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WO 2006/019681 PCT/US2005/024508 WHITE OIL FROM WAXY FEED
USING HIGHLY SELECTIVE AND ACTIVE WAX

HYDROISOMERIZATION CATALYST FIELD OF THE INVENTION 5 The
%%&@ﬁfo?ﬁ%}ntion relates to a process for producing one or mS$rE it B 0
from waxy feed using a highly selective and active wax hydroisomerization
catalyst, and the composition of the white oils produced. 10

BACKGROUND OF THE INVENTION White oils are essentially colorless.
White 0fis OidyArGitharigghniRDAr Snediel aHy M & TEChtdalANIXAGTEVE

have a Saybolt colgy, - - Medicinal
grade white oils ha%\é%éa% o@%@&%%‘é g%ﬁémﬁrmore

particularly equal to +30. Medicinal and technical white oil specifications
require that the products hg@_@l@# YNMRsomarfgt different UV
spectral ranges, as defined T FDA 178.3620 and FDA 178.3620.
Medicinal grade white oils for use in food applications are required to have

aTHegRanY iRceRiY AR 8¢9 %@e@@%ﬁeﬁm@@cﬁaé enbaithidreWittte oils
boiling 20 point greater than 391 degrees C.

) hite oils have high . .
ciamare traddBing R Righlnssle xs@wg%v%cﬂy%eeéaﬁwdémaﬁﬂwaﬂon
resuiiif &, uibee ebpipssiEssiePsIehicingIbydoatrestting, high pressure
hydrogen treatment, and treating by an adsorbent or a solvent., There 25
is an incentive to produce oils which meet white oil specifications at lower.
processing cost. WhaBisCleGIROLIND fDbcEbie SNAGE NIdGifihg
hydrocracking, which will produce high quality technical and medicinal
grade white oils in high yield. The desired processes would also reduce

cO¥tsiteyoliscarieingsedialy dejaregen Yarialgieayndeopither technical or
hydEQiRREgERo MENAER0.ARY BRVING S 3G EHUREIIBYASIM D 156-02

process steps. What is also desired is a composition of white oil with high

vigkssagimdbandedirelf edicipabrisiomhbelidanmr Seelbpalcimh dreater
fumgtipratitimans Jaw aasfpefiastsh sbatitdnringe Asetithaioaidehite ol

variety of applications. ,
speéficatiggs require that the products have a low UV absorbance at differer;fz

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 wi% 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 freatment, and treating by an adsorbent or a solvent.. There
is an incentive to produce oils which mest white oil specifications at lower
processing cost. What is desired are processes not requiring hydrocracking,
which will produce high quality technical and medicinal gréde 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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The present invention provides solutions to shortcomings in the prior art,
where 5 white oils are either made using process steps that significantly
reduce the yield of white oils that are produced out of waxy feed, utilize
hydroisomerization dewaxing catalysts having low selectivity and activity,
or require significant processing after catalytic dewaxing. Examples of
processes that require hydrocracking prior to catalytic dewaxing, which
Would reduce the yield of white 10 oils produced from a waxy feed are

9
A e bAT (e SR e e
tH’ﬂﬁ@lMﬁi@Wé@f@WBéﬁﬁ*@ﬁeneﬂts associated with the use of highly

selective and active hydroisomerization dewaxing catalysts under low

L L e re S SRS S, v

AWﬂit@%i@éré@WBﬂ@@@dﬂ@@éﬂ;b&%sm@ﬂé&lﬁk@dﬂﬁc@r&@@é&ce the

Oth UsS2004000 O 1A1,t hh Kk hit
T e R e 0, D o
V\Méﬂm@sclamjya@sgnaam tbmé&umﬁ}namiraﬁm&’czarm‘ Maqmg}\mgyulﬁwemt

kﬂ%’uce ﬁgdaﬂglﬁ%%?@yﬁ%é\%%m@ﬁs %c%%‘é‘é‘éz&%?e yire

hyiel waxy fe MMARY OF TH
er@nmiq%nncwﬁ@ @aﬁﬁmﬁ@w&w\@ewmm@&i dgsteeedBgorield of white

paa@%&;eee %m%{%&ﬁ%&@%é&&%@l%@rmmmmg a

feed over a hl% % selective and active wax f{@ roisomerization

mmbo%% dtfickint 3P 8tudeT (RS oV IRERIA 1RESAT,

hwm%gsmy@?anc: @Mm\@ﬁn&&é@@tﬁm?ﬁaﬁb@a@@y@m@th@ iBenefits
1-D1 rlng molecular siev, npnels with a min L
ARSERBITHMELE e AL D O Tl A S NGB RRRpsz2tion
mERGraxing catatydimguaﬁbrddmayﬂmﬁmpaﬁmmwman prodirgsivbite oils at
and 2 with a maximum £y allogr c free diameter
oy R e R SRR SR I IR cogoroec
aitdis3 ?MioamsdﬁﬁﬁﬂmaMQ@?ﬁM@mdééﬂ Frﬁsf\m a
T8%H21ng PeimIsRIGEIBAD 430:15916856040004021A1, teach how to make

white oils with high viscosity indexes, but they are not appropriate when using

waxy feeds having greater than 45 wt% ri-paraffins and having very low suifur

and nitrogen; and / or the processes are not optimized to produce high yields of

white oil from waxy feed.

SUMMARY OF THE INVENTION

in one embodiment, there is provided a process for producing one or more white
oils by;

a) hydroisomeriiation dewaxing a waxy feed over a highiy selective and
active wax hydrotsomerization catalyst under condition sufficient to produce a
white oil; wherein the highly selective and active wax hydroisqmerization |
catalyst has: 1) a 1-D 10-ring molecular sieve having channels with a minimum
crysiallographic free diameter of not less than 3.9 Angstrom and & maximum
crystalfographic free diameter of not more than 6.0 Angstrom, and no channels
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(915 degrees F), 2) greater than 40 wt% n-paraffins, and 3) less than 25
ppm 5 total combined nitrogen and sulfur; and b) collecting one or more
white oils from the hydroisomerization step; wherein the yield of white oll
boiling from 343 degrees C and above (650F+) is greater than 25 wt% of
the waxy feed, and the white oil produced has a pour point less than zero
degrees C and a Saybolt color of + 20 or greater. 10 In another
embodiment, there is provided a process for producing one or mote _
megdicinal grade Whlte 1S droisomerization, dewaxi Wax
feeg'over g Engmy é%? \i%? %Fr’%) lzg: ﬁ/é'@\/rgx rcﬁ%%%enza? lonc g{n 2)a
undiiecostitibpdregiinationeprodues a ahs Whae'@ﬁﬁamtbar@mdh@h@dyt and
S@ﬁ&%"ﬁ %W?a@&qﬁ% ”YZS%'BB; ﬁé‘a}%’&ht ) &R0 ﬁ@degrees C

molecular sieve having c anneSW|t ystallographic fre

d@ifetawrenfibsd @f&ﬁ‘@@?ﬁig%@r@ﬁfrahﬂ}arﬁfﬁﬂﬁn@ﬁﬂ enjseslBrapiiopm
free-diamaipieel nigbmaiehpa,ff-Angstrom, an no channels with a

maximum crystallographic free diameter greater than 6.0 Angstrom; and

20 wherdinPISHRE 88 PhEL )0 6 ol Sofb e RRERae Step;
deseemGh491sdegigsisi E»bmragamrrﬂ@m@eg%@l@t@@m@m@a\fwmm is

PR BT A R T ot Vo VA B GBS e = Pour

dpuiakiagssiea wdverdisgrbsthe w&dﬂacﬁﬁwmnemiomre Rbcteghemital
grade white oils boiling from 343 degrees C and above (650F+) is greater

: P"an 25 Wel ht percent of the waxy feed, and 2) the gne or more technical _

L FORRTE N B QS BRERE dHIF SR IF B U RIERSSBmIP, BFE ARG E OF more |

antbdiSeyiopiidelanng vl ey greater; and c) hydrofinishing the one or
more technical grade white oils at conditions 30 sufficient to produce one

or moreGnBYtRIAPGIAGRAHPRE NG DA EERESVaEgthiHBRiective and
agpeGs s AYEBISYIHBHA NN S0l AR IRgeALAHRRIR UeivisrReHY Bloduce a

100C between about 1.5 cSt and 36 cSt; b) a viscosity index
white oll; wherein the highly selecfive and active hydraisomerization catalyst
has 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
crystaliographic free‘ di{amet.er of not more than 6.0 Angstrom, an no channels
with a maximum crystaliographic 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) iess 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 ane 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

¢y hydrofinishing the one or more technical grade whi{e oiis at conditions
sufficient to produce one or more medicinal grade white oils that pass the RCS
fest.
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greater than an amount calculated by the equation: Viscosity Index = 28 x
Ln(the Kinematic Viscosity at 100C) + 105; c) less than 18 wt% molecules
with 5 cycloparaffin functionality; d) a pour point less than zero degrees
C; and e) a Saybolt color of +20 or greater. In another aspect, there is
provided a white oil having: a) a kinematic viscosity at 100C between
about 1.5 ¢St and 36 cSt; b) a viscosity index greater 10 than an amount
calculated by the equation: Viscosity Index = 28 x Ln(the Kinematic

ispestyRiL0deIsdproliBse /MR NHESH 13l 1&iNeiant PHCSIy at

malecules with cycloparaffin functionalit¥_' less than 1.2 weight percent

; d
m&&uﬁ‘%ﬁﬁprﬁgﬂﬁéléﬁaﬁ‘éﬁﬁﬁf% ngﬁﬁ,@@ﬁ%irﬁﬁﬁt less than
g?égtgﬁ%ﬁﬁsag?M&M%MBVD{%@&%%H{%&@Trﬁl?ewt—“tﬁa%'s

Isclosed herein are useful in a widé ran%(je of applications.” BRIEF

br$eriperoiorsneh RRIBNG S 0% 18R PanstPresamrostdas with
&ﬁh@@rﬁﬁmﬁﬁ&%&tw;J@%@@%bm-a@é@%@%@ﬂ%ﬁ%@svmitsr@é) a
0] IS Inve

ntion. The lines define the lower limits of viscosity index for

RRGRIRE EhbBAAEREE B the invention. The lines are natural

logarithm functions with base "e" of the kinematic viscosity of the

LRSS el LS T U

RirffEdic mmwmmw@smﬁe\@mwmimgw M@érﬂrm _
i L A S e S et

iS invention. T ess than ah 30 amount calculated

e aiin iRy &K 0o1atItO S0k e o erd kseriiait 1Sweiaht of

: < Iy o ! t f
SR SBT AAE RoED i teuetee
pErgentimelRNIe I E AR ITERTIR 4prSInalibh RidimptkRaDt less than

prag RS- udite QisdiTRL BegbiachslinesBARh Meghsiagkwhite oil

specifications, as summarized below in Table 1.

The white oils disciosed herein are useful in a wide range of applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates the piots 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 inde%( for four different embodiments of ;the invention. The
lines are natural logarithm functions with base e’ of the kinematic viscosity of
the technical or medicinal white oil at 100°C in ¢St. The equations defining the
four ines are shown in the figure. o

FIGURE 2 iliustrates 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 iess than an
amount calculated by the equation: Noack Voiatility, wit% = 1000 x (the
kinematic viscosity of t_he technical or medicinal white oil at 100°C, in c5t)
raised to the power of -2.7.

-4 -
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5 Table I - White Oil Specifications Product Property Technical Grade
White Medicinal Grade White Oil Oil FDA 178.362 (b) FDA 178.3620 (c)
UV Absorbance by ASTM D 2269-99 280-289 nm 4 max 0.70 max
YWa3U9g81P1# 3.3 max 0.60 max 300-329 nm 2.3 max 0.40 mB% TA5G08%eR4508
nm 0.8 max 0.09 max Saybolt Color by ASTM > +20 +30 D156-02 The
properties of a medicinal grade white oil are described by the following 10
standards: European Pharmacopeia 3.sup.rd Edition; US Pharmacopeia
23.sup.rd editiony BEARApSpESiTtoN G R Sentien A7ZR3TAN "direct”
food use; and FDA specification CFR section 178.3620(a) for
"indirect” food contact. Medicinal grade white oils must be chemically
in“ért@pmeelﬁetaﬁﬂiadlmwwﬁcut moldices orhios tamehmmdmmﬁ@saﬂm

white ,0il a tlo S 15 ufacturers must re é’
edicin S as s l]!_l ma ;% é)lg)&!
fromthe ité ol are |mpur|t|es

carboniza Ie s tan%ecl
that cause the white oil to. change color When treated with strong acid.
The Food and Drug Admrtlga téqthwgﬁlgﬁl%ﬁe\gﬁg%%hgnanufacturers
have stringent standards W|t respect to R iIch must be met before
the Whlte oil can be marketed for use in food or pharmaceutical 20

T I EVRBEPE S OIAEC O e IRNG R de White

ARHICRLE
AST D 56599 The white oil is treated with concentrated sulfuric_ acid
Under -5 WO 2006/019681 PQT!US2005/844508 presgribed condfins
and the resulting color is compared-withiagederefe stand@PiA0178.3620 (c)
cwmﬁsseﬁfdai!s the-test-A-white-oilisreperted—as
paS¥iAGIREPRICE RISARKEh e oil layer shows no change in color and
whess-99
280-289 nm 4 max 0.70 max
280-299 nm 3.3 max 0.60 max
300-329 nm 2.3 max 0.40 max
330-380 nm 0.8 max 0.09 max
Saybolt Color by ASTM >+20 +30
D156-02

The propetties of a medicinal grade white oit 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 U3 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 ASfM D
565-99. The white oil is freated with concentrated sulfuric acid under

-5.
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the acid layer is not darker than the reference standard colorimetric

solution. 5 Selection of Waxy Feed: The waxy feeds useful in this

invention have a high boiling range, with a T90 boiling point greater than
WOGWeYIeed C (915 degrees F). In addition they 10 have a Righ {eg#|3i24508
n-paraffins, generally greater than 40 wt%, preferably greater than 50

wt%, more preferably greater than 75 wt%. They also have very low

levels of nitrogen and sulfur, generally less than 25 ppm total combined

nitiagenrc-eriibnelesably /esaithrcaRPrboRmIRRienaT Wweasteréerds

that may meet these properties are slack waxes, deoiled sla}?(zh&waxes, 15

rHABEAEHIR SRSURRANSIRERE ILRAtSER ORTps R Ralked WIWB QldRdgported
wax eaeepdLerINT Shestinakalaing pibkgesehaleoiedcheligeimederiaed when
waxes, microcrystalline waxes, Fischer-Tropsch waxes, and mixtures , ,.
B R o T R B e SRS e SRaution.
greater than 50 C, preferably greater than 60 C. 20 The waxy feed useful

irstglié e ﬁ%q%g;?ﬁéﬁgh boiling range. The 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 greater

thanuAeRy feisRreterabie (R REnIG R IRRIIVIGARERVRD BISRe With a T90

boiling range. Preferably the T90 of the wax is greater than 510 degrees C

(e et ereater hyh 4R dlearaasife Gk ARRIGRShaL R RAGERR hey
gRAleTa tigh RIVBHEBERPAIR \Wetdiend ghautist ive 40 WVRN triglkesbly
CRETATE G Db R RGBS RSET S il ooy SR fave
Fisatydowiepstha3 Giprmyzarssed _awftmugenmam@@m@nmpnﬁ Italaxes
o e e R e R B SR R R e
ofeadectival beay areeidhert proveriesa@isies waEs) Soiersiedogaxes,
MARSLR AR BINLSAbACAR AR hPERIRIIARES WA EREY,
waxes produced in chemical plant processes, deoiled petroleum derived
waxes, microcrystalline waxes, Fischer-Tropsch waxes, and mixtures thereof.
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
greater than 4 cSt, it is preferable to use a waxy feed with an even higher
boiling range. Preferably the TO0 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 ¢St 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 W0O199934917A1. 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

-B-
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0.40. Preferred waxy feeds have high levels of n-paraffins and are low in
oxygen, 5 nitrogen, sulfur, and elements such as aluminum, cobalt,
titanium, iron, molybdenum, sodium, zinc, tin, and silicon. The preferred

WK Liseful in this invention have greater than 40 weibfht Heregi 24508

n-paraffins, less than | weight percent oxygen, less than 25 ppm total
combined nitrogen and sulfur, and less than 25 ppm total combined
aluminum, cobalt, titanium, iron, 10 molybdenum, sodium, zinc, tin, and

sifigsiaciiesavaigrsekbueaoiesthaendy eateréhaNaPOVRRI B BRSERIHhan

n-paraffins, less than 0.8 weight percent oxygen, less than 20 ppm total
c mned nitrogen and sulfur, and less than 20 ppm total combined
aluminum, cobalt, titanium, iron, molybdenum, sodium, zinc, tin, and

SIlicon. referred w. fe h reater than 75,weight 15 percent
R e T B S N R B
coviogs aittbycaranelamiots sudhess ahmminomprohait| tfanibmetion,

Al o ran, mgl U . : . .
e Ay Mo e el R ot

bim i peniieahe v assatedingsAd waishtasitanbn-parading besthaod

aNEHvGEREE M BTRRBHARSSIHYAIOBLIBH BRI FBiREIRIRBY SN ARG ur,
method which gives substantially the S?me results as the standard
ddeesthande Bl

nfét RPIY IRERLSRIP 8'urWHER SR IHRPIRE N0k the

wav lpadendm|awaiupojlingpiintaddeinisagendeopesired Wamabingsthave

i idati busti hemil d i
AR s BER L RBLE R PR e bRt
ulxygeletifismibsnctitpiim AT DLiAEBHdoThe sast sodipdaddess than 20
AR : e 956,
S B P U LS, HA G T, Molybdenlin Senthn
tedhpidite arsbailisats théosidiriatsed vaierdahavmareatotian 75 weight
tifsetetnt nHUYYRRRORO GO P AIRAARA4 08 gen, less than 20 ppm

total combined nitrogen and sulfur, and less than 20 ppm total combined
aluminum, cobalt, titanium, iron, molybdenum, sodium, zinc, tin, and silicon.

Analytical Test Methods for Characterizing Waxy Feeds:

TO 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 oives 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 a
oxidative combustion and chemiluminescence detection by ASTM D 4629-96.
The sulfur is measured by meiting 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,

-7 -
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iron, molybdenum, sodium, zinc, tin, and silicon is inductively coupled
plasma atomic emission spectroscopy (ICP-AES). In this technique, the

sample is placed in a quartz vessel (ultra pure grade) to which is added
ERHIMORRE and the sample is then ashed in a programmaBbfel fHaffEs/ 024308
furnace for 3 days. The 5 ashed sample is then digested with HCI to

convert it to an aqueous solution prior to ICP-AES analysis. The oil
content of the most preferred waxy feeds is less than 10 weight percent

zﬁdatﬁimpﬁwm i M%\'}ﬁbﬂ@gﬁi&@zmpéwmi@@ﬁ?a M?Naigbg{&ﬁ@egﬂ plasma
orymal Faraitins in X eedq, rmination or nQrmal pararfins,
e S e R et e i ceanle s
detenednie thguitersstir(dline parcdrea € bovhigainHidsaditutiditoihot], and
datecti 9 used foll

e e S oo R BRSPS A e T days. The
chehadearpaystbe) digestd wilildat 63g0micsBd tovathasysitay solution
coltienltions | ot i ' . |
io%*?‘fzﬁ*éAﬁé&%r@&gﬁ?ﬁ?ﬁ‘?g@h@%?ﬁ%ﬁ&?@%é%“{%%%@b%%?% ki Begs o

2SiNoes AG VeI RRIGRBEt B rRIB RHIGRBY DFTNAID J9dQ3-separate

hydrocarbon mixtures by boiling point. The column is fused silica, 100%

methyl silicone, 30.meters length, 0.25 ID, 0.1 micron film thickness
Suppe BPRERAO AT I e SR NRIEE BRI St NiEReERcane
air are used as the fuel to the flame. 25 The waxy feed is melted to obtain
a e le..Lhe sample is immediately dissolved i
o R B S e L B e R s
heleednums sisualiod daatasnn eteohiwitie snditmrofimdatietia©ite C110
> ili ' t in ' ,
o DL Ty T B bl ggoa s
pf8SBHPWSe initial temperature is 50C)

Quantitative analysis of normal paraffins in wax is determined by gas
chromatography (GC). The GC (Agilent 6830 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 capiltary column, routinely used to separate
hydrocarbon mixtures by boiling point. The column is fused silica, 100%
methyl silicone, 30 meters length, 0.25 mm D, 0.1 micron film thickness
supplied by Agilent. Héiium 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 methy! 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)

-8-
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-8 WO 2006/019681 PCT/US2005/024508 Ramp: 6C per minute Final
Temp: 400C Final hold: 5 minutes or until peaks no longer elute 5 The
column then effectively separates, in the order of rising carbon number,
Wee M AIBharaffins from the non-normal paraffins. A knownffeféreieg/ 024508
standard is analyzed in the same manner to establish elution times of the
specific normal-paraffin peaks. The standard is ASTM D2887 n-paraffin
standard, purchased from a vendor (Agilent or Supelco), spiked with 5
wt% 10;@%&&@9@9@3{@%@% (purchased from Petrolite Corporation .
in Oklahoma). f{ dard is melted prior to injection. Historical data
collected™?o § s of the reference standard also guarantees the
resolviri@inaifiﬁnﬁamﬁ ohithetezapillanii gaiakand Soligeestrtein the sample,
normal paraffin peaks are well separated and easily identifiable from
other hydrocarbon types present in the sample. Those peaks eluting
oltsideitimndteiofianticctf separetamlipdnafindenref cisied ernbonnaiber,
%‘@ﬁtﬂ%nJ *ﬁa@%ﬁh DRIGHE HBRABIRhHS! ﬁﬁﬁe'ﬂ%ﬂg\l‘&hf@%@%&to

end of run. para ins are skimmed fromt total are are

w@gﬂﬁéa lﬁ@ﬁﬂb@%wam SRSy MAn PR erlablisty liion fimaselithe
19086E 46 aﬁﬁﬂpéawerﬁs%lfdﬁaata'@A@Tﬁmf@éwmga?a@ﬁn

results Flscher- ropsch Wax: 25 Fischer-Tropsch wax is a prefer

vighdRED RFERasFAFRMhosser AedRat %&@a&%&%@%ﬁhé Bf%
Fssthged rt:m(}:spbwmmgﬁ@ (];&uﬁﬁgs&ismﬁﬁﬁé@@mb sehesigdigmd and
us r ns,are form contact a synthesis
R o S dr e B o o S Sreh data collected
Fﬁmhéhé’m‘paighmafeﬂysmﬁademwﬁmdaeirmgcaguwam&)tpmmmg
ﬁ?&lgﬁ ?P{ng% Tlé‘?{é hﬁér Tropsch reaction is typically conducted
]p rom

empe res o %0 degrees to about 700 degrees F
(about 150 degrees to about 370 degrees C) preferably from about 400 -9

If present in the sample, normal paraffin 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-parafiins 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 resuits.

Fischer-Tropsch Wax:

Fischer-Tropsch wax is a preferred waxy feed for use in this invention,
Fischer-Tropsch wax ié 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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WO 2006/019681 PCT/US2005/024508 degrees to about 550 degrees F
(about 205 degrees to about 230 degrees C); pressures of from about 10
to about 600 psia (0.7 to 41 bars), preferably 30 to 300 psia (2 to 21

W rSpo@apatalyst space velocities of from about 100 to abd¥{¢Seye024508
cc/g/hr., preferably 300 to 3,000 cc/g/hr. 5 The products from the
Fischer-Tropsch synthesis may range from C1 to C200 plus
hydrocarbons, with a majority in the C5-C100 plus range. The Fischer-

HoRRe Ba0ten D %@@&@@%&@W@@g%@@@%&i@%cﬁa réés C);

for example, fixed bed reactors containing one gr more catalyst be

SERPUEFATRD AbRHLAH At SR PEle RdiBiRAdaTDs HifdeRRly 30 to
3P0l ERAEEOPI. bateh éﬂﬂMﬂlW&@ﬂdtf%@ﬁW@W@tWﬁ

and d ted.i the liter referred Fischer-Tropsch ’
bar% ggqs é\@fjﬁq 65%5} E%r% g’é&@@ f%/ Grated herein by
reference for all purposes 15 Surtable Fischer-Tropsch catalysts comprise

s R R A R

prombisirorarcaprafthraERdNdn the ssei-ddlpiscrmnpases effdeaber-
RiRakpltanthens RV bR AR tiﬁ@ré;é‘otmit YL aibdh dd; for

Mg, and La on a suitable inorganic 20 support material glreferabl y one

ﬁﬁ%ﬁ@@nfﬁﬁ%?%@69‘%9(@@%%&&9%&&”&5@@@*3 BorRelal ey
&@E_&Bﬂ@ﬁsﬁ!@@ﬂﬁégpaﬁa%ﬁfﬁellat&@l @ﬂ@%ﬁiﬁrﬁ@%ﬁﬁ: chferdnt @@@@bﬂ:ﬂéﬂor&
e ercent of the total catalyst compositi e catalysts can a

A e RS G SR BT B K0 G ORHETFrgga n the
fiteratitess mpbrasda;ﬁ? mefmlﬂfedéiwsh(érﬂmbé%h dex:@s i a2gltdinage

dother transition megals such as ke, Mn, Ni, and
Py Stk AR R e g b
titania, or mixtures thereof. Preferred supports for cobalt containing

cHRlYSIS FORRISedfianiRcls ﬁ?e%tBP%BF%R%FBHBWﬂT%ata Iytic
known and illustrated in U.S. atents 568 663 and 6,130,184. 30 -

metals such as Fe, Ni, Co, Ru, and Re, with cobalt bemg preferred
Additionally, a suitable catalyst may contain a promoter. Thus 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 meial
oxides. In general, the amount of cobalt present in the catalyst 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 TiQ2, promoters such as Zr02, noble metals (Pt, Pd, Ru, Rh, Os, ir),
coinage metals (Cu, Ag, Au), and other fransition metals such as Fe, Mn, Ni,
and Re. Suitable support materials include alumina, silica, megnesia and ‘
fitania, or mixtures thereof. Preferred supports for cobalt containing catalysts
comprise titania. Useful catalysts and their preparation are known and
fflustrated in U.S. Patents 4,568,663 and 6,130,184.

-10 -



10

15

20

25

30

WO 2006/019681 PCTIUS2005/024508 Highly Selective and Active Wax
Hydroisomerization Catalyst: According to the present invention, the waxy
feed is hydroisomerization dewaxed over a highly selective and active
Wg&qurg?gbmerization catalyst 5 under conditions sufficient fof fer4er/24508
one or more white oils. Preferably the hydroisomerization dewaxing is
done at a hydrogen partial pressure greater than 0.69 MPa (100 psia)
and less than 6.55 MPa (950 psia) to produce the one or more white oils.
1dighhyiGelestivscane Asiveciaxtisdrajapnssimalinafcralyedlyst
comprises: a) a 1-D 10-ring molecular sieve having channels with a
minimum crystallographic_free diameter of not less than 3.9 Angstrom
aMEraTRiBSifRGReRIRREMS Jriprion e ianeierdrin byiaisamahieagon
Add e M e @@;}@hﬂﬂ@@&ﬂ&i@ @m%&w mkffﬁ,idftﬂgfﬁlﬁﬁi%m catalyst
ilameter greater t 6.0 Angstrom; b) a noble 15 meta rogenation
AR A AL 51 AR S Srend o e T rEE e
rhgtiroidarnsidvetmasdavemiedsisvitbre: mirEmydrogystaogehplesstreegreater
i t than.3 ' I '
AL P R B RS R T I LR B e
rieieg AvoRE ayi¥iewdidas channels with a minimum crystallographic free
diameter of 20 not less than 3.9 Angstrom and a maximum

. crystallographic free diameter of not more than 5.4 Angs{trom. The

Aaiehgrassiveandiariveresindraispmesicatiomsriahish svedsas a) a
Pﬁiﬂbﬂ%%‘ fﬁtgé%ﬁrlléﬁBﬁé’Zi?ﬁﬁKﬂ i) @m@t& v{fiﬁpgﬁglﬁiﬁ% ﬁ%ﬁ&&éﬁi[ogra phic
mon, , aeriocner VI, eler, an son, evier,, .
g A ) RO R gl o ey R S
cliysialiagreghicfinet diaradters ©0thaegtteomelsf aonblacokds sitkieaare
unknown, the effective pore size.of the molecular sie n be measured
R RSB e R ARy SR o AgLom D) @ foble
cmﬁipbhmd@gekatiwncaﬁrﬂmtk#retic)cﬁa‘&fe@tsrﬁemi@aﬂn@eblifé’eferab!y,
R S RS e R oI A BRSO Skdiographic

ﬁé@ﬁdﬁﬁfﬁﬁtﬁﬁ rehreldessdhssy a8 RemTamyangrarsrRemwp Sricialiagraphic
FHSOPHRRIBEBPHIR RRIBIRA S RHR PR Skfore preferably, the 1-D 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 ofthe
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.

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

If the crystaliographic 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 o determine pore size,
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-11 WO 2006/019681 PCT/US2005/024508 standard techniques are
used. It is convenient to consider a particular molecule as excluded if
does not reach at least 95% of its equilibrium adsorption value on t

WA kve in less than about 10 minutes (p/po=0.5; 25@?%55?95’024508

selective and active wax hydroisomerization catalysts 5 will typically-admit
molecules having kinetic diameters of 4.5 to 5.3 Angstrom with little
hindrance. The preferred 1-D 10 ring molecular sieves of this invention are

zsuyhésrd\n'e’dhnﬁoes ﬁ@@sMFStmdd?ﬁ&wnumtwm@émmqmumar

f th | |
e T o B R e B U s
Zsfsuptioewale? andnhaimalestnesofie TrHesmébapremed Onolectdsr
SIgYE8-AT S D5E B2HigPN- 2 edfid 5‘?3 aeﬂveugéwﬁ dRRESRlefRA0R catalysts

preferred embodiment, the h| ctive an act ve wax
hyﬂrér%?ﬁ&r@&r@h fea{aﬁr&eﬁ gm&eﬁrra@im@@rﬁeﬁf 6.5 phis Anaiom
WRER RESIHPRIREHBEA tube reactor converts at least 50% of hexadecane at

370C, a pressure of 1200 psig, a hydrogen flow of 160 ml/min, and a feed
rate of 1 ml/hr. The catalyst also exhibits hydroisomerization selectivity of

;m% ore@rgseateD. wdr@aﬂmegtzraﬁ?]regehe@fim iﬁg@tﬂaﬁia@.@w -48, MTT,
Sk ent branched C1 roduc percent
e B e B hese
ugHIpdynaiiohsidadingrisidss a@emlmmf@fmdrm&bfm;&mfem? they are

("5§?_6?3£0 PUNGISPSARE- 2> T8RIghY Iﬁgt'\ffs %Ta%t D70 Ures thereof.

droisomerization catalyst Ras a cat ytlcaﬂy ACtive noble meta
ff arogeshRH eBRshBNeRURN SiBNeScrTeeSST &4 PatdRiNE Aty 5B obl

metalileadsdregroduct 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 . 30

mﬁtalpratb@éd‘@mﬁﬁrrﬁbﬂtpfﬁ@?ﬁ'gﬁiﬁé@l@%@ BAblemesalpgre platinum,
(?drum and mrxtur S thglt'_leof Iffglatrnum and/oré)alladrum is used, the

Rt R AL TR SRk AR g it O P 8 T ReeoT

pﬂhmnpmmwed in a tube reactor converts at least 50% of hexadecane at
370°C, a pressure of 1200 psig, a hydrogen flow of 160 ml/min, and a feed rate
of 1 ml/hr. The catalyst also exhibits hydroisomerization selectivity of 40% er
greater. Hydroisomerization selectivity Is determined as follows: 100 x (weight
percent branched Cqg in product) / {weight percent branched Cqg in product +
weight percent Cys.in product) when used under conditions leading to 96%
conversion of normal hexadecane (n-Cg) 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 Vil metal, or those nable |
metals other than Re. The preferred Group VIiil noble metals are platinum,
palladium, and mixtures thereof. If platinum and/or palladiumdis used, the total
amount of active metal is typically in the range of 0.1 to 5 weight percent of the

- 12 -
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0.1 to 2 weight percent, and not to exceed 10 weight percent. The

refractory oxide support may be selected from those oxide supports which
WK éhtionally used for catalysts, including silica, alumffd/US2005/024508
silica-alumina, magnesia, titania, and combinations thereof. Examples of
the highly selective and active wax hydroisomerization catalysts of this
invention are shown in Table 11. Note that the specific crystallographic
fregalléhetiprietensat hermenliteocharighs shment aendnosttofekesfist O weight
zeolite listed. However, zeolites of the same framework type code will
hBYEmeters close to those shown. Table I - Highly Selective and

Active Wax Hydroisomerization Catalysts Framework Examples First .. .

t raphic & T, el B i
e = i
7o soyeobpaaly sad for catrystsrieateding Kiliss, pigt)ines sifigazalymina,

3 AR Bl 234 BOHENRAUREGEL 4 0 X 5.3° 10 MTT Z8M-23,
EU-I3, ISI- [001] 4.5x5.2* 10 4, KZ-1, SSZ-32 MFS ZSM-57 [100]

5.1x5.4* <--> 3.3x4.8* 10, 8 SFF SSZ-44 [001] 5.4x5.7* 10 STF SSZ-35
(A4 a8 aFtA8 NGB Shietetite 2B0/a28vE00A% AEXDIZOHRrixatidl cliblysts of

5 gb%%\{latﬁ)% aErlé s 0%0% )i(nsT%*b?'eoiLZ M_g’g‘la":f H‘ué‘ js&gc;ﬂ%rb%@%bsﬂ%ﬁc free
diameters of the zeolite channels shown are those of the first zeolite listed.
However, zeolites of the same framework type code will have diameters close
to those shown.

Table |1 — Highly Selective and Active Wax Hydroisomerization Catalysts

Framework Exampies First Crystallographic Free | Numberof T
Type Code Channe! | Diameters of the Zeclite | or O Atoms
Orientation Channels forming
Rings
EUO EU-1, ZEM-50 [100] 4.1 x54* 10,
FER Ferrierite, ZSM-35, [oo1] 4.2%5 4%<-->» 3.5x4.8" 10,8
NU-23
LA Laumontite {100] 40x5.3" 10
MTT Z5M-23, EU-13, ISI- {oo1] 4.5x8.2* 10
4,KZ-1, 852-32
MFS ZSM-57 {100] 5.1x5.4* <> 3.3x4.8" 10, 8
SFF S8Z-44 {oo1] 5.4x5.7* 10
STF S8Z-35 [001] 5.4x5.7* 10
TON Theta-1, Z3M-22, [o01] 4.8x5.7" 10
NU-10, I81-1, KZ-2 '
ZSM-48, EU-2, 5.3x5.6" 10
ZBM-30, EU~11

* one dimensional, or 1-D.
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sieves that are not useful in this invention, and do not meet the definition

of hi%h}% selective and active wax hydroisomerization catalysts are shown
WeFWER I 11 for comparison. 5 Table 11l - Wax Hydroisoffet{Z5tY/ 024568
Catalysts That are Not Highly Selective and Active Framework
Comparative First Channel Crystallographic Free Number of T Type

Code Examples Orientation Diameters of the Zeolite or 0 Atoms

Cé}@d?ﬂgiésf MiRERIGSI AR HRGTEL SABRSuIROHi$ Buehitinl @ndildo not
MnAPO-11, SM-3 r'{l'%{ER erranovaite [100] 5,0 x 5.0* <--> 4.1 x 7..0*,{%%
5=t ARTBHISB R P S G A RV P NG PRI e

sERedSE Ry vtalingrapbigddven diabletiérsod EctingrarieBh.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
oilsTaitkering-sivasttheaisarnesizaiion Griayiss dhateseiothiily Selective
processing to make white oils. 15 Hydraisgmerization Dewaxing ‘
Conditions: The conditions under which the hydroisomerization dewaxing
withrameshighl] sErRerRalishd iR SRRy drdresiatass2 R ERaly SRS oF T
be Tgssieddaut inclagentemperatuPas diow pBERnEsy ddgréedie (6F3° Atoms
degrees F). Preferred 20 temperature ranges are ficranatieut 260 [dedeeeisg
C (500 degreés F) to about 357 degrees C{(675 degrees F), more  Rings

pmiﬂtahb‘-abiwz%-d%ees (550-degreesF)-to-abayt343-degrees £
(650 d%‘arees Iﬁp?h“é"h r(a"gew pa ngTpressure is ‘ra(;%%g’t;out 0.1 MPa

(14.5 psia) to |d4sMhARabbut 6.55 MPa (95D psia). Preferably the
hydrogen parti@hpsessure during hydroisomerization 25 dewaxingjis from

LO-O0)

about38 MPF 2V 10 TESS (iap abol6 D R 2. MRE(BYR 7.0 10, 10

* one dimensional, or 1-D.

Note that 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 AFL. 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 G (550
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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-14 WO 2006/019681 PCT/US2005/024508 psia); more preferably from
about 1.72 MPa (250 psia) to less than about 3.45 MPa (500 psia). The
droisomerization dewaxing under lower pressures provides enhanced

h
‘Eé&?gfg%]r%ﬁgﬁzation selectivity, which results in more hydroisbférZafigfz408

and less cracking of the feed, thus producing an increased 5 yield of base
oil products with higher viscosity indexes. Low pressure
hydroisomerization dewaxing is described more fully in U.S. Patent

poplication: pRI4ZBEFand405UPAtZatNIRa 6258V 314), ihéseoritemsbéut 3.45
which,are incorpqrat reference,.in their entirety.
A0 ER A oH BONATARP PR

d ,

Ml T SRS N ousgprepoures
pycvienairiabpdspisoitivrizatiolOsaiectivityativoyhasiethyarogen
BB R R O 5 R0 SRR o
P essurem?ygrogen IS presentin t ydrolsomerization dewaXIng

rdelctof ingsieall progupirivdderigbae siscatdMibaeRPDUL SBORSRETHSF

olestReLRAGEHERR DI 4846 BRaYHRA0NSE BehlPatefrrabhlication
from about 1,000 SCF/bbl to about 10,000 SCF/bbl. Generall)écé]%%irogen

WP ERrak YR GARR PR RESAR Pedleicantsniedyiis rization
Wmh : fi t@ﬁsggre@jﬁéiwwthgwéhﬁms?W' rﬁai»tb%\ér”‘ f iﬂgﬂm Oi-igwaxing*
ydroisomerization dewaxin reactor is gener, rom about 0.2 to
RSTRAGH DIERIRN S Ho B0 HOIGORoRE A PR st RgLr 1%
rydetsrriitmoragio el siydtbirea panim farssatsost sLibsia piiiyt be sates (or
H2 per mole hydrocatho referably from about 10 to about 20
r%%%@lﬂepsear A I%%&(?rg%tg?@g%% able conditions for performing
hydroisomerization dewaxing are described in U.S. Patent Nos. 25

%ﬁé?orgéﬁ @grés%ﬁ%iﬁ%ﬁe ORISRk A ASdRsTRRRedBxally in a
ce Inth

refere eir entirety. The conversion of the hydrocarbons boiling at
Sugmsgio s st @O S SRR, el 189HBBLLRTBb g )
3430651 eesdemae owsI pRE:ERRRI-rei nsciltet ysaorstiZEtigibout 10,000

e S0 e R i S e PSR e T e

thath8GydPbisomerization dewaxing reactor.

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

-15 WO 2006/019681 PCT/US2005/024508 Hydrotreating: Hydrotreating
refers to a catalytic process, usually carried out in the presence of free
v{é%dro en, in which the primary purpose is the removal of various metal 5

AtAMHRARLs, such as iron, arsenic, aluminum, and cobalt; HEEGEYRE

such as sulfur and nitrogen; oxygenates; or aromatics from the feed

stock. Generally, in hydrotreating operations cracking of the hydrocarbon
molecules, i.e., breaking the larger hydrocarbon molecules into smaller
hifgdrotrdatimgmolecules, is minimized, and the unsaturated hydrocarbons
are either fully or 10 partially hydrogenated. The waxy feed used in the
process of this invention is preferably hydrotreated prior to
hijhtebidorabrigatdersibnwaxdiaig Watptpsssasudualiyasayiiedoutitipdiaessegce

j ! in the. e\ S, .
Oméﬁqzﬁfdiégé/ﬁe Hﬂ%‘(m‘éﬂtwé irf} g5&18 e ?e%&i%tiev”é%% metal

4,347,12 4,810,357, ontents 15 of which are her
iFEYBEIERR! By SHIB 2% §8 T ahesNEhlefio iy anst soladic fiskerpams, such

hysraireais Ridqsraekige RdLTUYRieasaialNein Ya8ddBgeaskiof the

processes. A number of patents teach catalysts suitable for

hiEYeMNBTYHRLRAHNS PST3H0RS ARgRkaR I R¥dbrearandnpjecyies,

50, 1242RiNgRAG Wb Ayd 2 ibh CRoleBAIR4 246 s daddr RGd Rtrbon
ble, 20 catalysts include.npble metals,fr

Sui VIVA di

N S o R e e AR S S A
spetiialyydistineoeroatqohl | atie meay é&eg&iluaﬁd&mthsilimemssrtﬁtth&s Mntion is
ey HA SR Briol 16 DS RER AT g ce - on &0

suitable noble metal catalyst and mild 25 conditions. Other suitable

c %@@(&Q&%Ggﬁ?iﬁsfoﬁ?@m@w'_ ﬁh&oB?FSﬂ&HE%?e‘%m’eWkﬁ%:ﬁﬂ@the

3,904,513. The non-noble hydrogenatlon metals, such as

nitkePPRINDBEATN e SRR HNGSE b hédhandAh/&-2amibsifentents

agf WKIASrBU ey SHedipBrariavsd reTdRacECRUGRS @nsvdiig et forahgral

when such sulfide compounds are readily formed from the particular .
TR 8! Sybr LA YIRS i P28 SPGB GSS Used in

coathinfithexpesssetadolirirmigigbf patenty tesefecalyyabosilifalsiafaut

4Ry¥i’|%ggﬁgﬁéﬁec§¥ 6%8'3/ %ﬂse sl r;?roduce high quality white oils, including:
EPB72452, EPO0S7047A3, EP290100, EP0042461, and EP6872452. 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 u‘sualiy employed in their reduced or sulfided forms when such
sulfide compounds are readily formed from the particuiar metal involved.
Preferred non-noble metal catalyst compositions contain in exéess 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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and/or tungsten, and at least about 0.5, and generally about | to about 15
-16 WO 2006/019681.. PCT/US2005/024508 weight percent of nickel

and/or cobalt determined as the corresponding oxides. Catalysts i
WERtEMAY Hoble metals, such as platinum, contain in excessP&ff(783005/024508

percent metal, preferably between 0.1 and 1.0 percent metal.
Combinations of noble metals may also be used, such as mixtures of
platlnum and palladium. 5 Typical hydrotreating conditions vary over a

i c%h?@_?ﬁ!@ielé&ﬂwf@b{&lf@Yémﬁﬁ@@% a’q'a}t@ﬁése%{grﬁ@ Wxides.
(0] e hydrogen partia ressure IS greater tnan Sla
T R RO e esD SUEhEe SR I0G R ) dreras o 0.01
rexarceiatmatm,tesemeauglbeﬂw@mmar dinant50 ﬂ@af@FfB@ﬂalanmmnat;ons of
ra 0 CE/Bbl. Tem res_in the r
E|§aen§1egfgom a out (% g’gergees 8%81 Xﬁ%%ﬁgfe%?r%gs F—n ?nbop? %}é%m

degrees C to about 400 degrees C), preferably ranging from 450 degrees

Fﬁ?p diment o ﬁégrﬂﬁ%ﬁ?%’ QoSG g?ﬁ 'qr‘t)ggneral the overall

vention the préferred otrea | ditions are 15
sué%fémmumaem@eﬂv@r@f@rﬁahh@a%@a{mﬁswtﬂg vhgiegen partial

bptha i 0 [
342 cgg%%c%”?@fﬁﬁ%iﬁ; DT i G

RPI%?@% HrReRhissicdatoRy alga BifhRRIAg! Y—@Eﬁ%‘i?éé‘ﬁﬁ@ 50
WWFUBblsedcﬁér@ ﬁt@tbf@ﬂﬂwmhmqleemaﬁaamooewwm iTdh@eratures

f I hi d Thi
i s S e
s(abdmy 128 Uetgstaisifytoaattbappot rdegees 0 preﬁbrabﬂ)_ayrmmmgrfgam 450
dj h I
e P e B R e SR L TP e
ﬂﬁmh@dsmgﬂmﬁtmmw@tmﬁw mwr@mmatm@w Crrytiisitey dse
indicaied WwhanR Sl SrESIRIEH S HVRRo UMY REFTR &hd bomn%tat

cloudiness, or a darker color develops upon exposure to 30 ultraviolet Ilg

antiafr * AQRhET) incaxdinsarconsyrimisay RSy belinsualay 343°C
(650°F) during the hydrotreating is less than 20 weight percent, preferably less

than & weight percent.
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 siability 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 fo
ultraviotet fight 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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U.S. Patent Nos. 3,852,207 and 4,673,487. In one embodiment the
dewaxed -17 WO 2006/019681 PCT/US2005/024508 product from the
hydroisomerization dewaxing reactor passes directly to the hydrofinishing
YELHBY OB/ to the high quality of the products from the ~ PCT/US2005/024508
hydroisomerization step, mild 5 hydrofinishing, when used, may be
conducted under much lower pressures than would be required by
conventional processes to make white oils. The mild hydrofinishing is

concstet@hanetal BreRvmeneatdhaRAAGY ReaOPpasiDs digh-apalithe
Wﬁélé%o#]s, rgg%/ even be produced under such mild hydrofinishing total
prASLEHNSAINE SRASK6ut 1.38 MPa (200 psig) to about 3.45 10 MPa (500

psig). Without any further processing, one or more white oils with good

S . int lect high.yield eith it .
e B e U B tor o i
h?d%ﬂﬁlﬁﬂﬁﬁ@s\fd@ﬁm ustat sty hydrogeucied parii redsivedharessures
et tiAdNRT30158s Hg?éé’r?\f‘éhi%rng}’gFBL%%ESQ%&%?ﬁkQ%ﬁ)é'%@Hs. The

Essentially the same partial pressure means that the difference between

tHBlMRYSERfinissrassisreandystadiaba e pvess e bepsit)amRedd MR (500

besigal-rneHRis P W eaeRRYERRIRS BFRIGERR [ThHs SAHIPMRAT
eéggécl Il}éﬁ_etween the two reactors. The difference in the total pressure
2 Eﬂﬁ@

IELIRIR) PESRIYFES AR Aiem s edsdmt MR L esighia about 3.45
Phéiferdb00 tatggliffareinset imngrReguse frebyesingNo W FRAGHI&ISHESRs with

£9 MP 00 psiq). O ti he h [ jzati axing |
SR Rbang aBa S R sl A i o
ewiiiprutnildosysiafidistisgmlines the operation. 25 Optionally, the one or

more white oils collected after hydroisomerization dewaxing (either with
no hydrofinishing or with mild hydrofinishing) may be subsequently

hijtRatiisisERpte mbasimenp tbeaniidinSaghukhiopiscrnoyctel siradnezogen

o DA S8 R o
dewaxing. Essentially the same partial pressure means that the differénce
between the two partial pressures is less than 0.69 MPa (100 psia). There
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 fo 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 fotal
pressure during the subsequent hydrofinishing may be selected to be adequate
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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 -18 WO 2006/019681 PCT/US2005/024508 to change
YeLAeaI%PAde white oil that does not pass the RCS test to RS 4F/024508
grade white oil that passes the RCS test. The optional mild and

subsequent hydrofinishing steps of this invention are 5 conducted at a
temperature from about 176 degrees C (350 degrees F) to about 288

deoepande (eeAtieargasb)whrRl i e ahays 24 Hs gEeep St 400
degrees F) to about 260 degrees C (500 degrees F). The liquid hour
SB%C%

Qb grgar WA Hiadnrssssdhe RariRfbhing reactor is from

about 0.2 to about 10 hr 1, preferably from about 0.5 to about 5 hr 1.

Pref ly the 10 hydrofinishi lyst for eith ild b nt

oS r O B G U Rt AR o BRLGHEES TR IHergen are

neitstesiabartaftbmipgratanpriteredonbhis Metalses L d3Bistlinged F) to

: g : e Y

T e L S R 0 gogrecs ©

n(ﬁ@@ Jagireasis xdarehpivie2dhigorrsitig (fodesras IR adbitoliguitehour
i o e ) i :

PpaesS/BIaYinNA S iRiP e bS il ﬂw&%@@%e f?fﬁiﬁﬁ@ﬁ(ﬁggt

grade, Wheregé mqre 20 than one white oil may

id elnerbmp LB pliRFIaTBY iRy ahriB RdRcabpyb Suum. dRstefary dhe

biyvarepnibinay GaeiaiieseesicraabyacHsendisINER MBS R8H  rises a
dls# ation Iﬁatr%g%ﬁﬁ?l% used togieparate the, lighter distillate fractions, such

AR MRE Rl En PR MH SRR therQRI PR G ARk
builivig peiaiabeati 315 degrees C (600 25 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
1®isiingyields 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
dritignally, the process of this invention may include distilling the

hydroisomerization dewaxed product before or after collecting one or 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 atmosphetric
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 bolling distiliate fractions.
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30 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. -19 WO
BBG8IPEEEL PCT/US2005/024508 Adsorbent Treatment: CStSHERP 508
white oils of this invention may be contacted with a heterogeneous
adsorbent to reduce the UV absorbance and increase the 5 Saybolt color.

In this manner a technical grade white oil may be upgraded to a medicinal
gradsondite Uiledness-embodiment the entire boiling range of white oil
produced may be contacted with a heterogeneous adsorbent. Optionally,

a high boiling bottoms cut, or one or more distillate fractions of different

viSiiityaltyrattie suiby biestod diteslimitn ohetesg denemtaadsoiiens _
E itahl r eoLs orbents are actiyated carbon,
e A 8 e T AR e it

clapsbrlieselped adbistrentnere teciyticah sha0200WO009TEY BB GFGERIRA,to a
angeticin Al drdde GRS A S SHE R BEATRY ﬁﬁ‘ﬁ‘i’?‘ ’%Nﬂﬁg E&ii@%?ﬁ\%ﬁig white

White oil Yields and Characteristics: The yields of the one or nfore

oiftd! pyodueed s prcprieetadorithia helercusmerss egsnihlenthOpliginally, a

yirigh Bomify®sxsreomhinationaf facirssuidnmisslingedo MRS INiR selee iR sity
of hi bonqzilién?hI%gfrafEnlc and low 20 nitrogen_and sulfur containing

wa et b R EHRHRPSRRNBE ATRMES DS thEagples of suitable
sHetetiuifeaenligcivibrbé the dnydaeiseneey calion, deyuineoaaeH A dbs,

t erally mild process conditigns required during. hydroisomerization
d%e\?vgaﬁtx%?g.sg‘éﬁ‘eargﬁyﬂ?e UI& ai%%%%?fﬂ?&%w&niéfgf@?’sémw fitgare
déargbbiC G5 R200¢Re8IFHa kP AT668 3 \g eratdl. B1aP=2 5N B, 26601 1Beherein
%Jg&%@ﬂqfﬂﬁggﬁﬁ%@f than 35 wt%, 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

ogreatsi YR Rreferabiu 30 588,0r greater, most preferably +30. They

have a high viscosity index,
The yields of the one or more white oils produced from the process 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 wi%

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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preferably greater than an amount calculated by the equation: Viscosity
Index = 28 x Ln(the Kinematic Viscosity at 100C) + 95. For example, a
white oil -20 WO 2006/019681 PCT/US2005/024508 produced by the
WRUEIHEMIs invention with a kinematic viscosity at 100 defff8d$B5fog4508
cSt will preferably have a VI greater than 126. Kinematic Viscosity at

100C is measured by ASTM D 445-03 and is reported in centistokes

(cSt). Ln(the Kinematic Viscosity at 100C) is the natural logarithm 5 with

et RIS s ST
ater than 28 x Ln(the Kin + 105, or+

e et BRI 1 RCBORRY A Rk SESE AR A28 K b

KWisouatity WtstGity stri68&)redlep Aﬁgﬁsﬂ?ﬁm@m%hﬁﬁg ﬁ@ﬁﬁ*@‘?é%e

' ity | j TM.D 2270-9 . The i ini e four .

R e BRRT Ay bbb s B ot araseritom

invihthasea’s "dddbalidderbetie \dseasivat 106G URIBNS. fibteveile thits of

L . ) wrates. a i

T 8 X L RS MR ol 105,

158k blasand imashaiefer aly thavigessibieayisgrg alertion 28X Ln(the
NMH@%&%@W&%&WWSPPMOP&@ RYEVMIod bR S BLS sy re

produced by the process of this invention have a desired composition of

mOTEEERsIREY 8RR Rt heséhand): THs linercdetaingive saneryieferred
pexngst iofaigfositplpridr ol eyRlenarifiniunstisnalmtniypicalvolews

will have between 5 20 and les eight percent molecules with
cyglso%%rg%iﬁ%ﬁ%’ti%’ﬁaﬁﬁgwﬁ&ﬁ@?&%ﬁyﬂhey will have between 8 and 15
weight percent molecules with cycloparaffin functionality. They will also

h low wei ercent,of molecules with. multicycloparaffin =
T L G B TP A B R RReen Baturates
nfsi Ssieispasthy eistooreaitnis ekthatograp mo kST diabii 2D sOlefins

I iti olecules
A B e RN Yoo i ack el BTN B Sl

JNRgnstirissraiss Paestoseens<bOdR Fiis wiitaisie peeduosdrey the
obiadeed oNtAIY AvEANSIFHERS & TRAMERBIBRoERBN of molecules with

cycloparaffin functionality. They have less than 18 weight percent fotal of
molecules with cycloparaffin functionality. Typically, they will have between 5
and {ess 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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30 samples were introduced via solid probe, which was heated from about
40C to 500C at a rate of 50C per minute. The mass spectrometer was
scanned from m/z 40 to m/z 1000 at a rate of 5 seconds per decade. The
WOFIMERA2¢8] WO 2006/019681 PCT/US2005/024508 masspebfiadiy@rasos
summed to generate one "averaged" spectrum. Each spectrum was C13
corrected using a software package from PC-MassSpec. FIMS ionization
efficiency was evaluated using blends of nearly pure branched paraffins

am@&ﬂgiﬁm@w&\%rﬁgnamaﬁ@eﬁ@mm@mﬁm@é@@im&mm Fach
efficiencies Ofl -paraffi %§ndc cIo affins in t es asezé ere

e%%%%t{‘éﬂWﬁé i EOTSESR IR A aopR N anss
oot mhfh&tmtwfﬁtwwttmwﬂw@mﬁmbmm tvemtio nf Tieanymtaeitsariched

sy omareahaasipiand by EINR io.palinsand 1ROplesUIes,

rent nu ratlons ecules with

reffitensies wissrdpariis g w@onﬁm’é‘mw thersphagtinisoNsias,
ank araRIRlGR 518 WhiePimel higiinyg %‘Fﬂ%’@é@%l‘i&’é I35 1Rhn

aromatics and olefins, the molecules with dlffB rent numbers of
R aiR Sﬁ?&fﬁfﬁeﬂﬁté‘f’ﬁrl@’@&eﬁ pahthisBypaliaiins with different

numbers of rings. 15 Thus, for the white oils of this invention, the
-unsatyration ono ycIo araffins, the 2-unsa ions are
AR e IR Al AP gt BN T parafiins and
nohsenizativitts @f&temawmbem@fﬁmsamaﬁmmamamnmames with
pcﬁﬂgar‘g}l]?lﬁﬁ)%r@f@%fﬂﬂ Rira% unsatur ons ot heﬁf cigara%t%n olefins,

aromatics were presentin signi |can moun S |
mdl@ma@mﬂé@ meh&mmeanﬁtpmswntmmbmmuensldwh@mbbf

e e G e H{?mﬁf&lﬂ% v@’tHQﬁﬂ’M‘?ﬂﬁ‘nﬁé’r %(?Bi%tlons

and 6-unsaturations in the white oils thls invention are t e weli

pBRehe itteretadas Rrieneraiseaspainsinito ﬁ&ﬁ@m&yﬂm@f@taf shge
TrHDsatuFaHe it BIR WhiksQHS S 4BIS IneelinRafs-dasyeight percent of

molecules with 25 monos%qcizloparaffln functlonallty The white oils

SRAICSYG' B0 AR KD dBSZHIRRIHTEARS RISt e lBRp RN othe Lenerally
lessahaatiete segieseicpditairiatydaepeannaming westhiaatytibparaffins,

the 5-unsaturations 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 olls of this invention are the weight percent of |
molecuies 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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degrees C, more preferably the pour point is less than -20 degrees C.
Pﬁur 30 ﬁ)oint is measured in one degree increments by ASTM D 5950-02.
The results are reported in degrees Celsius. The white oils have a
W EMUREAScosity at 100C between about 1.5 ¢St and 36 c&t M08
oils may have kinematic -22 WO 2006/019681 PCT/US200S/024508
viscosities at 40C between about 4 ¢St and about 240 cSt, the viscosity
range depending on the boiling range of the waxy feed and the
digiitatines Shapmychecariioied astieavaiiowiRAs THe, Wisiteisitssity range

produced by the process of this ipvention have :
S BRAIaS R IR oA O o Sesr e R ghons thetmay
Vi glerfeernedtoor flessviiteditPLC-UV test method used to measure low

level aromatics is described in D.C. Kramer, et al., "Influence of Group 11

& Il Base Qil Composition on VI and Oxidation Stability,” presented at the
1099 wiith BiEPEstime byt PRAsesR @i inveniondiane 8 Jageenirpt of

?%Hﬁﬁ&{%r%%ﬁgﬁgggm bUE44S88R1 E@@é&ﬁﬁﬂt&r@fw&mﬁwm

incorporat their entirety. Th ite oils of this | [ [
RO G5 B3] P L RTINS TR BSRA R RSB e!
g gmtaﬁlg%)q%)ﬂ%aﬁzgg@mbly,céhg:.&d}qﬁ@bmré]a,nmﬂmmbe whitecnijsb&ihilsBase
invention between to nm.is J the UV ab

ol S BBE 504 A O P Sro DI PAR e B T EE
asda_"ﬁ%E)Nﬁﬂdaﬂ.Meeﬂ'wgsm&mmﬂ:tewwahﬂoﬂlﬁaﬁwﬁeanédn B139. BateBBO
nm is.0.7, or |less, § ferably, i I
cPantcalen e e o B R AR LB el
athsrlgmiticetybetween 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 nmis 0.09 or less. The UV absorbance is

miswiituels ghisENnTeRiTYval mest et a bR BansscsnLaments of
PESRSSAIHRISANNERINCR A Gistecd has basinreatsragwg ehlpvuNeaslorbance

e H e L

wisssin dRediremasic Aocaritpes ARDIS, 3r0astidss, the UV absorbance
between 300 and 329 nmis 2.0 or less, and the UV 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 fo 289 nm is 0.70 or less, the UV absorbance
between 290 and 299 nm is 0.80 or less, the UV absorbance beiween 300 and
320 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 cils 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°CY*7, wherein the Kinematic Viscosity at 100°C, in ¢St, is
raised to the power of -2.7. For example, a white oil with a kinematic viscoéity
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
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raised to the power of -2.7. For example, a white oil with a kinematic
viscosity 30 at 100 degrees C of 1.5 cSt will preferably have a Noack
volatility less than 335; a white oil with a kinematic viscosity at 100
WRgraetigeds 3 cSt will preferably have a Noack volatility leSEEHAR2805/024308
and a white oil with a kinematic -23 WO 2006/019681

PCT/US2005/024508 viscosity at 100 degrees C of 5 cSt will preferably
have a Noack volatility less than 13. A plot of the line defining the

Hpiess

prﬁé@ﬁﬁ@tmwdia*ébf%&'@%@@é&%%?é@%&%ﬁhﬁ@b%ﬁé%@%@k

oi|s of &isi vention Is shown in FIGURE 2. Noack volatility is defineij as
thd'?a -a&&l%%?@@é@& PRt REsrRITS RIS fpnbieask waladility
hedted s itios Egreﬁéd&ﬁﬁd\ﬁﬁi@ﬁiﬁ@(&?i&i@iﬁ@ﬁ-izﬁW?bﬁ'FV@URE 2.
a in a.test crucjble through which a constant flow of air is
o I SIS it R S Ramoeb A HedpRront
cavbishtiadooabkv dhatitityiahdaine ail2th degeatet wall RIMATTM2.67 kPa;
D ' i ravj i A) by AST

o S AR e R IE e AN BT Sl s ow
b&EaIbifs dErvee e 9 BiRetaAdASAIRaE808 ) ah prode ctenTemieiherethod for
e aake el RMeY SAHE Witlen LaAsiARsy Jrir W%F?A%?@Pk%saoo is

soften, extend, and resist maisture in many formulations. They ma
o R HE RGNS S0 AU R BTFUARS IR DISAS Y GG 7S-95.

personal care, and pharmaceutical products with more desired properties.

Nﬁgécin?lﬁ‘haﬁee vyh_ite oils of this invention may be used in products
ranglﬁg0 rom' aBS/SoiIs and lotions to sunscreens, tissues, skin 20

adhesives, and antibiotics. The white oils made from the process of this

[ wionwillhave utility. in applications as wide-ranging as dough divider
o o SR AR B o R B e 8ns”
s@bpf@@ehtﬁw m@gﬁmiwmiammhmedsmsmﬂm&mmﬁmm& with,
agg fes i acuibioUsRe laedending. a0t IRBIShdPreaRAte
wrapping_paper to keep foods crisp; control foam in beet sugar, vmé’gar

afipeisEPprodlRaymanBehieddes tghdidRopesiohtgm to create a finished

USP petrolatum, personal care, and pharmaceutical products with more
desired properties. Medicinal grade white oils of this invention may be used in
products ranging from 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 oils 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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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 30 and refrigerator compressors. The white oils produced by

WAIZBPELE that have kinematic viscosities greater than abBGtT@EZE@{Oﬁi‘éQS

especially suitable for use in food applications. They will be particularly
valuable as plasticizer and -24 WO 2006/019681 PCT/US200S/024508
mold release process oils, as well as 3H release agents, in food

ng| ASe ;%deé@ﬂﬁ% aeewsiae mfr@e%bu HophiS, @einmaimf epticétions.
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skmimgeprodessiolyerse conditions. They have 10 excellent UV & color

stability and may be employed as internal and / or external lubricants, in
polystyrene, polyvinyl chloride, polypropylene, polyethylene

Wehiteoplasicimitspntnnaasrmversdelant oxisiaind anripmsstability,
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ile fibers.’| ont ey may as a_paper processing aid, and
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rvery li olored or clear rubbers and plast|cs 25 They wijll make
<allpvoi 2 0B RIGHIIG APRETH IHRVRIERIAT G A b By Wisoprene.

process of this invention will be especially useful as plasticizers in

White cils made from 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 compatibie 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 plast:cs
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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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
WB AR 88 cause they 30 are low staining the white oils mad& FHRFAEn24508
process of this invention will find application in stainless hydraulic and
aluminum cold rolling oil. 25 WO 2006/019681 PCT/US2005/024508

When used as plasticizers in the production of polymers, the white oils of

twmaf@aa\/@@a@régvfllmw@@%im IATONR RNk HRRMBASISIREWWRIORIPSS this
100 parts of polymer, Examples of the use of white oils as plasticizers are
JREAIPD SIPRETIIE FIcmouss <l Bdass aia Reraigbgy 100 barts

B 1284630 AkaniplANPhE SsEXxdwhite 15id Aydiektatess are given in US

g R B P v, WA 2B A e

percent oxygen,.,and a T90 boiling point of 972 OF was selected for

hydroisomerization dewaxing into %gét)@@ué@e hydrotreated

Fischer-Tropsch wax had less th tal combined nitrogen and
sefamalfdliess than 25 ppm total combined aluminum, cobalt, titanium,
iron, molybdenum, sodium, 15 zinc, tin, and silicon. The hydrotreated

Fischer-Tropsch wax had greater than 30 weight percent of molecules
A A RS0 S Bl T aRSIFR WS BNk e PRI beapar

r@e::jtayaieigﬁlmrajhigr@émpt?gulw having pérl%?ﬁtrﬁgé?’éi;fl!ﬁé? 1@@@%%@@@8
and. molecules having at least.30 carbon atoms Jess than 0.05.
O ST Ry 0 100 VRS BOIT R RS eStash e
Thydrsiswyuerizativer detianing wdsevhieaila MgblsrtstetsedRisatéyeTysch
ydrai izat containing 65 wt% SSZ-32 zeolite, and
e R e PR R S e ren 26
Thun total combined aluminum, cobalt, titanium, iron, molybdenum, sodium,
zing, tin, and silicon. The hydrotreated Fischer-Tropsch wax had greater than
30 weight percent of molecules having at least 30 carbon atoms. The
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% S82Z-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 PY/Pd on
silica-alumina hydrofinishing catalyst. Conditions in the hydrofinishing reactor
were a temperature of 450 °F and LHSV of 2.0 hr''. The vield of products
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hydroisomerization dewaxing was conducted at a temperature of 600F,
LHSV of I W, 300 psig total pressure, and 5,000 SCF/bbl once-through
hydrogen. The white oil produced by the hydroisomerization dewaxing

e dir8tly to a 30 second reactor, also at 300 psig total HrEd&3Aa5/H24508

which contained a Pt/Pd on silica-alumina hydrofinishing catalyst.
Conditions in the hydrofinishing reactor were a temperature of 450 OF
and LHSV of 2.0 hr 1. The yield of products -26 WO 2006/019681

5}6&&\&@8}9@5@%@%&_ shoibing atgﬁﬁtwt/ @Lﬁ?ﬁ rt]ri%hﬁ{on%‘isﬂt Fshirkdctor
e rofin n e or was 0 Wwit% o e rotreateq .

R o e e e TN OB BB AR B o o the
chydersomefipabdo ceabhilingTatsS3ddseieasoih rodtlibig a6 OF 38X Brdegrees
t i - t ili t 343 ad |
o TS B P B PN AR A0 0 AR o 3 Shs
dériast &iagdHevirgaidtiity wathebopd @250 ribaretiors abwakihh wi% 650°F-
cm%hfé?ezeg, w&ﬂ'&]@ﬁ%g thapeof avfw@ﬁg%??omeﬁygﬁ&%amxmg

kinematic 10 viscosity at 100C of 4.794 cSt, a kinematic viscosity at 40C
of2BBlcSt, and a pour point of -29C. The viscosity index of this whole
650 F+ sample was 166. The viscosity index was greater than an amount

el

hy s tyretr e0i el Tdresin iamm@méﬂg&mﬁf&iiﬁhétﬁ@%ﬁf@gc&@t&, and
this whole sampl iling at 650 QF and a . Was 12 r about 800
B Bl R T AN R A Rhe 1 SRR
SH§bo ﬁ'bel&:aisobsﬁfg mﬂebewﬂtgreﬂtprdﬁantetmnmm_ eal:0&enhbptiwe

W, ) . [ s ] . iIzakliQn _
e Y o R SO 7120 = ea.
spéisifishavh 4 ORhaurs o hepesdine semividraiconyelisitinnandivdrafidishing
hygiefiishing Sfﬁﬁsaﬂféofé:déﬁtiﬂ?éi%&%tﬁﬂ%ﬁe%%‘ﬂh‘ﬁ BeBrBe: L ABBGe

was taken. The distillation cut had a kinematic viscosity at 100 C of 4.547

c¥B (R AlFBPRERAS hewslrRYatRg dhe Brdisleompdastippand
colafrofsishi®y fdistors the Saybolt color of the whole white oil product boiling

at 650 °F and above was +22. All of the products collected from the
hydroisomerization dewaxing and hydrofinishing steps met technical white off
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 fo the more restricted crystallographic free diameters of the

~27 -
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viscosity index was greater than an amount calculated by the equation:
Viscosity Index = Ln(the Kinematic Viscosity at 100C) + 115 = 157. The

unexpected excellent color of the products of this process is attributed in
V80 14p%3He lower temperature required for the highly seledtfvl%3g05/024508
active wax hydroisomerization catalyst (600 F), but we believe the

excellent color is mainly due to the more restricted crystallographic free
diameters of the -27 WO 2006/019681 PCT!US2005/024508 channels of

SEharROSNBBEBIDCBATEdd oS BRI(PUISBR-SA RS ING} BAFD Jlﬂ has a
12@ &molecgfrseve ,haVI Chan eswth a ‘j:]nimum cfﬁstallc%g]r 8 ich.

frée disrhekm ?és%et}ﬂ% VARG 55\%’ LAY crysiiographic
chystaliagrefehniof fredebartieter3od Aoigsicoenthad 8. iaxigsiroronabaliographic

C | than
o B B, G S
chgisliocoszibanahaditae demeigoarepiRigian sttbAngalsores he more
"?@Qﬂﬁ&é@ Eﬂ}@fal@b‘?éﬁfﬁé’??@@&éﬁ%r@@f MEERRAYBNSEYR? limited the

hydrofinishing pressure of 300 psig, the process produces oils that meet

t %HR%Q%H%@&%%B%‘M@?BH@%%@W kit hEsA S amRpToRRPW
hu@memartwwrsﬁﬁmmeﬁm@g;ﬁ@sﬁam%nabuwig Whitereiess

ed in hi ields atln the ical grade _white oil
s S R B et A P AL G or by
trammmcﬁtmftecrmfml Igragzlhymmeouﬂemm@dﬂ eéer@tgebeev@tm@smmtmbﬂ:cmaf
E Ste Were erf Who 650 F+ a 30-970
Cé% g:s gstl%r?cg:su \Sﬁle Bff:’ escn xam % nﬁ]et?e?‘?ﬁ mcal grade
Wﬁﬂjéecﬁﬂsmaage@sleem&ydmf@ebB’@qw@&yatc&flsingh\ﬂrg higiser pressure or

|
cBp st ARdEcrig SAmR e S B BR iR

ressure was
increased from 300 psig to 500 psig or 1000 psig. These white oils
pmﬁqgglgy 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 IV 25

RCS tests were performed on the whole 6850 °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 fo 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 IV

Table IV — White Oil Samples

White Ol Inspections Whole Product Distillation Cut
Sample Whale 650 Whole Whole 730-970 | 730-970°F
°F+ 650 °F+ | 850 °F+ °F
Hydroisomaetization 300 300 300 300 300
Dewaxing Total Pressure,
psig
fiild Hydrofinishing Total 300 300 300 300 300 |
Pressure, psig

-28-



Table IV - White Oil Samples White Oil Inspections Whole Product
Distillation Cut Sample Whole 650 Whole Whole 730-970 730-970 OF F+
650 F+ 650 F+ OF Hydroisomerization 300 300 300 300 300 Dewaxin
WORPEIELShre, psig Mild Hydrofinishing Total 300300 300 36&581§¢5/024508
Pressure, psig -28 WO 2006/019681 PCT/US2005/024508 White Oil
Inspections Whole Product Distillation Cut Sample Whole 650 Whole

Whole 730-970 730-970 OF F+ 650 F+ 650 F+ OF Subsequent

Ay RgaNRRE 507 1000 NoRg, 19, Jiefal Pressufe, psigitaation Cut
Ot —=zg =17
4.794 4. §ﬂ’7’p\‘7lsc\(l);¥; Tr dﬁi\égg%{;’%ﬂ g@@j}ﬁfgg ?/%Qgséoscszﬁo 9re
RassPRassHailtPass-thASTMD2269-99280-2 mi0. Uoy U.
Ao 05 ool 0 o0t o 0™
fisp/Bosd bag 651/70'5 101 B erahas 725763 50814 836 |-
Viscosity, 40°C, ¢S5t 20.36 19.19
Viscosity 1060°C, ¢St 4.794 4,547
Viscosity Index 166 159
Saybolt Color +25 +29
RCS Eall Pass Pass Fail Pass
UV, ASTM D2269-89
280-289, nm 0.54 0.087 0.66 0.175
290-299, nm 0.281 0.073 0.654 0.151
300-329, nm 0.366 0.055 0.743 0.13
330-350, nm 0.15 0.025 0.316 0.088
Sim. Dist. Wi%, °F
1BP/5 584/648 651/702
10730 875/748 ' 7251783
50 812 830
70790 B98/1027 878/941
95/FBP 1087/1187 969/1023
FIMS Analysis, W%
Paraffins 87.1 36.3
1- unsaturations 12.9 13.7
2- unsaturations 0 0
3~ unsaturations 0 0
4- unsaturations 0 0
5- unsaturaiions 0 0
6- unsaturations 0 0
Total 100.0 100.0
Molecules with Cycloparaffin 12.8 13.7
Functionality, wi%

Hydrofinishing at a higher pressure was effective at improving the ultraviolet
absorbance, and significantly reduced the aromatics, olefins, and color bodies.
The sampies hydrofinished at pressures greater than about 325 psig for a

-0 .
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70190 898/1027 878/941 95/FBP 1087/1187 969/1023 FIMS Analysis,
W1t% Paraffins 87.1 86.3 1- unsaturations 12.9 13.7 2- unsaturations 0 0
3- unsaturations 0 0 4- unsaturations 0 O 5- unsaturations 0 0 6-

WiAd4tePAteHs 0 0 Total 100.0 100.0 Molecules with Cyclopafaf{H5E30g/024508

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

PEBEBMEE BrAECHEL RN RRAN PARPRINEOb s, 2 MBILRNRI0 W6%od and
PCT/US2005/024508 second time were medicinal grade white oils,

SORaBRAfsHIG&!M food and pharmaceuticals. These examples
demonstrate that a subsequent hydrofinishing step to produce 5

dicinal de white oil lished j ingle hydrofinishi
e o B URLERR AL S RSB AR R ARSRR G gcuce
usia@idhmimwbﬁm’nﬁérmeynt(maﬂ’d:mﬂptiahpda'ssareimtglr—:iﬁgrduifkéq[niegtstep
SO T T S B PNBIE SRS o e e
gpEeReRM P ibistinvendes.ndhedpiakprers ke Sudpoteudb asetienidl yiadisishing
WhiiSt 3iblBaiRas34S HeeRmRiesto FRATRIhS (RPaRYAINRe -ft‘!t‘ggcceptab!e

different samples of Fe-based Fischer-Tropsch waxes produced by Sasol,

1553 96 IReRARASINAR {0 fbRNgRAESHTRA BaHE Whilg ailat does not
prepeMirsRS SSIURMREZaedRhablfabe white oil that passes the RCS test.

Example 4 (Comparative):
Twao different samples of Fe-based Fischer-Tropsch waxes produced by Sasol,
prior to hydrotreatment, were analyzed and found fo have the properties as

summarized in Table V.

Table V - Fe-Based Fischer-Tropsch Wax

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

5M10 718/739 809/840
20/40 761/799 875/927
50 816 940
60/80 832/878 963/1003
90/85 911/940 1033/1058
GC Analysis

W1% n-paraffins 80.73 77.02
Nitrogen, ppm 6 Not tested
Sulfur, ppm 6 <G
Oxygen, wi% 0.138 0.23

3 parts M5 Wax and 2 parts C80 Wax were blended tfogether to produce a
Fischer-Tropsch wax having a T10 boiling point of 756°F, a T90 boiling point of
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Table V - Fe-Based Fischer-Tropsch Wax Properties M5 Wax C80 Wax
Sim. Dist., Wt%, OF 5110 718/739 809/840 20/40 761/799 8751927 50
816 940 60/80 832/878 963/1003 90/95 911/940 1033/1058 GC
WM WHY6 n-paraffins 80.73 77.02 Nitrogen, ppm 6 Not t&st8d 2808
ppm 6 <6 Oxygen, wt% 0.136 0.23 20 3 parts M5 Wax and 2 parts C80
Wax were blended together to produce a Fischer-Tropsch wax having a
T10 boiling point of 756F, a T90 boiling point of -30 WO 2006/019681
Eﬁ!dS@QQQM@M@iy@ﬁ BN Sh2rakin 8119 TS @R n-paraffins.
fins

groxmat t% n-para either of the waxes were
ﬁ§ el %%H@Rﬁé&’ﬁf@ffﬁ‘@& ‘remove the higher boiling
molecules. The distillation 5 bottoms had a T90 boiling point of 1059F.

e distill tlonb waxy fee h isomerjzati nd ax
e R e eSS e e hation
rbetmr(mlﬁmTBQbomrwrgﬁtatmfrngGQf’d“e stiippalisiiata- botiomnd (Baxy

Y%}Q& QE&&SM Q@é@'@&igbﬁvﬁ%ﬂ&’%ﬁ%'c

free |amet an 3. %strom ut 10 the maximum

daygfézmrs@nﬁatwébcmwévmﬁ@ iR (SRR thhhos @ refractory
ARGSErebptire Vepipits ReraeAt SRl WasdRtt %beTB®aving channels with

hydr0|somer|zat|on dewaxing conditions were 500 psig total reactor

ReRuliRUysllogrRPaitres Rl TP eE6RS Sibadlérgsirom, but

hydrafiishing Wes NogravkicdrBed amilita-aitRinthaatalydb ajrd 809 1eig 6.0
t%&l} gtrr%sﬁz;‘,ure and 450 OF.

The weight percent SAPO-11 was 85 wi%. The hydroisomerization dewaxing
conditions were 500 psig total reactor pressure, 0.8 LHSV, and a temperature
of 650°F. Subsequent hydrofinishing was done over a Pd on silica-alumina
catalyst at 1000 psig total pressure and 450 °F.

The ‘properties of the lubricating base oil produced by these steps is shown
below in Table VI.

Table VI
Properties Comparative Example 4 Base
Qil

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

300-328 nm 0.001
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The properties of the lubricating base oil produced by these steps is
shown below in Table VI. 20 Table VI Properties Comparative Example 4
Base Oil Viscosity at 100C, cSt 8.144 Viscosity Index 158 Pour Point, C

WORUEABEIE Color +27 UV Absorbance 280-289 nm 0.007 POBYSS45(p24508

0.005 300-329 nm 0.001 -31 WO 2006/019681 PCT/US2005/024508
Properties Comparative Example 4 Base Oil 330-380 nm <0.001 FIMS
Paraffins 81.0 1- unsaturations 16.3 2- unsaturations 1.9 3-

unsaturatiopfPéltigs Unsaturations §.C SmpasaiNeEBs e PBase
unsaturations .8 Total 100.0 Molecules with 19.0 CC):[)(cloparaffin
Functionality, wt%
330-380 nm <0.001
FIMS
Paraffins 81.0
1- unsaturations 16.3
2- unsaturations 1.9
3- unsaturations 0.0
4- unsaturations 0.0
5- unsaturations 0.0
8- unsaturations 0.8
Total 100.0
Molecules with 19.0
Cycloparaffin
Functionality, wt%

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 hydraisomerization
catalysts of this invention. It was hydrofinished under high pressure (1000
psig) to yield the white oil with good Saybolt color and fow UV absarbance.
Note that the VI of this white oil is low compared to the preferred white oils of
the current invention. The V1 is considerably less than an amount calculated by
the equation: VI =28 x Ln(Kinemaﬁc Viscosity at 100°C) + 105 = 164. This
white oil does not have the desired compaosition 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

-32.-
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This comparative white oil example, Comparative Example 4 Base Oll,

was made with a molecular sieve (SAPO-1 1) with a maximum

crystallographic free diameter exceeding the maximum crystallographic
WRAHAMEEr of not more 5 than 6.0 Angstrom of the highly BElEERAWHHS08

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

PIRSCITRRIRCH BARIRRANDYR BTt b eiawERa! iskaing the
he VI'is considerably less than an amount calculated %@Ahe gauation:

VI B S AUARAP A EBR 666 BoteRS DA AT

dogsystiaauedhnderiicd wambpsitisombniitionlestalisisyefdpisrffiention.

functionality of this ipvention. Example.5 (Comparatime)..

R SR CETE AL PR Rt TR s B eactor, o

gpeaiarhandstemyrs dtydatappEaxmialelycifiisdaRing a Mokssagent
ieve -32 WO 2006/01 P 0 ( B j

R T e B o g otal

qrystallog EEhiS0SE didnilisdiasionetioedul RobnoAApseRPEHAt & 3R JRRAe

SR ARTLAgHH & BNy esomaRRlioRoBluYo ¢ s viRition.

e hydroisomerization dewaxing conditions were 300 psig total reactor 5
pressure and a temperature of approximately 660 to 680 OF. Subsequent
hykaSiisbines G fon Ay Besnotiliradlentinsy datadpsttenp8eogsipwn
total pressure and 450 OF. A distillation of the full boiling range product
vwslondad abie Wsample with a boiling range between 730 to 930F was
collected. 10 The properties of the ITdisleatihg base oil produced by these
steps are shown below in Table VII. Table VI | Properties Comparative
Example 5 Base Oil Viscosity at 100C, cSt 4.3

Properties Comparative %}_{iamp!e 5 Base
i
| Viscosity at 100°C, ¢St 4.3
Viscosity Index 147
Pour Point, °C -17
Saybolt Color -1
Wit% Aromatics 3.0
FIMS, wt%
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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Viscosity Index 147 Pour Point, C -17 Saybolt Color -1 Wt% Aromatics
3.0 FIMS, wt% Paraffin 87.0 1- unsaturations 10.0 2- unsaturations 0.0

3- unsaturations 0.0 4- unsaturations 3.0 5- unsaturations 0.0 6-

W3 aishs 0.0 Total 100.0 Molecules with 10.0 Cyclopat&ffificz?05/024508
Functionality, Wt% 33 WO 2006/019681 PCT/US2005/024508 The
Comparative Example 5 Base Oil shows how hydrofinishing under low
pressure was not effective at removing the aromatics and color from the

Ium:@@mﬁfmﬁv@jléhaw@m%@f@im&%i%ﬂw@@ﬁh%n@ under low
Pt/SAPO-1 1. This sample would not quall%as a white oil due o it having
aRIEPR WS draP SafigH Mo SO G R AEREIAHRS GTE GRIPAIRR A

hiydnodegimie dadaabibthitanss hyveoiddimiezsiibroghwvekan s sagetizedO-11.

oyer a 10 Pt/SSZ-32 catalyst which contained 0,3% Pt and 35%.Catapal
T RO DA T T8 B bae & PR R
tHeghodrsmaRios combeliions were 560 OF 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
nireRyelrofir lsRMBaAM@Y, 15 also at 300 psig total pressure, which

contained a Pt/Pd on silica-alumina

A hydrotreated Fischer-Tropsch wax (Table VI, below) was isomerized over a
PU/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 direcily 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 wel! as the properties of the
hydroisomerized stripper bottormns (Comparative Example 6 Base Oil) are given
in Table IX.

Table VIII - Hydrotreated Fischer-Tropsch Wax

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

Sim. Dist., Wt%, °F

IBP/S 5121591
10/30 637/708
50 764
70/90 827/911
a5/FBP 941/1047
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hydrofinishing catalyst. Conditions in that reactor were a temperature of
450 OF and LHSV of 1.0. Conversion and yields, as well as the
properties of the hydroisomerized stripper bottoms (Comparative

VEX3MpIE ‘B Base QOil) are given in Table IX. 20 Table VIII - HYdiGRa8G24508

Fischer-Tropsch Wax Gravity, API 40.3 Nitrogen, ppm 1.6 Sulfur, ppm 2
25 Sim. Dist., Wt%, OF IBP/5 512/591 10/30 637/708 50 764 30 70/90
827/911 95/FBP 941/1047 -34 WO 2006/019681 PCT/US2005/024508
Table IX - Prepasagion deﬁﬁﬁﬁ&ﬁ@ﬂﬁﬂ?&@i&ﬂ%&%oﬁﬂ?ﬁer Bottoms
Hydroisomerization of FT Wax over Pt/SSZ-32 at 560 OF, 1 LHSV, 300
psig, and 6 MSCF/bbl H2 5 Conversion 650F+ to 650F-, Wt% 15.9
Conversion 700FHyir@B0MmeNYiiohbLFY ivlds: SVsorsS-G2 H11
C3-C4 144 C5-184081.80, 130390 Q6 22k3 AREb 1SR 1 090

F+ 73.19

Conversion 650°F+ to 650°F-, Wi% 15.9
Conversion 700°F+ to 700°F-, Wt% 14.1

Yields, Wt%
C1-C2 0.11
C3-C4 1.44
C5-180 °F 1.89
180-290 °F 2.13
280-650 °F 21.62
650 °F+ 73.19

Hydroisomerized Stripper Bottoms (Comparative Exampile 6 Base Oil):

Yield, Wt% of Feed 75.9

Sim. Dist., LV%, °F

IBR/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 leve] of
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Hydroisomerized Stripper Bottoms (Comparative Example 6 Base Oil): 20
Yield, Wt% of Feed 75.9 Sim. Dist., LV%, OF IBP/5 588/662 30/50
779/838 25 95/99 1070/1142 Pour Point, C +25 The pour point of the

VERISARITE Example 6 Base Oil was too high to be 30 confdéteeg/024308

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 -35

\66(}}\?&@@!9119@% E&Eﬁ&?ﬂg@/@%&&%mmmdmyutbﬁémm@rmaps was
roisomerization a rofinishing. st na :
RBECEAE BT DI LRRIAN T dil Rot ALTR oo dd not

nrefertad [sestobddaversfuronttns @5 Ot BENiTs mrm@mamane Fischer-
OB WA 12245 10 BrgHEs B 198“ A E90F of greaier han 26 Wi and

Ilcatlons patents and patent
apmd:banrﬁonéfd.ln this appllcatlon are herein incorporated by reference
in their entirety to the same extent as if the disclosure of each individual
publication, patent application or patent was 10 specifically and
.ﬁamﬁmwbauz%tt@a&opetemécﬁ%mw&@%ﬁ% AtRS EhtiHsgPRiigRjon

mRdficaliRnach e Wﬁ@%l@ﬁ@mfﬂﬁm%ﬂﬁ FBgy Im/afw@ard@ebﬁead as if
above will readll)éoccu&%wé)gaq skjlled |n the at AcCCco dl

R RGBS R Bent enieRs S et ues

fgﬂew:im&asm@ﬁ@mvmmwaﬂﬂeawmmscesﬁdmadmamm in its

F;%TEIU§.2005/024508 WHAT IS CLAIMED IS: 1. A white oil, having:

Many modifications of the exemplary embodiments of the invention disclosed
above will readily occur to those skilled in the art. Accordingly, the invention is
to be construed as including all structure and methods that fall within the scope

of the appended claims.
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a. a kinematic viscosity at 100C between about 1.5 cSt and 36 cSt; 5 b. a
viscosity index greater than an amount calculated by the equation:
Viscosity Index = 28 x Ln(the Kinematic Viscosity at 100C) + 105; c. less

WA2A0$GBHht percent molecules with cycloparaffin functionhilyUSg005/924508

pour point less than zero degrees C; and e. a Saybolt color of +20 or
greater. 10 2. The white oil of claim 1, wherein the viscosity index is

greater that an amount calculated by the equation: Viscosity Index = 28 x
Ln(the~Kingmeaiia Wiggosdy at 100C) +115. 15 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 100C) +
12014. Khghiisg, eihaihgtaim 1, wherein the pour point is less than -10C.

20 5. The white oil of claim 4, wherein the pour point is | than - :

The wiite SRS YATRE Al L BT B0 ARo b 5, STCAR S5t
The white ailvfodsiigitd evhgretethih Sagbhanuolot isak@S0ed)inatee sBuation:

of ciim 1, AFE S O Ao e LAt B o o 50

or |ess,ot.héqss'té@go‘rﬁmigfﬁelwg@ntzgg!a_ﬂdegggriﬁn\:i@@.mfﬂiesfgnﬁ@naﬁty;
uv abs@.rbéf%%% PEBIR RS ARANLAZ BdYReissZ O ghless, and the LV

absorbance between 330 and 380 nm is 0.7 or less. -37 WO 2006/019681
PCT/US2005agadbeolen of éQi@reatsr-claim 9, wherein the UV
absorbance between 280 to 289 nm is 0.70 or less, the UV absorbance

between, 290 and 299.nm is 0.6Q or Jess, the UV ahsaorbance between
0BT CPhG B IeLVBRIFS W VRFaH b R SERAE
and 38@muouist C4lututesby ke Bogatioite WikobsinimndehavigodesstHean
1.2 WeiRﬂwt Hen %r\tlgl; oréll?Jeac;Hsag/(qusm;inf.g'ficycloparafﬁn functionality.

3. The white oil of claim 2, wherein the viscosity index is greater than an
amount calcutated by the equation: Viscosity index = 28 x Ln(the
Kinematic Viscosity at 100°C) + 120.

4. The white oll 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 nmis 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.
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10 12. The white oil of claim 11, having less than 0.01 weight percent of
molg-:-_cules with multicycloparaffin functionality. 13.The white oil of claim 1,
additionally having a Noack volatility less than an amount calculated by

WaeWeHEh: Noack Volatility, wt% = 1000 x (the 15 Kinem&§d VOB 3A508

at 100C)-Z1. 14. A white oil, having: a. a kinematic viscosity at 100C
between about 1.5 ¢St and 36 cSt; b. a viscosity index greater than an
amount calculated by the equation: 20 Viscosity Index = 28 x Ln(the
Kinematic Viscosity at 100C) + 95; c. between 5 and less than 18 weight

percent molecules with cycloparaffin functjanality; d. | [
pert@fifoidingy &ﬁﬂﬂiﬂﬁ«:ﬁ{f&f&#ﬁ%ﬁ mcqhﬁb%@%%%%%%é\?gg rlgttE 289
lﬁ?: tnr?,?l ;@_qulgfmfhagtwabismmemﬂeénmﬁwcba&&m.is 0.60

white oil of ¢ erein . the wej I '
muIticﬁlmﬂaﬁﬁW@lﬁgﬁg\bﬁ??g I%%@%?la}r?gé&.@%%@%@C\%ﬁﬂ%}gg ss. and
claim 1he Whestisotivanve tletweereddonanst GR% vtis ORiGFdRaraff in

functionality is less than 0.01. -38 WO 2006/019681 PCT/US2005/024508
17. The white oil of claim 14, wherein the Saybolt color is +29 or greater

andi it FaesebitecoikoSRist. b hevimelashidhai 8f%bﬁﬁi€ﬁh?ﬁﬁ?ﬁﬂgh lly

having, a JNo: &vwlmimlkﬁ?uwmwmwated by the equation:
Noack Volatility, wt% = 1000 x (the Kinematic Viscosity at 100C)'2'7.

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

10 mykincianuafiinfurgionalinaisievech fnah0 1LaeghiTrereehitebil of

claim 14, wherein the po ointis | .- -
molecules with mu lrc clopara i tﬁlﬁacntioln%ﬁty. 39

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)y>".

14. A white oil, having:

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

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 funciionality;

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

muliicycloparaffin 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, wi% = 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 15.

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