan At camtbesd
m@m:ﬁmh%owWHMGmaier %Wb&ﬂﬁ%dtsgldfdﬁaﬂhe M, idrRsilicon.

nmol ybdenum Sodi um ' zi nc

Analytical Test Methods for Characterizing Waxy Feeds:

T90 boiling points are measured by simulated distillation by ASTM D 6352 or
an equivalent method. An equivalent test method refers to any analytical
method which gives substantially the same results as the standard method.
T90 refers to the temperature at which 90 weight percent of the wax has a
lower boiling point. The nitrogen is measured by melting the wax prior to |
oxidative combustion and chemiluminescence detection by ASTM D 4629-96.
The sulfur is measured by melting the wax prior to ultraviolet fluorescence by
ASTM D 5453-00. The test methods for measuring nitrogen and sulfur are
further described in US 6,503,956.

Oxygen content in the waxy feed is measured by neutron activation. The

technique used to do the elemental analysis for aluminum, cobalt, titanium,
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Anal ytical Test Methods for Characterizing Waxy Feeds:
T90 boiling points are neasured by sinul ated

wale@bioldeat i on by ASTM D 6352 or an equi val ent P&L/O8mH05/024508

An equi valent test nethod refers to any anal yti cal

met hod whi ch gives substantially the sane resulits as

the standard nethod. T90 refers to the tenperature at

whi ch 90 wei ght percent of the wax has a | ower boiling
ponnmolybdennit, rsodim | Ancets anedsilippnnislind udivielyecoupted plasma

Eﬁrﬁ'%ﬁtfﬁ'ﬁ%bdsat' PEF A CREAL Shom i I s dsepemnlsy is
ASTM D & i]ﬁhrtﬁbé%@ Rﬂtr&?uh@é%&ﬁ@é Hhidn KOS RRELENRurYacid, and

00. The tes measuri ng
Hie sagple iariker ashed lt’aaevrcbgrlammableemuﬁletfeldnace fd® 3 days. The

Ay PBie BPG udea Moo ik eaifiNL B stugBingofiton

ﬁh@ﬂmﬂtﬂ-A&@éﬁélstf ThedileBritdM ofifBahbst preferred waxy feeds is
titani UI‘I’bI ron, ybdenum sodium zinc, tin, and

Igspitbam 1 é/velgtmé@me@t gs detesmie by ART MDA 8- Oé:‘m ssi on
spectroscopy (I CP-AES). In this technique, the sanple
is placed in a quartz vessel (ultra pure grade) to

whi chDeteradastibreof Weight Rartdnt MomnalRars@iny e Waxy Feed:
ashed in a programmable nuffle furnace for 3 days. The

ashed sanple is then digested with HCl to convert it

B e Rk e
shoauid uee\aenr@mocbﬂrrab eah CMermme tthne nedtelmy oAﬁeriﬁr&élZl? €2C110
WEeTAHEE AR LY A GetPionct! (ho /bl Dap arelomed mothod used is
égwfcm@w@ffl ns) in wax-containing sanples should use a

met hod that can determ ne the content of i ndividual C7
to C 110 n- paraffins with alimt of detection of 0.1

N L M e AT A R
dﬁbﬁfdt@g?@ﬁh?XG%S The GC (Agilent 6890 or 5890 with capillary
split/splitless inlet and flame ionization detector) is equipped with a flame
ionization detector, which is highly sensitive to hydrocarbons. The method
utilizes a methyl silicone capillary column, routinely used to separate
hydrocarbon mixtures by boiling point. The column is fused silica, 100%
methyl silicone, 30 meters length, 0.25 mm ID, 0.1 micron film thickness
supplied by Agilent. Helium is the carrier gas (2 ml/min) and hydrogen and air
are used as the fuel to the flame.

The waxy feed is melted to obtain a 0.1 g homogeneous sample. The sample
is immediately dissolved in carbon disulfide to give a 2 wt% solution. If
necessary, the solution is heated until visually clear and free of solids, and then
injected into the GC. The methyl silicone column is heated using the following
temperature program:
Initial temp: 150°C (If C7 to C15 hydrocarbons are present, the initial
temperature is 50°C)
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chromat ography (GC). The GC (Agilent 6890 or 5890 with

capillary split/splitless inlet and flame ionization
wa@leieoi1ws8) is equipped with a flane ionizati onPCT/US2005/024508

detector, which is highly sensitive to hydrocarbons.

The nmethod utilizes a nethyl silicone capillary

columm, routinely used to separate hydrocarbon

m xtures by boiling point. The colum is fused silica,

-100% Rairipy | 6°6) peércoimeite 30 nmeters | ength, 0.25 mm I D,

0.1 nm.cr filmthickness supplied by Agilent. Helium
is tﬁﬂ'é'”@g‘??ringr lyé]é)gb(Z m/nin) and hydrogen and air are
.used ﬁﬁamgdfo LEPiﬂnéﬂLﬁea‘, B?uﬁti%ksTﬁt?|o£@éyrﬁf&§d is melted

to obtain onbgeneous sanp e sanple is

i medi ately dissolved in carbon disulfide to give a 2

% t j,on. J th lution.i. t ed
T bRDILIER o< B8 SR Hrese M utibh 8l il CERbGH number,
thajreeired phrdfing frenQBe AddrenBRhAYparafflisC M kne@hUBTereAce
heat ed using the follow ng tenperature pro

ram
standargl istanghzeddodes (samecnaﬂaedpseﬂyahisit@ug@néinaﬁSeof the

ReTE it fassofe g s bR ffarf’

stahdardp palkchased|frorg er verldor §Aditentad| Supelddiespiked with 5 wi%
effectively seP’ar ates, in the order of rising carbon

Reiax 500rolyihrene dpueahesad fremnPetrelita Serreration in
.y o _ . .
@@gﬂéé@s THe &Qﬁqﬁgdﬁs n?@fe{bgﬁnéx‘t%rlﬂj%ﬂ?h%%@c}ég ﬁgtd &ollected

manner esta el ution times
fsgradhé ianahsised thpaetdrénce pteaidard alve guaradted the ré&diving
[Fﬁ8,87 n-P raffi,@? st apdard, pur chased from a vendor
RUAGPNENLT HIe RYATY GPIUNRT ked with 5 wt % Pol ywax 500
pol yet hyl ene (purchased from Petrolite Corporation in
Ckl ahoma) . The standard is nelted prior to injection.
IHpezsent dathedsaraplephbaoaleparafiin peaks are well separated and easily

identifiable from other hydrocarbon types present in the sample. Those peaks
eluting outside the retention time of the normal paraffins are called non-normal
paraffins. The total sample is integrated using baseline hold from start to end
of run. N-paraffins are skimmed from the total area and are integrated from
valley to valley. All peaks detected are normalized to 100%. EZChrom is used

for the peak identification and calculation of results.
Fischer-Tropsch Wax:

Fischer-Tropsch wax i§ a preferred waxy feed for use in this invention.
Fischer-Tropsch wax is a product of Fischer-Tropsch synthesis. During
Fischer-Tropsch synthesis liquid and gaseous hydrocarbons are formed by
contacting a synthesis gas comprising a mixture of hydrogen and carbon
monoxide with a Fischer-Tropsch catalyst under suitable temperature and
pressure reactive conditions. The Fischer-Tropsch reaction is typically
conducted at temperatures of from about 300 degrees to about 700 degrees F
(about 150 degrees to about 370 degrees C) preferably from about 400
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fromthe analysis of the reference standard al so

guarantees the resolving efficiency of the capillary
wa@eloantesl f present in the sanple, nornal par abdT/0S2005/024508

peaks are well separated and easily identifiable from

ot her hydrocarbon types present in the sanple. Those

peaks eluting outside the retention tinme of the nornal

paraffins are called non-normal paraffins. The total

degnedseto sboult 550 dégrdes FH (adpot 265 idegrdrd éhscmm%ioadégrbes C);

end of . araffins are skinmmed fro

e TR @' Boen ﬁﬁ%fgmoe@bwtcﬁﬂ%mlﬁ 43 [ %Eﬁ@s}) pr,q%rab'y 30to
PRI £ 1521 o) BlReR otk Ykl FrADIEIDA 16008
abesiti 0 D00FRighe., pleferabih30@to 3MHLb&/gFr opsch wax is a
preferred waxy feed for use in this invention.

Fi scher-Tropsch wax is a product of Fischer-Tropsch

THeBoaBtE fréMithe gri&h%?h%pgérpaﬁﬁhe% & B rigd fr@hﬁ' d12¢200
pg.y;eous hydr ocar bons are fornmed 1%1 contacting

bydrocsrhgus, withp ingjordy in thiex®or(el @ phl)‘BdEOg@n T;md: ischer-

TERbABRABH sER i bah e e aeSRIaReE 0k Rt RE or

ekbepié, sder bdd mﬁrsr@acémmg drie @Wﬂo@@bbwlmrbéd@t sidrrgt

tenperatures of from about 300 degrees to about 700

reRefpEe dluidized bad readowe gF aconkjnabion of diftereridypes otyeactors.

S Bas plSABRH ABHOERER BB sFERR S e
lifsratser @Sparftifcﬁra@hy}pﬂbf?gﬁetdlﬁstlgerah@lp%cﬁ@?o@e;s?é(t@ughttln 4
E}rﬁgﬁ%@%’& ?é&p%ggéxwpe@%@g g@r%??'#‘\‘/rr(&ﬁer&g@gtfowﬁ%poses
about 10,000 cc/g/hr., preferably 300 to 3,000

cc/ g/ hr. The products fromthe Fischer-Tropsch
SjtableeBissheny ropsch ecatalypsts ConpriseCatHopmaose Group VIII catalytic

U o RIURLL e AT SB . o
Additfonany! &'sVitable’ @YK mbY BEAtairt 4GitoRidter. OThus a preferred
Fischer-Tropsch catalyst comprises effective amounts of cobalt and one or .
more of Re, Ru, Pt, Fe, Ni, Th, Zr, HF, U, Mg, and La on a suitable inorganic
support material, preferably one which comprises one or more refractory metal
oxides. In general, the amount of cobalt present in the gatalyst is between
about 1 and about 50 weight percent of the total catalyst composition. The
catalysts can also contain basic oxide promoters such as ThO2, La203, MgO,
and TiO2, promoters such as ZrO2, noble metals (Pt, Pd, Ru, Rh, Os, Ir),
coinage metals (Cu, Ag, Au), and other transition metals such as Fe, Mn, Ni,
and Re. Suitable support materials include alumina, silica, mégnesia and |
titania, or mixtures thereof. Preferred supports for cobalt containing catalysts
comprise titania. Useful catalysts and their preparation are known and
illustrated in U.S. Patents 4,568,663 and 6,130,184.

-10 -



10

15

20

25

30

exanpl e, fixed bed reactors contai ning one or nore
catal yst beds, slurry reactors, fluidized bed
WO e8] or a conbination of different typesPOf/US2005/024508
reactors. Such reaction processes and reactors are
wel | known and docunented in the literature. A
particularly preferred Fischer-Tropsch process is
taught in EP0609079, conpletely incorporated herein by
High Setealivecandy ARty IR Budrose el aion; GRRBISETT opsch
catal ysts conprise one or nore Goup VIIl catalytic
nmetals such as Fe, N, Co, Ru, and Re, with cobalt
Aveording te frex prstenfihiehtiomahewaxy feettiablydroisaraeszationay
contai,n a praqnpter hus referred Eischer-Tropsch
GREEY s By Seleatv B e B Srott BVP A B st
ugﬁgr Eﬂﬁdiﬁoﬁé stigiicidif to ﬂodfc‘é’oﬂ‘é or Hore Ahitetbils, Upref&rably the

a on a suiltable norgani c support ITHt eri al ,
hydedisorablizatioredewaxihg éodpne sk hydeogen partial pegasyee grgater

i oS RREEpo e Bl s halh 05 P Go0ite) boReBRERine
oRBIgreRbreolvhitdeils ot al catal yst conposition. The
catal ysts can al so contain basic oxide pronoters such

as ThQ2, La2G3, MgyO and Ti @2, pronoters such as ZrQ2,

NO.! B . . i .
ARG oAl 4% ot ry s hentalon FRNG0ROIBHEES o -
1MD,10-fihg nedidcirer siSué habing chapmels withteemirainsim oojstallegraphic
alum na, silica, nmagnesia and titania, or m xt ureﬁ :
fierctiapreterpiaaleesithansh 8 Angstiom apd A Maxiny; Gysigliographic
t I ' h A I i
R GO ah 0 Angs BB, R L Eh PR T
mva\aﬁﬁﬁnﬁﬁﬁlsmmgﬁa[ﬂlﬁﬁ fre84ikingtengreates thav 6. hAdgsiroiiny b) a noble
X roi soperi zati on Catal yst: _According to th
BRELEYATOBRVRHRN GAMPORENERY @ eleToCTaTy TR SR oPrefarably
tﬁ@ﬁ@ﬁﬁ@-r‘?ﬁ@h@eéﬂl@%i&véﬁb@%hbHﬁel@Wﬂﬁé_trhi)ﬁf?nM\ﬁ?Q:rystallographic
hydroi someri1 zati on catal yst under conditions
feef dinoieter oft notpessithen DAANgstnepn andta maxignury, crystallographic

frgeﬁcgjg{z%g%%oftﬂgcﬁﬁé% tgltaagﬁ %@girigﬁgeﬁkﬁc%%r%@eﬂa%ly?ﬂw”e%-‘?5 10 ring
molecular sieve has channels with a minimum crystallographic free diameter of
not less than 3.9 Angstrom and a maximum crystallographic free diameter of
not more than 5.4 Angstrom. The crystallographic free diameters of the .
channels of molecular sieves are published in the “Atlas of Zeolite Framework
Types”, Fifth Revised Edition, 2001, by Ch. Baerlocher, W.M. Meier, and D.H.

Olson, Elsevier, pp 10-15, which is incorporated herein by reference.

If the crystallographic free diameters of the channels of a molecular sieve are
unknown, the effective pore size of the molecular sieve can be measured using
standard adsorption techniques and hydrocarbonaceous compounds of known
minimum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974
(especially Chapter 8); Anderson et al. J. Catalysis 58, 114 (1979); and U.S.
Pat. No. 4,440,871, the pertinent portions of which are incorporated herein by

reference. In performing adsorption measurements to determine pore size,
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than 0.69 MPa (100 psia) and |ess than 6.55 MPa (950
psia) to produce the one or nore white oils. A highly

w@edoeo1968e and active wax hydroi sonmeri zati on CECHUYEDS/024508

conprises: a) a 1-D 10-ring nol ecul ar sieve having
channels with a m nimumcrystall ographic free dianeter -
of not less than 3.9 Angstrom and a nmaxi num

crystal | ographic free dianeter of not nore than 6.0
@tagdalrdjhephalqdesmre haedellsiswohkenientito comsider a particular

Rl ns Ssibdef] s aetiean at 8%9%2“ %%P @%ﬁeﬁmm
éd%rﬁﬁoﬁvél%%r fher Mo%uijcﬁ s?é%oiﬂrlés ?(?1 190 mliffied D

-rin m)ec ar 'sieve has channel a m ni mim
o] W(hgl%g%p Hiighly selectivaasd actmé waxthychrelsotﬂmlzaﬂoﬂ catalysts

ARFEA A TR R AT GRS BERlet: of 45 & £ gstrom
witlitie HihdveaneB! ecul ar si eve has channel s w t h a
m ni mum crystal | ographic free dianeter of not |ess

than 3.9 Angstrom and a maxi mum crystal |l ographic free

f . . T
BR800l TR B ilaled 0B big Beinare zspeo. M
T@NeEluJ@,rMESGamSFERegr@wp' typéedt mdldditar fevas Mixtures of these
Zeol | te Framework Types Fifth Revised Edition, 2001

9“359 tyes elzepleskirsisievgavrenis@ prefafiad DMpreaprstarably they are
5 ?%‘2‘ gism28 2@%@%& 2?:{\@ PF{)?SW&Q%@MZ%?%I gﬁﬁeﬁiq}ggglﬁereof

erénce. Ift graphre
Thmnﬂshpr&fbsedﬁndenﬂbes@ves asé &8Y7-32 7 SNkDBWASM-P2, and
efgectlve re size of the nolecular sieve can be
ng standard adsorption techni ques and
hydr ocar bonaceous conpounds of known m ni mum ki netic
dianmeters. See Breck, Zeolite Ml ecul ar Sieves, 1974
lnespretersed 9rrrm9jimant ghe hightiesaledtivet amd active @aikal ysi s

@gr?'%%@ﬁ 'Z%%C?fl P%ﬁ?@v sHaaﬁHE%'%f@CfWoﬁop@waiPé’agf?mmfersg?f
widrepesiacned h RABOFSENG GhvRHBIH MEhdTBR%Y be Héﬁé&eééhe at

det ermi ne pore size, standard techni ques are used
379°Conpsesatie af d 200msigie hydrpgenifiow aff 160 ml/min, and a feed rate

of 1 ml/hr. The catalyst also exhibits hydroisomerization selectivity of 40% or
greater. Hydroisomerization selectivity is determined as follows: 100 x (weight
percent branched C+s in product) / (weight percent branched C1g in product +
weight percent Cq3.in product) when used under conditions leading to 96%

conversion of normal hexadecane (n-C1¢) to other species.

The highly selective and active wax hydroisomerization catalyst has a
catalytically active noble metal hydrogenation component. The presence of a
catalytically active noble metal leads to product improvement, especially
viscosity index and stability. The noble metals are Ru, Rh, Pd, Re, Os, Ir, Pt,
and Au. Preferably the noble metal is a Group VIII metal, or those noble
metals other than Re. The preferred Group VIiI noble metals are platinum,
palladium, and mixtures thereof. If platinum and/or palladium is used, the total
amount of active metal is typically in the range of 0.1 to 5 weight percent of the
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nol ecul e as excluded if does not reach at |east 95% of
its equilibriumadsorption value on the nol ecul ar

W@ @em19681 | ess t han about 10 m nutes (p/ po=0.5P@BT$2005/024508
Hi ghly selective and active wax hydroi soneri zati on
catalysts will typically admt nol ecul es -havi ng
kinetic dianmeters of 4.5 to 5.3 Angstromwi th little
hi ndrance. The preferred 1-D 10 ring nol ecul ar sieves
total tchtaystnusuliydrorarte! ZSRwdghtiarceMOENdRWb to exeeat d 0 weight
FER group types of nol ecul ar sieves. Mxtures of these
RET6ERL- t ypes of nol ecul ar sieves are al so preferred.
More preferably they are SSzZ-32, ZSM 23, ZSM 22, ,
ZSM 35, ZSM 48, ZSM 57 and mixtures thereof. The nost =
Phiee fefractorynodice s |apor$ meayelse aclecBsviram thesmoxile sgnarts which

%%gqgnrbl)étgﬁqge e diﬁ)& cgtqrfysépr el edléqé;%wa s1I|ctaha%mma
r:ﬁ%gﬁbé’l?f &%ﬂ?a %‘hfdféd?hﬁlﬂtau@ﬁé ﬁHéréoﬁO that 0.5 gr ams

reo en positioned in a tube reactor converts at
Ieast 50% of hexadecane at 3700C, a pressure of 1200

r%blﬂs/cﬂ‘ycﬁle %ﬁ% l?%]\g;()g% éﬁ% 'ﬂgé W%c qﬁf?glserrfe‘?&gtléﬂtc%talysts of

Wﬁfn%ﬁﬁ’cﬁf? bireZ ShdWA i FaBRL IV NoYe tHat4R8specific ea;ts&allographlc free
droi sonerization selectivity is deter ?
duamem of1tbe zeolitgeghpnnelfshamn afe Hirsesf t Ee it 7eolite listed.
odu
t& dfgllié sBﬁ‘L @?@g&”@?@%&ﬁ&@ OlI \%r Q9HfSters close
ﬁj)m@lsélsﬁﬁwd eadi ng to 96% conversi on of nor nal

hexadecane (n-G ) to other species. The highly
sel ective and active wax hydroi soneri zati on catal yst

hasr gy Eqt.e a%HW el dctiRetdnieadii Wa‘i@l@ rolébﬁ'iér&%\'ﬁéh Iatalysts

conponent resence of a catalytically activ
neknewort fal | Emisplckso pr odudiirst np( of\?@ﬁéllwfapblg @i gl Nymber of T
viTspoSidey| i ndex and st abi |0|hﬂ?nel Tn@lams@rt*eofﬁﬁ ofte 4 gf O Atoms
Ru. Rh. Pd. Re. Os. Ir @nen tion hannels forming
) ) ) ) ) 1 R]ngs
EUO EU-1, ZSM-50 [100] 4.1 x5.4* 10
FER Ferrierite, ZSM-35, [001] 4.2x5.4*<--> 3.5x4.8* 10,8
NU-23
LAU Laumontite [100] 4.0x5.3* 10
MTT ZSM-23, EU-13, ISI- jo01] 4.5x5.2* 10
4, KZ-1, SSZ-32
MFS ZSM-57 [100] 5.1x5.4* <--> 3.3x4.8* 10, 8
SFF §SZ-44 [001] 5.4x5.7* 10
STF §S8Z-35 {001] 5.4x5.7* 10
TON Theta-1, ZSM-22, fo01] 4.6x5.7* 10
NU-10, ISI-1, KZ-2
ZSM-48, EU-2, 5.3 x5.6* 10
ZBM-30, EU-11

* one dimensional, or 1-D.
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and Au. Preferably the noble netal is a Goup VIII
metal, or those noble netals other than Re. The

wee@borwed Group VIII noble nmetal s are pl ati nuPgT/US2005/024508

pal | adium and m xtures thereof. If platinum and/or
pal ladiumis used, the total ampunt of active netal is
typically in the range of 0.1 to 5 wei ght percent of
thetotal catalyst, usually from0.1 to 2 weight

EBEG 5B of AleARAr $iBvex aRRGrd Aonaseful inpthiscienentidineand do not
refractory oxide support may be selected fromt

h )
aetdbesiafiptions gy Sarstive MRS AG IR AT YA BONi Zation

R RS spoRE HON G Teble TR el ¢ F ™ ol o

of the highly selective and active wax

hydr oi soneri zation catal ysts_o [ [ '

Caie T Ve Qypirolsapeazation Catabap dbpf e Nof RigHiy Selective
crystal l ographic free di aggfjeygivef the zeolite

channel s shown are those o %e irst zeolite listed
Fowmeatrk € bampestiod t [hEirss @hannklr fan@weseliegrapiyie Feegdg Nmaer of T
h%}/p% ?dd@mEt er ar‘ﬁkvl_@§e tio dhAgSors NOPRmetbAddrénel Zeolite Hi @1 yitoms
Sef'ectivel and Active Viax Hydroi sprerization Catallysts .

* one di nensional, or [1-D. Exanpl s of Z%P'éeésul ar di eves
t hat are not useful inlthis inveption, and do not| neRipgs

qu—gf—f—ﬁ LT Ective anyg @#cs Ve Wax 10
hydlA songe |za_1|’ o'rAi Cat jl ygfﬁ%Tare shown bel ow i n Tabl e
L1l for cpmpdniABOM.1, Table |11 - Max Hydroi sonmeri zati on

Cat al ysts| gy are Not| Highly Se|ective and Active *
5 onal- 1 Note—th :

ane dineny or 1.D | hat—FER—M—ard O
havaEBmal | &eranayaife| | obr aghi% frbROdPhstard Xhan Ae: 1O
and sone ot r-sonfrarewsrk—types—DBecau f
tone dimensianal, biD. i ""FER, MIT and

[ ens ) sel ective than AEL. FER, MIT and
TON nol ecul ar sieves are less |likely to produce oils

with ring structures that may produce col or and
Keteihae FER, MTT, and TON have smaller crystallographic free diameters

than AEL and some other comparison framework types. Because of this they
are more selective than AEL. FER, MTT and TON molecular sieves are less

likely to produce oils with ring structures that may produce color and require

more processing to make white oils.
Hydroisomerization Dewaxing Conditions:

The conditions under which the hydroisomerization dewaxing with the highly
selective and active wax hydroisomerization catalyst may be carried out include
temperatures below about 357 degrees C (675 degrees F). Preferred
temperature ranges are from about 260 degrees C (500 degrees F) to about
357 degrees C (675 degrees F), more preferably about 288 degrees C (650
degrees F) to about 343 degrees C (650 degrees F). The hydrogen partial
pressure is from about 0.1 MPa (14.5 psia) to less than about 6.55 MPa (950
psia). Preferably the hydrogen partial pressure during hydroisomerization
dewaxing is from about 1.38 MPa (200 psia) to less than about 5.52 MPa (800
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nore processing to make white oils. Hydroisonerization

Dewaxi ng Conditions: The conditions under which the
whyasoiseneri zati on dewaxi ng with the highly seCEUS1008024508

and active wax hydroi sonerization catal yst nmay be

carried out include tenperatures bel ow about 357

degrees C (675 degrees F). Preferred tenperature

ranges are from about 260 degrees C (500 degrees F) to

p3RYUhoRSpreteaihefom 4I50ti 1dEY MRS (250 psie) © |essftbambbgut 3.45
about 288 degrees C (550 degrees F) to %bo t 343
MRy (2¥spgia).6 bedwgr@@gnﬁyzatm&pw@pagm Egrqu%ﬂ pressures

SR B Suhed L AR pRS et a1l LYot sfore
“Zi%??ﬁer‘f?‘i”ﬁ"‘rﬁ taage&}tsmleré%i orvtphegfelggdtmjs_swwelupmtarbimcreased
ViehAT EBSR o1 SPGB oS BIReT drab R,
h?@%oﬂeﬁ%tlﬁﬁ%&ﬁ%pg% desdribedapsrd iy irlbpst Patett Apication

psi a I soneri zation dewaxi ng under
107K 50r arecs UiSeRatend Mod 6s33H0Hhdbe contrnis ob Wiy ate on

nepaporaisd bY selbrae s oy THE SRR BB R e RBing
proSHURES Bfthid BbisteRf relas® thehyBFsybirpartiel pressughwithin the

viscosity I ndexes. Low pressure hydroi sonerization
remstan ialthough des byt maenrarbalpiessureds gubstantiglly,fhe same (or

| i,cati / P No. 6, 337, :
r@%ﬁyIgﬁ%é'%\‘%)%%itgﬁééﬁp?%ggt%or g: ggt by refer eche)lion the

their entirety. The hydroi sonerizati on dewaxi ng
ressures in this context refer to the h

er. d . .
vgeD ispressut & etHFIEpBerZaTeWa K SRERCLAypically in 2
t] r i Ll
YRR, B8fra o7 BB SEHABIFRUE Mo SbARITSCF/bb)
td 2bpLES@ V00 SCF Hxbl mreferablyrfeor abbub h, (OB F ! teabout 10,000

S Eblar @o0arIE. PdiooRamib Reseparaies M A% ol and recycled
tﬁ@rg)%ﬁ%@%%ﬁ@ﬂizatﬂneéé%%g'rééd?@?.abOUt 1,000 SCF/bbl to

The liquid hourly space velocity (LHSV) in the hydroisomerization dewaxing
reactor is generally from about 0.2 to about 10 hr'', preferably from about 0.5
to about 5 hr'. The hydrogen to hydrocarbon ratio falls within a range from
about 1.0 to about 50 moles Hy per mole hydrocarbon, more preferably from
about 10 to about 20 moles H, per mole hydrocarbon. Suitable conditions for
performing hydroisomerization dewaxing are described in U.S. Patent Nos.
5,282,958 and 5,135,638, the contents of which are incorporated by reference

in their entirety.

The conversion of the hydrocarbons boiling at 343 degrees C and higher
(650°F+) in the waxy feed to products boiling at 343 degrees C and lower
(650°F-) during the hydroisomerization dewaxing (and any following process
steps) is preferably greater than 20 wt% and less than 75 wt%, more preferably
greater than 20 wt% and less than 60 wt%.

-15-



10

15

20

25

30

SCF/ bbl . Generally, hydrogen will be separated from
the product and recycled to the hydroi sonerization

waelewaxnigwgl reactor. The liquid hourly space vel PCT/U§2005/024508

(LHSV) in the hydroisonerization dewaxi ng reactor is
generally fromabout 0.2 to about 10 hr \ preferably
fromabout 0.5 to about 5 hr' 1. The hydrogen to
hydrocarbon ratio falls within a range from about 1.0
Hed@breating0 nol es H2 per nol e hydrocarbon, nore
preferably from about 10 to about 20 noles H2 per nole
hydr ocar bon. Suitable conditions for performng

ORI OB 08 CRRITIC PRGBS SBAY oaRhd Bubinitpe gresence
oifred hgdregenc ior whichtthd poiynarg fperposeeisi the treiovakof varetus. metal

RPERTE i yireR ROB0SE AL e i Hc gtagetoms, such

8% §Qlﬂﬁ’féwobﬁiitﬂogeﬁ; By gthate Ur ¥PSmeties frohPHRY feBXtBEK.)

durlga%yt_he hydr ol soneri zati on dewaxi ng (and any
Eenewmlly nig otreating epeiations pragkingof thedryshioearbohanolgoules,

W % .l e h 75 W % r ref er.abl reater than
% WERIGER R RSho b i aEo U i PRl 581
otbcldse ¥ Mtimi2d®rdhd eduratipbidd Bydtbeaddhs ateusihky fully or
carried out in the presence of free hydrogen, in which

pardialty hyriegepatesos Ehe waiyideed Hesdin e Rrecess of Hus invention is

ERPPl R Bt R B S P or g,

oxygenates; or aromatics fromthe feed stock.

Een rally, in hydrotreating operations cracki nlg of the
m‘fx@é%mg%% i BRIEYnE It hydotrealipg gaerfiqnssateavglb known in the
M.déé’&flfr%n?b gl P%t%[ﬂtr@oss A£42 N0 B1BYE7, the contents

nol ecules, 1s ninimzed, and the 'unsaturdted
oiypwdinich are deselay mcerpdrated by fefer@ncpan theit etirety, for general

RS hE iR el e R P A bes et el vsed
ECH 6f the'PrbbésddOA AGWBH Bfpatents teach catalysts suitable for
hydrogenation of base oils to produce high quality white oils, including:
EPG672452, EP0097047A3, EP290100, EP0042461, and EP872452. Suitable
catalysts include noble metals from Group VIIIA (according to the 1975 rules of
the International Union of Pure and Applied Chemistry), such as platinum or
palladium on an alumina or siliceous matrix, and Group VIl and Group VIB,
such as nickel-molybdenum or nickel-tin on an alumina or siliceous matrix. U.S.
Patent No. 3,852,207 describes a suitable noble metal catalyst and mild
conditions. Other suitable catalysts are described, for example, in U.S. Patent
Nos. 4,157,294 and 3,904,513. The non-noble hydrogenation metals, such as
nickel-molybdenum, are usually present in the final catalyst composition as
oxides, but are usually employed in their reduced or sulfided forms when such
sulfide compounds are readily formed from the particular metal involved.
Preferred non-noble metal catalyst compositions contain in exbess of about 5
weight percent, preferably about 5 to about 40 weight percent molybdenum
and/or tungsten, and at least about 0.5, and generally about 1 to about 15
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Catal ysts used in carrying out hydrotreating

operations are well known in the art. See for exanple
wo@s/oPasent Nos. 4,347,121 and 4,81 0, 357, theCT/US2005/024508

contents of which are hereby incorporated by reference

in their entirety, for general descriptions of

hydrotreating, hydrocracking, and of typical catalysts

used in each of the processes. A nunber of patents

weigbhperdeat pf hickelandibl eolbalt déteamirgenad thmc@#eﬁmﬁjmg oxides.

Grisheis o5 Emns nobiAme e lsioes piaBOYI> sgalEn hexCess of 0.01
;EeDr@éaﬁ%%tanswetra%b@ 5308eY.3 et Hter O Ao GbibhdBns of

Goup VITTA (according to th SO0
mo’alemmatalsomay al$o be uséd Psuwah amdni)ctppes efdplatieninsand palladium.
such as platinumor palladiumon an alum na or

siliceous matrix, and Goup VIII and G oup VIB, such
%lé@\l%‘mt%&w@d&fﬁdﬁ&h \Fle\r?‘éﬁbr b'vﬂd@ '?aﬁ@e a!mgbn@raq) lthe overall
siliceous matrix. U S. Patent . 207 describ

lH3Viis about 825 te 81 prieferably e}’mutéh@ t¢n1 151 Thenlydroges partlal

Sl BRSSO e o

amwtmﬂmbqodw dH@dﬂi@,&iﬁ eirgBladbn ratddcite agpically greater than 50
ni ckel - ybdenum are usual %Sdo&resent in the f

%GFéﬁtg}sen@ ar%@fefechlv Betwsand god 58P0 Sheb/Bhly Temperatures
if 'q'?% 9%&51& filf r]a'ﬁgfe e Spodt QPO %i?ébf‘éégelg d %Hﬁh’fﬁ@ RS F

npoun are readi rrred
(paout ¢50 dEQMSadJ to mbolity£00 dEgﬁwCECbremabiybaﬁgmgtfﬂim 450

R PR IS Shboh exeeagaﬁﬁe%a o
SfbsEe JﬂWfWQ tBE%Q LR ﬁt}gﬁ FRfibng At

. 5, ener a out to ab welsght percent
&ﬁ1e¢ted Isalch dinal/ the cmrmbarsnorml ef bydmnadbosms in liee waxy feed boiling at

o Cat al yst t | .

FECRRR R e Risracarans Tolin ek el Rolda Bofov ag3-c
O ST e B O AT i MRALRG WL DetochiPBILTERioly less
tbao!$ weight pewnept of platinum and pal | adi um Typi cal

hydrotreating conditions vary over a wide range. In
general, the overall

Hydrofinishing:

Hydrotreating may be used as a step following hydroisomerization dewaxing in
the process of this invention to make white oils with improved properties. This
step, herein called hydrofinishing, is intended to improve the oxidation stability,
UV stability, and appearance of the product by removing traces of aromatics,
olefins, and color bodies. As used in this disclosure, the term UV stability refers
to the stability of the lubricating base oil or the finished lubricant when exposed
to UV light and oxygen. Instability is indicated when a visible precipitate forms,
usually seen as floc or cloudiness, or a darker color develops upon exposure to
ultraviolet light and air. A general description of hydrofinishing may be found in
U.S. Patent Nos. 3,852,207 and 4,673,487. In one embodiment the dewaxed
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LHSV is about 0.25 to 2.0, preferably about 0.5 to
1.5. The hydrogen partial pressure is greater than 200

w@sioa/01988ef er abl y rangi ng from about 500 psi a POI/ERHO$/024508

2000 psia. Hydrogen recirculation rates are typically
greater than 50 SCF/ Bbl, and are preferably between
1000 and 5000 SCF/Bbl. Tenperatures in the reactor

wi |l range from about 300 degrees F to about 750

p*e)gueEEroﬁﬂ thetydroisShetiggtiere deWakingaadtor pa8sde direety to the
erabl rangi ng from 450 degrees F to 725

@@HP& §hing r886i0fiegrees C to 385 degrees C). In one

enbodi ment of this invention the preferred

hydrotreating conditions are sel ected such that the

Doa et bighcquuati%dobmarmodscﬁsrfrdm dehevhyglroimdebnétidmgept mild

h
TP TmSABG: s iBse, Mot FomudtRy Uider MHGhJoNesprogsures
thénlvﬁﬁﬂd%% awemy%hv@ﬁf&r%l roéés%fegrté%é(ké Wﬁﬁet&@n The

ht percent Hydr of i ni shin Hydrotreati ng may
mé‘é yd@fmlsitlmlﬁmndmmmahgmwl BrEssUiezkess <blmard6v456<MEga (500

t l
niteh VioB SR Rl ol Foe ST b8 Dradh SRSy v
dedomusmnghom pres%urég g@ﬁ@@h BBoltP.B8WAPE 1200 ¥s#p b @Bout 3.45
st ability bilit and appear ance of the product

?ar(éﬂ@\nsmj tVlVafa@ét Bty Pélr@ﬁaprwssmgepnﬁs:r raaig white pils with

P SFdFAPERL o i GRS KRR Mgy

viattsrut onild bydrofimishingl. shed | ubri cant when exposed to
i ght and oxygen. Instability is indicated when a
visible precipitate fornms, usually seen as floe or

I
bR erfiodhn S8 KRR PRI AT SARRERIDERY Sipocen
paytialgiresswriei thgt lmgssbatlélwhxé saméJas th&anssd foNbwdroisomerization

BB s et S A0 SR e e oo
DebREERthE 8RS partdl hréddured & IEES tiurh B0 NPaNHBE J<RAC tiere
might be small amounts of hydrogen partial pressure drop in the equipment,
especially between the two reactors. The difference in the total pressure
between the two reactors will also be essentially the same. That is, preferably
the difference in pressure between the two reactors is less than 0.69 MPa (100
psig). Operating the hydroisomerization dewaxing and hydrofinishing reactors
at essentially the same pressure reduces equipment costs and streamlines the

operation.

Optionally, the one or more white oils collected after hydroisomerization
dewaxing (either with no hydrofinishing or with mild hydrofinishing) may be
subsequently hydrofinished to further improve their Saybolt color and UV
absorbance. The subsequent hydrofinishing is conducted at a total pressure of
from about 1.38 MPa (200 psig) to about 10.34 MPa (1500 psig), preferably
from about 1.72 MPA (250 psig) to about 8.28 MPa (1200 psig). The total
pressure during the subsequent hydrofinishing may be selected to be adequate
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Due to the high quality of the products fromthe

hydr oi sonmeri zation step, mld hydrofinishing, when
wais@d/o19s8ly be conduct ed under ruch | ower pressPCEES1008024508

woul d be required by conventional processes to nmaeke

white oils. The mld hydrofinishing is conducted at a

total pressure less than 3.45 MPa (500 psig). High

quality white oils may even be produced under such

toidhanggdecdthnioalsdriade wiiteadil ot 8ous @ot pass tHTRUBtEst 1o 38

MPa, (200 psig) . .to about 3.45 MPa (500 psig). Wthout
RRiICH ﬁ& B&‘S@é&@hﬁbpaﬁ:ﬁ% tae R‘Fﬁéée%l te oils wth
good Saybolt color and | ow pour point are collected at

high yield either with or without mld hydrofinishing.
The apfiioredi enitcedne sbbsleqtmm HyUmfm;ékdn@ytbpsfmﬁthmnngnmm are

GO § teRectie amfbaut 2aHlecises € (38 aegrees F) to
dbdift P88UBRYrbés 0 @H0REES ), freksa Ifyaﬂr'é éﬂ?ﬁjt%ﬁf‘degtrﬁes C

partial pressure means that “the di ence betwee
14% QQ@I’%&F) tor abauir269 degrees € (GlhdegreesVa THlquid hour

B Naioq8 £ Bl e Ree b TiaRbinalEag i ds from about

etyesdut he Hrﬂopﬂe@é\@b@rfﬁom%u@ off &y smﬁ 5 Ar't hprdetadly the
pressure bet ween the two reactors will also be

fb'éiﬁ@fmlisfang;pattmstg‘arr@lthmﬂd og sum%qlarﬁmqufhushmg comprises a

'TH(;E’E&, ﬁ%ﬂh&QW$u&§I@%ﬁéW §Pnﬁ%§ Fea%ﬁégmemgg the preferred

roplls metailardedat i on dewaxi ng and hydr of i ni shi ng
reactors at essentially the same pressure reduces

equi pnent costs and streanlines the operation.

[ﬁgﬁ ,q@ally, the one or nore white oils collected after
Jro soneri zati on dewaxing (either with no

hydrofl nishing or with mld hydrofini'shing) nmay be

el o WiockrmoL e BBty R e date
HYARSISbMBYIS AN dbaked PrsdRd bford draiidr BNIESHY 6n@br more
white oils to remove a high boiling bottoms cut. In addition, the process may
include distilling the white oil into more than one viscosity grade, whereby more
than one white oil may be collected. The distilling is generally accomplished by
either atmospheric or vacuum distillation, or by a combination of atmospheric
and vacuum distillation. Atmospheric distillation is typically used to separate
the lighter distillate fractions, such as naphtha and middle distillates, from a
bottoms fraction having an initial boiling point about 315 degrees C (600
degrees F) to about 399 degrees C (750 degrees F). At higher temperatures
thermal cracking of the hydrocarbons may take place leading to fouling of the
equipment and to lower yields of white oil. Vacuum distillation is typically used
to separate the white oil into different boiling range cuts. Distilling the white oil
into different boiling range cuts enables the production of more than one grade,
or viscosity, of white oil. Vacuum distillation may also be used to remove a
high boiling bottoms cut of white oil that may have less desired Saybolt color
than the other light boiling distillate fractions.
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fromabout 1.38 MPa (200 psig) to about 10.34 MPa
(1500 psig), preferably fromabout 1.72 MPA (250 psiQ)

W o00akboesl 8. 28 MPa (1200 psig). The total presBCr/ES2005/024508

during the subsequent hydrofinishing may be sel ected
to be adequateto change technical grade white oil that
does not pass the RCS test to nedicinal grade white
oil that passes the RCS test. The optional mld and

Adberagné Tredityelirdf | ni shing steps of this invention are
conducted at a tenperature from about 176 degrees C
(350 degrees F) to about 288 degrees C (550 degrees

SO A i A SR o A SR L S

he’(ﬂrogqmmmsv@d!smbem torretihee thd UVoabsurbsecpiand i mcrease the
rom about Q out

RPVRSH GOloF I his T aveahtISAEAGe IS olbay e Upgraded to a

Riefi@hatdradé Renitdyel, 0|nt SHS BIBBdAR thelerltiPs be,nhg%ng%) lof white
or subs@guent hydr of i ni shing conprises a nob

ail prodsicedi maynbereantactedmyithoa heterogersoushadswmbebti Bgtionally, a

d bl I Jaistilling: , . .
b il b oS ¥l B mRe QistRAB iRy dffeveptigscosity
graiies| rhay Bettheatbdl it & ABRIrbGANcUs ARIRNEAL. PEXEHSIes of suitable
efore or after collecting one or nore white oils to

iPpRgeneqisdsasbents prp ectivaied aarbon, rerggtallinednolechlar sieves,

RO P B e
tughtriy\W@ 2004000976, EF278893A, ldndd.S. PdteNereiib8,418, herein
acconpl i shed by eit her at m)spher ic or vacuum

Eﬁcgfﬁqrﬁ'ﬁdl 'Bﬁhek‘ilenﬁiﬁﬁ conbi nation of atnospheric and
vacuum di stillation. Atnospheric distillation is
typically used to separate the lighter distillate
Yiftet oibYields anth Clearacteristics: and mi ddl e distillates,
froma bottons fraction having an initial boiling

poi nt about 315 degrees C (600 degrees F) to about 399

WREYRASs 6f thebhsIBERRIE vinite difs SHo8(EEd FBRPEIALIYCEES of this
invention are very high. The high yields are due to a combination of factors,
including: 1) the initial selection of high boiling, highly paraffinic and low
nitrogen and sulfur containing waxy feed, 2) a process not requiring
hydrocracking, 3) the high selectivity and activity of the hydroisomerization
dewaxing catalyst, and 4) the generally mild process conditions required during
hydroisomerization dewaxing. Generally the yield of one or more white oils
boiling from 343 degrees C (650 degrees F) and above is greater than 25 wt%
of the waxy feed, preferably greater than 35 wi%, and more preferably greater
than 45 wt%.

The white oils produced by the process of this invention have a Saybolt color of
+20 or greater by ASTM D 156-02, preferably +25 or greater, more preferably
+29 or greater, most preferably +30. They have a high viscosity index,
preferably greater than an amount calculated by the equation: Viscosity Index =
28 x Ln(the Kinematic Viscosity at 100°C) + 95. For example, a white oil
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thermal cracking of the hydrocarbons may take pl ace
| eading to fouling of the equi pnent and to | ower

wQe@baisesf white oil. Vacuumdistillation is tREI/US100§5024508

used to separate the white oil into different boiling
range cuts. Distilling the white oil into different
boi i ng range cuts enabl es the production of nore than
one grade, or viscosity, of white oil. Vacuum o
dicsiLiceddtyi the pragess sfothlseinUﬁmbrt with I@dnerlmtiblv@ﬂtobﬁy (L;:lt nQo
ottons_C f white oil at may have | es esired

BoR(C Bbp sStuthnraadbly heve a\iaronisr thary 1ape Hineatc

. _ 1008l s 15 )

Ao O RBTM BSOS g o oo 1P
eentistokpen@bi)ls lauter Kinemate Visdosity atht00IC)ab ther batueal logarithm

P e 5 Gt dCmAm AR SRR s S OB Al RigTerably the
ViBEb iy TAde B IsPgreatdtithgn 8l x LhEhe RihnetBREVIRBEIty BE100°C) + 105,
entire boiling range of white oil produced may be

©b it Bt endwinpit H%ﬁ@%@né@%ituéygiﬂémfea@ﬂhm aBIxL.n(the

oh AR T Sl
Rt Db LR +0Ho. i GoE pn @ Gt iE meadi
vistdsity ihedeso8STROD L 27dse3(Mep8). Frennks defthingthbabli€preferred

het er ogeneous adsorbents are activated carbon, _
'anges & Viseesihineley ol the pag @5 merggvhifegils of this invention, as

i%ﬁdrfb@d%lﬂﬁﬂ;bngre gﬁg\ﬁ,l, "{I)Ekggﬁgognd clays. Preferred

sorbents afe taught 4/ 000975, EP 278693A,
and U.S. Pat. No 6,468,418, herein incorporated in

R e o e 57 a5 S s
A Qe RIPHRRED &uu%ieh%own@r&wﬂaﬁfg??mgr nsrdb 23ﬁ?-dai.gb_lefins
d of" 1'a udi'ng:

yields are due to a comnbi nation ctors, inc
arg preeentrintandurisiiess than deftedtable iolongrdyrationy i+ Nuclear

araffigic and | Qw nitroge | fur containin X
aGRe RSoftia Ste Rty INAIR, TS goidsd Bihe
proe8s$ 6f B9 invehtior® AEva aldesired @mpdition of molecules with
hydr oi someri zati on _
cycloparaffin functionality. They have less than 18 weight percent total of
molecules with cycloparaffin functionality. Typically, they will have between 5
and less than 18 weight percent molecules with cycloparaffin functionality,
more typically they will have between 8 and 15 weight percent molecules with
cycloparaffin functionality. They will also have a very low weight percent of
molecules with multicycloparaffin functionality. Preferably the weight percent of
molecules with multicycloparaffin functionality is less than 1.2, more preferably

less than 0.8, most preferably less than 0.01.

The composition of molecules with cycloparaffin and multicycloparaffin
composition are determined using Field lonization Mass Spectroscopy (FIMS).
FIMS spectra were obtained on a VG 70VSE mass spectrometer. The
samples were introduced via solid probe, which was heated from about 40°C to
500°C at a rate of 50°C per minute. The mass spectrometer was scanned
from m/z 40 to m/z 1000 at a rate of 5 seconds per decade. The acquired
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dewaxi ng catal yst, and 4) the generally ml|d process
condi tions required during hydroisonerization

waelewaxnivwgl Cenerally the yield of one or nore MN/US2005/024508

oils boiling from 343 degrees C (650 degrees F) and

above is greater than 25 wt % of the waxy feed,

preferably greater than 35 wt% and nore preferably
greater than 45 wt% The white oils produced by the

rpass spacttd wehe suimmvezhta gendratecone Saydraged cepentrurh. £2@h

or greater by ASTM D, 156- 02 referably +25

DecliETWah e coEtimhisio 2ipmBag ratiabe Hrga C-MassSpec.
AR Rindhltion etficiedBFWab @V Atéd 88inY 'bf/n'éaﬂl@ ure branched
pref gnabl yngre%{teeéyt ﬁan an amunltnbclg%giéf ated b ﬁ_tlﬁe ©
padiaisins @md higblyowsiphjhdniciesromatigsHraeniases sidcke Mits ionization

; . _ | gl
S ERTas PLFasgains it el SoarSiine S ASR Sip wvers
JdssaptiAly tﬁe\/sia'isﬁ@sisto{l}laékgffﬁr@aﬁtﬁg @6f§ar§gﬂf3 corptiséndre than

preferably have a reater than 126. Kinenmatic

99 96aithg saturatrsoc the Whitexailseaf thig ingmfian. 445- 03 and i s
reported in centistokes (cSt). Ln(the Kinenmatic
Viscosity at 1000C) is the natural logarithmw th base

The'white bile oKitie mvientiolViase chaitactaizetOHOF INIBigto paraffins and
r ef erabl_%/rht he viscosity index is greater than

28 X

olreyleg Wihdifarant niindkessof yingeturelivy. ¥ha omleeyles withs,
R RAmBE B AatulatBnk gPBE cémREN TyBlapRiAting, olefins,
andearopwticee tAsditieustet oits mathimineenﬁic?n havé ye'rhWOWdeVSIS of

ASTM.D 2270-93(1998). . The |i . i ni ng,the four )
eoTDRLIPS B4 BleTiss o Mplerities WA ciiienbnUReTS Ak UratyEations
e TRl 38 b Sing LB Aing RGPS of .
Thasefagithavditetdilsrofdbisvievertionp the: éntnsaturatiane ares

et ermj ned ut4 on_col ym chropat ogr aphy, ASTM D
YBloRegs e b 2 dhsstdiativhe e Hidiciterpits. ey

uASaReARIHLarMribpepstarfid, #e Hunkablielieas aMr eRidyBloparaffins,

Resonance Spectroscopy (NMR). The white oils produced
thg,Stq@aturatlons are pentacycloparaffins, and the 6-unsaturations are
hexacycloparaffins. If aromatics were present in significant amounts in the
white oil they would be identified in the FIMS analysis as 4-unsaturations. The
total of the 2-unsaturations, 3-unsaturations, 4-unsaturations, 5-unsaturations,
and 6-unsaturations in the white oils of this invention are the weight percent of
molecules with multicycloparaffin functionality. The total of the 1-unsaturations
in the white oils of this invention are the weight percent of molecules with

monocycloparaffin functionality.

The white oils produced by the process of this invention have a low pour point,
generally less than zero degrees C. Preferably the pour point is less than -10
degrees C, more preferably the pour point is less than -20 degrees C. Pour
point is measured in one degree increments by ASTM D 5950-02. The results
are reported in degrees Celsius. The white oils have a kinematic viscosity at
100°C between about 1.5 ¢St and 36 ¢St. The white oils may have kinematic
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process of this invention have a desired conposition
of nolecules with cycloparaffin functionality. They

whawe/0l®w8s t han 18 wei ght percent total of nolBCUUSR05/024508

with cycloparaffin functionality. Typically, they wll
have between 5 and | ess than 18 wei ght percent

nmol ecul es with cycloparaffin functionality, nore

typically they will have between 8 and 15 wei ght

Vistiosties atelOs Clbetween tabowy ¢ oS anaf dbouti2dfceSlotha visgosity range

SEae i 1 Bl Sl i B A P Gl lons trt may
d%ﬁ%ﬁé d’ohliﬁ??ﬁ{itgmnsper cent of nolecules with

icycloparaffin functionality is less than 1.2,
nore preferably less than 0.8, nost preferably |ess

han 0.07 . it ;
R nba Ols prodesi LG RyCPapa T FiecdindleVe slow content of
%Shﬁftsﬁbﬁg@%%ibwe%é ehgh O OB waighopetdass, rHoRs prefsabiy0.01

FI V5 spectra were obtained on a VG 70VSE ma]ss
weight percentor levRe ThenPbE-WKtest methasliesadl (g measiieyow level

b sy [ 3
oo A I RD O s e
o oabisoryra e oxsten b s e S
eig Beonadese ieusispobiaram bighS st i U veders
Or.L: "
/%P@gaﬁlgﬁ i I\fcg ) @Z@%Eﬁﬁﬁé %ﬁfe‘ﬁt@@\e%ﬁflﬁa%r‘ggﬂbgﬁbméé $e6in in

Cl éncy was eva usi ng bl ends
méir@ﬂii'éty_ pure branched paraffins and highly

napht henic, aromatics-free base stock. The ionization
efficiencies of iso-paraffins and cycloparaffins in

Tﬁ@%it@a@% Hith iﬁ@élﬂio‘?ﬁﬁiﬂ%ééﬂ thi W\2@bsafance requirements of

SO- para ns and cycl oparaffins conprise nore than
Sithét%echinichleorsaedicitat grade whie wils: Ereferably then )/ absorbance
I hyent

o b B i By e e B89 R Bprdgss. e UV
abﬁbgp% BERMeNIODNE 29 HASSBLD af Igwas theTUY atdazbanes

erent nunbers of unsaturations nmay be
beyeens3@D ahd 328 wpas 20 dhiess oard thesUV absorbance between 330

and 380 nm is 0.7 or less. More preferably, the UV absorbance of the white

oils of this invention between 280 to 289 nmis 0.70 or less, the UV absorbance
between 290 and 299 nm is 0.60 or less, the UV absorbance between 300 and
329 nm is 0.40 or less, and the UV absorbance between 330 and 380 nm is
0.09 or less. The UV absorbance is measured using ASTM D 2269-99.

The white oils produced by the process of this invention in preferred
embodiments have a low Noack volatility, generally less than an amount
calculated from the equation: Noack Volatility, wt% = 1000 x (the Kinematic
Viscosity at 100°C)?’, wherein the Kinematic Viscosity at 100°C, in cSt, is
raised to the power of -2.7. For example, a white oil with a kinematic viscosity
at 100 degrees C of 1.5 ¢St will preferably have a Noack volatility less than
335; a white oil with a kinematic viscosity at 100 degrees C of 3 ¢St will

preferably have a Noack volatility less than 52; and a white oil with a kinematic

-23-



10

15

20

25

30

and aromatics. As the white oils of this invention
have very low |l evels of aromatics and ol efins, the

woredoeowees with di fferent nunbers of unsatur at PONESI005024508

be interpreted as being cycloparaffins with different
nunbers of rings. Thus, for the white oils of this

i nvention, the 1l-unsaturations are nonocycl oparaffins,
the 2-unsaturations are dicycloparaffins, the 3-

wssasltyr at 100hdegreestT of $aiSmaN pfdferbly hhee a Noack volatility less
atl ons are tetracycl oparaffins,
én% t %l?ﬁ efribeding cﬁfﬁmﬂ:{f@ Rigiarsed LpRer 'émd femboack volatility

Bt mrésl@meearb%dﬂwW@C ife! &Hﬂfsﬁﬁ@éﬁ’c&mg W@ ritll%s%RE 2.

were present in significant anounts in
Noagk wolatititytis dletﬂaed ialsithd masg d)!fiao:FIeNBrmldya iveeiglst percent,

whiROdRinghtie ol & Reh af PhSRaE s 20 roMElo AT kPa:
66 ImBaHIBI6W BimoBphSEc Wha t@ru@bl@fthw@ WR¥RAY E8Rstant flow

are the weight percent of nolecules wt
aliair ixgramaptar 80f iinutes (AS DD i5800). Thenaretainvehiertienethod for

ég@@%ﬁé&@qaé:%?v%&tﬂl@éﬂ?dm' ¢ lglla lﬁﬁggfe\x%qh IM\/Sell with REIT%]D 5800 is
Bpositycd e drabinhetrietdnanaer test (TEA) WY ASTRI D5375-09.

produced by the process of this inventiion have a |ow
pour point, generally |ess than zero degrees C.

y the pour point is less than -10 degrees C,
Q%gééggr?@%%é 'y the pour point is less than -20

degrees C. Pour point is measured in one degree

crenents by ASTM D 5950-02. The results are reported
V\ﬂi dhisdnyention willmake ideabbpse Rils forpaisaeakeare and

#ﬁéﬁ\%detlﬂlcéit nBQQQE RRENSHEH ﬂgﬂ{ﬂé witl Thefkdl gﬂgeggy gfbs%{erk with,

te o have Ki nenatl cvi SCOSI |es
asethm/eluba&:aiet smooBt saftenabriehd240d cedist mb&twneancmamy/

GERPBERB ey ek iohded bl %ﬁﬁ%@m%lahgﬁoo“c’?é@%a finished

w’ept Setfolhin, rk?er&‘@hélecéi‘{s' e?nchﬁé’Hﬁ@ééLfE% gr%d%%‘:\ﬁ/ﬁﬁ dre
this invention have a [ow content mati cs,

&#ﬂsilfe@ir piopgrtiess dMedininad gedenwhiid oilp of tistinventioa may be used in
;E’ro%ug{ rangjln% fo rom baby oils and lotions to sunscreens, tissues, skin

adhesives, and antibiotics.

The white oils made from the process of this invention will have utility in
applications as wide-ranging as dough divider oils, mold release process oils,
and food grade greases, to dust suppression ails in grain silos, animal feeds,
insecticides, chemicals, and fertilizers. They will lubricate food-handling
equipment; impregnate wrapping paper to keep foods crisp; control foam in
beet sugar, vinegar and paper production; and enhance the leather tanning
process. Low pour-point white oils will be useful to improve hot melt adhesives,
and they may lubricate low temperature equipment such as air conditioners
and refrigerator compressors. The white oils produced by this process that
have kinematic viscosities greater than about 8.5 ¢St are especially suitable for

use in food applications. They will be particularly valuable as plasticizer and
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wei ght percent or |less. The HPLC- UV test nethod used

to nmeasure low | evel aromatics is described in D.C.
we@aereset al ., "Influence of Goup Il & || BaEEsSI00$/024508

Composition on VI and Oxidation Stability," presented

at the 1999 Al ChE Spring National Meeting in Houston,

March 16, 1999, and in U S. Patent Application No.

10/ 744389, the contents of which are incorporated

M&EERaE PrbGdss ¢ils| bE&iell asTBH relddse agends, on focbni applications.
|nvent|on wll meet the UV abs rbancere nts_ of

3 taleasa mms@ae defined ydnadlS Hepaamant ol Agricllitreas

e
PREERCRS ot AT BENERRH BN fodfipdat clifleist bBhing tnches,
chbppidyg islbsiay @raasther hatd\eerfa@30tosalp peaventifoed Fom adhering
| ess, the UV absorbance between 300 and 329 nmis 2.0
d@ﬂn9é§§ce%ﬁﬁgtiua UV absor bance between 330 and 380 nm
is 0.7 or less. Mire preferably, the W absorbance of
the white oils of this invention between 280 to
Whit€ o6 obthis ésentionalsavhays exeellest oxidelige @ngldbeemal %@blllty,

0.
raggng hord ety deianie 8 gl (ERERARRE Bedftalifad. 1R A
p?é@idé%téiéﬁdm@|b§gr@eﬂﬁc@una@s§dve%e cbdisibasr Theyhave
nmeasured usin D 2269-99. The white oils produced

axgetiént lbec&c@@lQr stability gnd m@sﬁbe &mplayest as dtegpl and /or

enbod nts _h

e [BRCEpaadyirih PO} BhiortilpofipRAre!
punsiiylak athieknbplastic ¥astdMess and hoendtbus witargolymer
Vi scosHy at 10000 2 7, whe

h
forrseledipng. Exammirs Oi We&fspplasrggﬁ?ﬁé%@‘eF%gEemtyb%WeP'OS\‘
ol JoGar B Eg, BHhs e ng A SRS bock copopmer
ﬂmytlftér E@delgej pd)lymdﬂyam@spmlydiaﬁm Cﬁmogena)tm okefin ||nterpolymer
a ki nematjc t
o1 e e Hoaosl ot 557 8o Epbsoprene.
and a white oil with a kinematicviscosity at 100

degrees C of 5 ¢St will preferably have a Noack
Wiitetdilsirhgdé &em the process of this invention are colorless, low staining

and odorless, and thus will make excellent textile fiber lubricants, such as knit
oils and cotton spindle oils. They will be compatible with wool, cotton, silk, and
a wide variety of synthetic textile fibers. In addition they may be used as a
paper processing aid, and also as process aids for color stable caulks and
sealants. Because they are colorless they will also find application as
plasticizers and extenders for very light colored or clear rubbers and plastlcs
They will make a suitable solvent for colorants. The low-volatility white oils
made by the process of this invention will be especially useful as plasticizers in
the production of polystyrene, styrene block copolymers, polyolefins, flexible
formed polyethylene, thermoplastic elastomers, and various other polymers to
improve and control the melt flow rate of the finished polymer. Because they
are low staining the white oils made from the process of this invention will find

application in stainless hydraulic and aluminum cold rolling oil.
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than 13. A plot of the Iine defining the preferred

upper Iimt for Noack volatility of the technical or
wore@soigwsl white oils of this invention i s shoR€I/Us2005/024508

FIGURE 2. Noack volatility is defined as the nmass of

oi |, expressed in weight percent, which is |ost when

the oil is heated at 250 degrees C and 20 nmHg (2. 67

kPa; 26.7 nbar) bel ow atnospheric in a test crucible

\t\/lheougied/m plasacmemglahé prbdwetioh ofipolyraers, amﬁ;mgme dilg of this

t es STM D, 5800 A nore conveni ent netho
'Eé?’%!ﬂrhWI @be eI 99 ﬁﬁiqqﬂtﬂ‘?%a%@ L VE%Q'PB?%&&‘) parts

[

Ty TN DR I us S QR 8 B S T R U
Rﬂiﬂegt Noki 6658i,360; & 632882 iamdeh 1 583/588; bhd |ﬁ=k‘b382ﬂ‘:§@IA1.
base oils for personal care and pharnaceuti cal
products. Their inert nature will make them easy to
work with, as they |ubrigakgamrnoeth, soften, extend,
and resist noisture in many tornul ati ons. They may be
Exasnpled!:wi t h USP petrolatumto create a finished USP
petrol atum personal care, and pharnaceutical products
with nore desired properties. Medicinal grade white

Ahldrotfedtdd & |9chéf‘—mcbmhdex hfadés@bri e AEFREReF- RSP st
from baby oils and | otions to sunscreens, tissues,

catalysts ARuiO\areates tam 80 iwsight Rercemha-panatiias Jess thame.8
\&é@m b{e‘f%eﬂ f 8RR ag‘%dtai“réo b%ﬂﬁg gbog@‘t %Yo%'}%k@%s;géléété%f for

de-ran di Vi

hydlrmisonieelaabomdewaxmgonloswhw Qilf d'l(h@ rgjcﬁdﬁe@tlreea%ismertﬁopsch
n,sjlos, anjm

ok bad EdBan A R datel Soingc pigRend swmyaw: Jdss than 25
dghg'tétﬁ%&nm%élagﬁﬂdrﬂgc@&éﬂ R Ihim, #r{mf denifr? i,

Daper to kee cris dontrol 'foam I get sugar,
2ina digaened reilicpap ehephydtotreatsd, F|anldere'ﬁiwsch Wd)ehdadagtdfaier than

nm n ow ite o wi | |

R e A R S
hydrotreated Fischer-Tropsch wax had a weight ratio of molecules having at
least 60 or more carbon atoms and molecules having at least 30 carbon atoms
less than 0.05.

Example 2:

The hydrotreated Fischer-Tropsch wax described in Example 1 was
hydroisomerization dewaxed over a highly selective and active wax
hydroisomerization catalyst containing 65 wt% SSZ-32 zeolite and a noble
metal hydrogenation component, Pt, on a refractory oxide support. The
hydroisomerization dewaxing was conducted at a temperature of 600°F, LHSV
of 1 hr, 300 psig total pressure, and 5,000 SCF/bbl once-through hydrogen.
The white oil produced by the hydroisomerization dewaxing passed directly to a
second reactor, also at 300 psig total pressure, which contained a Pt/Pd on
silica-alumina hydrofinishing catalyst. Conditions in the hydrofinishing reactor
were a temperature of 450 °F and LHSV of 2.0 hr'. The yield of products
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and they may lubricate | ow tenperature equi pnment such
as air conditioners and refrigerator conpressors. The

woriob®1w8l s produced by this process that havePCT/US2005/024508

ki nematic viscosities greater than about 8.5 cSt are
especially suitable for use in food applications. They

wi Il be particularly valuable as plasticizer andnol d

rel ease process oils, as well as 3H rel ease agents, in
boitidg ap B8 degress C @id highen@5085ehoat af thedefdroftshivig reactor

Y5 DBURSLMenohine elrolrasted lrch e ropaRa Wasdrerd o the
Hﬁd?@%?nerfié@i@ﬁirﬁﬁcl?ﬁ'.ocﬁﬁe %n\fétrﬁ%g\ T HdSAE 1RARY 4tB43 degrees

hel p prevent food from adhering duri'ng processing.
QGrandehighes (6550°F ) in theviiachermT rapsch meaxdogxoduttsiitoiling at 343

' [ d th t abi | 1 t,VonoBKi t h 0 o
GRGRBL ARy PR b I SR iel® eomDoctS wiobi050°F-
Prheifeed ) dedichiiateg tRe Bidreaotivity of RS hyd@isdrhsrization dewaxing
conditions. They have excellent UV & color stability

eMalyghy be enployed as internal and / or externa
| ubricants, in polystyrene, polyvinyl chloride,
pol ypr opyl ene, pol yethyl ene, thernoplastic el astoners

ahel whaitee 660 S Foit semplobfythiernyidesfinisieéd prsducEkadil Eiseffatic
ernoplastic el astoners are styrene bl ock copal yner

h ,
Yistsay At 05 G- 209 Fohea Brmgiatasioci h oS ot b st and
I : i.de, r
PG pERPErYIPI0. Po YRTOSH inBBI TS e ert! il Gliiple was
16&, phéwindosity awdsx was graater thlanaaroahatinb selcuizded by the

t -1.,4-palyi ,. Wiite oils made fromthe
oS VisooRly dndele htnemiaucodpersid 100 & B g4
'ﬁﬁ%%r I Jtﬁ%g%l??f%fsuchatysd {pr?i t o?ilggﬁ?rqgggé? Iag'ﬁ HQJS? %fmlsehmg
rsialctors,TieySayhdlt ¢aorcafithist whole sanplevamiling atodm P asdldbove

i i ic. il e fibers,
RS 2e0 faraPal popdioti Bt a3eistpgiie yeisdBeRzatahand
o fhiSRINGSTeRERES Bfe BhgiSolf 8610F BF lfHe whek! \ﬁhi@é‘}d%l bg?cggtcﬂ boiling

seal ants. Because they are col orless they w
at 60 Fppnd @doverwass+22. All of the products collected from the

hydroisomerization dewaxing and hydrofinishing steps met technical white oil

specifications.

After 700 hours of operating the hydroisomerization and hydrofinishing
reactors, a distillation cut of the product between 730-950°F was taken. The
distillation cut had a kinematic viscosity at 100 °C of 4.547 ¢St, a viscosity
index of 159, and a pour point of -17°C. The Saybolt color was +29. The
viscosity index was greater than an amount calculated by the equation:
Viscosity Index = Ln(the Kinematic Viscosity at 100°C) + 115 = 157.

The unexpected excellent color of the products of this process is attributed in
part to the lower temperature required for the highly selective and active wax
hydroisomerization catalyst (600 °F), but we believe the excellent color is

mainly due to the more restricted crystallographic free diameters of the
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pl astici zers and extenders for very light colored or
cl ear rubbers and plastics. They will nmake a suitable

w@olosemesf or col orants. The lowvolatility whiPE€I/051085/024508

made by the process of this invention will be

especially useful as plasticizers in the production of

pol ystyrene, styrene bl ock copol yners, polyol efins,

flexi ble formed pol yet hyl ene, thernopl astic

cHaastetnef SSZBRicomparadtcoB APO-pbl B8-821(bui mpr SAPCant) has a

th t fl rate of t nlshed ol ynmer
BEL im0 meisCHleE sievd haviiceaals witna BMaman seatagsaphic
&8 dRIMGEP f bt IbFé%ér{‘g.‘%ﬁAh rd%'dndféPrﬁa Ahd &@,& éﬂ@\ﬁf&ﬂ)hlc
st ai nl ess raul 1 c and al um num col d |ng

fierediaaetpt a‘énmtainmee tham6 .Onfengatieohoy cancbno @hapnebsnmﬂsa

the white IS IL.nvention

ST Ty Galdargpnis sk HBMERR GBelfnthpl B 4 A5astiPrt “The more
restrictey cwﬁt@xﬁgraﬁn@ﬁe@fzxﬁam&&e@fof% ERariél§ oRSSZ-32 limited the
fgl asticizers are given in US Patent Nos. _6, 653, 360;

rpatiorsebring domothsn), B tures deFing &2 6lon Thesssartss show

HERRa whh o Yo bR foblch e EbalisoR b bRt R Bmeeps

rtrbauc@oﬂs%tr@ﬂnétﬁrtéaﬁmcél S bkt Rredidivslyrade vHiteoil
vvel ht percent oxygen, and a T90 boiling point of 972

ties-e iteq Iarigr hydraisemssization seaciar apakatinadimes, ¢gnedicinal
LS L 645 OBED S
varmtb d)néby atshd:seaﬁepphydroﬂaﬂshmn‘eanm aabwhghtlymxgimqiréssure or
t tin,
i g SherfeChyaRba S RA e LWHE & RetGpaasnamS adiarbent.

greater than 30 wei ght percent of nol ecul es having at
| east 30 carbon atons. The hydrotreated
Baopler3: Tr opsch wax had a wei ght ratio of nol ecul es
havi ng at | east 60 or nore carbon atons and nol ecul es
havi ng at | east 30 carbon atons |ess than 0. 05.

RCS tests were performed on the whole 650 °F+ and 730-970 °F distillation cut
white oils described in example 2. Neither of these white oils passed the RCS
test. Subsequent hydrofinishing was conducted on these two samples. The
hydrofinishing conditions were the same as those used previously except the
total pressure was increased from 300 psig to 500 psig or 1000 psig. These
white oils prepared by subsequent hydrofinishing at pressures higher than
about 325 psig passed the stringent RCS test. The results of the analyses
conducted on all of the white oil samples are summarized in Table |V

Table IV — White Oil Samples

White Oil Inspections Whole Product Distillation Cut
Sample Whole 650 Whole Whole 730-970 | 730-970 °F
°F+ 650 °F+ 650 °F+ °F
Hydroisomerization 300 300 300 300 300
Dewaxing Total Pressure,
psig
Mild Hydrofinishing Total 300 300 300 300 300
Pressure, psig
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Exanpl e 2: The hydrotreated Fi scher-Tropsch wax
described in Exanple 1 was hydroi sonerizati on dewaxed
wWo@@n/0896Ri ghl y sel ective and active wax
hydr oi soneri zati on catal yst containing 65 wt % SSZ- 32

zeolite and a nobl

e net al

PCT/US2005/024508

hydr ogenati on conponent,
on a refractory oxi de support.

Pt,

The hydroi soneri zati on

dewaxi ng was conducted at a tenperature of 6000F, LHSV

OKNh]teBE‘ ,;gpect,égo p$ig tot alwm,[eqsrgwce, and 5| 000 CiitbiCut
oRece—tH uuun ||_yU| reen—The—white i auc ! T ~ o
hydr oiS8BREr i zat i on Q%l_ﬁ)@?(hg gg&%_%d dég g G@O%O 730-970 °F
second reactor al so 300 t ot Dr eSSHe—MW H—ch
Supeaquehttedroini#ttiigPd | on Neinki cal- al i na hiﬂﬂ’pof niNgweng| 1000
Tata Pedsyge,.psi@ondi ti ons i n thel hydrofini shing|reactor
Pé’ﬁﬁ’ﬁl laéerrper ature of 5550 OF and LKHSV of 2/0 b7 1 The
‘“ e n “:‘ Gd'luul. ouul I Hig—atT—343 dcgl ees C danQ]‘ T
V'§®§@F49 Cotft of the hy9rdSfini shi ng feactor was°a 57
V,g\go%/q)ofootdleshydr ot nf eatserbaFi scher - Tropsch wa f4e®d |nto
the "OT SOMET T Zat | 03 eacror. Ihe conver $i 051
VlB(I"OB'(T)V ﬁ‘? boi Li ng at 6-! r‘log ees G and-hi gh 550?-\
Saybolt G@orFi scher - Tr gpsch2®ax o products boi nc‘iz%t 843
ggr ees C and Tower (@3p0F- \pggs aboupasd2%9 (t rgir € Was pass
—about 15 -wt-% 6500k nr—theFepdh)—denonstratingthe pigh
U¥0ASTM P3268199t he hydr oi soner| zati on |[dewaxi ng cat al yst .
The whol exfibfBo0im+ saophe of the hydr@édmi shed.6productd.175
had a kin c_vilscosidy af 100C of 41cS g542 0.151
ki nemat i cséﬁaﬁsdgo 'T't (féézfooc of 20. 36 (i, 7t739 and a pour
poi nt of 3@BE9, Mhe V|05%Q§‘>S| ty i ndex |of 0-0%f s |wHb{4® 650 013
F+ sanpl e3g@§501,§§ Thg 18i scpsity i ndexoams | grestser 0.088
+Hhar—anr—amount——cahcutated IUV the—eqguatTon [Vi STOoSI Yy
Sir Bisk Y%, f{ Ki nenat]i ¢ Viscos{ty at 1000C) +|120 = 164.
After smmt 400 hcur584m6480p=r ating|the 651/702
hydr oi fd)/rg%rl zati on Angdr of i ni shiing react oyg7gshe
Saybol t” col or of th| S vvhol e| sanpl e [boiling|at 650 OF
and above 812 830
70/90 898/1027 878/941
95/FBP 1087/1187 969/1023
FIMS Analysis, Wi%
Paraffins 87.1 86.3
1- unsaturations 12.9 13.7
2- unsaturations 0 0
3- unsaturations 0 0
4- unsaturations 0 0
5- unsaturations 0 0
6- unsaturations 0 0
Total 100.0 100.0
Molecules with Cycloparaffin 12.9 13.7
Functionality, wt%

Hydrofinishing at a higher pressure was effective at improving the ultraviolet

absorbance, and significantly reduced the aromatics, olefins, and color bodies.

The samples hydrofinished at pressures greater than about 325 psig for a
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was +26. After about 800 hours of operating the
hydr oi soneri zati on and hydrofini shing reactors the

w@agboldsscol or of the whole white oil product POI/UEI995/024508

at 650 OF and above was +22. All of the products

coll ected fromthe hydroi sonerizati on dewaxi ng and

hydr of i ni shing steps net technical white oil
specifications. After 700 hours of operating the

bl tinesvdraahedidinangrdtiedipité bils Humablesft et dn féod and

di stillation cut of the product between 730-950 OF was
phararacetiigalgi stil 1 ation cut had a kinematic viscosity

at 100 OC of 4.547 cSt, a viscosity index of 159, and

a pour point of - 17C. The Saybolt col or was +29. The
Thesmexamplesdiomoastraie ¢hatea stbsaguent aydrofinistihg steat dproduce
by the equati : Viscosjty Index = Ln(the Kinenat] ]
Dbstaial 0j5de Widsels Tt be 2ceBmpished iha scie yarofinishing step
TGS s C el Fads iibFopEafads ithout R IASATENHS uping the
proces$ of thig iventieh e dhievetah plessuire daringsubsequent hydrofinishing
hydr oi so i zation catal yst (600, F t bel | eve

St 5 38Rk Bns Brofni reitertd PV lisaifgse to'dCceptable
legsls! bEfEle aHB§hate! tBbhaRBk G fechRical gi‘é%fe%ﬁité’f)il that does not

t hechannel s of 'SSZ-32 conpar ed to SAPO-1 1. SSZ-32

rass thedRC8Apsl to a measiginal arade ndhite eibthad passesathesRESetest.
havi ng channels with a mninmum crystall ographic free

di anmeter of not less than 3.9 Angstrom and a maxi mum
E;xamp[@htqgompb'ra?tivfe -ee di aneter of not nore than 6.0

Angstrom and no channels with a maxi num
crystal |l ographic free dianeter greater than 6.0

0GR S0 D A LR A BB by sl

priorathydrotedatmeng were anidigzed sind fmind weshdveatthiengroperties as
color.. T es?_ Fr@l es show that even with a very mld
MG IZRE i ﬁéep essure of 300 psig, the process
produces oils that neet technical and nost nedicinal
grade white oil specifications. After |ong

hydr oi soner i zdtabten Vr-e RetBasenplisehemnfrapschdVaredi ci nal

Properties M5 Wax C80 Wax
Sim. Dist., Wt%, °F

5/10 718/739 809/840
20/40 761/799 875/927
50 816 940
60/80 832/878 963/1003
90/95 911/940 1033/1058
GC Analysis

Wit% n-paraffins 80.73 77.02
Nitrogen, ppm 6 Not tested
Sulfur, ppm 6 <6
Oxygen, wt% 0.136 0.23

3 parts M5 Wax and 2 parts C80 Wax were blended together to produce a
Fischer-Tropsch wax having a T10 boiling point of 756°F, a T90 boiling point of
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grade white oils may be produced in high yields by
treating the technical grade white oil by a subsequent

whasoidesi shing reactor at a slightly higher prerES2085/024508

or by treating the technical grade white oil with a

het er ogeneous adsorbent. Exanple 3: RCS tests were
performed on the whole 650 OF+ and 730-970 OF

distillation cut white oils described in exanple 2.
995°FhRyssthah M3 iWhbXye edl hAad RPpe@dmiaksly ROWi% $itparaffins.
Subsequent hydrofini shing was conducted on these two
Neithared themexesverei dspreaiedondi ti ons were the sane

as those used previously except the total pressure was

i ncreased from 300 psig to 500 psig or 1000 psig.

Tiree blendhwae distillsd po egraoesl iHeyhighbs bailingtmdigduleti Mitehdistilation

at, pressyre igher than a 3 sl g.. passed .t he
A e LI AL
SeanuerS Byartishpato eRpeR Gino SABRS 8l and active
ISairpisoptdyization watdlystgvitht a achiegmetal jPESARQ- 1 on a refractory
ef.fective at, ifRragvin ul travj ol et absorbance, an .
oSSt ARSI & L Tarniplegudlsdiienlaahit ghafinels with
£ hPimbRPESStallbhRiphidREE Hidhiefe? lof bk 224 tAhNn R APdEESmM, but
reater than about 325 psig for asecond tinme were
t?vedn@mrrmm grysdellogiaphic didesdiaggitersefl thefaanoels is gréaied than 6.0
Lﬁgs%gﬁr maceuti cal s. These exanpl es denonstrate that a
sequent hydrofinishing step to produce nedi ci nal

grade white oils may be acconplished in a single

hydrofi ni shing step when a technical grade white oil ]
The waighter _ts'?'ﬁ’Bd1 hyae s wi%hilhg igiraigomesizptier dewaxing
S ESH) B 10 ALt oS P MY o g temperaure

cf@5QuRt eSubseguiitydhsfinidhiad sestdoreeovar aPda siit®-alumina
| evel s, i)r to be adequate to change a technical grade
GRtplyet o 10Qthasigdeled Prrssup8ad diel test to a

nmedi ci nal grade white oil that passes the RCS test.
Exanpl e 4 (Conparative):

The properties of the lubricating base oil produced by these steps is shown

below in Table VI.

Table VI
Properties Comparative Example 4 Base
Oil

Viscosity at 100°C, ¢St 8.144
Viscosity Index 158
Pour Point, °C -28
Saybolt Color +27
UV Absorbance

280-289 nm 0.007

290-299 nm 0.005

300-329 nm 0.001
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Two different sanples of Fe-based Fi scher-Tropsch
waxes produced by Sasol, prior to hydrotreatnent, were
warabyresl and found to have the properties as PCT/US2005/024508
summari zed in Table V. Table V - Fe-Based
Fi scher-Tropsch Wax 3 parts Mo Wax and 2 parts C80 Wax
wer e bl ended together to produce a Fischer-Tropsch wax
having a T10 boiling point of 756F, a T90 boiling
poi nt off@®PErtidsess than 0.2 @othparaties Exantble 4 Base
approxijmately 79 wt% n-paraffins. Neither of the waxes
were hydrotreated. The bl end was distil led to renove
t he hi gher Dboitin ' 5. The distd hRgtionm bottons
had a 190 boiling saiel oF |10590F. Theo30at i1l ation
bot t ons HiM&«y feed) were hydroi sonerizati on dewaxed
usi ng atFl es%. sel ective and|active hydroi soneri zati on
afp

cat al Y3 WSa nobl e netall (Pt/SAPO-BHhY on a _
refractory1.0xjrdaifrditiy t - $APO 11is f3-D10-ring

nol ecullar si eve having channels with a mni num
cryst all| og2-aptmsaturatiensli angt er of not Hé&ss than 3.9

Angstrom but th xi mum ¢grystal |l ographjc free

di anet jer of” W@aﬁﬁgﬁ% s ig greater thggj 6.0 Angstrdm
The weilght4pemeafifrafO- 1 1 was 85 wt %y grhe
hydr oi $omeri zat i on dewaxi ng conditions were 500 psig
total 1eactoungpgaiiens 0.8 LHSV, and @.0 enperat ure {of
6500F. | Subge of i nitshi ng was dQne over a Pd [on
silicaial 8% ﬂlﬁggg{r%ﬂﬁ at {1000 psig t@l%&ﬂ pressure

and 450 OFToffhe properties|of the | ubqpgati ng base ai
produced-by these steps is!/shown helow in Tahle VI

Tabl e VMoleeules Mty ati ve white oi | exd@Pe,
Conpar apH mle 4 Base|Q |, was nade with a
nol ecu gjry\ég)lpe%e SAPO-1 1) |with a maxi num
Fagctgrimlity, fwige di a

crysta

ter exceedi ng the maxi num
crystal

ter of not nore

This comparative white oil example, Comparative Example 4 Base Oil, was
made with a molecular sieve (SAPO-11) with a maximum crystallographic free
diameter exceeding the maximum crystallographic free diameter of not more
than 6.0 Angstrom of the highly selective and active wax hydroisomerization
catalysts of this invention. It was hydrofinished under high pressure (1000
psig) to yield the white oil with good Saybolt color and low UV absorbance.
Note that the VI of this white oil is low compared to the preferred white oils of
the current invention. The Vi is considerably less than an amount calculated by
the equation: VI = 28 x Ln(Kinematic Viscosity at 100°C) + 105 = 164. This
white oil does not have the desired composition of molecules with cycloparaffin
functionality of this invention.

Example 5 (Comparative):

A hydrotreated Co-based Fischer-Tropsch wax having a T90 boiling point of
greater than 950°F was hydroisomerization dewaxed using a molecular sieve
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than 6.0 Angstrom of the highly selective and active
wax hydroi sonerization catalysts of this invention. It
wor®ehydsnf i ni shed under high pressure (1000 pRCTYS1005/024508
yield the white oil with good Saybolt color and | ow W
absorbance. Note that the VI of this white oil is |ow
conpared to the preferred white oils of the current
invention. The VI is considerably |ess than an anpunt
(PﬂBNd@-tﬂ()i\Abt‘h 4 htaxdruat ¢rgstalldraphitBiree ldm(rﬁem exceeding the

e et Dot
l‘@&lﬁk{%@?&cﬁ@{e arﬁdfé{ﬁ&[% W*&r&s@hérlﬂaﬁoh %‘é@él%t@ IbF Y AEreion.

nparative) reated based
rs'&nm@m&i%mlaiewwmgwgorwltr@ﬁs were 3AQ psig tatalgeactor

reater than 9500F was drais Li
5 ngygﬁwe@w@@ iempgratyie, leeﬁrﬁt% é@a\ﬂﬁb %ﬁ%“e”t
rystrﬁ%ﬁlﬂg VR dj&n§ be&r 4 PaMsH Silicasnarmansatalyst aB300psly total

ree dianeter of not nore than 6.0
p*ﬂgslreczmmsm ﬁE hA gligtijlatien eﬁthevfelllmlrm:rtar@@ maduct was made

r0|s on ca

2 Spate e POinG B0 Rl b B a3 iagipictea.
t ot al reactor pressure and a tenperature of
approxi mately 660 to 680 OF. Subseque hydr of i ni shi

10 T pnestios ef the IRENGHINg hasso kPR ILM WEFE S1eRS SGuSown
&% %l jt%l jessure and 450 OF. A distillation of the
PV B Jid fﬁg fange product was made and a sanple with

a boiling range between 73Dabhle \ABOOF was col | ect ed.
The properties of the lubricating base oil produced by
these steps are shown below in Table VII. Table VIIThe

ﬁggfg; ?rP@rﬂeﬁtée%nder I g\?vsgru &"?%?V\?ﬁ e&é\tm?g&ﬁ% at
removing the aromatics and icolor from | ubricating
gtaic,gAglcl is agi 100P@y @sgoneri zat i on dgwaxed using .
oi | due Viscosityhbndieng a dar k| col or and 147
Pour Point, °C -17
Saybolt Color -1
W1t% Aromatics 3.0
FIMS, wi%
Paraffin 87.0
1- unsaturations 10.0
2- unsaturations 0.0
3- unsaturations 0.0
4- unsaturations 3.0
5- unsaturations 0.0
6- unsaturations 0.0
Total 100.0
Molecules with 10.0
Cycloparaffinic
Functionality, Wt%
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hi gh aromatics content. Exanple 6 (Conparative): A
hydr otreat ed Fi scher-Tropsch wax (Table VIII, bel ow)

wor®elswReri zed over a Pt/ SSZ-32 catal yst whi cPCT/US2005/024508

cont ai ned 0.3% Pt and 35% Catapal al um na binder. Note
that the T90 boiling point of the wax feed was | ess
than 9 15F. Run conditions were 560 OF

hydr oi someri zati on tenperature, 1.0 LHSV, 300 psig

Thedlompardtioe ExXapgsiereBase d)nlasrmmehcwvmdmmwng@ﬁaer low
rate of 6,000 SCF/ bbl. The reactor effluent passed
Br&SsEre Waﬁaoé effestiveiahraraovipa it araraaticryand selosfrom the

ﬁfbrlégﬁ)n bge toﬂttﬁiat Wé?ﬁw@sorﬂ%éﬁ?loﬁ%ﬁé@dgﬁpgﬁﬂﬁﬁ 11.

|ca umna dro Ing c ons in
ifhat sampletmuldﬂm qaatigrgsea aﬂﬁtemllodueﬂfﬁﬁlt baviagca UER\Cadr and

é %t erS|o nd yields, as well as the properties
o QfQ"}ﬂ}'&Féﬁé‘ rized stripper bottoms (Conparative

Exanple 6 Base Q) are given in Table I X. Table VIII
Hydrotreated Fi scher-Tropsch Wax Gravity, APl 40.3

EIP(am@@ieﬁ (Copmaravedul fur, ppm2 Sim Dist., W% OF

| BP/5 512/591 10/30 637/708 50 764 70/90 827/91 1

95/ FBP 941/ 1047Table | X - Preparation of

W@ﬁﬁ?'%@gﬁm%&i waRirapk VidbeictPrRad idhhétrediover a
Pt/SSZ-32 catalyst which contained 0.3% Pt and 35% Catapal alumina binder.
Note that the T90 boiling point of the wax feed was less than 915°F. Run
conditions were 560 °F hydroisomerization temperature, 1.0 LHSV, 300 psig
total reactor pressure, and a once-through hydrogen rate of 6,000 SCF/bbl.
The reactor effluent passed directly to a second mild hydrofinishing reactor,
also at 300 psig total pressure, which contained a Pt/Pd on silica-alumina
hydrofinishing catalyst. Conditions in that reactor were a temperature of 450 °F
and LHSV of 1.0. Conversion and yields, as well as the properties of the
hydroisomerized stripper bottoms (Comparative Example 6 Base Oil) are given

in Table IX.

Table VIII - Hydrotreated Fischer-Tropsch Wax

Gravity, API 40.3
Nitrogen, ppm 1.6
Sulfur, ppm 2

Sim. Dist., Wt%, °F

IBP/5 512/591
10/30 637/708
50 764
70/90 827/911
95/FBP 941/1047
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560 OF, 1 LHSV, 300 psig, and 6 MSCF/ bb! H2 Conversion
650F+ to 6500F-, W% 15.9 Conversion 700F+ to 7000F-,

wOLOts09681 Yi el ds, W% C1-C2 0.1 1 C3-C4 1. 44 (CBC1/882005/024508

1.89 180-290 F 2.13 290-650 OF 2 1.62 650 F+ 73.19
Hvdr oi soneri zed Stripper Bottons (Conparative Exanple
6 Base Ql): Yield, W%of Feed 75.9 Sim Dist, LV% F
| BP/5 588/ 662 30/50 779/838 95/99 1070/1 142 Pour

Poi nt, CJakle IXrePpenaratian of Hpdrdisem&drahSatppes Botwmmd e
6 Base Ol was too high to be considered a good
quality white oil. This exanpl e used a feed with a

| oner T90 bOmesd?ﬁérrﬁatibﬂJofkﬂv\@éﬁ sﬁ@%z‘&ﬁ waxy
feed of this invention th has a I'ng poi nt
greater than 8 °ehkEsY, GOOQ?HQ cﬂmi@M;SGbeTHQ | evel
of conversion in the conbi ned hydroi soneri zati on and
hydr of i ni shing steps was al so i nhadequate to reduce the

@mnvqn@bmﬁﬂoeFe\m@ng.ths/oexamHg al so did not have
Itéfqem})re err%? evel of conversion of the 650F+

§E319n 790 Rt terir B8 Hey Wtbh opscid-haxy feed to products
boiling at 6500F of greater than 20 wt % and

Yields, Wt%
C1-C2 0.11
C3-C4 1.44
C5-180 °F 1.89
180-290 °F 2.13
290-650 °F 21.62
650 °F+ 73.19

Hydroisomerized Stripper Bottoms (Comparative Example 6 Base Oil):

Yield, Wt% of Feed 75.9

Sim. Dist., LV%, °F

IBP/5 588/662

30/50 779/838

95/99 1070/1142
Pour Point, °C +25

The pour point of the Comparative Example 6 Base Oil was too high to be
considered a good quality white oil. This example used a feed with a lower
T90 boiling point (911 degrees F) than the waxy feed of this invention that has
a T90 boiling point greater than 490 degrees C (915 degrees F). The level of
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|l ess than 75 wt% All of the publications, patents and

patent applications cited in this application are
wheweiomesncor porated by reference in their entPCBUS2008024508

the same extent as if the disclosure of each

i ndi vi dual publication, patent application or patent

was specifically and individually indicated to be

i ncorporated by reference in its entirety. Mny

oohdefsiemin thescarhbinbe Mmmeyzambodndﬂydmfmﬁshlm@ steps was

S L R BBy TR e B3 0 o
rﬁ?ectﬂgyrﬁfé‘?fécﬁ%vél | dORVBESIGH bf e 650 Fep it cfEeihitR€ Fischer-

e scope of the appended cl ai ns. WHAT
TirSpSthiveip fed td produsts beiling af 6HAH- rcg‘ graates thamaRtle and
Vi s osug%@ 1000C between about 1.5 cSt and 36 cSt;
5 lgss @y index greater than an amount cal cul ated
by the equation: Viscosity Index = 28 x Ln(the
Ki nematic Viscosity at 1000C) + 105; c. less than 18
Ad)eofgume pehlicstionsniladenis @@dmatﬁnt@mlt@aapaqs citgd in this application

rhﬁg'ﬁ %gﬁ!:értpég?t%g Y BfatentS) r{‘ﬁ%&f ) w%{‘ A thE's %Eﬁ@%t%ﬁ? as if

B il Sédre aSf e%*cﬁllﬁdhﬂuduahpmlﬂlcatlbhﬁpameac applﬂqatlondmpatent was
greater that an anmpunt cal cul at ed by

10 smes:&@@ilydea@wdﬂaﬁ%n@“iaﬁ%@F\% R.lﬂ@?fﬁ?r%?ev g‘?fﬁpc%fn its
2%) + 115. 3. The white oil of claim 2, vvherelnthe
Sity index is greater than an anount cal cul ated
by the equation: Viscosity Index = 28 x Ln(the
Ki nemati ¢ Vi scos at 100

0C) .+ 120. 4. The white qil
Many mqﬁl@thmé}féh% egqa,@p&m ,e)nbtggcﬁmqngs pfsé&e inMgption disclosed
e will readily occur to those skilled in the art. Accordingly, the invention is
15  to be construed as including all structure and methods that fall within the scope

of the appended claims.
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5. The white oil of claim4, wherein the pour point is
| ess than -200C. 6. The white oil of claiml1l, wherein

W0 b@eBegRDI t col or is +25 or greater. 7. The whCT/ES10$/024508

of claim®6, wherein the Saybolt color is +29 or
greater. 8. The white oil of claim1, additionally
passing the RCS test. 9. The white oil of claiml,
wherein the UV absorbance between 280 to 289 nmis 3.5
or WIHAT, IStQeAIMEBYSor bance bet ween 290 and 299 nmi s
3.0 or |less, the UV absorbance between 300 and 329 nm
is 2.0 or less, and the UV absorbance between 330 and

389, M il” havi gess. 10. The white oil of claim9,
OV ab

wherein the or bance between 280 to 289 nmis
0. 70 avr alkinsmatiheisthsitytatoltii Oclee tiveionesbou? 906 a8tlafd 36rast;

m i 20 KRG I Qe RN FSRh e Bl B eaasp ation:
and 380viyosity thdek 08 xel_%ﬁ(_thékineﬁ%id’“@isb?si%%te%q?gaﬂ 5;

I
1, having less than 1.2 weight percent o
wi t h Grulessdhan dBaveight percantmotecalles with tclopheafiihifturctionality;

oi | | al A | ess than Q.01 wei ght percent
of ng{'eélﬂ%gg]pmﬁ%ﬂ@ﬁgﬁ? gsgﬁﬁsf‘gna?%ncti onality.

13. Brea@uybelt@olordff +Q0adrfréaterddi tional 'y having a
Noack volatility I ess than an anount cal cul ated by the

equation: Noack Volatility, w% = 1000 x (the

Ki g1e | G [ ) . . j j

oo e i 8 27 lain ™, vkt (68 visgHsiny Gl tyBlfer that an
aboutamountacBlcudaed 3y thtequation: Vissosity Indeixnd28 xdrrfeieer
than)Kan an?uq} cal.cul atég b¥ t he equation: Viscosity

| ndexXX\RePgl¢ VisgosH akil Al T£1%4 scosity at 1000) + 95;
c. between 5 and |l ess than 18 wei ght percent nol ecul es

with cycloparaffin functionality;
3. The white oil of claim 2, wherein the viscosity index is greater than an

amount calculated by the equation: Viscosity Index = 28 x Ln(the
Kinematic Viscosity at 100°C) + 120.

4. The white oil of claim 1, wherein the pour point is less than -10°C.

5. The white oil of claim 4, wherein the pour point is less than -20°C.

6. The white oil of claim 1, wherein the Saybolt color is +25 or greater.

7. The white oil of claim 6, wherein the Saybolt color is +29 or greater.

8. The white oil of claim 1, additionally passing the RCS test.

9. The white oil of claim 1, wherein the UV absorbance between 280 to 289
nm is 3.5 or less, the UV absorbance between 290 and 299 nm is 3.0 or

less, the UV absorbance between 300 and 329 nm is 2.0 or less, and the
UV absorbance between 330 and 380 nm is 0.7 or less.

- 37 -



10

15

20

25

30

d. less than 1.2 weight percent nolecules with
mul ticycloparaffin functionality; e. a pour point |ess

wao b@e/oresp degrees C, and f . a Saybolt col or PET/H2B0D024508

greater. 15. The white oil of claim 14, wherein the
wei ght percent nolecules with nulticycloparaffin
functionality is less than 0.08. 16. The white oil  of
claim 15, wherein the weight percent nolecules with
mul ticycloparaffin functionality is less than 0.01

17. The whi i | : :
SRS Py e 8t BB 250 0 290
18. TEFn .%.?IGlo?'léssﬁheCU;vHéBé&baﬁé’éibéiv@w $90 BAYIZUY Am is 0.60

Noack 'vol a ty Tess an an anount cal cul ated by the
equabf s, iealdV Almosbaridet lyetweies 3001800 329 (ds 0.40 or less, and

Ki nematj ¢, Vi it t 10000) " 27 .. . j [
ol o ther ¥ sfirarned hehwesrn pad aas il S hRsftn
mul ticycl oparaffin functionality is between 8 and 15.

20. The white oil of claim 14, wherein the pour point
i s11.6Ewe white oilafetaim 1, having less than 1.2 weight percer?t of

molecules with multicycloparaffin functionality.

12.The white oil of claim 11, having less than 0.01 weight percent of

molecules with multicycloparaffin functionality.

13.The white oil of claim 1, additionally having a Noack volatility less than an
amount calculated by the equation: Noack Volatility, wt% = 1000 x (the
Kinematic Viscosity at 100°C)?’.

14. A white oil, having:

a. a kinematic viscosity at 100°C between about 1.5 ¢St and 36 cSt;

b. a viscosity index greater than an amount calculated by the equation:
Viscosity Index = 28 x Ln(the Kinematic Viscosity at 100°C) + 95;

c. between 5 and less than 18 weight percent molecules with
cycloparaffin functionality;

d. less than 1.2 weight percent molecules with multicycloparaffin
functionality;

e. a pour point less than zero degrees C; and

f. a Saybolt color of +20 or greater.

15. The white oil of claim 14, wherein the weight percent molecules with

multicycloparaffin functionality is less than 0.08.

16. The white oil of claim 15, wherein the weight percent molecules with

multicycloparaffin functionality is less than 0.01.
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17. The white oil of claim 14, wherein the Saybolt color is +29 or greater and
it passes the RCS test.

5 18.The white oil of claim 14, additionally having a Noack volatility less than
an amount calculated by the equation: Noack Volatility, wit% = 1000 x

(the Kinematic Viscosity at 100°C)>".

19. The white oil of claim 14, wherein the weight percent molecules with

10 multicycloparaffin functionality is between 8 and 13.

20. The white oil of claim 14, wherein the pour point is less than -10°C.
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