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(54) Title: HIGH PURITY PARAFFINIC SOLVENT COMPOSITIONS, AND PROCESS FOR THEIR MANUFACTURE

{57) Abstract

Discloses high purity solvent compositions constituted of n-paraffins and isoparaffins, with the isoparaffins containing predominantly
methyl branches, and having an isoparaffin:n-paraffin ratio sufficient to provide superior low temperature properties and low viscosities.
The solvent compositions are made by a process wherein a waxy, or Jong chain paraffinic feed, especially a Fischer-Tropsch wax, is reacted
over a dual function catalyst to produce hydroisomerization and hydrocracking reactions at 700 °F# conversion Jevels ranging from about
20 to 90 wt.% to provide a Cs-1050 °F crude fraction. The Cs-1050 °F crude fraction is then topped via atmosphesic distillation to produce
a low boiling fraction with an upper end point boiling between about 650 °F and 750 °F. The low boiling fraction is fractionated and a
narrow boiling range solvent obtained therefrom; one which can be further divided into solvent grades of various boiling ranges.




poi nts; properties which cannot be inproved in the ENSORB process by a

W der n-paraffin cut because the (Jerr]+ n-paraffins have high nelting

*poi nts. Thus, the addition of Clerr] + paraffins will only worsen the pour
poi nt . WO 97/ 21787

PCT/ US96/ 18912187 30| vent s constituted of nixtures of hi gAtYUEFARhed
paraffins, or isoparaffins, with very [ow n-paraffin content, are also
comercially avail abl e. For exanple, several grades of | SOPAR solvents,
i.e., iso- paraffins or highly branched paraffins, are supplied by Exxon
Chemi cal Conpany. These soHIGH BURITYI PARAFFINIGEOLVENTDbOt tons (typically
prepared by al kyledm@sﬂm,mme@assmtmﬁ%{mﬂ@g]mﬂ” ty, low
odor, good oxidation stability, |ow pour point, and are suitable for nany
food- related uses. Mireover, they possess excellent |ow tenperature
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purity sol vent conposition conprising a m xture of .
compositions characterized as mixtures of Cy-C,, n-paraffins and isoparaffins,

with the isoparaffins containing predominantly methyl branching and an
isoparaffin:n-paraffin ratio sufficient to provide superior low temperature

properties and low viscosities.

2. Backeground

Paraffinic solvents provide a variety of industrial uses. For
example, NORPAR solvents, several grades of which are marketed by Exxon
Chemical Company, e.g., are constituted almost entirely of C,,-C,; linear,
or normal paraffins (n-paraffins). They are made by the molecular sieve
extraction of kerosene via the ENSORB process. These solvents, because of
their high selective solvency, low reactivity, mild odor and relatively low
viscosity, are used in aluminum rolling oils, as diluent solvents in carbonless
copy paper, and in spark erosion machinery. They are used successfully in
pesticides, both in emulsifiable concentrates and in formulations to be applied
by controlled droplet application, and can even meet certain FDA
requirements for use in food-related applications. The NORPAR solvents,
while having relatively low viscosity, unfortunately have relatively high pour
points; properties which cannot be improved in the ENSORB process by a
wider n-paraffin cut becéuse the Cjs+ n-paraftins have high melting points.

Thus, the addition of C,s + paraffins will only worsen the pour point.



paraffins having fromabout 8 to about 20 carbon atons, i.e.,
cerr]-Cerr], preferably fromabout CJerr]-Cferr], carbon atons, in the
ol ecul e. The sol vent conposition has an isoparaffin:n-paraffin ratio
rangi ng fromabout 0.5:1 to about 9:1, preferably fromabout 1:1 to about
4:1. The |iwoparsfi ns of the m xture contain greater tharediniSoygues cent,
50% nono-nethyl species, e.g., 2-nethyl, 3-methyl, 4-nmethyl, [err]5-
met hyl or the like, with mninmmformgti on of branches wi th substituent
groups of carbon nunber greater than 1, i.e., ethyl, propyl, butyl or the
| i ke, based on the total weight of isoparaffins in the m xture.

Preferably, the isoparaf fgohen® conbtuidhi b Higufed Bf Rishlybrarh&d pdri@is,/0 per cent
of the nono-nethyl species. based on the WO 97721787

PCT/ US96/ 18428 oisopasaffinsmiithhveryf lowhe-paffpaceéntnare alse irommerdiallye. The
paraffinic solv ), Xt oié} within a ra rQ bout 320[err]F to
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solvent mxture is generally fractiognated into cuts having narrow boiling
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| SOPAR sol vent s (e H&l %o?églfé}t, itileiytp\éSSe&ne)chlfe.tnt lowgi%e&?drg%%psénies.
Unfortunately however, the ISOPAR solvents have very high viscosities,
€.g., as contrasted with the NORPAR solvents. Despite the need, a solvent
which possesses substantially the desirable properties of both the NORPAR
and ISOPAR solvents, but particularly the low viscosity of the NORPAR

solvents and the low temperature properties of the ISOPAR solvents is not
available. '

3. Summary of the Invention
The present invention accordingly, to meet these and other

needs, relates to a high purity solvent composition comprising a mixture of
paraffins having from about 8 to about 20 carbon atoms, i.e., Ci-Cy,
preferably from about C,,-C,,, carbon atoms, in the molecule. The solvent
composition has an isoparaffin:n-paraffin ratio ranging from about 0.5:1 to
about 9:1, preferably from about 1:1 to about 4:1. The isoparaffins of the
mixture contain greater than fifty percent, 50%, mono-methyl species, e.g.,
2-methyl, 3-methyl, 4-methyl, =5- methyl or the like, with minimum

formation of branches with substituent groups of carbon number greater than
1, i.e., ethyl, propyl, butyl or the like, based on the total weight of
isoparaffins in the mixture. Preferably, the isoparaffins of the mixture

contain greater than 70 percent of the mono-methy! species, based on the



conbi ne many of the nost desirable properties found in the NORPAR and
|LSOPAR sol vents. In particular however, the solvents of this invention have
the good | ow tenperature properties of | SOPAR solvents and the | ow
viscosities of the NORPAR sol vents; and yet maintain nost of the other

i mport ant prWPSFRIIBL of these solvents. The solvents of thiPETUNERHBon are
produced by the hydrocracki ng and hydroi sonerization of Cferr]+ paraffinic,
or waxy hydrocarbon feeds, especially-Bischer-Tropsch waxes. or reaction
products. at least a fraction of which boils above 700[err]F. i.e., at

700[ err]F+. The waxy feed is first contacted, w th hydrogen, over a dual
functional cat al ystil weightobthe dsplampffimiis temiikwed. | Tihe paradfihiy doleent avkiurgy

reactions sufficient to convert_ at |east ut 20 nt .to abput 90
percent, prefer aBPYs MBI BBER °§§°'B§8M2%Pg ‘%B@iﬁ‘ %gé%éﬁ"ﬂé’ﬁ‘?’?mgﬁ a once
through basis basghiPa fahge Ve aBdutt 350°F GO [Hbid 5S0°Feeth ppetasingthe or

700F+ feed, to 700[err]F- materials, and produce a |liquid product boiling
at from about 74[dififeremt splyeritgrades. thsREaffiniF solvers mixwresis-gens@ilerr | F 1 quid
product, or crudeg.Lr ' - r C acigpen | ped via
at nospheric di st i%falcg?'%égoi{ag %*ggﬁgé?%&?r@ﬁgoﬁg&(F)E"altdlool\?\i oP 5?/%‘997/ 21787
PCT/ US96/ 18428 - boilingirhngesg fracti on having an initial boiling point ranging
bet ween about 74[err]F and about 100[err]F, and an upper end boiling point
rangi ng between about 650F and about 750[err]F, preferably between about
650[ err] F and 700[ err]F, afmde piopgrties of these solvents, e.g., viscosity, solvency and

density, are similar to NORPAR solvents of similar volatility but have

significantly lower pour points. These solvents also have significantly lower
viscosities than ISOPAR solvents of similar volatility. In fact, these solvents
combine many of the most desirable properties found in the NORPAR and
ISOPAR solvents. I[n particular however, the solvents of this invention have
the good low temperature properties of ISOPAR solvents and the low
viscosities of the NORPAR solvents; and yet maintain most of the other

important properties of these solvents.

The solvents of this invention are produced by the
hydrocracking and hydroisomerization of C,+ paraffinic, or waxy
hydrocarbon feeds, especially Fischer-Tropsch waxes. or reaction products.
at least a fraction of which boils above 700°F, i.e., at 700°F+. The waxy
feed is first contacted, with hydrogen, over a dual functional catalyst to
produce hydroisomerization and hydrocracking reactions sufficient to convert
at least about 20 percent to about 90 percent, preferably from about 30
percent to about 80 percent, on a once through basis based on the weight of
the 700°F+ _feed component, or 700°F+ feed, to 700°F- materials, and
produce a liquid product boiling at from about 74°F to about 1050°F, i.e.,
a C,;-1050°F liquid product, or crude fraction. The C;-1050°F crude fraction

is topped via atmospheric distillation to produce two fractions, (i) a low



a high boiling fraction having an initial boiling point ranging between
about 650[err]F and about 750[err]F, preferably from about 650[err]F and

. 700[err]F, and an upper end boiling point of about 1050[err]F, or higher,
i.e., 1050[err]F+. This high boiling fraction typically constitutes a | ube
fraction. ™Weswmhsrent of this invention is recovered frompPCEaShensdaisoi | i ng
fraction, or fraction boiling between about Cerr] and about 650[err]F to
750[ err]F. The solvent on recovery from-the low boiling fraction is
fractionated into several narrow boiling range grades of solvent,
preferably solvents boiling over a 100[err]F. and preferably a 50[err]F

range. 4. Det pdilig fllRArHaping QR iditial béififly Poine Fdnging HebddenddbBut 74°F

hydr oi soneri zed and hydrg&[ acked to produce. the solvents of this invention
are waxy feeds, deaboupylE0TH, and an: upper end hojing Reint,apeing hsteen bowy | F
(117[err]0), mr@s@?%ﬁ%@&h%@ﬁﬁ\ﬁ?efé}ﬂﬁwtbcwﬁ ebduk 656 FBReob  )and i are

preferably obtained froma Fischer-Tropsch process which produces
subst anti al | y no# high beslingfiractien hawingrary iniiéal bbiliag ipeint rangingsheswsenvaivets. S| ack

waxes are the by6§U°?-déh‘ata%oQ{ 7%&@@:@,?&22%%%&& %ﬁﬁ'@ C?@hl,lyeant such as

propane or a ketone (e.g., nethy one, e tyl "lge?“one) or
ot her dil uent i suppeplend &diling poind b aBould ASQTH sir digheer oint.h 10507 waThixei Ng
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about 1050[err]F (566[err1C), and m%ocont ain fromabout 1 to about 35 wt.
% oi | . Waxes wi t PEtvESR dout Epspdabout 630°F to 750°Fy Tie solyeat en reeavesy from
hovever, waxy di gl loWab&fin®Frab@dd sBiGRp&HEDY b%oa?ﬁ-fé?&’/obwm "Bigedl SO _be
used as feeds. Slack waxegé)arre usual l'y ?reedﬁof po y'rlluc ear a oma%elacs and
het er o- at om grades of solvent, preferably solvents boiling over a 100°F, and preferably

a SO°F range.

4. Detailed Description
The feed materials that are hydroisomerized and hydrocracked

to produce the solvents of this invention are waxy feeds, i.e., Cs+,
preferably boiling above about 350°F (117°C), more preferably above about
550°F (288°C), and are preferably obtained from a Fischer-Tropsch process
which produces substantially normal paraffins, or may be obtained from slack
waxes. Slack waxes are the by-products of dewaxing operations where a
diluent such as propane or a ketone (e.g., methylethyl ketone, methyl
isobutyl ketone) or other diluent is employed to promote wax crystal growth,
the wax being removed from the lubricating oil base stock by filtration or
other suitable means. The slack waxes are generally paraffinic in nature, boil
above about 600°F (316°C), preferably in the range of 600°F (316°C) to
about 1050°F (566°C), and may contain from about 1 to about 35 wt. % oil.
Waxes with low oil contents, e.g., 5-20 wt. % are preferred; however, waxy
distillates or raffinates containing 5-45% wax may also be used as feeds.
Slack waxes are usually freed of polynuclear aromatics and hetero-atom

compounds by techniques known in the art; e.g., mild hydrotreating as



conpounds by techni ques known in the art;' e.g., mld hydrotreating as WO
97/ 21787 PCT/ US96/ 18428
£5- described in U S. Patent No. 4,900,707, which also reduces sul fur and

ni trogen | ey, erably to less than 5 ppmand | ess than 2 m
respectivel y.wolsé‘l@@ﬁ;er-ﬂopsch waxes are preferred feed mat JW&P@?"Q‘?%M ng

negl i gi bl e anbunts of aromatics, sul fug_and nitrogen conpounds. The
Fi scher-Tropsch liquid, and wax, is characterized as the product of a
Fi scher- Tropsch process wherein a synthetic gas, or m xture of hydrogen

and carbon nonoxjde, is. pyocessed gt el dte rature ov a supported
catal yst conpri s‘i?&crgﬁeda'"éjoips‘wq‘!ﬁﬂ‘ege?ﬁ&a]éi W\i)tcg}) so B‘Td“f?fes"ﬁé'lri"aai c Table
of The El enments x(ixfiageaexe&eﬁ/?}ewaﬁylt@r&uuaﬁs any tesC@BaY i gpnd, 1968), e.g.,

cobalt, ruthenium 1ron, etc. The Fischer-Tropsch liquid contains (Jerr]+,

preferably ([ erriespeciiysle drisches-FrapgchCivares|are praferrsd feed muierialy, jhaviagi on
showi ng the fracid,f %, o1 . Lon f a typical
Fi scher - Tropsch %#o@gges%aﬁ@o%ﬁm%‘gcs\g%UI¥uglaf‘§Wst : %E’boﬁ#’ﬁtgﬁ]ﬁ%n)gggat ure Range
W . % of Fracti oFisthBPTrom8@0figuid]dnd wax, is characterized as the produdt &2(Fischef0[ err ] F
23 500 - 700[er r,l.rl‘—') sch process wherei heti 19 700, o 10§g£§r r'l F d carb
34 1050[ err] F+ psch p s wherein a synthetig gas, or mixture o rogen and carbon
monoxide, is processed at elevated temperature over a supported catalyst
comprised of a Group VIII metal, or metals, of the Periodic Table of The
Elements (Sargent-Welch Scientific Company, Copyright 1968), e.g., cobalt,
ruthenium, iron, etc. The Fischer-Tropsch liquid contains C;+, preferably
C,p+, more preferably C,,+ paraffins. A distillation showing the fractional
make up (+10 wt.% for each fraction) of a typical Fischer-Tropsch process

feedstock is as follows:

Boiling Temperature Range Wt. % of Fraction

IBP - 320°F 13
320 - S00°F 23
500 - 700°F 19
700 - 1050°F ' 34
1050°F + A1

100

The wax feed is contacted, with hydrogen, at hydrocracking/
hydroisomerization conditions over a bifunctional catalyst, or catalyst
containing a metal, or metals, hydrogenation component and an acidic oxide
support component active in producing both hydrocracking and
hydroisomerzation reactions. Preferably, a fixed bed of the catalyst is

contacted with the feed at conditions which convert about 20 to 90 wt. %,



100 The wax feed is contacted, wth hydrogen, at hydrocracking/

hydr oi soneri zati on conditions over a bifunctional catalyst, or catalyst
.containing a nmetal, or netals, hydrogenation conponent and an aci di ¢ oxide
support conponent active in producing both hydrocracki ng and

hydr oi sonmrevw@9i/2it87r eacti ons. Preferably, a fixed bed of powussriasagst is
contacted with the feed at conditions which convert about 20 to 90 wt. %
W97/ 21787 -6- PCT/ US96/ 18428
-6 - preferably about 30 to 80 wt. % of the 700[err]F+ feed conponents (or
a 700[err]F+ feed) to a low boiling fraction having an initial boiling

poi nt of about getRfbly aBdiRUI0 Mkerwd% 6P tiRbPOr FLO Gdelt édlﬁb'éih@n@rldr Roi | i ng
poi nt rangi ng between about 650[“) F and about 750[err] referably
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1050[ err] F, or bptweesnebout GSB°§embalmlu; 730%€, bge&raiﬂy hethiean) Aot 650 Foardr | zat | on
t th f eed tal.yst at

Cont ol 1ed conoiitit 1o Furn o EN AT, FFhoh e faed T By

conver si on. e. georrésponditigao ttheouppef eﬁ&ﬁqﬁﬁﬁ@bﬁhe@f thangw Béilihg ﬁﬁbt&hﬁ&fd 400[err]F
to about 850[err]F, prefera lfJ fr,om ]§00 err]F to_about 708{?err] F,
pressures rangihgt é‘éﬁ%e‘i"‘}?l ﬁ’? 1 oPH‘B‘o OF pSiingatgler dpyuseneralind® gauge

(psig) to about hﬁﬁ&gadlﬁig%yd%lﬁflﬁérﬁﬁhdn Féa@ﬁb@'i&%ﬁnd@&@d BS! GoniaRriRg el
waxy feed over the catalyst at a controlled combination of conditions which
produce these levels of conversion. e.g., by selection of temperatures ranging
from about 400°F to about 850°F, preferably from about S00°F to about
700°F, pressures ranging generally from about 100 pounds per square inch
gauge (psig) to. about 1500 psig, preferably from about 300 psig to about
1000 psig, hydrogen treat gas rates ranging from about 1000 SCFB to about
10,000 SCFB, preferably from about 2000 SCFB to about 5000 SCFB, and
space velocities ranging generally from about 0.5 LHSV to about 10 LHSV,
preferably from about 0.5 LHSV to about 2 LHSV.

The active metal component of the catalyst is preferably
a Group VIII metal, or metals, of the Periodic Table Of The Elements
(Sargent-Welch Scientific Company Copyright 1968) in amount sufficient to
be catalytically active for hydrocracking and hydroisomerization of the waxy
feed. The catalyst may also contain, in addition to the Group VII1 metal, or
metals, a Group IB and/or a Group VIB metal, or metals, of the Periodic
Table. Generally, metal concentrations range from about 0.05 percent to
about 20 percent, based on the total weight of the catalyst (wt. %), preferably
from about 0.1 wt. percent to about 10 wt. percent. Exemplary of such
metals are such non-noble Group VIII metals as nickel and cobalt, or

mixtures of these metals with each other or with other metals, such as



1000 psig, hydrogen treat gas rates ranging from about 1000 SCFB to about
10, 000 SCFB, preferably from about 2000 SCFB to about 5000 SCFB, and space
wvel ocities ranging generally fromabout 0.5 LHSV to about 10 LHSV,
preferably fromabout 0.5 LHSV to about 2 LHSV. The active netal conponent
of the catalW@#7218%referably a Goup VIII netal, or metal §CT/HRIG{1RE8
Periodic Table OF The El enents (Sargent-Wlch Scientific Conpany Copyri ght
1968) in amount sufficient to be cat al'>7t‘| cally active for hydrocracking and
hydr oi someri zati on of the waxy feed. The catal yst may al so contain, in
addition to the Goup VIII netal, or nmetals, a Group IB and/or a Goup VIB
metal, or netal sgcopperthErdapriBouétal, TrmolybderyreraGrapp VISt metale ofRtdAMat i ons

range from about . . N ThB et al

wei ght of the cataé)l‘lll 8@%’%&£%%&6%@5@§@?§@%@ghﬁ?ﬁ lg{.-ii}gwt ) Eper cent to
about 10 wt. per oentetalExRriptarpyraei witic thevatppbs camposent [of ribe catallybteb G oup
VIIl metals as nickel

and cobalt, .or mxtures.of these. meta i th each
other or with ot FBPWREIEHOES, &80 }pya@pregnwrbt?fglifggporl Giuf1&' Blutiofof 4
PCT/ US96/ 18428 - uitdbRPRMN or aRidBO0ME metal NBit detalsQ dryiy arddalvination. G oup VI B
metal . Palladi um and pl ati num are exenplary of suitable Goup VIII noble

nmetals. The netal, or netals, is incorporated with the support conponent of

the catalyst by known nmethegs c,G 'sugpbfrtiigﬁﬁﬁsﬁﬂﬁéd S mefal bkife SHPRREI Wi th a
solution of a suitable salt or acid the metal, or netals, drying and

cal ci nation. oxides, components at least one component of which is an acidic oxide active
in producing olefin cracking and hydroisomerization reactions. Exemplary
oxides include silica, silica-alumina, clays, e.g., pillared clays, magnesia,
titania, zirconia, halides, e.g., chiorided alumina, and the like. The catalyst
support is preferably coﬁstituted of silica and alumina, a particularly
preferred support being constituted of up to about 35 wt. % silica, preferably
from about 2 wt.% to about 35 wt. % silica, and having the following pore-

structural characteristics:

Pore Radius,A Pore Volume
0-300 >0.03 mi/g
100-75,000 <0.35 ml/g
0-30 <25% of the volume of the

pores with 0-300 A radius

100-300 <40% of the volu_me of the
pores with 0-300 A radius

The base silica and alumina materials can be, e.g., soluble silica containing
compounds such as alkali metal silicates (preferably where Na,0:Si0, = 1:2
to 1:4), tetraalkoxy silane, orthosilic acid ester, etc.; sulfates, nitrates, or

chlorides of aluminum alkali metal aluminates; or inorganic or organic salts



The catal yst support is constituted of netal oxide, or netal oxides,
conponents at | east one conponent of which is an acidic oxide active in
¢produci ng ol efin cracki ng and hydroi soneri zati on reacti ons. Exenplary

oxi des include silica, silica-alumna, clays, e.g., pillared clays,

magnesi a, twoeI287zzirconi a, halides, e.g., chlorided al unpcyusogigig he

| i ke. The catal yst support is preferably constituted of silica and al um na,
a particularly preferred support bein§-constituted of up to about 35 wt. %
silica, preferably fromabout 2 w.%to about 35 w.%silica, and having
the follow ng pore- structural characteristics: Pore Radius.A

Pore Vol ume 0- 3fQ@ikoxides or the like. When precipitating>(he BFdatey ofl Sifiea/dr, aitifina

<0.35 m/g 0-30 . ) ., <25%.0of the vaol une o he pores
with 0-300 A rdEW@ spBiogRy such starting materials, a suitable acid,@joRast iy fﬁ%’eé/ol ume of

the pores with 4300 pl s34t Wathit'& rkide SofSdbbiiC8. 020 12O UNPridpitiiibf ahd! S can be, -
e.g., soluble silica containing conpounds such as alkali netal silicates
(preferably wheagingngecarrigdaut,) with heaing oby) adging an aeid o Paseyunden weflax
orthosilic aci - SHl Al J Ratas r I des al um num
al kali et al aﬁﬁﬁ@%ﬁ{"&&@?’“‘.‘ﬁgr" g?ﬁf?’%‘rm%r“géﬁ. %no‘s)gp{igla A % 9%51787
PCT/ US96/ 18428 memamidenaf the support predididgeprotiseiis the aampiat diosmcpmbmentipydr at es of
silica or alum na . . . . I .

employed, including filtering, drying and calcination of the support material.

The support may also contain small amounts, e.g., 1-30 wt. %, of materials

such as magnesia, titania, zirconia, hafnia, or the like.

Support materials and their preparation are described more
fully in U.S. Patent No. 3,843,509 incorporated herein by reference. The
support materials generally have a surface area ranging from about 180-400
m?¥/g, preferably 230-375 m?/g, a pore volume generally of about 0.3 to 1.0
ml/g, preferably about 0.5 to 0.95 ml/g, bulk density of generally about 0.5-
1.0 g/ml, and a side crushing strength of about 0.8 to 3.5 kg/mm.

The hydrocracking/hydroisomerization reaction is conducted
in one or a plurality of reactors connected in series, generally from about 1
to about 5 reactors; but preferably the reaction is conducted in a single
reactor. The waxy hydrocarbon feed, e.g., Fischer-Tropsch wax, preferably
one boiling above about 350°F (177°C), more preferably above about 550°F
(288°C), is fed, with hydrogen, into the reactor, a first reactor of the series,
to contact a fixed bed of the catalyst at hydrocracking/hydroisomerization
reaction conditions to hydrocrack, hydroisomerize and convert at least a
portion of the waxy feed to products suitable as solvents for the practice of

this invention,



froma solution of such starting naterials, a suitable acid or base is
added and the pHis set within a range of about 6.0 to 11.0. Precipitation
and aging are carried out, with heating, by adding an acid or base under
reflux to prevent evaporation of the treating |liquid and change of pH The
remai nder ofWOR#2¥8bport produci ng process is the same as t"ﬁyg’é"éla nly
enpl oyed, including filtering, drying apnd calcination of the support =
material. The support nay al so contai n &mal | anounts, e.g., 1-30 wt. % of
materials such as magnesia, titania, zirconia, hafnia, or the |ike. Support
materials and their preparation are described nore fully in U S. Patent No.
3,843,509 i ncor porat ed her &g fgYlovmgeaxamples amhdlusiipipesy of thet meressalienjeneral |y
have a surface ar [R¢To abqut 0;, / DL € | % 230- 375
nMerr]/g, a pore vouaﬁewé@%é'{é{ﬁfgy 'o% %ﬁéﬁtmé%grﬁﬁgésloa% 5‘8%“ %ﬁge er(ﬁbl y
about 0.5 to 0. 95weightgynlésslokhedwiss spegifefl. general |y about 0.5- 1.0 g/nm, and
a side crushing strength of about 0.8 to 3.5 kg/mm The

hydr ocr acki ng/ hydr oi soneri zation reaction is conducted in one or a

plurality of reactors conneefagmldsn-yeries, generally fromabout 1 to about
5 reactors; but preferably the reaction is conducted in a single reactor.
The waxy hydrocarbon feed, e.g., Fischer-Tropsch wax, preferably one

boi | i ng above about 350[ errj Ey; out
550[err]F (288[err]Q, is f%d‘,‘&v&l\n@hﬁmﬁ%ﬁ‘eﬁw ?aﬁ?%r?t e"a;r?ite%cs?lgfr?&ﬁa irst

reactor of the sefHee0 2.b1-20i6h ace cantdried do Heavyoparaffersciat ablysy Eischer-
ycr of samor | ge angERRE GG ARt AEberd SRR RSl VAL BRI et s
sui tabl e as sol vethesFifcher-Thopsgr sattiane ®The rdactori waerbndueted at 422-428°F,

287-289 psig, and the feed was introduced at a linear velocity of 12 to 17.5

cm/sec. The alpha of the Fischer-Tropsch synthesis step was 0.92. The

paraffinic Fischer-Tropsch product was isolated in three nominally different

boiling streams; separated by utilizing a rough flash. The three boiling

fractions which were obtained were: 1) a C;-500°F boiling fraction, i.e., F-

T cold separator liquids; 2) a 500-700°F boiling fraction, i.e., F-T hot

separator liquids; and 3) a 700°F+ botiling fraction, i.e., an F-T reactor

wax.

The 700°F+ boiling fraction, or reactor wax, was then
hydroisomerized and hydrocracked over a Pd/silica-alumina catalyst (0.50
wt. % Pd; 38 wt.% AlLO,; 62 wt. % SiO,), at process conditions providing
a 39.4 wt. % conversion of the 700°F+ materials to 700°F- materials. The
operating conditions, wt.% yield, and product distributions obtained in the

run are as described in Table 1.



WD 97/ 21787

PCT/ US96/ 18428 -9- The followi ng exanples are illustrative of the nore
.salient features of this invention. Al parts, and percentages, are given
in ternms of weight unless otherw se specified. Exanples 1-3 A m xture of
hydr ogen angloeaeiren nonoxi de synthesis gas (H2: CO 2. 11-2PcIf)Sysess2sconvened
to heavy paraffins in a slurry Fischer- Tropsch reactor. Atitania
supported cobalt rhenium catal yst was jgt-ilized for the Fischer-Tropsch
reaction. The reaction was conducted at 422-428[err]F, 287-289 psig, and
the feed was introduced at a linear velocity of 12 to 17.5 cm sec. The

al pha of the Fischer-Tropsch synthestsgsiep was 0.92. The paraffinic

Fi scher-Tropsch product was isolated in three nomnally different boiling
streans; separated by uti Opeiatng Londitighs f| ash. The three boiling fractions
whi ch wer e obtai ned were: T%%.‘pa ‘gerr] -500[err]F bghéi ng fraction, i.e., F-
T cold separator |iquids; d 500-700[err]F boiling fraction, i.e., FT
hot separator |iquids; andHSV,a/V@O[err]F+ boilind.Zraction, i.e., an F-T
reactor wax. The 700[err]§+1£oi ling fraction, or r7§ ctor wax, was then
hydr oi someri zed and hydro PHked over a Pd/silica’afumina catal yst (0.50
w. % Pd; 38 wt.% Al [err] Opgrirtar 18, CFIB S Jerr]) 2190 process conditions
providing a 39.4 w. % conversion of the 700[err]F+ materials to 700[err]F-
materials. The operating conditions, w. %yield, and product distributions
obtained in the Yields. wt. % _

C,-C, 0.97
C:-320°F 10.27
320-500°F 14.91
500-700°F 29.99
700°F + 43.86
Total 100.00
700°F + Conversion, wt. % 39.4

15/5 Disullation Yields, wi. %
IBP-650°F 50.76
650°F+ 49.24

The total liquid product from this run was first topped at
650°F in an atmospheric 15/S distillation. The low boiling, or 650°F-
fraction was then fractionated into ten (10) LV% cuts in a 15/5 distillation,
30 LV (Liquid Volume) % of which constituted the solvent of this invention.
The physical properties of three of these cuts, representing the 30-40 LV %,
the 40-50 LV %, and 50-60 LV % cuts, respectively, are listed in Table 2 as
Sample Nos. 1. 2 and 3, respectively.



run are as described in Table 1. WO 97/ 21787
PCT/US96/ 18428 - 10- Table 1 Operating Conditions Tenp., [err]F

638 LHSV, v/v/h 1.2 PSIG 711
H2 Treat rate, SCF/ B 2100 Yields. wt.% (err]-Cerr

0.97 C[err]-WoOpais] F 10. 27 320-500[ err] F FCT/USI6/13428

14.91 500-700 F 29. 99 700{ err] F+ . 43.8 Tot al
100. 00 700[ err] F+ Conversion, w.% -11-39.4 15/5 Distillation Yields,

wt. % I BP-650[err]F 50.76 650[err]F- - 49. 24
The total liquid product fromthis run was first topped at 650[err]F in an

at nrospheric 15/5 distillation. The | oWablei2ing, or 650[err]F-

Sample No. 1 2 3
Flash, °F 147 228 262
GCD, °F
5% 369 430 474
50% 427 474 517
95% 471 510 547 |
It SPG @ 60°F 0.7594 0.7706 0.7777
I Vis @ 25°C,cSt 1.82 2.67 -3.52
“ KB Value 25 23 21
Antline Pt., °F 185 194 202
|| Pour Pt., °F -70 -40 -20
Surf. Tens. 28 29 29
(dynes/cm)
Color (Saybolt) +30 +30 +30

A list of the normal paraffin content by G.C., and
branching density by NMR, % carbon, for each of the three cuts,
representative of three solvent grades, is given in Tables 3 and 4,

respectively.



fraction was then fractionated into ten (10) LWbocuts in a 15/5
distillation, 30 LV (Liquid Volune) % of which constituted the sol vent of
.this invention. The physical properties of three of these cuts,
representing the 30-40 LV% the 40-50 LV% and 50-60 LV% cuts,

respecti velwoopsigsi i sted in Table 2 as Sanple Nos. 1. 2 amdraises/18428
respectively. WO 97/ 21787 .

PCT/ US96/ 18428 Tabl e 2 Sanpl e No. - 12 - 1 : 2 3
Fl ash, [err]F 147 228 262 GCD, [err]F 5%
369 430 474 50% 427 474
517 95% 471 55%1‘33 547 SPG @60[err]F
0. 7594 0. 7706 0.7777 Vis 25[err] C cSt 1.82 2. 67
3.52 KB Val ue Aniline Pt., [err]F
5 104 JORMAL, PARAFFIN CONTENT BYZC 70 40
-20 Surf. Tens.F=2£ —C) 29-Ldyneslem Col or
(Saybol t) §9mngle No. ~ 130 1 +30 A list gfzthe nofjmal paraffin
content by G C. jj—ard-
: Normal Paraffin Content

C, - - ---

C,

C; --- --- ---

C,

Cy 0.009 --- ---

C, 0.070 --- -~

Cu 0.669 0.001 ---

Cu 3.086 0.025

Ca 6.148 0.632 -

C 3.040 5.217 0.217

Cu 0.158 7.094 4,712

Cys 0.971 10.677 |

Cis 0.017 1.943

Cy o 0.040

Total 13.180 13.957 17.589




branching density by NVR, % carbon, for each of the three cuts,
representative of three solvent grades, is given in Tables 3 and 4,
respectively. WO 97/ 21787

PCT/ US96/ 18428 - 12 - Table 3 NORVMAL PARAFFI N CONTENT BY GC Sanpl e No.

1 W(p97/21787 3 Normal Paraffin Content ([ err]PCT/US36/18428
o __ _(derr] derr] 0009 T
derr] 0.070 Cerr] 0. 669
0.001 Cerr] 3. 086 0.025 Cerr] 6.148
0.632 C 3. 040 51347 0.217 Cerr]
0. 158 7.094 4.712 Cerr] 0.971
10.677 Cerr] 0. 017
1.943 (err] JF—OA-G—'FO-&-&I——
13.7180 13. 957 17. 589 =

%ﬁ o | o
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+
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g L g} o o
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ﬁﬁ o | o | =

E' ] — —

o

=

% ©~ -r (28]
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Propyls and
Butyls
NM
NM
NM

Table 4
BRANCHING DENSITY BY NMR, % CARBON

'_';{. n | | e
g Lo | [ w—y
2

g-:r ~ | wn
ﬁ 00 t~ t~

NM = Not Measured

Sample No.
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PCT/ US96/ 18428 -13- cn [err] WO 97/ 21787

PCT/ US96/ 18428 - 14 - Conparison of the physical properties of the solvents
of this invention, by grade, shows that they conpare favorably with, and in
sonme respecwesanerssuperi or to NORPAR and | SOPAR sol vents. poTeuseerisagst s of
this invention, albeit structurally different fromthe | SOPAR sol vents
which are highly branched, with | ow padaffin content, |ike the | SOPARs have
| ow odor, good sel ective solvency, high oxidative stability, |ow electrical
conductivity, lowskinirritation and suitability for many food-rel ated
uses. Unlike the | SOPAR sol vents however, the solvents of this invention

have | ow viscosities. Mr @Gogfarisireligs ﬁh?'fimtpbﬁp%l’dcy offitifef S1weints &fr i t he
NORPAR sol vents which are essentially all n-paraffins, the solvents of this

i nvention |ike tREIUGRPARERIE, M that\ihey ernRags Bvprably, witkeandcin; spmes o] vency,

noder ate vol atl | jekéots! 2 BlgeBt Yo NORPAR GRFISOPARGoRENS. CHRY sotdits! e the

sol vents however, the solvents of this invention have | ow pour

poi nts. The this invention, albeit structurally different from the ISOPAR solvents which
are highty branched, with low paraffin content, like the ISOPARs have low
odor, good selective solvency, high oxidative stability, low electrical
conductivity, low skin irritation and suitability for many food-related uses.
Unlike the ISOPAR solvents however, the solvents of this invention have low
viscosities. Moreover, though structurally different from the NORPAR
solvents which are essentially all n-paraffins, the solvenis of this invention
like the NORPAR solvents have low reactivity, selective solvency, moderate
volatility, relatively low viscosity and mild odor. Unlike the NORPAR
solvents however, the solvents of this invention have low pour points. The
solvents of this invention thus have most of the desirable features of both the
NORPAR and ISOPAR solvents, but are superior to the NORPAR solvents
in that they have pour points ranging from about -20°F to about -70°F, while
the pour points of the NORPAR solvents range from about 45°F to about
-6°F; and are superior_to the ISOPAR solvents in that they have viscosities
at 25°C ranging from about {.82 ¢St to about 3.52 cSt, while the viscosities

of the ISOPAR solvents range from about 2.09 cSt to about 9.17 cSt.

The unique properties of the solvents of this invention, provide
advantages in a variety of current solvent and fluids applications, e.g.,
aluminum rolling, secondary PVC plasticizers and inks. In addition, mild
hydrotreatment of these solvents produces a material which readily passes the
“readily carbonizable substance test" (i.e., hot acid test) which makes the

solvents applicable to a wide variety of medicinal and food applications.



solvents of this invention thus have nost of the desirable features of both
t he "NORPAR and | SOPAR sol vents, but are superior to the NORPAR solvents in
that they have pour points ranging fromabout -20[err]F to about -70[err]F,
whil e the pour points of the NORPAR sol vents range from ab%uh_#%ﬁ’réﬁ] Fto
about -6[errWP:973H8 are superior to the | SOPAR sol vents in i 4P have
viscosities at 25[err]C ranging from quu_t 1.82 cSt to about 3.52 cSt,
while the viscosities of the | SOPAR solVvents range from about 2.09 cSt to
about 9.17 cSt. The unique properties of the solvents of this invention,

provi de advantages in a variety of current ,?_ol vent &ng fl ui ds appl,jcations,
e.g., alumnum rollindt isapRarahRAt peoys) medificaungs and chanesy can pf ition,

m | d hydrotreat I rial which readily
passes the ..reaﬁ{}hﬂ%ﬁ@a@?é@ﬂ%ﬁ gérldgg%fggf ?m,(glﬁﬁde?l hot acid test)
which nmakes the solvents applicable to a wide variety of nedicinal and food
applications. WO 97/ 21787

PCT/ US96/ 18428 15 - It is apparent that various nodifications and changes
can be made without departing the spirit and scope of this invention. WO
97/ 21787 PCT/ US96/ 18425 - 16-



CLAIMS: 1. A high purity solvent conposition which conpri

paraffins of carbon nunber ranging fromabout Cg to about mﬂmmmm m)mm
.ratio of isoparaffins:n-paraffins ranging fromabout 0.5:1*to¢abeut* 9:51 and
the isoparaffins of the m xture contain greater than 50 percent of the
nono- net hylwepaei’gs, based on the total wei ght of the i soperalshé/izsasof t he
m xture. 2. The conposition of claim1l wherein the mxture of paraffins
has a carbon nunber ranging from about_l(g[_err] to about Cferr]. 3. The
conposition of claim1l wherein the m xture contains greater than 70 percent
of the nono-nethyl species. 4. The conposition of claiml| wherein the

sol vent m xtuyre boils at a tenperature ranging fromabout 320[err]F to
about 650[ew The conposition of claim4 wherein the solvent m xture
boils within a range of from about 350[err]F to about 550[err]F. 6. The
conposition of claim4 wherein the solvent is conprised of a mxture of

paraffins of carbon lnunhelilghm)ﬂﬁ)ﬁéﬁt%ﬂﬁﬁﬁuoﬁ[vﬂh&ﬂcéﬂpﬁ?&ﬁmﬂtﬁfé] 7.

The conposition of claim1 wherein the solvent mxture I's of carbon number

rangi ng frOﬁfphﬁﬂins@mﬂmﬁtﬁﬁbdrmﬁéiﬁ%ﬁ‘oﬁw&u@%%%bﬂﬁtQﬁ(?‘h‘h@hni&]ﬁ” 70

percent of the nono-nethyl species and boils within a range of from about

350[ er r] F t gatipeflibopraralifiak iml-paraffins \Weh @ rbddabout 0.5:1 to about 9:1 and th
PCT/ US96/ 18428 - 17- @ié ‘

isoparaffins of the mixture contain greater than 50 percent of the mono-methyl
species, based on the total weight of the isoparaffins of the mixture.

2. The composition of claim 1 wherein the mixture of paraffins

has a carbon number ranging from about Cyo to about Cjs.

3. The composition of claim 1 wherein the mixture contains

greater than 70 percent of the mono-methyl species.

4. The composition of claim 1 wherein the solvent mixture boils

at a temperature ranging from about 320°F to about 650°F.

5. The composition of claim 4 wherein the solvent mixture boils
within a range of from about 350°F to about S50°F.

6. The composition of claim 4 wherein the solvent is comprised of

a mixture of paraffins of carbon number ranging from about Cjg to about C16.

7; The composition of claim 1 wherein the solvent mixture is of
carbon number ranging from about C,o-C,, the mixture contains greater than
70 percent of the mono-methyl species and boils within a range of from about
350°F to about 550°F.



8. The conposition of claim| wherein the paraffinic m xtur
rati o of tisoparaffins:n-paraffins ranging fromabout 1:1 toDI mﬂﬂ&mmﬂl I”III
A process for the production of a high purity solvent conposls mos %

described by any of clainms 1 through 8, which conprises contacting a Co5+
paraffinic f&U720¥h hydrogen, over a dual functional cataP§EVS%88438o0duce
hydr oi soneri zati on and hydrocracki ng reactions and 700[ err] F+ conversi on

| evel s rangi ng from about 20 percent to agout 90 percent on a once through
basi s based on the weight of total feed, to produce a crude fraction

boi li ng between about Cerr] and 1050[err]F, topping said crude fraction by
at nospheric distillation to produce a |ow boiling fraction having an upper

end boiling point bet ‘ﬁeenTﬂPQ%PSQ%{?B?Lmn§~ﬂ$§%t%§f>, ; s.o:i‘\}ien has

recovering fromthe | ow boiTrng Traction sai

conposi tion. 3@moldiatib of ésdparaffiineh-paraffinyidghigtror abbuolt 1 pe abéit 40! vent

conposition that is recovered is characterized as a m xture of paraffins
whi ch has a carbon nunber ranging fromabout Clerr] to about Cerr].

9. A process for the production of a high purity solvent
composition as described by any of claims 1 through 8, which comprises

contacting a Cs+ paraffinic feed, with hydrogen, over a dual -

functional catalyst to produce hydroisomerization and hydrocracking reactions
and 700°F+ conversion levels ranging from about 20 percent to about 90 percent

on a once through basis based on the weight of total feed, to produce a crude

fraction boiling between about Cs and 1050°F,

topping said crude fraction by atmospheric distillation to produce a
low boiling fraction having an upper end boiling point between about 650°F and
about 750°F, and

recovering from the low boiling fraction said high purity solvent

composition.

10. The process of claim 9 wherein the high purity solvent
~ composition that is recovered is characterized as a mixture of paraffins which

has a carbon number ranging from about C)q to about Cj¢.



