WO 2006/ 078389 PCT/ US2005/ 045918 -1 ULTRA PURE FLU DS FIELD OF THE
| NVENTI ON [ 0001] The invention relates to hydrocarbon fluids having high
purity with respect to unsaturated species, particular iLcs, a
. method of r?ﬁW?P@B%SQFS’d hydrocarbon fluids, a catalyst f%&@é@@%siﬁi d

nmet hod, and uses of said fluids. BACKGROUND OF THE | NVENTI ON [ 0002]
| nportant properties of hydrocarbon fluids are the distillation information
general |y determ ned by ASTM D-86, ASTM D-1078, or the ASTM D-1 160 vacuum
distillation technique for heavier materials, flash point, density, Aniline
Poi nt as deternined by ASTM D- 61 ULERAPUREFEEHMENt  as deternined for
exanpl e by W spectroscopy, Bromine Index, as determned for exanple by

ASTM D2710, viscosity, colour and refractive index. Fluids are classified as
paraffinic such as the Nor par (rBIELDUDE THFENWENIIODY ExxonMbi |l chemi cal

Co , ff h the | fl k Ex Mobi |
Ghemical CompalfpolhieanBhmiesten T ?%Fszgopﬁﬂwa@gn?ﬁ%gﬂeﬁﬁé%ﬂeﬁ@g SRR
marketed by Bxx Nﬁb&ﬁsa%éﬂ ngﬁ&aaﬁtﬁnhqnaﬁé@wﬁmﬁngum as the

Nappar(r) flui mar ket ed by "Exxon em cal ny; non-dearonati sed
mat eri al s suchy@@carbm fiyadssotatalystfionuisd in sarreeshed ab«}'umx’ﬁmﬁmﬂs Cheni cal
Conpany and the aromatic fluids such as the Sol vessoTm heavy aronatic
fluids marketed by ExxonMobil Chem cal Conpany. [0003] As with any

hydr ocar bon product whose sB@ﬂKGBODNDOFHS—IEW’DiON the degree of purity
whi ch may be aghi eved._in hydrocarbon fI id gra%ﬁy‘5 "cut” ys a wde
range fromrel @PP% thP‘E]'B@ tRyopeaficy j Afe TB‘E?F@n ‘i(i)scaﬂr? yihe; ﬂ’dﬂllﬁq‘}flal scal e
production of HydrRaEE ?&ﬁraﬁlkxl&eﬂzﬁnﬁﬁé% LR TIVR DRSO A D@, 8RR At ng range
general |y covering at [east about 5C {e.g. hexane) and- ext ended up to close
td 100C (e.g, Dklelﬁayecl@)n disiillation dedbaiauie for heawier seterialoflashmyintadegeity,means t he
tenperature spge [t.]. " o eC| fied
cut boils and me?om nt eh%gr aﬁM&FE?O%)%ﬁ:%%ﬁ%%%S&te e@ﬁre and
conposi tion of eﬂmy@nwbﬁmmpédmc@yyMomﬁae Induxs iadl elehhined doo exhiniide b9 t he use
to which the 7l g b%ﬁ 5 v?s%og ity, colo mt' ggéj gehfractwe index. Fluids are classified as

paraffinic such as the Norpar® fluids marketed by ExxonMobil chemical

Company, isoparaffinic such as the Isopar® fluids marketed by ExxonMobil

Chemical Company; dearomatized fluids such as the Exxsol D® fluids marketed
by ExxonMobil Chemical Company; naphthenic materials such as the Nappar®
fluids marketed by ExxonMobil Chemical Company; non-dearomatised materials
such as the Varsol® fluids marketed by ExxonMobil Chemical Company and the
aromatic fluids such as the Solvesso™ heavy aromatic fluids marketed by
ExxonMobil Chemical Company.
[0003] As with any hydrocarbon product whose starting point is crude oil, the
degree of purity which may be achieved in a hydrocarbon fluid grade or "cut"
covers a wide range from.relatively crude fo relatively pure. Typically, industrial-
scale production of hydrocarbon fiuids results in a product having a boiling range
generally covering at least about 5°C (e.g., hexane) and extended up to close to
100°C (e.g, kerosene). As used herein, the term "boiling range" means the
7 temperature spread between the initial temperature at which the specified cut boils
and the dry point temperature.
[0004] The chemical nature and composition of hydrocarbon fluids varies

considerably according to the use to which the fluid is to be put. Although each



WD 2006/ 078389 PCT/ US2005/ 045918 -2 grade of hydrocarbon fluid has
commercial use, there are special applications which require hydrocarbon
fluids of exceptional purity with respect to aromatics and/or heteroatons,
parti cul ar |'yogusMA38%and oxygen-cont ai ni ng speci es, but ROT/USNI/W4E918I gh
‘purity with respect to isonmers and/or carbon nunber of the hydrocarbons

t hensel ves. For instance, in the case of hexane produced and consuned on an
industrial-scale, it may typically be sotd in a grade which begins boiling
at about 64C or 65C and finishes boiling at about 70C, and which contains a

wi de v_ari ety O%ﬁt@/ gf" RG@ hﬂldagaql écfn%?er&gl ﬁ'seh%%]%re S}gblil %ﬁﬁat%ns grade is

effective for ny pr ces processin nuf acture

of polyners, ashieh $@jultelh§/d1bﬂ1r‘aorsﬂhi‘deﬁf emepuicam p@:nymtmemct wngothites! i ke (as
opposed to uItra hi gh purity spectroscopl ¢-grade n-hexane avajl able on a
relatively srram or| QIBY, RAERY BT oRYAHE jaRg SXYEONATERE FRFSICENEYE, DA dri ch

Chenmi cal s, tﬁ%?%xegﬁjgﬁb:%@ﬂx %s &t U %bf%@r BEXARB - n OWSLf% grently

avai l abl e dearona S ha Ing a |st|I tion cut from 50C to 350C
are avai |l abl e lpmrocachoss thealselyesnl &or hnsjmngbz ﬁr@ctaaamaflhomafpro&wdwsmde di esel
or other petroleun1c ts one, or er r,0 tlon processes
usi ng hydr ogendt'fgn° %%V@?ngﬁ% Blinﬂ’/typfﬁa@)?é? S‘gf‘ "?ﬁé{/‘glg%%ﬂ)i‘seeél Tat al yst s.
As used her ei Nboikin}e aft Sl G4HCS bi bsm lafd f@ishés PEBAS at Bedut 70EC nBidewvhizh
identified has an_ initial b0|I|ng(§O|nt greater than_or equal to the | ower

Y!

t enper at ur e (eGOQtamsh%WédeSWF% @Eboapdn addifign fonhexauessthiihbwedf equal to
the higher te R&Sh h W , the
term "act ual %H eﬁwg ppl |%ﬁ8£6§5%ee e%;t rr%g&%ﬁge I dent ax?ﬁes exactly
the initial boiflfolynesds adelyepan atsolybnttentractioh @racess, aatethe like &d.oppérgd, usi ng

t He previous hex e lthere is exane grade which.. be.descri bed
as an actual ct WH@@%&?GCWW%d Dpifaany; & lfﬂﬂ%{f)ﬁl&{e@ﬁ?agfgmgg 350C and
having a boi | i gorangeakl qiGiitied 66R0]forThstahey edlgrie Cheaivals) edickChiagved by

the aforenentioned fractionation and/or hydrogenation nethods vary
dependi ng on t9BARAY ok Righekn-Hetelhenat ed, the hi gher boiling hydrocarbons

bei ng much mor @oé& RN @Hllrénﬂﬁr a&ﬁ%l@%&feﬁﬁhi&&aﬂmdé Mvih© e distiPitloh NGt oRNgE
hydr ocar bons. Typi'cal |y, omatic levels of from 100 ppmto 8000 ppm can be

achi eved by t haem S8CHoES0°E are hyalleblearmbindusttiali s¢gle through fractionation of

kerosene, diesel or other petroleum cuts, followed by ome or several
hydrogenation processes using hydrogenation catalysts, typically, nickel or nickel-
based catalysts. As used herein, the term "distillation cut" means that the material
identified has an initial boiling point greater than or equal to the lower
temperature (e.g., here 50°C) specified and a dry point less than or equal to the
higher temperature specified (e.g., here 350°C). As used herein, the term "actual
( cut” when applied to a temperature range identifies exactly the initial boiling and
| dry point of the material identified. Thus, using the previous hexane example,
there is a hexane grade which may be described as an actual cut from 64°C to
70°C within the distillation cut of 50-350°C and having a boiling range of 6°C.
[0006] The levels of aromatics achieved by the aforementioned fractionation
and/or hydrogenation metﬁods vary depending on the feed that is hydrogenated,
the higher boiling hydrocarbons being much more difficult to dearomatize than
the lower boiling range hydrocarbons. Typically, aromatic levels of from 100
ppm to 8000 ppm can be achieved by these methods, for hydrocarbon fluids
having a distillation cut of from 150°C to 300°C, and a boiling range of less than

40°C. Lower aromatic levels may be achieved for compositions having an initial



having a distillation cut of from 150C to 300C, and a boiling range of |ess
than 40C. Lower aronmatic |evels may be achieved for conpositions having an
initial WO 2006/ 078389 PCT/ US2005/ 045918 -3 boiling point bel ow 150C, but

. for such | c¥PBYSPTERY hydrocarbons, it woul d be desireaBFEUPIPUENEai n
applications to reduce further the | evel of heteroatom containing

nol ecul es. There is thus a need to find nethods for the preparation of
hydrocarbon flui ds having anpbunts of arohmtics and/or ampunts of heteroatom
cont ai ni ng nol ecul es, such as sul fur-containing and oxygen-contai ni ng

nol ecul es, t hafilidl Wikt Rfw 1 BEAT, bROER saghicey Bbilifg Bydrb&i@bdis B eduld Belust ri al
scal e dearomatization nethods. 100071 Dearonatized hydrocarbon fluids, such

as those basedicsiiedklsr s cieeain @ipdisaions dp reduserfupther he lgvel exfgheterggtamysed in a
variety of en I.ned udi |.nKS, t l.kng, water
{reatment, coaragine SFUiLL et wosSANSH IFin P pBUE B ik Blacdih o0,

| i ke. Hi stori catdrocarboe Sintizeiaving dinfduntisdd aransaticaiand’or abamts df Beterbatofte ar omat i c
and ot her unsaturated species (e.g., olefins). , By way of .exanple, a

petrol eum f eeoc%%?gpﬂlﬁemﬂwﬁ@g&f%taégﬂéwwtam%a&ﬁyﬁgewew?géug %‘E’%ﬁg‘?s; Ni / Mo,
Ni/ Mo/ Wto proghder@noeiet efRdigke RIS B3ViIRY, prbRht | MALARAC scal?0 WM. %
aromatics, followed by a finishing step, which conprises hydrogenation over
a catal yst suctearomaiizagiopmettiiidss | evel of aromatics is unsatisfactory for end
uses such as tr gl ption.i1o_ | evel f ti and
olefinic spe\é@ggﬁon }ﬁ%éé%gﬁ S‘F h&fh%%%g%%ﬂl 7 Sdoc h%rtﬁ?sgplfagéfg?rlréﬁgo%? fes in the
final product diesel;loddthehirgfineheftedss atd usaetie aoatietysofsxid msasinstingrinkspmpounds,
nitrogen conpounds, ang ox%/%en tes. These ot her ir’rg)uri tes.are defrinmental
when dear onat OPEEGRRIPOWEY DBRRY TOFEE FRleT (ERalmento FORUREY afildne J8USS,| vents i n

catalytic pr BI8Sa1 O korhi14BbAS CBRE Shé QA I | AidRal,  ArdiRNhZEV Ahidef such
i mpurities, such as in sem conductor processing. The use of N in
hydr ogenat i on qoatssied gboytd -3 w0 ozromaticeany atles ciapaturpied apestes de-g pefid@nger of

runaway reacti ].4.Hi ' t chi eve

aromatic | evel]%pg’%y Lfe%gl%glreg&egg%oﬁ)éﬁ%g @g’dpﬁg%?&ﬁg@%ﬂ&g?ﬁ?h%&?ﬁb@ﬁﬁgm I n

such net hods i mclmuiNiéﬂo,mi@ﬂoNaMpmv‘ﬂhtaa intacnedzseprodit baging, o mstance,

o oo AEFET bl bR KA M S pheghllot "
over a catalyst such as nickel. This level of aromatics is unsatisfactory for end

uses such as water treatment. In addition to levels of aromatics and olefinic
species on the order of 1-2 wt. %, other typical impurities in the final product
include high levels of heteroatoms such as sulfur compounds, nitrogen
compounds, and oxygenates. These other impurites are detrimental when
dearomatized hydrocarbon fluids are used, for instance, as solvents in catalytic
{" processes ot in processes requiring an ultra low level of such impurities, such as in
semiconductor processing. The use of Ni in hydrogenation reactors is also a
safety concern because of the danger of runaway reactions.
[0008] High pressure hydrogenation methods can achieve aromatic levels on
the order of 100-500 ppm. However, the investment in such methods is quite
high, and create increased safety concerns. Furthermore, presently available
hydrogenation methods typically do not decrease oxygenate content in the final
product, which is a drawback for many reasons, such as increased catalyst
deactivation in processes using the hydrocarbon fluid as process fluid.
[0009]  Accordingly, a method of producing ultra Jow levels of aromatics,

oxygenates, and other impurities in hydrocarbon fluids without such high pressure



~ product, which is a drawback for many reasons, such as increased catal yst
deactivation in processes using the hydrocarbon fluid as process fluid.

[ 0009] Accordingly, a nethod of producing ultra |ow |l evels of aromatics,
. oxygenat es,wabssoish@r i npurities in hydrocarbon fl uids wit/bswésiassab hi gh
‘pressure WO 2006/ 078389 PCT/ US2005/ 045918 -4 nmethods is highly sought
after. In addition, aromatic content even |lower than 100 ppmis desired
because of increased environnental concegfns and increased regulatory
requi renents concerning aromati c content in hydrocarbon fluids used in

consuner products, .water treatnment methods, and. the |ike. [0010 e prior
art has not pr?}\??s“.ﬁ@_dsgl ISBPQH%%% I&Iah‘glflﬂ%@%t@tﬂoﬁtﬁ%tqvﬁng‘%ﬂé@%ﬂ;&ﬁi cal

manner and/ or GoVi & QRERAL BhdaiseS Q¥ NHcrBRBN &virh:BAdntdl MMBREO WA PRkeMg teach
dearonmati zati on bé adsorption, such as U S. 4,567,315 and 5, 220, 099, but

adsorption pr oy wmaeirdmutts emveming raserratid gontagh solpdaocarigndhadsgysed
inefficient solutions. 012 .S 4. 795, 840 | .exanple of a

hydr ogenat i on lpﬁirc(()nése ser{’}lglglrllcés’ a%ﬁgggtgdl??tgm%tﬁo?shﬁeﬁdoﬁglél?éOf 30- 100 kg/cn2 (about
30-100 atnm). T[ee1¢)r odUed priohmyBaetiot pr@tidddns sellitiere@sdll thesst problemb iRlaky |
tetralins, an aromatic species. Subsequent tq hydrogenation, a separation
usi ng nol ecul afcoRPEIGHdNgTECT ARG Or gvironmepiely sqund magners ) 172 t each

hydr ogenati ng. moRidr oRghBiofs bERAS 1ERRBeltSinizdtion Rl Ao pior: QIR A5G PL/Pd on
g I hg as |

nor deni t e achi eving, accor to exanples presented, ow as 16 wt. %
aromati cs cont4667,3150aiU b,220,899,5b@3adsBrption quodresss aarg ot emérdpiuen@liyade by a
reaction involvin si:mul t anequs h cﬂro enation and isonerization of a
benzene- enri ch&g° %?ﬁﬁ?%ylngﬁlcéeﬁ‘ﬁg 5 5 a dual catal yst conprising an
Pygr oigjenatS ion glgml ggU&m%%,mleoisiﬁeequﬂaloys% h?augeng:%q@ppmes@fusatgout SA.

15] U. S 5,831,1 teach sel ectively upgrading naphtha to a npre
alql phatic gasHEsHE PadhengrdenwiaibHf i(&/gmg%a‘ap%r@c@sateﬁnp&h% iPERfER| ect i ve

i soparaffin syR{f&sireafkom kaavy Q;@pbﬁ,t ke akd &uﬁﬁﬁy%em%ﬁfaﬁémp\éﬁE&h i's
subject to ri _ng cl eayage, tehe overall effect being that the nolecular
wei ght and boi pubsegupdite hydsbgenahen, hypehardion yoing molesulapsiense ik appdeliie] U. S.
5,855,767 t eacfboﬁ]hi gﬁSp rS,el%i%f te(ac?,h-h;@oéje%ra‘r}nghe}/ H&a@&%fb%ﬁ Yeedstreamn using a
catalyst comprising Pt/Pd on mordenite achieving, according to examples
presented, as low as 16 wt. % aromatics content.
[0014] U.S. 5,830,345 teaches a gasoline blend made by a reaction involving
simultaneous hydrogenation and isomerization of a benzene-enriched reformate
stream using a dual catalyst comprising an hydrogenation catalyst and a zeolite
catalyst having pores of about 5A.
[0015] U.S. 5,831,139 teach selectively upgrading naphtha to a more aliphatic
( gasoline having low aromatics by a process comprising selective isoparaffin
| synthesis from heavy napﬁtha and a recycle stream which is subject to ring
cleavage, the overall effect being that the molecular weight and boiling point of
the hydrocarbons are ;‘educed.
[0016] U.S. 5,855,767 teach a high pressure (= 30 bar) hydrocarbon
conversion process comprising contacting a cracking catalyst including a zeolite-
beta as a first component, a second component which may be MCM-41, and a
hydrogenation component.
f0017] US. 5,855,767 teach a process for saturation of lube range
hydrocarbons using a nobel metal on zeolite inorganic oxide support under

conditions of a temperature range of 350-700°F, 150-3500 psig using a feed



~conversion process conprising contacting a cracking catalyst including a
zeolite- beta as a first conponent, a second conponent which nmay be MCM 41,
and a hydrogenation conponent. [0017] U S. 5,855,767 teach a process for

. saturati onyef0Jihi§ss ange  hydrocarbons using a nobel ngiGyQRspeeldte
inorgani c oxi 3e support under conditions of a tenperature range of

350- 700F, 150-3500 psig using a feed WO 2006/ 078389 PCT/ US2005/ 045918 -5
having a viscosity of 50-600 SUS at 100F. Aromatic content is reduced to as
low at 3 vol. %according to patentee.”[0018] U.S. 5,993, 644 teaches a
process for producing a lubricating oil basestock conprising steps of

hydr ot r eat i ng,hadipgaxisnopityand 01600 BU§eh 460°B5n Arovigeeruiens relutéittoag fovpl es, t he
process can achiirgve0 arorrgti G gontent as | ow as about 6 wt. % simlar
results for arbruth @ IEV8M8 YPEURswn in U S. 6,399,845, which teaches the
manuf act ure ofjoglispselUfuel odoam Rhahet & didseds! foatiodicidy @ mdfiedigtoil t hat both
renoves aromatics and isonerizes paraffins. [0019] U S. 6,030,921 teach
hydr ogenat i on bgfestoplp rqosEismg &feps of JorEotieating, ¢amasings apdkydyegegation.

hydr ocr acki ng nat i y [ onver si on
of aromatics o grl‘)ﬂc))%?t ngg/ocx_ %O]tﬁé&ﬁggeggqgﬂbga%% a%%%@%%i%ﬁ t each
hydr ogenat i ng showrfatt.%s; similagaesultd for amimaiic lpveds surshewvnin &bHuE,3W,0MPa usi ng a
silicon-doped catal yst. [0021] U.S. 6, 306,289 teach a_.nethod of

i ot 1 eat | ng SOPGEBES B GRaBlFtrs 0 s ieC o pRie SRpRE PG SFoBtiy i 1
netal and "a |{Bdt@6thIeMeNHs ardatiet bldiSomerzéapRA®Rs Show that at 60 kg/cn®

sul fur content may be reduced to about 500 ppm Results for aronatics

| evel s are notl0$9bvi dé8: GB9S2] terch. hwlrogpnatmng of bibeiesting §ilpyeskess 4 or
hydr ogenat i ng I | ! L 1.C i ng-.sinport ed
oup Vi 11 caria o hyBROKERhe 454 Bl fecibdint Sne e B B3R
6, 541, 417 ut i |Ishewesorvesidn afarpnghsipe df Bootfs%/1 | | cat al yst for hydrogenati on of
hydr ocar bon f p i d i.zation of .gas ail cuts. .[0024]
U.S. 2001/ 00 13@@3’] angd%()é’;bg’%%ﬁ%ﬁraf %h@@ﬁ@&h gédfggﬂ?aﬁ%}g ﬁb"ni‘%‘kﬁf i
pol yaronati c hyesipeRabeRssufdRAhborEs M RfhgSaikoh-aepdi datilysef PAH to an

[0021] U.S. 6,306,289 teach a method of hydrotreating a hydrocarbon oil

=
—t
-

using a catalyst comprising a Group VIH metal and "a large amount” of silica.
Examples show that at 60 kg/em® sulfur content may be reduced to about 500
ppm. Results for aromatics levels are not provided.

[0022] U.S. 6,509,510 concerns a process for hydrogenating an aromatic
polymer using a silica- or alumina-supported Group VIII catalyst having a pore
size of at least 100A.

[0023] U.S. 6,541,417 utilizes a silicon-doped Group VI catalyst for
hydrogenation of hydrocarbon feeds, particularly dearomatization of gas oil cuts.
[0024] U.S. 2001/0013484 and 2002/0117425 are directed to achieving low
polyaromatic hydrocarbons (PAH). Examples show reduction of PAH to an

Pl

amount of above 9 wt. %.

[0025] U.S. 2003/0188991 teaches a mesoporous silica catalyst capable of
hydrogenation, isomerization, hydrocracking and numerous other reactions. Pd on
MCM-41 is used for comparison purposes (see, e.g., Table 15 of the patent).
[0026] U.S. 2004/0181103 teaches a supporied catalyst useful in
dearomatizing fuels. Accbrding to the examples, aromatic levels as low as 480
ppm are achieved. ’

[0627) WO 01/14501 discusses reducing the concentration of aromatics and/or



_~anmount of above 9 wt. % [0025] U.S. 2003/0188991 teaches a nmesoporous
silica catal yst capable of hydrogenation, isonerization, hydrocracking and
nuner ous other reactions. Pd on MM 41 is used for comparison purposes

. (see, e.g.,wOabls@7$8 of the patent). [0026] U.S. 2004/ 0P&ThB300smanises a

supported catal yst useful in dearomatizing fuels. According to the

exanpl es, aromatic levels as |ow as 480 ppm are achieved. [0027] WO

01/ 14501 di scusses reduci ng the concentrgt.ion of aromatics and/or WO

2006/ 078389 PCTI US2005/ 045918 -6 olefins in a diesel fuel using a catalyst

conprising Pt/Pd.on.MCM 41 i.th. "conplete aronati satyrat,ion" .at

t enper at ur es groggll%y‘ntah-ﬁ‘ﬁsel # (o it .)001.11?6%‘2%]1) %g‘ﬁ%ﬁﬁ’[ eaches a
catal yst for sei@giidty alonatiBgdafhtie" aﬂaﬁlaérﬁtuﬂés[@e‘aﬁedﬁmgw bingeRZHAT fi N
products useful for blendi n84Wth gasol I ne. 0029] EP O 698 073 relates to

a process for (H@8hydr¥ge?P4/6%430P  inaehast pcsatplyst HEEd rsgleat Yrdn awedisting

bor ow about | SR i R AR o RO i P 0 1St
5,612, 422; 5, 8EREP6; HP. O8I, (7Qelated 1d.3Frobes forGhe BllrTahatidh @adorBaBs in

6, 280, 608; 6, 281, 397; 6,417,287; 6,432, 297; , 579, 444: and.2003/Q173252.
[0031] The pred¥fecarprnanioys deqdsipakss theprag |§’°‘Hi”§c%x§"e4“€8°‘h“ﬁé‘f°ﬁlﬁ‘ﬂcsof

hydrogenati ng RyA&ReMBORId lde 1 thal, does not require the use of high
pressure systens an rovides for ultra low levels of inmpurities,

particul arly al®Bfli cthergatestsindinteragfanavdetéS. 5. SMMERY, SR, 5P, 08QIENTI ON
[0032] The invengiop g lﬁ,‘gﬁlﬁ;ﬁﬁ?ﬁﬁ&(ih Sﬁ%ﬁé,b@,gs%%sw-dosﬂ"?azyéﬁ%,iﬁ‘,%l?-eve! s of

unsat ur at ed speti €s, "par arbmat 1 €s ‘an efinic’spécres; "and in
enbodi ment s al $G37Rndd:iafé 2008/0h76252.bon fl ui ds having | ow | evel s of sul fur and

or{ oxygenated ie The invention is also.directed to, a nethqd of

v onmer e TS o e PEHsE TR diave PRmsnel, SFrawEed & Tefioq of

hydrocarbon f| yi@sgenafigh Bydr6@tinymlidd Bt dbed nés Bgiire e SR dilrg?{e %@%ureus es of
S

the ultra high purrty hydrocarbon fluids are al'so contenp ]
enbodi ment s of systrensprdgeeiidesoewize dyw levels of impurities, particularly aromatics and

other unsaturates.

SUMMARY OF THE INVENTION
[0032] The invention is directed to hydrocarbon fluids having low levels of
unsaturated species, particularly aromatics and olefinic species, and in
embodiments also provides hydrocarbon fluids having low levels of sulfur and or
oxygenated species. The invention is also directed to & method of hydrogenation
and/or hydrodesulfurization that provides for such hydrocarbon fluids, and a
{ catalyst that 1s useful m said method. Uses of the ultra high purity hydrocarbon
fluids are also contemplated as embodiments of the present invention.
[0033] In an embodiment, the hydrocarbon fluids contain less than 500 ppm
aromatic species and in a preferred embodiment less than 100 ppm aromatic
species, and even lower amounts in more preferred embodiments specified herein.
In stiil even more preferred embodiments of the aforementioned embodiments, the
low levels of aromatics are accompanied by low levels of oxygenates and/or sulfur
species.
[0634] In an embodiment, the boiling range of the distillate according to the

present inveption is the same as the boiling range of the feedstock. In another



[0033] In an enbodi nent, the hydrocarbon fluids contain | ess than 500 ppm
aromati c species and in a preferred enbodi nent | ess than 100 ppm aronmatic
speci es, and even | ower anounts in nore preferred enbodi nents specified
_herein. | nwaiiobdioreasen nore preferred enbodi nents of thecaiorensmmcapned
enbodi nents, the Ilow levels of aromatics are acconpani ed by |ow | evel s of
oxygenat es and/or sulfur species. [0034] In an enbodi nent, the boiling
range of the distillate according to the7 present invention is the sanme as
the boiling range of the feedstock. In another WO 2006/ 078389

PCT/ US2005/ 045918 ..-7 enbodi nent t he feedst.ock is not .isonerjzed and/ or
cracked by theeﬁ‘g?f@@?g‘ rﬁ%c%&ﬁ%f’%g 1§ §°% ﬁsémﬁ%és‘aeﬁl}&i’rn%rgﬁlﬁ%ioﬁ? t}%ﬁ%ﬁesﬁ n an
enbodi ment, t hecdsrdil®o B¢ pRy&t fgemal on according to the invention
conprises a step of dearonmatizing a hydrocarbon fluid using a catal yst

according to t#035hyedrianembedigeniathy methodovphydsegsnations asspriingedp Goup Vi1 |
netal, prefer .Se kL3 'gw& L LLidi um  and
m xtures ther %@JF %ftm}&ﬁ%rﬁ?s%étﬁ%?%%%p&%ﬁsﬂlﬂ@ﬂﬁé nder fkg&ﬂ%}e%h ﬁg{alé;lg{ n, the
term "G ou Viatdotditug tol the asrefition, daidactitaly< oain apportddafirong VI mdtdle

Peri odi c tgble; 0gemgCh m g and_E ibrfle r.iir)lﬁkﬁe , @3(5), g , 1985. In
preferred enboé?f"‘i%?ﬁ'?@,sefeﬁ“ég é‘ﬁ?é’l@%‘ﬂgﬁnsp P“Ig’oﬁ’ﬁgﬁl% t‘ﬁ&‘é‘%’?’ia@éﬁm"i‘ﬁﬁ%l I n
anot her pref er iRebog RRdLIRALEY toRprBAd @ biktler NYSLORRGEMO e RAAPGISRS a first

step of hydrotreating and/or “hydrofining, preferabl éﬂel ncl udi ng
dearomati zi ng ¥HY e Beniradiipngl fsApuomenplaigre &t tieyBeriogied Tablsesemd st ep

of dearomat| zivg gl S, WALACALPADL |aite] 42108 nFRlEPLBRRALALRY L0 the
present invention, ereln sail I'rst "st'ep conprirses use of a prior art
catal yst to redatalysttifigot dapedwith eificompuriti es sel ected fromolefinic

unsat urati on, ticgs, sulfur, _ an ] Xj.ures thereof, the catal yst
prgferabl y sel Z@t% fﬁB oﬂgﬁﬁ?goﬁmm@é{ham}sf}? "ii‘?%% ﬂfnﬁi"ﬁ%geﬁ?g%‘r art, as
set forth in tBsmBaeckar S step DY EDdBEeRing Hodloy B droSRRR! hretedsbl ifchling | N Yet
anot her preferred enbodi nent, said first step provides a hydrocarbon fluid
havi ng at | eastcaappeizimne hydmeahen iﬂw‘bm@aiangﬁt gatalygnansbd wecond sigp. o4 t o

hyar ocar bon' 11 GeRORA i AL S SDpBA (5 SAZE NS RRRE LS ot han 100

invention, wherein said first step comprises use of a prior art catalyst to reduce the

amount of impurities selected from olefinic unsaturation, aromatics, sulfur, and
ﬁlixtures thereof, the catalyst preferably selected from hydrogenation catalysts
known in the prior ‘art, as set forth in the Background, such as a catalyst
comprising nickel. In yet another preferred embodiment, said first step provides a
hydrocarbon fluid having at least about 500 ppm and in embodiments from about
1 wt. % to about 20 wi. % aromatic species, and said second step provides a
{ hydrocarbon fluid having less than 500 ppm and more preferably less than 100
| ppm aromatic species, and still more preferably less then 50 ppm, and yet still
more preferably less than 20 ppm, and yet again more preferably less than 10
ppm, of aromatic species. As used throughout this disclosure, ppm is based on
weight of the entire fluid, unless otherwise specified. In still yet again more
preferred embodiments, the low levels of aromatics are accompanied by low
levels of oxygenates and/or sulfur species.
[0037] In another embodiment, a method according to the invention is a
method comprising hydrogenation and/or hydrodesulfurization which provides for
desulfurized hydrocarbon fluids containing less than about 0.1 ppm sulfur (based

on atomic sulfur).



ppm aromati c species, and still nore preferably | ess then 50 ppm and yet
still nore preferably less than 20 ppm and yet again nore preferably |ess
than 10 ppm of aromatic species. As used throughout this disclosure, ppm

- 1s based orwoweisghtssof the entire fluid, unless otherw PETAP2WHH4ISE. | n
Still yet again nore preferred enbodi nents, the low |l evels of aromatics are
acconpanied by low |evels of oxygenates and/or sul fur species. [0037] In
anot her enbodi nent, a method according t@-the invention is a nethod

conpri sing hydrogenati on and/or hydrodesulfurization whi ch provi des for

desul filrized car.ba fainin b m sul fur
(based on atombgggul fIJBII’S 11 gjfg?% %@%ﬁ%&@%ﬁ%@gémm%mﬁg@& I n

still another ﬁﬁﬂ@dlcﬁﬁ‘@hsmghy@bé'b@du@ﬁﬁﬂb’dilh@&oﬁ&ulﬁlﬁﬁzmm@hidh@row@esa”or met hod
conpri sing hydr (genatl on and/ or édr odesul furization which provides for

hydr ocar bon f | Bydrecasean hiyids duyingnless figmp honngmey gomstalel speissed? apofheiot her
enbodi nent | es Pﬂﬁl the AN n and in
anot her enbodi érr%lh @r%g{ﬁrhgh%o et%‘c%nab e%gl?ygengée tsﬁé‘g?l g}im [ 0039]
In yet anot her agrthey dinbe dimentithera taed qgsdetecsabﬂﬁaxvgm&dfspmdswrﬁi@enatl on and/ or

e s, VISR o o A shBe et o s o 2 e e OB
w. % Pd, havi peti/er Hyd}d@ésumﬁfmﬁéxﬁbﬂgwafdéaﬂbaﬁ ﬂuida%ﬁh datalyss cof: Pﬁﬁg@t of the
invention to provide hydrocarbon fluids having unts of aromatics and

ot her unsat ur afEePHRAIrYIEMES] gprpprating ehpt 9slé- %?5 WF (éhPt %@%’Hﬁf 830-0g8%d/ or
havi ng | ow amoyntes pgf hef K e&q&e?gom O@@ﬁnﬁ w amounts of sul fur, and/or |ow

anount s of nltrogen épem I'nation thereof. [0041] It is
anot her obj ect [a840] he It rsvambm:n ofmqommmbe thptbvuh@h)blmuafuouimcis Heaingng ul tra

I o(/v aronmtics art| cuI a n consu r oduct. ints,

cl eani ng produ %gjt%?lﬁ‘l‘mf)?‘%‘ﬁ%%?e@s?@{f}%ﬁlﬁ e % @“’H‘iu'ﬁﬁ‘“&ﬁ’ﬁ g@ sol vent's
such as the sepieﬁﬁmuréh@/br hBEhS tew aﬁﬁtspbpﬁﬂgmes[ eadiof 169 dricghts! gvel s of
purity, such as _water treatnent tprocesses and sol vent extraction processes,

and other  pro8d8% apdion laysameynty efgtrogenisaecissiRs 9BY erBbiBationdhePd: extracti on
conposi tions. FdOQi)]‘lz] i AR Sufkh oF RMARHHR HoSprofidk 8 ldfocadER IS, and

advant ages w |
having ultra low aromatics particularly for use in consumer products such as

paints, cleaning products, industrial processes requiring ultra high purity solvents
such as the semiconductor industry, and processes requiring high levels of purity,
such as water treatment processes and solvent extraction processes, and other
process such as drilling fluid compositions and ore extraction compositions.

[0042) These and other embodiments, objects, features, and advantages will
become apparent as reference is made to the following drawings, detailed

{ description, examples, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043] In the accompanying drawings, like reference numerals are used to
denote like parts thronghout the several views.
[0044] Figure 1 illustrates aromatic levels achieved for hydrogenation of a
hydrocarbon fluid feedstock for an embodiment of the present invention, in
comparison with a prior art process.
[0045] Figure 2 iflusirates an enlarged portion of Figure 1, showing in detail
an embodiment of the present invention.

[0046] Figures 3 and 4 illustrate dearomatization of various hydrocarbon



becone apparent as reference is nade to the foll ow ng draw ngs, detail ed
description, exanples, and appended clai ns. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0043] In the acconpanyi ng drawi ngs, |ike reference nunerals are
used to dewotzeoslordsee parts t hroughout the several views . pCrAGdebdodEogure 1
illustrates aromatic | evels achieved for hydrogenation of a hydrocarbon
fluid feedstock for an enbodi nent of the present invention, in conparison
with a prior art process. [0045] Figure_g.illustrates an enlarged portion of
Figure 1, showing in detail an enbodiment of the present invention. [0046]
Figures 3 and 4 .illustrate dear tization .of yarious hydrocarbon WO

2006/ 078389 PC‘#‘P@@?@@%‘?C@@%@ em?’QnBIF‘Fe&&d’f%EéH‘ém ®&ording to enbodi ments of
the invention. DETAILED DESCRI PTI ON [ 00471 According to the invention, a

f eedstream conpri sing hydrocarbon fluids and further conprising inpurities
sel ected fromaromatics, ol efi nPETSGREPdESCRIRYEIN - cont ai ni ng conpounds,

sul fur conpoun and m e het . t i I tics
saturation cat i‘/@t seﬁ{%ecﬁcgl{ % tg%ﬁ Er%génponﬂ/lal {es%e%%eéﬁs&?nrp\%sﬁ%e%%é@r%e of a
hydr ogen- cont aflmid gnd fo@dér @aprising dmpexaid eledtal fom\araeativs, dafthiogaciegn fl uid
product low in aromatics, [0048] The feedstream useful .in the present
i nvention com?ﬁyg%-cwapwaa?wmﬂ%uﬂ&@r eAPRORRGS, i EiX ey s P i |1 be

sel ected cuts édn@d&eﬁ%lﬁﬁn%&matﬁs@aﬁuaﬁ%‘catélﬁgt BRsRbERbm GrobstomiNaRie), HYN
(Heavy Virgin Naptha), kerosene, diesel, QO (LIght Gas G ls), PGO (Process

Gas O | s), andthai pesemes of ha hydfogen-Ferdeining clzest g9ayinab swadser fo pravadecheni cal s

process. [0049 JS’n n di pen the feedstream may conprise oligoners from
either a refi n%)F chf%ogﬁglﬁ Igflucﬁﬁdg‘(’:lensago%gnec& to produce paraffins,

i soparaffins [oas] ns, THeSoalsedannasefifllial tH¥iprdseiit &dvehtied anfipris¥eliydescatbonior e

spécifically, Ln angther referred egbodi nent,, th f eedst.yeam be
al kyl at es t hat g% THRieHly ’gF %‘Eféﬁté‘iapkﬁ?}l bt errcied Qs ﬁ%tpf@%r%gﬁ'ngdéﬁl‘n%ed from

PGO, a feedst I EGHoGHERE | G NapthaRr @VRE (v AE hphati Nkdroderd, f diBat, e

primart 'y ContEIGrgl n(I%Iglh‘f ngsr %;ci{sl),ml’((:}orm(:[ch:agl Gasa Qils), and mixtures thereof.
Feedstreams may also be from a chemicals process.
[0049] In an embodiment, the feedstream may comprise oﬁgomers from
either a refinery or chemical process used to produce paraffins, isoparaffins
olefins, isoolefins, and mixtures thereof. Yet even more specifically, in another
preferred embodiment, the- feedstream may be alkylates that have been
oligomerized from a refinery stream derived from PGO, a feedstream comprising
an aromatics extraction unit raffinate primarily containing isoparaffinic material, a

feedstream derived from a gas-to-liquids (GTL) process, which may also comprise

principally isoparaffinic material. In still another preferred embodiment the

o~

feedsteams comprise one of the aforementioned cuts or a feedstream which has
been previously hydrofined to remove sulfur to a level on the order of about 10
ppm, using, e.g., a Ni/lMo, Co/Mo catalyst. (Sulfur content referred to herein wiil
be according to ASTM D5453 (Antek equipment) unless otherwise specified.
Sulfur content may also be determined by ASTM D4045 (Houston Atlas
equipment)).

[0050] Hydrotreating and hydrofining per se are well-known terms in the art.
Also, throughout the specification, weight percentages and weight ppms are
expressed with respect of the total weight of the composition, unless otherwise

specified.



 feedstreamderived froma gas-to-liquids (GIL) process, which may al so
conprise principally isoparaffinic material. In still another preferred
enbodi ment the feedsteans conprise one of the aforenentioned cuts or a

- f eedst r eam whi 2045/0h8889 been previ ously hydrofined to renpansddobpiseiso a | evel
on the order of about 10 ppm wusing, e.g., a N/M, Co/M catalyst. (Sulfur
content referred to herein will be according to ASTM D5453 ( Ant ek

equi prent) unl ess otherw se specified. _gulfur content may also be

determ ned by ASTM D4045 (Houston Atlas equipnent)). [0050] Hydrotreating
and hydr ofi ni n?qgger se are well-known terns in the art. Alsg, throughout

the specificat (WALl wei dhiseh dprsh thegean afhad WBrasimyeias Rabmayigeasd wit h
t of th i t 0S5 kon: 1 i fied.
V0 bo06! o7sage TRl MRt i ARefOIRETEE afon U AR, BAGLA B pRPTC! 11 ©

"fluid" neans g, esivadlllsast hagiernaly fuhctivotingas asolvamendhe tedigond senseaf ri er, a

di luent, a surf.ac ensi on_nodi.fier, dispe nt,. .and th like s,,well as a
material funct Lgmﬁw&:%oﬁm@wg%tapcq W'&’ﬁéoﬁfejﬁnﬁ@%%msm C;‘ﬁﬁbhﬁq i quid

whi ch sol vat es @R} aess { fatbrial SonsRlitd ) hydedtén taie ch®biatoly d¥iggaIsbon

fluid" additionally means a material consi soti ng of hydrogen and carbon
atons whi ch i sliquifl giarabient tapsradvre and pysequent (@9 €. dridpr essure (25C, 1 atn).

[0052] In an e i me h i i 1e CS- C19
hydr ocar bon fl [ﬁbgﬁ']' whP%’h&n%?/ﬁb\g%‘gﬁ?%%)gﬂﬂ%wgﬂnﬁwg#@ﬁr%ﬁgdtcti 1 éa%;%tei(%?

pol ycyclic, orCa@ykydrecarton fuidi xwhick iy shec Birhighirchmarelo isanchdd) 53klidc,n an
enbodi nent, the hydr.ocarbon fluid product, has essentially the sane boiling
range as the h?‘&?%"(?&f”t%ﬁc 16i 9 2T e SB@H?%F‘& °0F- e., the hydrogenation
process accor djgng3f 0 tiRGnPingftihert, e MydBfrbReHuid Produdy Bh/@senGhiRetHeng. | N
anpt her enbodi ment, the feedstream may be prefractionated and/or

post f ract i onat ¥0q podingarangners et ydiogubny fuid HRothse feedsisani tent thet he

hydr ocar bon fl i ¢.10 & u Hﬂé% t | SRS i e process
according to t’llilgé %cg%%gr%ltep%%nﬁcgn. 39&%? ??Ll%gml rreanténtzﬁlg%sd?iéﬂo%ﬂklzaati on
product s cannotratienglelreatotitr bpnbGhmest, liedEcdsteany nBE bei prefradiowedsandaabl e of

; , 0 > X _
det ecti on at Opétﬁgcﬁon@ted%%%rhahg%%{yu@nt ation and the

[6054) In another embodiment, the hydrocarbon fluid in the product has not
been isomerized during the process according to the present invention. By this is
meant that isomerization products cannot be detected by GC methods using GC
instruments capable of detection at 0.1 wt. %. Such instrumentation and the
methods to make such a determination are commonly available to one of ordinary
skill in the art.

[0055) In preferred embodiment the hydrocarbon fluid product has the same

{ boiling range as the hydrocarbon fluid feedstream and has not been isomenzed.

[0056] The present invention relates more particularly to a method of making
dearomatized fluids that are blends of aliphatic hydrocarbons of various kinds
having from 5 to 25 carbon atoms {(C5-C25), preferably from 5 to 23 carbon
atoms, with additional contemplated embodiments including C5-C9, C5-C8, C6-
C8, C9-C19, in addition to other embodiments set forth herein, which may be
linear, branched, acyclic, cyclic and/or polycyclic molecules, depending on the
particular grade of interest. As used herein, a hydrocarbon fluid having a
specified carbon range Cx to Cy or Cx-Cy means a hydrocarbon fiuid comprising
at least one carbon number within the range of x to v, inclusive of X and v.

Typically, the dearomatized hydrocarbon fluids will be a distillation cut from



~methods to make such a determ nation are commonly avail able to one of
ordinary skill in the art. 10055] In preferred enbodi nent the hydrocarbon
fluid product has the same boiling range as the hydrocarbon fluid

. f eedst r eam wododsasszeot been isonerized. [0056] The preyentuskeg@sdison
relates nore particularly to a nethod of nmaking dearomatized fluids that
are bl ends of aliphatic hydrocarbons of various kinds having from5 to 25
carbon atons (C5-C25), preferably from54to 23 carbon atons, with
addi ti onal contenpl ated enbodi nents including C5-C9, C5-C8; C6- C8, (C9-C19,

In addition to other enbodinents.s forth_her | near,
branched, acycPpPQt Seﬁﬁdéggﬁ/%‘?feﬁgfyfé%qg goﬁﬁ‘oq%e@ﬁ‘? é@ﬂuféé(ggy@ﬁgo H t he
particul ar gragemedimbt &E%%ﬁmnﬁﬁzé&sﬁﬂdshﬁﬁ%erh didiiyidh Q&%ﬁ’%@ﬂg fbmh éﬂmﬁ@w ng a
speci fied carbon range Cx to Cy or Cx-Cy nmeans a hydr ocarbon fl uid

conprising at 60 é&abi0®Gard hmﬁOMMéD oqiboh atemshprefezaige frof &tot&caphon ncl usi ve

of x and vy. T |caI e de mat.i ze ar, I d 11 .be a
distillation c n}sr oh?/\?@tg q@@ﬁ@ @HT%%%?%%@&%H%%?%%W gbc and
380C, prefer abhﬁunﬁiwldngrafngﬁig\ﬁ&@dbautadmub 685G (abbik Esmosﬂsem) ani@ftigrent , t he
dearomati zed fluids will be a distillation cut ra rom about 60 to
150C and! havi ngom i 19 erabonoaterm s ERss 9 961 SUBF Jatonb 53 e bandr bor

atons. In anot :

distillation cggl?gﬁg@ﬁg rIil %angglg ﬁ%ogﬁéd@gg?: % Elg%?qu@d%@[:@and haV| ng
from9 to 19 cheiliog ratgerrﬁ atdcast é?(glan@asf hgmasaesstmaﬁoomqmma ptB@zR50C) and
having from 10, to 19 car t ons T cal e fl ui svmll
have a  boil i n§° ﬁ&ﬁd@“&?f e BoR pbet’ B fo %“y"llf Qﬁfi ﬁ?@ﬁ“ﬁb odBRES with a
pr eferred boi kich@enrrge ailrgtahé-BoilaY eitige HdicRardbS Wuidd Aecifeilin neral

_ odi ment s nclude hexane and hept ane-boiling range hydrocarbon fluids
speC|f|ed in nﬂ?té‘ bela¥ai | bel ow. [0057] It will be recognl zed by one of

ordinary skill dgasf he Refubo BR8BE8EH0Be K orkiiEnPIAPEhe R Bbkbildhal the

vari ous enbodi rrents set forth h rein may I N many erent ways
to arrive at adfihe mnseahhwdmtmnﬂast thiei vatiowsr enbalirsentp aett fogh hetemn praysent

tracti onati ng &PEhrng et PUERFE 3vBf B8 pRE YeaBligR ermBERtds Uil fec” 0P ! €

also part of the present invention. For instance, a process according to the

invention may comprise fractionating a refinery stream to obtain a C5-C19
hydrocarbon cut, hydrofining and then hydrogenating said cut to obtain a C5-C19
mixed hydrocarbon fluid having an aromatics content of, in an embodiment, about
1-20 wt. % and a sulfur content of about 1‘ ppm, and then contacting said
hydrocarbon fluid with a catalyst according to the present invention in a fixed bed
reactor to obtain a C5-C19 hydrocarbon fluid having an aromatics content of <500
( ppm, a sulfur content of less than about 0.1 ppim, and a boiling range the same as
the fluid prior to contaéﬁng said catalyst according to the present invention in said
fixed bed reactor, postfractionating said C5-C19 hydrocarbon fluid to obtain a cut
having an actual cut from 64 to 70°C or 65 to 70°C (a boiling range of 6°C or 5°C,
respectively) and principally comprising hexane, having an aromatics content of
less than 10 ppm, and very low to no detectable sulfir or oxygen species.
[0058] The aforementioned detailed embodiment, which combines numerous
embodiments previously recited, may optionally further include at least one of the
privisos_that no products attributable to cracking and/or no products attributable to
isomerization of the feedstream entcring the reactor are detectable. Products

attributable to cracking are determined on the same basis as products -attributable



.hydrocarbon cut, hydrofining and then hydrogenating said cut to obtain a
C5-C19 m xed hydrocarbon fluid having an aromatics content of, in an
enbodi nent, about 1-20 wt. % and a sul fur content of about 1 ppm and then

-contacti ng @ Mos/Ayds ocarbon fluid with a catal yst accorpgmigbRelide present
rnvention in a fixed bed reactor to obtain a C5-Cl19 hydrocarbon fluid

havi ng an aromatics content of <500 ppm a sulfur content of |ess than
about 0.1 ppm and a boiling range the sgne as the fluid prior to
contacting said catal yst according to thé present invention in said fixed
bed reactor, postfractionating said C5-Cl19 hydrocarbon fluid to obtain a cut
havi ng an act umls@mnmﬁwsmg%mﬂ@@ow 65 to 70C (a boiling range of 6C or

5C, respectiv an ri. nGLoal : rL.Siae:hexan i .gmat i cs
content of Iegisog%- and%g t%%%ﬁgnh%‘gg@/igl %%%vhé]%n%g %e?’géﬁlgﬁl%{e]q}é%{}?%ﬁor oxygen
speci es. [ 0058]dedtifedat presse hi dncmedimtigtaaer thah eryludikr spseies. hithe base ofitiicnes

nunmer ous enbodjinents previously recited, nmay ionally further.include at
| east one of t RETCMEOH @ﬁmpﬂlﬁt%ﬁ&“tﬁﬂ&&h@?@ %?‘fbtﬁ?ﬁé’ﬁpép%l GHER¥g and/ or

no products at fLiButAbLS fbm LERIBE.03 ak.i90 Reline bP eCeeLBLIRIEALGRENT t he
reactor are detectable. Products attributable to cracking are determ ned on

t he same basi sou856f odult bexane.rorbe-2bwe Mtex@d6 /o0 TOFSowPEH /hgsaBD B4iha5918

-12- to isomerizati.on,. as_.explained abave. Q59) . the term yprincipally
conpri sing” i selﬁ@% ctp gpot a@%gx&né%ny f“ﬁ’%rn‘%"gf/? Z’é‘u&sé’ a&pé‘g%?{tm? ?{P{gﬁlﬂamunt
greater than agy fetthirthispatigtph. [N atpheferfod stntoblirdie, thabaia venst GREECexanpl e,
the actual cut from 64-70C and princi paldl y

- conprisin hexane may have from
about 30-99 wt (Ordp iR XA id mey baysn a grefogesd gwba@m%ﬁw%@,sofwggsﬂwm. %
hexane, or 60- 8 Mounb16%aRE 1 PpmOEr 1B Mbre prefBeAPARbodih &l no GeReEbREN S
cofitenpl ated fromany |ower wt. _A)il‘mt to any upper wt. %limt set forth
in this paragrexygendies by fiDedsedesaribed mbwaierdetail betave act ual cut of 64-70C (or
65 to 70C) may , re ) i t. | I S Q enates in
t he amount of [debg“ thaé'r:]mi‘lalrf mz)tﬁ%{ %lgnﬁgb ﬁgdrré@ag?dgf g(raér/&eaﬁ}’e(%%%ir%r%%@%%
det ect abl e oxygetiadl glanbypérhfidnsagaylbs obtaed, havinpDs dovikttlad olf @éinpittitids0060]
Simlarly, other C5-C19 gﬁjégfﬁgr bon fluid cuts fromrefinery or chem cal

pl ant oper at i oN&hFespegdo _ g2 i imE of 2 least onp oF atomghics, _?ff‘?r'f“ie%s with
Lﬁ:gt6$ aE gsf hegfig@dsdid 88/ Eehdlest Wiidh Riel@iplRasttheNReseht RVGRRE, G8re not
known to be obtainable, at least not without high pressure methods.
[0061] For instance, an important product that may be obtained by way of the
present invention is a heptane grade, which may be described as an actual cut of
from about 90-100°C, 91-100°C, 92-100°C, or 93-100°C, and having, in an
embodiment, no detectable sulfur species by ASTM D-5453, an aromatics content
of < 7 ppm, and oxygenates measured at less than 1 ppm by FID. The term
(_ "heptane grade” as used herein means composition comprising principally C7
hydrocarbons, and including mixtures of isomers of C7 hydrocarbons.
[0062] The term "aromatics" as used herein means species possessing
aromaticity, which in turm means a ring structure having the presence of a closed

loop of electrons, which may be most easily determined by NMR. The definition

used herein is imtended to be consistent with that set forth in March, Advanced

Organic Chemistry (1992), e.g., pp. 40-41. Typical aromatics found in feedstocks
useful in the present invention include benzene, naphthalenes, tetralins, and the
like.

[0063] The method according to the invention comprises contacting a

feedstream comprising hydrocarbon fluids and further comprising, in an



-sul fur, and oxygenates, which |levels, prior to the present invention, were
not known to be obtainable, at |east not w thout high pressure nethods.

[ 0061] For instance, an inportant product that may be obtained by way of the
‘present i nvemiioedioeisa hept ane grade, which nmay be descridmusass/oaspigct ual
cut of from about 90-100C, 91-100C, 92-100C, or 93-100C, and having, in an
enbodi nent, no detectable sul fur species by ASTM D- 5453, an aromati cs
content of < 7 ppm and oxygenates neasyged at |less than | ppmby FID. The
term "heptane grade” as used herein means conposition conprising

principally C7 rocarbons, and inclu m xt ur S

hydr ocar bons. [eg’gé‘% %&“Pﬂg\% 5 O i1 g" é’g aﬁi‘?ﬁé‘i Rsn%gaé 5?)‘%8} es
possessing  ar ngthérChinedintd ahichdd 1tir %, BRERSarfedibddEméit b @hde hai@oivag t he
presence of a closed |[|oop of el ectrons, which may be nost easily determ ned

by NVR The deffrivih raromstes sebiraion cpiglyshindhelaigsenge pka BFHEE@ORANE h t hat
set forth in n i 1 , 41.
Typi cal aronal\/?{:gpﬁ%ﬁ%aa X elcélgés'?%gk@ g’% Soﬁ)gi%‘heﬁt preé{%gn I nven?él)on

i ncl ude benzeneaatursiphtchadidnes wheedin ahldnai'ommlitd ﬂaln&andnj dreealys{tafbﬁﬁ:ﬁsﬁga met hod

according to the_invention conp rises ntact i eds rising
hydr ocar bon f 1 GY&QEsRHR &PF’HB‘F ﬁlﬁ?tf"g(%??g’ rag?fl‘\/\ﬁfng X%JI

PCT/ US2005/ 045 Bcof; shigp&daosh 5% Hor, aﬁf&saéféﬁ@tn%ﬁ.we?eae SthﬂmE Fﬁe@g&uﬁg of at
least 0.5 wt. % and in_another errbodl ment at |east . % and in an

enbodi ment no mepReTk Malarialp wherein dhe wPpoTt aRptertad has ﬁofsﬂlwoak a?pmnnsmguahl yst in
the presence of %\V u%%“ﬁ%cf?e %'aﬂa%ereh{ traﬁé‘%f e 1d ? dlstSLb%HF

preferably opereat e nder ive aronatics ura%l on col Ions,
wherei n sai d arlOriebisbent 1860 mraaﬁithmavezagajaqarsﬂlmmmf gersgppart xhg&dmaigemni on

cor{‘ponent sel ected fromt e [l al s, and m xt t her eof
supported on arti tAdFsy e oﬂbﬂ‘g@ X “ﬁgﬁfe?@&rsm@ﬂ%‘itéﬁ P‘P?éentﬁ%‘?%%’r ous
support materi %bnteﬂ@ﬁfe@hﬁeéd@@ea%‘&ﬂ&ﬂsm obﬁboﬁﬁ&d@whfcﬁ@@wake Be¢ i sing at

| east al um num and silica, and vvherelnt ratio of silica’to alum numis

about 10:1 to ka0 Wt;d/olmwatehéwmé@razges pr@fegeélut%aﬁéheefee@)pomn@s&}ypﬂ)rt
material is about, sgln 4 Jo%ﬂsfrﬁﬁtﬁ%g%g e;’ﬁ %Pat%ﬁzleéstthw'yb&sg@gar‘?&?t“d that

t he present inven | on” “‘contenp ream conpri sin ocar bon
fluids which n4g0ddhve Beedattemms suitable for use in the present invention include amy

conventional feedstreams used in hydrocarbon ﬂuids processing, including
kerosene, diesel, or other refinery or chemical operations feedstreams, as
discussed in detail above. -In an embodiment, such suitable feedstreams further
comprise impurities selected from sulfur contaminants. Oxygenates may also ﬁe
present in such feedstreams, however typically of concern are oxygenates that
may be an artifact (without wishing to be bound by theory) of feed preparation
(—\ processes, prior art hydrogenation processes and/or the catalysts used therein; the
present invention, in an embodiment, results in a reduction of such oxygenates.
Products according to the present invention are low in oxygenates typically found
in products produced by prior art hydrogenation processes, e.g., alcohols, as
previously mentioned.
[0065] The catalyst according to the invention includes a hydrogenation
component, a support component, and optionally a binder component, all of which
are described in more detail herein.
[6066] The framework of the support material comprises at least aluminum
and silica, and the support material is further characterized as having an average

pore diameter of about 15 to less than about 100A. In embodiments, the pore size



.than 20 wt. %unsaturates, however it is preferred that the feed conprising
less than 30 wt. % unsaturates, even nore preferably less than 25 wt. %
unsaturates. [0064] Feedstreans suitable for use in the present invention
~include anyWwoced®esist onal feedstreans used i n hydrocar b@aTfISeios845p8oCcessi ng,
i ncluding kerosene, diesel, or other refinery or chem cal operations
feedstreans, as discussed in detail above. In an enbodi ment, such suitable
feedstreanms further conprise inpurities4selected from sul fur contam nants.
Oxygenates may al so be present in such feedstreans, however typically of

concern are oxygeakes 1Al andIPiDS 38 SERdL30R, (4 HofLuALI Raste be bound

by theory). of epdration ses, p ydr ogenatt on

processes and/ fhout 5EA, cat 3 wsdbsuLsdd o BSrieiaboutt $34, cprbReNS torabemtisdn, in an
enbodi ment, results_in a reduction of such oxygenates. Products according

to the present Thewaihyst also sPRPTiEsRAibydwesREiaR caipeyesl seiactsd Fomme GIoHP product s

produced by pry r i r \
previ ously nenmr?g%%ls %gé@%ﬂ# ethgfaé'?igll@rgtﬁﬁgb cg?ig?t%igﬁtogi ?ﬁgjﬂ?mdéﬁlﬁ?rgn

i ncl udes a hydprefyeabhtd ambicdwpofiBrend Pd. support conponent, and optionally a
bi nder conpone al |l _of. which re described.i.n. nore.detai.l.herein. [0066]
The framewor k @bﬂ]he &EH&H&JWS?%WQPSF&}PFS%@S B?“qge%ac%fjﬁﬂﬁsﬁmar and
silica, and th® thespReitdbld e Qid Rereih Serdepdl iR 2GhAH AGH OF biftoasuri@vinig an
average pore dianeter of about 15 to |less than about 100A. In enbodi nents,

the pore size Wi foweworks3gonemdlys hsxonsicals dag a raiiofylicade afymgmmeant o about
60A, or 15 to %@E"Han%%rk %&5%5 otéc%rgﬁg&&tbuﬁgéb:l.o“g@m‘gggAﬁm#ﬁaf s pr 30 to

about 50A, or t o about to about he catal yst al so
conpri ses a hydvwogematicon vsahpo nesiens ehdesirable f creckinghecaGrionsp Hévwdvemet al s and

m'&_tures t her eof referably sel ected fromPt and P re preferably a
Conbimet i onoipeadied g o 3% R im GheTharuet i e ARG GUBEECY 2
havi ng char actwith Shkle fordsizad distudsed sdy, Sptbtialy @ chialystuiser herigiplovg@ner al |y
had a high ratio of silica to alumnumin their framework. Cenerally, these
materi al s had HORaHGs Falyration) Gapabilitiss o wsern Arpviding fydsocapamdids bawpg t he or der
of about 800: .]-ultrgrb%r m’ﬁgﬁé& ratios of silica to alumnumwere used to

e crac

prevent undesira I ng reactions. However,
[0068] Thus, support materials suitable for use in the in the present invention

include synthetic compositions of matier comprising an ulira-large pore size
crystalline phase. The catalyst may further be described by one or more of the
following characteristics. Suitable support materials are tnorganic, porous, non-
layered crystalline phase materials that are characterized (in its calcined form) by
an X-ray diffraction pattern with at least one peak at a d-spacing greater than
about 18A with a relative intensity of 100. The support materials suitable for use
(“ herein are also characterized as having a benzene sorption capacity greater than 15
grams of benzene per 100 grams of the material at 50 torr and 25°C.
[0069] Preferred support materials are inorgamic, porous, non-layered
material having a hexagonal amrangement of uniformly-sized pores with a
maximum perpendicular cross-section pore dimension of about 15 to less than
about 100A. A more preferred support material is identified as MCM-41. MCM-
41 has a characteristic structure of hexagonally-arranged, uniformly-sized pores of
at least 13A diameter, exhibits a hexagonal electron diffraction pattem that can be
indexed with a djgp value greater than about 18A, which corresponds to at least
one peak in the X-ray diffraction patiern. MCM-41 and/or metal loadings thereon
are described in United States Patent Nos. 5,098,684; 5,102,643; 5,264,641;



~i.ncreasing the amount of alum numincorporated into the framework, coupled
with smaller pore sizes discussed bel ow, provides a catal yst that has

i nproved aromatics saturation capabilities for use in providing hydrocarbon
~fluids havi N 2006/078382] ow ar omati cs. [0068] Thus, suppor tPGRERMSAHSISUI t abl e
for use in the in the present invention include synthetic conpositions of
matter conprising an ultra-large pore size crystalline phase. The catal yst
may further be described by one or nore-db-the follow ng characteristics.
Sui tabl e support materials are inorganic, porous, non- |layered crystalline
phase materi al t raeterized (in its calcined fornm by an X-ray
diffraction pa?%gﬁﬁlaﬁ%ﬁig?%fQZét one peak at a d-spacing greater than

about 18A with [6070¢] at v en embetiserttythe findr@éhic, Tive-lgerpdandsopartes drgdtalisali t abl e
for use herein are alsq characterized as havin%fa benzene sorpti.on capacity

greater than 15UPRAFLRRCETIS BRRTAS ARUNPAKEN'S A thy Pirrett R vepRon bavedremiposiions g ¢ on

and 25C. [0069]w18&pfrlﬁgrr&dde°smrﬂmmsv &kl Bt SoRhia MIQIWAX,C.700). OUS this

non-|l ayered naterial having a hexagonal arrangene of uniformy-sized

pores with a raxiwai pes geakhiclsment, seloetsd Son dienienh Grseraty rensitiosmeddl, about 15

to |l ess than t ) oy err I ,Sal.fertified as
MCM 41. MCM 4?%%"%"%%@5?%@?’&#’?%@|§I§‘t‘=s Pﬁ’gﬁaﬁg@%{ﬂﬁ r@%ﬁ%@%@?ﬁﬁﬁa%m,

uni form y- si zeds potigslest§ eledtnt| pRdrablys Aluhiamm; 8oronekbi bhd/er gallieagonal

el ectron diffract] oglwpa;tern t hat .can be éj{fg{dexed with a d100 val‘_r/e greater
than about 18A Prfpbly ebpp@ERonds i & d6tra clegprat Bk FSnsifiFm ROG/gY

di ffraction pat Aoy el dlioh. Netal pkeaingSichia §ath Bsgheasr i bed in
United States ﬁ%ﬁgnt Nos. 5?%88,684; 5,102, 643; 5?264,641;m€&)ag56/078389
PCTI US2005/ 0459M8s onel m@¢ X818, 8dipas, fomdxgnpiganesminp0Gmop Anliane V& ment

t hé inorganic, .non- r S0pQsL QU L] suppost ri-al s used as
conponents in t' ]gs’ Bl?‘lgaggn@%f‘)%%’n%&gﬁi %%c\%lyg{l@%dﬁp{égsrti%nﬁ %icg%tggﬁ)f;%ee

descri bed br oadioypbitidrh exdhating MaexdrdssdVds astidesZdGhjhe weiglitbd moldrarverdgn, Wis a

di val ent el enent, sel ected .fromdjvalent first, row transition t.al,
pr ef er ably. mang 4ot MoBa/it tHempmher o 16T o1 FRelA SERIAn O My b bof-ePLF AR
cobalt. X is andiEpd&]RObs &, 808Nnd Z?Eé%fn&ftﬁ@iyyh?d AR bE Rk ANe 2158 & and/ or

gallium nore preferably al'um num Y Is a fetravalent elenment such as
silicon and/or (atb+ctd)=1. In a preferred embodiment of support materials suitable for use

herein, {atb+c) is greater than d, and h=2. Another further embodiment is when a
and d=0, and h=2. Preferred materials for use in making the support materials
suitable for use herein are the aluminosilicates although other metallosilicates may
also be used. According to an embodiment of the present invention, in the
aforementioned formula X is atuminum (Al), Y is silicon (Si) and subscrpts a and
d are both zero.

{‘ [6071] As stated above, the support materials suitablé for use herein
preferably have a higher concentration of aluminum incorporated into their
framework. Thus, support materials suitable for use herein have a fraﬁlework
silica to aluminum ratio of about 10:1 to about 850:1, or in an embodiment about
10:1 to about 800:1, or 10:1 to 400:1, or 10:1 to 200:1, or 20:1 to 400:1, or 20:1 to
200:1, or 30:1 to 200:1.

[0072] In the as-synthesized form, the support materials suitable for use
herein have a composition, on an anhydrous basis, expressed empirically by the
formula tRMy/q (W, X5YZ40y,), where R is the total organic material not included
in M as an ion, and r is the coefficient for R, 1.e. the number of moles or mole

fraction of R. The M and R components are associated with the material as a



.germanium preferably silicon. Z is a pentaval ent el enent, such as
phosphorus. Mis one or nore ions, such as, for exanple, amonium G oup
A, IlAand VIIB ions, usually hydrogen, sodium and/or fluoride ions. "n
i's the char Y& P68 conpositi on excl udi ng M expressed BEI/GSDeEE5918) i s t he
wei ghted nol ar average valence of M n/q is the nunber of noles or nole
fraction of M a, b, ¢, and d are nole fractions of W X, Y and Z,
respectively; his a nunber of from1l to-265; and (at+b+c+d)=1. In a
preferred enbodi nent of support materials suitable for use herein, (a+b+c)

is greater tha d d=0,
and h=2. Pr efe?rsgg o‘}"}ﬁ P%F rf?%ﬂ%%&%fhﬁa g}?f%lgn%gjﬁ & 6Q’j;']ngtgrérl a

sui tabl e for usesehef ®i, rrepla&dtﬂjep@ltumsnﬂ&aﬂwmaieﬂmdaldb#mbm belbhrer To the

netal | osilicates %( al so be.u ﬁ@ Accordi ng_ o _an enbodi ment of, t
present i nvent (5t §eiirphdbe AL Nt SATETHS S ROPSOLAPE Af- ﬁ@?hefw Yis

silicon (Si) anghiSilpe ki ifveRiod n vé I%f;ﬁcépﬁlhacé@rﬁam [vg%?édnvé%oﬁﬁlf%ﬁd above,

the support materials suitable for use herein l‘;Jipre erably have a higher
concentrati on ekchahgmtenmvieactefsoedraplrcingions elude nfetad ianaohydrogehdeis, suppor t

materials suitabl,e for use herein have a fra ica t numratio
of about 10:1 drgggh?reg 1 egc?llmflcﬁumﬂ 18%N§Tlﬁgn {78 %tsth?se gﬁf%lﬂg out

800: 1, or 10:1 preferdéiliohs axférthohé)wlnd]:L 1@l the d@ﬁlreaﬁnétalti@né’cﬁﬁality i0the Zhall to

200: 1, or 30:1 to 200:1. 0072L In the as-synt hesi zed for t he support
material s suit &8RS dhesgsicluge hydrogens e saidlh msids adbRetalin a‘ﬁmal?ﬁwm

basi s, eXpreSS‘iQ' ity r\llﬁ%q él ﬁié EBhfengCl W, ’N‘B'ﬂﬁ rg%f&tﬁé’?er%@é%ﬂf?@fthé’mere R

is the total org ni ¢ nmat er M-as an ion, and I's the
coef ficient forElﬂientsmdthwaﬁﬂ“@Bemﬁs moles or nmole fraction of R The M

and R conponent e ocl a eri.al .as, a 064078389
Ao bsoooes 0qodte3 © ATpeeRitse Y %q?at‘“’t?r TGk byl tﬁg"r\épﬁ}%g el on, and
are easily remp\iﬁﬂn@ﬁch &9) forfeamplastey Kirav eléceph o€ aehtion di)ff&t:ﬁm; filoatidg zat i on

nmet hods descri bed, bel ow, To the extent desired, the orjigin sodi um
or chloride, iG&Riingfon Fih gtleaston kt&esopﬂ@tlwpawmafwssm %@@E/{epaﬁig can be

repl aced in acqgaNG Rkt ifGHERAAA oA e K6RAPEB0 L CRIRINER, 1T ef er T ed

replacing ions Tnclude met’al i1ons, hydrogen |16ns, hydrogen precursor, e.g.
armoni um_ i ons higidserptienucecity. Tlvetsmi Gnesop@ans’i esiluaed Yrerein, is meant to

indicate crystals baving uniform pores within the range of from about 13A to

about 200A. It should be noted that "porous”, as used herein, is meant to refer to a
material that adsorbs at least 1 gram of a small molecule, such as Ar, N,, n-hexane
or cyclohexane, per 100 grams of the porous material. As stated above, the
present invention is characterized as using a support material having an average
pore diameter of about 15 to less than about 100A, with additional embodiment
{ set forth above. ‘

| [0074F The support materials suitable for use herein can be distinguished
from other porous inorganic solids by the regularity of its large open pores, whose
pore size more nearly resembles that of amorphous or paracrystalline materials,
but whose regular arrangement and uniformity of size (pore size distribution
within a single phase of, for example, +25%, usually +15% or less of the average
pore size of that phase) resemble more those of crystalline framework materials
such as zeolites. Thus, support materials for use herein can also be described as
having a hexagonal arrangement of large open channels that can be synthesized
with open internal diameters from about 15 to less than about 100A.

[0075] The term "hexagonal”, as used herein, is intended to encompass not



. preferred ions are those which provide the desired netal functionality in
the final catalyst. These include hydrogen, rare earth netals and netal s of
G oups VI LA (e.g. Mh), VIRA (e.g. Ni), IB(e.g. Cu), IVB &F]g' qu of the

 Periodi c TaWP@MSOTH8e El enents and m xtures of these | 8RSUSPOHHIPISThe
crystalline (i.e. having sufficient order to provide a diffraction pattern
such as, for exanple, by X-ray, electron or neutron diffraction, follow ng
calcination with at | east one peak) nesoPorous support materials are
characterized by their structure, which includes extrenely |arge pore

W ndows as wel Ly ?na%ﬁalsttﬁat_egféigﬂ Mﬂ&ﬁﬂg@%&ﬂﬁe&%@?{%&ﬁ%ﬁgmﬁﬁrOUS", as

used herein, is ant to indicate crystdl's having uni ores wthin the
range of from hingsiof E3gerinentah baratur@0em, bt alshthebel with mgiifadnt blzservapler ous”, as

used herein, is neant .to fer.to a., mat.erial 1hat sqQrb | east, 1 gram
of "2 ommi | ol GUAEDs SupiiL Ry lRo T ikeaihaal6F b Shee SfBPt 00 gr ams
of the porous fgfefblk alitabRSfob ik iReeiR ROMant td @ fer 6 SR TRt thaPOFH dhfnelSin
characterized as usi naz a support material having an average pore dianeter

of about 15 t othearpteridhievidissurewsiad bisineatess nahvar chappdoatrerghly g€t forth
above. [0074] r i Sl eif .

di sti ngui shed Ja%?eo%&g%%é?t %lglyseﬂoﬁegr g%‘%]%@%%‘%fs?y%gn@ﬁﬁ re%tﬁoﬁgrn??l)? of its
| ar ge open por eppomhmaterial pwile canseesignifiearemmibery of afibhress tohaiolaé thixor phous
or paracrystalline materials, , but whose, reqular arrangepent and.upiformty
of Size (pore SHEROM; PHHUE! BFERqH (SPREPE Holle WALE o ¢ Raigsiaip o
+25% usual |y Jaartior. SSutnpRis vilich MY ASSMudNOEE-2SYZ@n&im ikadtioR FRmeiher €Sl e
nore those of crystalline framework materials ™ such as zeolites. Thus,

su Epor t nat er i aVeEaEE EPaas dishrtedhaivesanadidesn dbannsisseill Gesaly give nsepanirgbls
hekagonal arr r : |zed wth
open i nternal %?ﬁtpg&gdf‘%n‘g g%%glﬁai' t %’Zeswt?ﬁg?]&g%%%?o ﬁ%%&ii é]g?S] The
t erm " hexagonad;y vaisesdadthb elegron, diffeaciiod patgded. t o0 enconpass not WO

2006/ 078389 PCI/ US2005/,045918 - 17 onl ) erials that  exhibi

mat herat | cal | yI925Y et RRARBhRteGgRALALJE b oHF ARG AP BYeer | nent al
measur enent, bibaridli®@wh PSS al il b geHebAIGFBInQARSARY ARIBds dtMHRE ipthe from
that ideal state. Thus, "hexagonal" "as used to describe the support

mat eri al s sui t pivreart spt foydhicherrin.aiuph pssthed Zmted Statesdiadants @squpred fbese (elgat nost
channels in U.S. 5,098,684 and 5,573,657). Generally, the most regular preparations of the
support material give an X-ray diffraction pattern with a few distinct maxima in
the extreme low angle region. The positions of these peaks approximately fit the
positions of the hkO reflections from a hexagonal lattice. The X-ray diffraction
pattern, however, is not always a sufficient indicator of the presence of these
materials, as the degree of regularity in the microstructure and the extent of
repetition of the structure within individnal particles affect the number of peaks

Paniney

that will be observed. Indeed, preparations with only one distinct peak in the low
angle region of the X-ray diffraction pattern have been found to contain
substantial amounts of the matenial in them. Other techniques to illustrate the
microstructure of this material are transmission eleciron microscopy and electron
diffraction. Properly oriented specimens of suitable support materials show a
hexagonal amangement of large channels and the comesponding electron
diffraction pattern gives an approximately hexagonal arrangement of diffraction
maxima. The dyp spacing of the eleciron diffraction pattems is the distance
between adjacent spots on.the hkO projection of the hexagonal lattice and is

related to the repeat distance a.sub.0 between channels observed in the electron



the material would be surrounded by six nearest neighbor channels at roughly

the sane distance. It should be noted, however, that defects and
inperfections in the support material will cause significant nunbers of

‘channel s to WO 30e0®834%i s criterion to varying degrees, BEPURHIHYSVA t he

gquality of the material's preparation. Sanples which exhibit as nuch as
+25% random devi ati on fromthe average repeat distance between adj acent
channel s still clearly give recogni zabl e 1B-i rages of the MCM 41 materi al s.
Conpar abl e variations are al so observed in the d100 values fromthe
electron diffr j [ The 1 anmat.erial $ . sul for use
herein can be gﬁ%ﬁ%?aggg%&yﬁiﬂmn@%gi EW%%%%dlg? %ﬁacglgﬁg%gé%gﬁ%gal |y
formed by the radchon difftestioni gagemns motrbspondsrip die duspacsmt off Dlowhariphr péak,insuch as

the United Stat at e di sc ed ove .0., US. .5,098,684 and
5, 573, I657)_. Gorllt 5&3«)’, él{”f?@“#’ﬁi?#"?ﬁi’éé‘ﬁg? g‘ﬂ?&%ﬁﬁ?%ﬁé&%ﬁitﬁé m %ﬁba‘ﬂi’ _
material give afigged Byepsthhidrstith® BuitBlel bPortviratirial SIRNnEH §3 F0 GavdrBelyR 1N

the extreme | ow angle fegion. The positions of these peaks approximtely fit
the positions ditinchepoisiobsaredhleint the alscttonaiiifmctimnxpatiomsl Theat paticens cihbe X- r ay

pr esence of 1 hauteeha e YEkaad, D aBafR o bRl 1R 0.0 TN

m crost ruct ur e Aodett.hendekdieimmbéiry-febpal feflection0f the structure within
i ndividual particles affect the nunber of peaks that_w !l be observed.

| ndeed, prepar d0fBs wilk#s Eﬂ%@s}edoﬁafnoﬁuw?rﬁ@%eﬁ@aﬁuiﬁblﬂtfﬁ_éuqe&ﬂﬂ%wgyél_S? egi on of
the X-ray diff rli%%ﬁlhl%ﬂteil?ﬁ%dg)?{aﬂ e SiiRReRod B Lith Q%ﬁsﬁélxr% peRURSRARLA

anounts of the materia em "Qther techniques to illdstrate the
i crost ruct ur e gyfattrhiben pbewri8dl dspasing £hel¥ 24i fon Gl Bealplonradiatiomsebioy and

ater ar's shon Brelihin B 8P L SEHE gRARE A il SRS, BB

correspondi ng aehgedidloMlscled Sitited bbowr, patabRIstp@ivAsteridls df3plagxh RRditibyurhexagonal
arrangenment of diffraction maxim. _ The d100 spacing of the el ectron
diffracti on patheBFHe Jdsomtan epaginelesrepiet ek Abomjla cass bywene/HIY g@s hko

projection of t aQoRA adad d . : . di st ance
a.sub. 0 bet V\een&%‘sﬁ%%el S gbasﬂélr %%?ﬁ&%he@ﬁﬂeﬁkﬁﬁ%@%%g%o%%%h %

PCT/ US2005/ 045 Sitigmpt tb8ngwracrapra ploskagh by dapidentabedntamininds, dzeoessodB/ 2. Thi s

d100 spacing o ed Ln.th electron diffraction patterns..corresponds to

the d- g paci g g gﬁﬁias\jl OWI{;%]&P@ %eelét%eﬁtl r%hat e equlhabnum BerR8rie at{sorpnon caPacRy
characteristic of suitable support materials is measured on the basis of no pore

blockage by incidental contaminants. For example, the sorption test will be
conducted on the crystalline material phase having no pore blockage contaminants
and water removed by ordinary methods. Water may be removed by dehydration
techniques, e.g. thermal treatment. Pore blocking inorganic amorphous materials,
{ e.g. silica, and organics may be removed by contact with acid or base or other
chemical agents such fhat the detrital material will be removed without
detrimental effect on the crystal.
[0079] In a more preferred embodiment, the calcined, crystalline, non-layered
support matenials suitable for use herein can be characterized by an X-ray
diffraction pattem with at least two peaks at positions greater than about 104 d-
spacing (8.842° 26 for Cu K-alpha radiation) which corresponds to the djeo value
of the electron diffraction pattern of the support material, at least one of which is
at a position greater than about 18A d-spacing, and no peaks at positions less than
about 10A d-spacing with relative intensity greater than about 20% of the
strongest peak. Still most preferred, the X-ray diffraction pattern of the calcined



.the X-ray diffraction pattern of the suitable support material. The nost

hi ghly ordered preparations of the suitable support material obtained so
far have 20-40 distinct spots observable in the electron diffraction
“patterns. TWOB0IHEEBRrns can be indexed with the hexagdfdlUHOMWEet of
uni que reflections of 100, 110, 200, 210, etc., and their symetry-rel ated
reflections. [0077] In its calcined form support materials suitable for use
herein may also be characterized by anD®+ay diffraction pattern with at

| east one peak at a position greater than about 18A d-spacing (4.909 20 for
Qu K-al pha radiafelony t%'i%nﬁ&?%l?ﬁ%ﬂﬁ?éal? b sHRA0INAINUE aBbuttiind & ectron
diffraction pattern of the support mat rlaT. Al'so, as stated above,

sui t abl e supposgacimgtvethi mlasivelitgglisity geaatee thanl dbont Uit ob dezstoegest gealpt inon

capacity of greater than about 15 gr b ene/ 10 r crystal at 50 ton
and 25C (basi & Sy A aRbprki s irey BLETIor BT hbay & SORGHE 1o
i nsure no por el QEKAFBBAPY thé &L PRMeA UMk Rk Stioniphttdd CE &R Miatdrial. [ 0078]
It should be noted that the equilibrium benzene adsorption capacit

méi s of no

characteri sti cl0980kui tTdis| ealeiogh dnerganie.cnimmlayered, erysialline guppert mat

pore bl ockage i nci d l ¢ ) Ear X tk 1.@n test

w il be condu%tﬁéafeg% I{Sggé%lrnycsa?%ﬁ ﬁ%{gﬁe%%%%g?%%glasgﬁglgghﬁgﬁ% dﬁ%"g‘%ﬂ% bl ockage
contam nants anidsswadretbotiedly edglestendsdhasid by phedsrptidb trascasirameite. ftenoved by

dehydration technjques, . e.g. thermal treatnent. Pore hl ocking i.norganic
anmor phous mat e?l?oé‘i@,’e n@‘?ﬁ%“ag PPiecsize, 3 §sed REEFinc S Ry %@Slg‘ﬁﬁ‘i\? UWont act
with acid or bagfeicul BRks-seNOMp&GR HiRAGIBhL Sf fdchystdnat the detrital material

w |l be renoved Wi thout detrinmental effect on the crystal. [0079] In a nore
preferred enmbofi0ftht , Ahdatedaboveethe supyost piateripls suiidie josyee bereinseapsr t

matleri al s suit apl r ' i .

di ffraction pa?%ggrﬁ&\%’?]ﬁ’slg?ggeﬁ%@?n fh Wo* g‘gaa&lg%ée[agetﬂ)]géalhf%’gﬁgaaﬁghﬁ%é%tﬁgﬁan about
10A d- spaci ngd¢s8ribdan PRitédStates Pitent Iinabearafl0nd, 6&N3nd\Mhi78 165 oTHeangthadds to t he
d100 val ue of #he el ectron diffraction patt.Frn of , the su %ort material, at
| east one of whAt dRCHEINE,XT13Y HGEFIGHIGH %}‘%at"@?‘ b bayade ilg RH8y Ang, and

no peaks at pO&ﬂvEﬁiﬂgxﬂa@éﬁlstﬂ&H anfhiiim 10 Ay@osRPfIrMGs Bhdvih beihdtakivad ntensity
greater than about 20% of the strongest peak. Still nost preferred, the
X-ray diffract forelipderenewvetintinited Stages RegniAumbas FG7REBO PCT/ US2005/ 045918

-19 [0082] The support materials suitable for use herein can be shaped into a
wide variety of particle sizes. Generally speaking, the support material particles
can be in the form of a powder, a granule, or a molded product, such as an
extrudate having particle size sufficient to pass through a 2 mesh (Tyler} screen
and be retained on a 400 mesh (Tyler) screen. In cases where the final catalyst is
to be molded, such as by extrusion, the support material particles can be extruded

(  before drying or partially dried and then extruded.

‘- [0083) The size of the pores in the present support materials are controlled
such that they are large enough that the spatiospecific selectivity with respect to
transition state species in reactions such as cracking is mmimized (Chen et al.,
"Shape Selective Catalysis in Industrial Applications”, 36 CHEMICAL
INDUSTRIES, pgs. 41-61 (1989) to which reference is made for a discussion of
the factors affecting shape selectivity). It should also be noted that diffusional
limitations are also minimized as a result of the very large pores.

[0084] Support materials suitable for use herein can be self-bound, i.e.
binderless. However, it is preferred that the present invention also comprises a

suitable binder material. This binder material is selected from any binder material



.material of this invention will have no peaks at positions |ess than about
10A d- spacing with relative intensity greater than about 10% of the
strongest peak. In any event, at |east one peak in the X-ray diffraction
pattern w | WORA0¢078388- spaci ng that corresponds to the FXDDUS2AN5(P659%9% t he

el ectron diffraction pattern of the material. [0080] The cal cined,

i norgani c, non-layered, crystalline support materials suitable for use
herein can al so be characterized as havi®y-a pore size of about 15 to |less
t han about 40A or greater as measured by physisorption measurenents. |t
shoul d be note ts. DO S r , ed. a
maxi mum perpe%ﬁ%@gl%a? %:Sr 5%328{32%6@ %@%F%&d%hngn%ql%néoglgﬁﬁﬁe cr Qf‘r{d th [ 0081]
As stated aboveroctdies iitpnihe bresatt @nvieafion. STtietsappat mauenalserehen@pmtedmﬂbe

prepared by any neans known | t he ar an are genperal ly for

met hods descrﬁlﬁ’e@mﬁ‘i%ﬁ g“ﬁgté‘fide alxgh P ¥ 6‘?3%%8@? ad‘g)‘/lS?S 657.
The methods Ol RAReHAR swma/fcélufsé F@Ehi iRl Rive SRLinkélel HATEADZRNE
absorption, and converting materials fromammniumto hydrogen formis

known in the asynt'mﬁld ordwﬁualﬁjsgcdumn%mbmcﬁswﬂbm tr@tgagpam@tgn SV aENun‘oers
5,573,657. [00 u ter1 a i1 abl ¢ [
shaped into a %éibﬁ |gla pari11 C "% §'lfm%sor R cﬁg"u 1§§ rs}:?)ié(gak méﬁ‘at he

support nmateri almﬁ@erztﬂdCzleaﬁtes ﬁﬁrprﬁemdﬂaﬁlm rﬁmﬂmgfan@almmias,arﬂorg bamdet e, or a
nol ded product, such as _an__extrudate having particle si.ze sufficient to

pass through aSYPReEdpAterialy §¥]¥’a‘§ﬁﬁﬂﬁ%ma¥1hﬁ cier patuzlly ©geBHNY, on BothAdYm (TyI er)
screen. In casgp JUhe! C :
extrusion, the g pporoﬁsﬁlg&egn a p t| c g este}gtsrugqiglg %%%o‘%el ry| ng or
paté tially driednagtice mmnm(maudbd mcfomjﬁ@pd ‘ﬁh@ samellmfomimemgocle:@, szt he

pr ésent suppor t.eri ontroll h_tha enough
that the spati i?%‘ga@@ﬁf égafé%t |H?VDW ﬁﬁ rcég e er{gﬁ] F etgﬁ fﬁl%sg ‘g}%g

speci es in reaebinpBfiat Whbratisg GoadiKbmgands filfictibmag eindefsh 6N nedtridk . for theShape
Sel ective Catalysis in Industrial Applications”, 36 CHEM CAL | NDUSTRI ES,
pgs. 41-61 (1989t which reference is made for a discussion of the

factors affect igigsphapg é?'eﬁl%ﬂﬁﬂehﬁ{ Jthe bi}esé:ﬁ%{r&u@ﬁ %ﬁn@a‘ﬁyn&ﬁﬁ%sleé‘% 2

di f f usi onal Ilmtatlons are also mnimzed as a result "of the very |arge
pores. [0084] Souppwited frames ratibof suiporivhaterfabto hinder hmteaahrau@ng ffromsablofit bound,

comri ses & < P enh AL 2Pl S b R RS FRr BERC  £7om

any bi nder mat 80 ipaits binder material, all ratios being by weight, typically from 80:20 to 50:50

support material:binder material, preferably from 65:35 to 35:65. Compositing
may be done by conventional means including mulling the materials together
followed by extrusion of pelletizing into the desired finished catalyst particles.
[0086] As stated above, the presemt invention further comprises a
( hydrogenation-dehydrogenation component setected from Group VIII metals and
mixtures thereof It is preferred that the hydrogenation-dehydrogenation
component be selected from palladium, platinum, rhodium, iridium, and mixtures
thereof, more preferably platinum, palladium, and mixtures thereof. It is most
preferred that the hydrogenation-dehydrogenation component be a mixture of
platinum and palladium.
[0087] In an embodiment, the hydrogenation-dehydrogenation component is
typically present in an amount ranging from about 0.1 to about 2.0 wt.%,
preferably from about 0.2 to about 1.8 wt%, more preferably (.3 to about
1.6wt.%, and most preferably 0.4 to about 1.4 wt%. All metals weight percents

are on support. By “on support” we mean that the percents are based on the weight



WD 20061078389 PCT[ US2005/ 045918 -20 known that is resistant to
tenperatures and other conditions enployed in processes using the present

i nvention. The support materials are conposited with the binder material to
forma fini sWemgeBabyst onto which netal s can be added.PCTBISI00S/043%88 eri al s
suitable for use herein include active and inactive materials and synthetic
or naturally occurring zeolites as well as inorganic materials such as

cl ays and/ or oxides such as alum na, silixga or silica-al um na.
Silica-alumna, alumna and zeolites are preferred binder materials, and

[ um i bi nd . t rial. Silica-alumna . be_gither
Ratur ar |y occuriti G SBHPT e e GITRPSL OPat hAter shb ST APRtieh ki o
i ncludi ng m xt uxgspRl iSild SppaRdveiBitd! walgh des.g. thadach i wexRideddefdtonay be

incorporated into naturally occurring clays, e. 92 , bentonite and kaolin, to
i nprove the crushydrpgaaberh comperrat cuaudd ymeany tabr2d gomfeibiei Bydregsastiont ng
conditions and j . J r ices for the catalyst. [0085] In
an enbodi nent [{eﬁg&%é%gtelﬁfm?ﬂﬁi\}g%toﬁlotﬁé ?‘{yﬁg%m |y conprises, in a conposited
form a ratio gbossjppolnt a pRdfarddadmbodihéemdhe camlyerwidll congaigiboth Pir amh Bbout 80

parts support teriial to 20 parts binder material to.20 parts_ support
material to 88‘%%#%%?‘ meﬁrgfegpqlgqn}ao@men} 540 gy tE%“\/\?—:fiSﬂQﬂ‘ft,k% ypical ly

from 80: 20 to 50,50 154 PROY &ill TR pleBlmeR i RABLinTERE, Blc @lalysPWET &5 Mookt OM 65: 35
to 35:65. Conpositing mnmay be done by conventional neans i1 ncluding nulling

the material s tbyethbmt. Yodltl(omescprofprabkt + @50 andabogk P9t DAi wighbild (mordre

desired finished catal art.i 1 0086] . As. St .ahqve, the esent

i nvention furt Wé?fg%%ﬁ'p%ﬁés sonaMb%gfgb%%%ﬁ‘%%l]ﬂlcg%?yoﬁgggr%ﬁ%&u €0 (?E#ent
seL{ect ed from G:@8mo Mduk 11TetlabsotietAnorepidfeifedsenibbéifreat, thd datdlgst mrﬁ?rlfse.g ed t hat
t hed hydrogenati on- dehydr ogepati on . conponent be sel ected from pal l adi um

pl ati num rhodimmesqnomsuﬁﬁ%@ﬁa Wavipe 7 Owder REePRINg PAHPEmpPJé‘f EPEBTIYIB| at i num

pal I adi um —and Jghxtoi{R6.25 REREPI and labodtD.3WE Y5 wRREPEr L8 dhsdaithélB, which
hydr ogenat i on- dehydr ogenati on conponent be a m xture of platinum and

pal | adi um [0087y ba ecombindsoaiithetie, morre prsfetraly embediomid efigponitsdeimathion
t is typi | o . angi t 0. A.to about
comonent 15 PR e BTl o5 AR URe 8L ol SELBRR I Bl 25

to about present) will be about 35 wt. % alumina and about 65 wt. % silica.

[0089] The hydrogenation-dehydrogenation component can be exchanged
onto the support material, impregnated into it or physically admixed with it. It is
preferred that the hydrogenation/dehydrogenation component be incorporated by
impregnation. If the hydrogenation-dehydrogenation component is to be
impregnated into or exchanged onto the composited support material and binder, it
may be done, for example, by treating the composite with a suitable ion
€ containing the hydrogenation-dehydrogenation component. If the hydrogenation-
dehydrogenation component is platinum, suitable platinum compounds inciude
chloroplatinic acid, platinous chloride and various compounds containing the
platinum amine complex.
[0050] The hydrogenation-dehydrogenation component may also be
incorporated into, onto, or with the composited support and binder material by
utilizing a compound(s) wherein the hydrogenation-dehydrogenation component
is present in the cation of the compound and/or compounds or in which it is
present in the anion of the compound(s). It should be noted that both cationic and
anionic compounds can be used. Non-limiting examples of suitable palladium or

platinum compounds in which the metal is in the form of a cation or cationic



- 1.6Wm.% and nost preferably 0.4 to about 1.4 wt.% Al netals weight
percents are on support. By "on support" we nean that the percents are
based on the wei ght WO 2006/ 078389 PCT/ US20051045918 -21 of the support,
“i.e. the coMso¥PeEsss8upport material and binder nateri alECHRRRI e, if
the support were to weigh 100 g. then 20 wt. % hydrogenati on- dehydrogenati on
conponent would nean that 20 g. of the hydrogenation- dehydrogenati on netal
was on the support. [0088] In a preferred@enbodi mrent the catal yst wll
contain both Pt and Pd which, in a still nore preferred enbodi mrent will be
in a weight rat} : m ; ]ﬂarg;' ' red
enbodi nment thgb@%]?;z(ala?és)? H%ﬁ)&é%#?gl n a_llgléta{:’e %%rgcf .%éévfﬁlﬁé’m%&m%e
preferably t Oc@bpleagsisuabas theOva@adatarkl metadmiet¢ mmseCatpmad farmbbfother0. 05) on
MCM 41 with the omc ratio of Pthdr#gn t he .ran £ of .abou 1:2.15 t o about
17, I anot hem<i BREF aPPeIFBRSHEE TR T3 16 HpaIESS oA sy LAlig,

Mesopor ous m%;eﬂagyliiﬁqx@gﬂmea@% jtconpri sing al um na and conprising about
0.10-0.25 wt.% Pt and about 0.30-0.75 wt. % Pd. In an enbodi ment, which may
be combi ned wi {M%he nbhe fgsduecks aredfeedrizgel MhenpeiugoBPripiag ajrpactipn stage

par agr aph, the _overall .rafi 1o L um . j ncl udi ng
bi nder (if pr 5@%@%@%\}1\6%’8&3a%:g)%@%ggﬁe%r oe%{%‘;nél%ﬁgﬂafﬁl}% a‘%@ﬁ’tﬁ{ r%%{’ﬁé %

sili cah [ 0089] caihlgsttlyldgo@i;gemabdv@ncdﬂbyﬁﬂ@gémmmi:ccahrﬂml_aemlﬂlreatbéb_ﬁtlwéchanﬁed
onto the support materjal, inpregnated info it or physically adpixed wt

it. It is prePEFTEd ‘tfﬂﬁ'fdf‘?g‘?% BeHl B gist Pé-?ﬁt‘éi%ﬁ’?&i‘ %ﬁ%‘i’{aﬁﬂgéﬂ?fﬁ?@?ﬁnt be

i ncor porat ed byyyileHER 8fF8dtive Rondifionks ity Bedi-RaRRME gﬁﬂn@@ﬂ‘%ﬁﬁ@%ﬁﬁﬁﬁl%

conmponent is to be inpregnated into or exchanged onto the conposited
support materi &t andpassesdion, of tthe nmmestid displesurd owitboudnpiass then tiogtngd ng t he

cofiposite with itable | ' i.ni 4 ' genati on
conponent. |f £ %%&%eéf%ggh%ﬂgfnbﬁg%}ego‘{r}%% I?g. %5%%8%%%%{110?%633#§§1gum

sui tabl e pl ati iassia eRpoabodandnn tdssl dhan 90D peizpl abiher embeditheniplesst tha80 chl ori de
and various compounds contajnjng the  plati numam ne conplex. [0090] The
hydr ogenat i on- &Ry BgerarT el leRs e %&}P%}E’oa"r? “FW@S@HP?P ¥d't™ht o,

onto, or w th Eh@p&gMRAORbiHRH cRbRAEA: 18R3GhA Sﬁéeifsigrf?ﬁ ShdtRdr dibodieht ledd N9 @

conmpound(s) wherein the hydrogenati on-dehydrogenati on conponent
than 400 psig, in another embodiment less than 300 psig, with preferred

conditions being a hydrogen partial pressure of about 300-700 psig with treat
ratios of about 500-2000 scf/bbl feed (about 87-348 cc Hy/cc feed based on 5.74
scf/bbl per cc Hy/cc feed) more preferably about 1100-1300 scf/bbl feed, a
temperature of from about 150°C to about 300°C, or about 160°C to about 250°C,
or about 170°C to about less than 232°C, or about 175°C to about 225°C, or about
180°C to about 220°C (it being recognized that additional suitable temperature
( ranges include any of the aforementioned lower values to any of the
aforementioned upper values, e.g., about 150°C to about 225°C, or 170°C to about
less than 232°C, and so forth), space velocity of about 0.5 to 5.0 r”', more
preferably 1.5 to 3.0 hr'. Treat ratios given in SCF/Bbl above consumption.
Typically, using a feed comprising 1 wt. % aromatics, consumption is on the order
of 25 scf/bbl feed; nsing a feed comprising 20 wt. % consumption is on the order
of 500 scfibbl feed. Again, while conditions may be determined by one of
ordinary skill in the art in possession of the present disclosure, one of the great
advantages of the present invention is that the aromatics content may be reduced
to very low levels at effective aromatics saturation conditions which include low

temperatures, such as below about 232°C.



.1.s present in the cation of the conpound and/or conpounds or in which it is
present in the anion of the conmpound(s). It should be noted that both
cationic and anionic conpounds can be used. Non-limting exanples of

sui t abl e palW@giosymssse pl at i num conpounds i n which the netEUSI065/G45918 he form
of a cation or cationic WO 2006/ 078389 PCT/ U82005/ 045918 -22 conplex are
Pd(NH3) 4C12 or Pt (NH3)4Cl2 are particularly useful, as are anionic

conpl exes such as the vanadate and netatgpgstate ions. Cationic forns of
other netals are also very useful since they nmay be exchanged onto the

crystalline ghat I nt 91],, The f.eeds are feed

into an appar at h@z ESF%EIY ?0(58@?‘?%50 a{j"é(mg W%%‘& lﬁrhgonéﬁéﬁ

according to t f}@ed@ﬁ@ai@maﬁﬁd%alr&etorl How8yeeued ki®wh metitds ofcambﬁﬁga

descri bed above, contacts the feedstreamin a fixed bed reactor in the

presence of hycfmﬁg@wm metita yareried detalyst mey: elsy be asednsirdhas byspntpetingdhe

condi ti ons. such. ffec con ons e of
Feﬁie F?_an wg, the c& Ea'l sgg}ea e gﬁqm tr%agﬁvé) &t &?atlﬁf&r%g.ﬁﬂhgy R

ordi nary skill pr €sén osure Wt hout
nore than rout lp@@m@m@e}nﬂm@d abilgple réammc@b alby Osrageplaed é.¢.0h fisk &Q6tdf es may
be about 1000 psig or , in_ an enbodi nent | ess than 900 psi I n anot her
enbodi ment | esd@VHER ﬁg@hy@gge@athmcaéﬁmtwgé aRpBd; TeRater having %%&?‘PP? ¥Blpsig, in
anot her enbodi ng Ho7z10) ohpdient I ess than 500
psi g, in anot her&gynLS%?D&nt }gggrpz;i) b %O%ﬂg;&%ﬁnﬁanot her enbodi ment | ess
t han 300 psig, [WW93 préiyémcmdioncﬂmda; tprodu_cedbebmgha mythoabgmmlp@gt talthpr essure
of about 300- 700%%13 ib 51 % tios ':}8 cf/bbl feed
(about 87-348 JBVHPPLEHIEFHE 8‘8238 YBaI%a °§8?r} BTEIO i /PR YY) nore
preferably abOL&nbb&Q&nl?&Qﬂﬁﬂﬁb@B% mf Bchother erh!ﬁjmﬁélﬁtlbﬂs%ﬁﬂf}ﬁphme@@%t 150C
to {about 300C, or about 160C to about 250C, qr about 170Cto about |ess

t han 232C, or ther amsdiment Jss than A9gpm. ohromsties may Bo detepningsiit vayooT (i t

bei ng recogni z ]]E]bﬂ r gt e any of
t he af orementi g%:e oﬁ/\%?q}\?g dﬁ%%%i gﬂ%h@ﬂ:&ﬁﬁ@@ ogo#élﬁeaﬂ{%@gggtﬂfro%{e%gval ues,
e.g., about 15Q:ﬁssees1ta‘oouftth2215€:senbrd1§bk@ﬁ‘reto@lnanaﬂy dvaiisble h@mmﬂﬂ Whd so

forth) space vel qcit 0.5.t0,5.0, hr ef er .5to 3.0
hr4. Treat rati Bg%@ﬂ%ﬁ %@ﬁ%ﬁ@%&ﬁ/@%%ﬁ%ﬁ bom'l’%?%l ng a
feed conprisi ngwiildMe cHmACRIBIGCase GRHBMbERNcan St ta@&nﬁfc@@lbwn to a

level of about 0.4 ppm. The method of oxygenate determination used herein is set

forth after the experimental section and may also be determined by one of
ordinary skill in the art in possession of the present disclosure.

[00%94] In an embodiment, the sulfur content of the product will be less than
100 ppm, i1n another embodiment less than 10 ppm, and in another embodiment

less than 1 ppm. In a preferred embodiment sulfur cannot be detected in the

e .

product according to the ASTM methods specified herein.

[0095] In an embodiment, the content of oxygenates will be less than 10 ppm, -
preferably less than 5 ppm, more preferably less than 1 ppm, and still more
preferably there are no detectable oxygenates by UV-vis detection methods.

[0096] The hydrocarbon fluids produced by the present invention are useful
In consumer products such as paints (e.g., comprising resins, pigments, dyes, and
the like), cleaning products, industrial processes requiring ultra high purity
solvents such as the semiconductor industry, and processes requiring high. levels
of purity such as water treatment processes, solvent extraction (e.g., in soybean
processing), metal rolling, and ore extraction, or in compositions such drilling

fluid formulations, agricultural formulations (e.g., comprising pesticides,



.of 25 scf/bbl feed; using a feed conprising 20 w. % consunption is on the
order of 500 scf/bbl feed. Again, while conditions nay be determ ned by one
of ordinary skill in the art in possession of the present disclosure, one
of the greatwoashdamnsages of the present invention is thatecthsmeosisi Cs
content may be reduced to very low levels at effective aromatics saturation
condi tions which include | ow tenperatures, such as bel ow about 232C. WD
2006/ 078389 PCTI US2005/ 045918 -23 [0092bh4The catal yst according to the
invention wll typically contact the feedstreamin a fixed bed reactor.

However, other known  net hQ s of edstreamvvlth a supported
cat al yst may aliBgsehd ‘E?séﬁ’“ &% s o Bji@i)r?ggé’?]is lapgQus @8@8@&@%%%% t he

catalyst in a gg} éérESmphmFi 51116@1‘1%%&1!&5” catalytic distillation.
previ ously mentione % reactors are al so contenpl at ed, e. g., afirst
reactor havi ng[0ﬂ9'ﬂ| r sﬂnluyrmmgninlabs,csnclcmraﬁylsmmmg and sbuwnen relling,of ishavi ng a

Group VIR catalyst accordin resent invention.

[ 0093] I—Iydrocarlﬁé’ﬁﬂ?lﬁﬁﬁﬁgﬁ 38“‘&2?8@%%%ﬁ‘anl??é{twaﬁ%ﬁfé6F%ﬁﬂ§‘Y€8‘l‘Pi‘?@ 1S hvent i on
may be charact e #8hally 163618/ | EDACRBEIRHIns M tHeCTRitdd SRR 0R ofRMend BscRN

embodi nent | ess than 100 ppm 1 n another enmbodi nent | ess than 50 ppm and in
anot her enbodi risidrocedes f} mrq@sesmmsowﬁmﬁaueegemm@s igaeastivg wediahatvar i ous
t echni ques as . r o] r the art
in posseSS|on@&&h@%r@%gjn%yc}?@gﬁ{)aﬁé nr%raa‘(f)lr y gfv%’}l% ﬁl'l'ega{cl!a%%‘rge}sm al Wv
spectronet ers gailyiaizaton admtmts; m&xech)\wivm arel essdl atispdrsiug rﬂ@hqarmmas
Generally availa 33‘{ omrerm rﬁ tgltro ters can de q@ﬁt} mati cs
down to a |evefd Stsa &tit PR ep‘ﬁ’lwer? Brd B oAk AL W tion
used herein i s §ptforh@efidhsabi eretébﬁra%ﬁ&ﬁrfbﬂﬁﬂﬁtﬁ:lnsS%f?tlb Oftdfteht TRYa: ale0 be
detérnined by one of ordinary skill in the art in possession of the present

di scl osure. [ 0Cgaocerbonfluédsthone i envirdvenestal frapact eattisnlarlyfaqudtie tp’ﬂéﬁwct will
be l'ess than 100,80 [ﬁﬁer Bﬁgﬁé}@e&cﬁ%@ﬁwmﬂ 41-93(1"’1%0%}%@%%%( fo M%tmﬁ?q

anot her enbodi ment ess e erre dine sdl%ur cannot
be detected in hifidy dﬂ:smabmmcﬁseagﬂmcdnbng flufls tHaeindShlijh Beloh anls odgretatilitgd

herein. [0095] In an ephodi, t he cont ent $f oxygenates wi |l be less than
10 ppm  pref er@t Fxiended Refg %f ¥Ry SORSHESS € | VERE% CRUEipng: and
still nore present invention provides for cuts or grades of hydrocarbon fluids meeting one or
more of the aforementioned requirements.
EXAMPLES
[0098] The following examples are meant to illustrate the present invention.

Numerous modifications and variations are possible and it is to be understood that
within the scope of the appended claims, the invention may be practiced otherwise

(_ than as specifically described herein.

[0099] Examples 1-4 and Comparative Example

[00100f A preferred aromatic saturation catalyst is used in the following
examples, and consists of a support containing 65 wt% MCM-41, with a pore
diameter of about 40 angstroms, and 35 wt% alumina binder. The support is
coated with 0.9 wi% palladium and 0.3 wt% platinum, as described below.
Further improvements are seen by incorporating aluminum into the MCM-41
structure, reducing the pore diameter of the MCM-41 component, and reducing
the amount of precious metal loadings, as shown in Table 1 below.

[00101] A series of catalysts were made using MCM-41, having the



-preferably there are no detectable oxygenates by UV-vis detection nethods.

[ 0096] The hydrocarbon fluids produced by the present invention are useful

i n consunmer products such as paints (e.g., conprising resins, pignments,
dyes, and twe2d06Rmpgo cl eani ng products, industrial procRPERES200%EM1B8I Ng
ultra high purity solvents such as the sem conductor industry, and
processes requiring high. levels of purity such as water treatnent
processes, solvent extraction (e.g., in-geybean processing), netal rolling,
and ore extraction, or in conpositions such drilling fluid formulations,

B St o SO PP SRR ERS SR, R RO

m scel | aneous GRABRSHEY PBGiENGere SynthRDSE 6@ 8écagtes iahd pedpareddaioant s.
[0097] In certain end uses, such as netal worKi nfl(and alumnumrolling, it

is inportant tfHer cekre ﬂ%rﬁi@é@bﬁ“ﬁﬁm’&ﬂh@oﬁﬁés@ ranizedh e agd) Bewr y
requirements gﬂe Hﬁ&tﬂogé’nditsaboﬁ 5400 |UI dfsr&%ﬂxﬁetd'lﬁgﬁd»hpnﬁ@ﬁaﬂ%&gd

States. In oth uses rocar bon are used as solvents or
reagent carri ernken mmredaaathl a/vermmcm ltvaina bnﬁiatlam@e)ttmjbd aite i 164 kyliddetsi | ity

whr o sol vent s (BEEHTuBes R ARORA] fgn RGG by aiL 05k Syiet It FRGRS por bxi de

carriers). In %ﬁ&u&%&e&e&nﬁeﬂ%ﬁmﬁéﬁﬂe@%ﬂﬁ sémtl&ﬁsl Elﬁltdﬂiﬁ fiinubOGAY! ations
or ore extraction formulations, it i's inportant that th hydr_ocarbon fluids

have | ow envi r paftetiumisalisand dried pfaﬂol"@ uThe tapalysisithen cecm'ﬁd zfingl calcingtion i | |

"5 hi ghty dosiit A1 30EC & BeseiwPSEloe B Ph oo e SRR et B2 B odor
stability overpdesdagidge dpgifiddotis 'IQBlet 1 nge cﬁp@feﬁmﬁasmmameﬁmhrcﬁﬁﬁonwar

con(dltl ons. The present invention provides for cuts or grades of
hydrocar bon fl @FWW@PW&OBH@W“@W@S@PN he af orenentioned requirenents.

EXAVPLES [ 0098§g1h3p f ol hamidag, gavlg“ u st Wl h{alié'ﬁ? @@mﬁg@ present

i nvention. Nunmerous nodifi catl ons  an S are poss and 1t is to
be under st ood twtate alummal(’ftfeitsw@ 3ebgemif) me(hprpe‘}ﬁdéﬁtrasﬂ@lsma) inbe1416Vent i on

oy be D aCt i Ced Lo S5 1R 800 ARG bk Ulothod 57 6F LR35 Mk 0090

calcined extrudates were then co-impregnated with platinum and palladium salts
and dried at 120°C. The catalysts then received a final calcination in air at 304°C

to decompose the platinum and palladivm compounds, to provide the metal

loading indicated in the table, after calcination.

[00103] Properties of the finished catalysts are summarized below in Table

1. Note that metal dispersion, as measured by oxygen chemisorption, is similar

for all the finished catalyst but the benzene hydrogenation activity (BHA) index
( increases with reduction in the diameter of the MCM-41 pore openings. The BHA

test is detailed further below.



- [00100] A preferred aromatic saturation catalyst is used in the follow ng
exanpl es, and consists of a support containing 65 wt% MCM 41, with a pore
di anet er of about 40 angstronms, and 35 wt % al um na bi nder. The support is
coat ed wi t hWD 206/47883pal | adi um and 0.3 wt % pl ati num as JRSEYIZBER4HEs ow.
Further inprovenents are seen by incorporating alum numinto the MCM 41
structure, reducing the pore dianeter of the MCM 41 conponent, and reducing
t he anobunt of precious netal |oadings, &% shown in Table 1 below [00101] A
series of catalysts were nade using MCM 41, having the WO 20061078389

PCTI US2005/ 045918 25 Si O2: A12(8, pore o@e?i ngs, and other characteristics
listed in Table 1. MCM 41 neSoporous Eﬁ ials were synthesized and then
decanted and prepared into a filter cake. The filter cake was washed with
DI (deioni zed) |Wedceptioand t hen prBcal Bi nedSirfaceni { Bogentatozesivut] G4ADGrsoibhien,
precal ci ned 41 materials werevtt va [midreede™si 1 h ascietydeitx 300_al ui¥Ma

bi nder and ext n@éed MEM4L/ 180:1¢W2B nddBs. IHe extrudatlés were |dri edSand

t hen cal ci ned HE?AdaAhoat‘Oaﬁéi‘me% 38C. {The |cal ci ned| extrudates wgre then
Co_irrpregnated iR sol uti-ons—cantailnin arum-and—palladi-dm-sal-ts—and
dried at 120C ?gf %ﬁ{f}%tss @er‘?zf" L 0P led §°f| nal cal CIP?‘:atI on| in 3;5?' at
304C to deconpdse lati nuf and pal | gdi um com)ounds The Pt |and Pd

| oadi ngs speci f' SRS o et Ay DasTs, —afshgr catgrmatiggys;
per cent ages bas%g{)zggoat e entl g |{cony 05|t| on. [00102[ For conparfi son, an
anor phous cat aljyskros@pamde by eéxtrdding 80 wt. |[% al um na (Versal (r) 300
alumi na) and 2Q0ewbs YaCldial r agsh (rolzg §iolsrca) riit o {7/ 167 2gylinderls. Thes
extrudat es wer e Sirisgd; and t hertsgal cilned [in air alt about 538C. 'I*he cal ci neg
ext rudat es wer ¢ atgsiemsid:Gnpr egnated iwit ) pl atinum and palladiumsalts and
dried at 120C. |BHe0 $Q¢4iGsts t hed aeddilved 7 i nal cal c4%atiaonliin ai%0at
304C to deconpose the platinumand pall adi um conpounds, to provide the
nmetal loading indicated in the table, after calci nati on. [001031 Properties

of the fini she al yst [m‘g{ 0 at rret al
di spersion, as rrgg‘i ured %O;;ﬁg%%g é)?n&%f)érﬁgbi g{r? I'S 5| m | %Gr ahl? alglt'}
finished catal wat etuldatddnfor finishingen fydchcadpen deddstockaptinaipdlly doBifiping 6x

L o35S WU ] RGN R i B anfof o WP 2B & SRR TN

- 590°F), containing less than 5 ppm sulfur and nitrogen, and about 1.8 wi%

aromatics, by hydrogenation.
[00105] Approximately 20 cc of each catalyst was loaded into an upflow
micro-reactor. About 15 cc of 80 - 120 mesh sand was added to the catalyst to
ensure uniform liquid flow. After pressure testing with nitrogen and hydrogen,
the catalysts were dried in nitrogen at 260°C for about 3 hours, cooled to room
( temmperature, activated in hydrogen at 100 psia at about 260°C for 8 hours and then
cooled under the same hydrogen atmosphere to 150°C.
[00106] The feedstock comprising the hydrocarbon fluid was introduced
and operating conditions were adjusted to 1 LHSV (liquid hourly space velocity of
1 hr'h, 350 psig, and 1,000 scf Ho/bbl. Reactor temperature was increased from
175 to 220°C over a period of about 10 days. Hydrogen purity was 100 % and no
gas recycle was used.
f00107]  Aromatics, measured by UV absorption (ppm), was monitored daily.
Total aromatics as a function of temperature are shown in Figure 1 for the
amorphous silica-alumina catalyst and catalysts made using the different MCM-41
materials. Figure 2 shows the results for MCM-41 materials in greater detail. As



.test is detailed further bel ow. WO 2006/ 078389 PCT/US2005/ 045918 -26- Table
1 Description Pt, Pd, Surface Benzene Hydrogenation O Chem sorption, wW%
w % Area, n2lg Activity Index O M65135 MCM 41 (800:1 0.28 0.88 575 170 0.65
Si 2: A120, %@ 2H583Ids) / A1203 65/35 MCM-41 (50: 1 0. 2273003969500 0. 64
Si 2: A12C3 40 angstrons)/A1203 65135 MCM41 (50:1 0.14 0.43 450 200 0.63

Si 02: A1203 40 angstrons /A1203 65/35 MCM 41 (25:1 0.29 0.87 711 230 0.68

Si 02: A1, 3 25 angstrons)/A1203 ( 80/20-5i-O2: A1203 0.27 0.91 307 40 0.50

[ 00104] Fol | owi ng cat al yst preparation, the performance of -each catal yst

vas evavated Ll bRk éu?ﬁegwm%&@%é&e?%n%c@ hPAbh YoFAUD! T ST NG

Cl6 to C19 hydrocar’ s representing an act cut romz282C to
310C (540 - 59:6):F)MCM9¢‘It mam&mgs b@ﬁzﬁnmglanglﬁarmmmtsl tf aluanaumni ad dgemg and
about 1.8 wt% tics, hydr o enatl [.0010 pr oxi rratel 20 cc of
each catal yst \ﬁﬁé?elf RSt iR %O%Wmﬁig)f’rloﬁwe e@@%@é&?@?”"%ﬁﬁ@@ & of 80 -

120 mesh sand wgs ¢ oh@ed REH QRS7ANY S drhaals ans léé&nﬁ‘:ﬁ]yf @ Satnb Gidrihtl! OW.

After pressure testing wth nitrogen and hydrogen, the catalysts were dried
in nitrogen at s&&G@tdf ectiviyoast the datalyst Joadodvath ﬂd6r\®t0r% mesaipewhichine a
activated in hgdro en at1 100 psia at about 260C for 8 hours and then cooled
under the same“fyd g%@ Lt mosphere to 150C. [00106] The feedstock conprising
t he hydrocarbon fluid was introduced and operating conditions were adjusted
to 1 LHSV (Ii qU| d hourly space velocity of

[00108]  Example 5

[00109] A preferred aromatic satnration catalyst is used in the following
examples, and consists of a support containing 65 wt% MCM-41, with a pore
. diameter of about 40 angstroms, and 35 wt% alumina binder. The support is
coated with 0.9 wi% paliadium and 0.3 wi% platimum as previously described.
Three aliphatic fluids comprising C12-C15 hydrocarbons representing a
distillation cut of from 455 - 515 °F were tested. Feed A was commercially
produced by first hydrotreating over a conventional CoMo catalyst and then
fractionated to the desired actual cut of 460-506°F (238-263°C) resulting in a feed
with about 2 ppm sulfor and 25 wt. % aromatics. Feed B was commercially
produced by processing Feed A over a conventional NiMo catalyst resulting a in
feed having around 1 ppm suifur and 20 wt% aromatics. Feed C was produced in
a pilot plant by processing Feed A over a conventional Nicke! catalyst resuiting in
a feed having no detectable sulfur and about 10 wit% aromatics. These feeds were
{ ' ‘ then processed over the preferred catalyst at 23 bar total prcssﬁre using pure Hy,
| The results are illustrated in Figure 3.
[00110] Figure 3 illustrates the ability to produce and sustain ultralow
aromatic hydrocarbon fliid products using Feeds B and C over catalyst that has
been aged by processing other stocks. Feed B provided a product with 10 ppm
aromatics when processing at 1 hr-1 space velocity with only a modest increase in
aromatics to 30 ppm when doubling the space velocity.  Although Feed A
resulted in a marked decline in catalyst activity, significant activity was restored
by processing with Feed B enabling continued production of ultra low aromatics
product. The experiments demonstrates that temporary deactivation caused by

Feed A 1s removed either by processing feed over NiMo or Nickel.



‘1. hr), 350 psig, and 1,000 scf H2/bbl. Reactor tenperature was increased
from 175 to 220C over a period of about 10 days. Hydrogen purity was 100 %
and no gas recycle was used. [001071 Aromatics, neasured by W absorption
(ppm, was rwoizewnesisdai |y. Total aromatics as a functi ®CTAS20080¢5e18at ur e
are shown in Figure 1 for the anorphous silica-alumna catalyst and

catal ysts nmade using the different MCM4l nmaterials. Figure 2 shows the
results for MCM41 materials in greater dgtail. As WO 2006/ 078389

PCT/ US2005/ 045918 -27 shown, catal ysts nade using MCM 41 showed better
aromatic saturation activity and MCM 41 material s containing higher amounts
of alum num and having snaller dianeter pore openings provided the highest

| evel of aromatjopipdt UrBlak@be The catal yst |oaded with 0.57 wt. % netals
has essentially the sane aromatic  saturation act|V|t3/ as the catal yst

| oaded with 1. 1@01&2] %FH?E@ B, 8 fuignrispipey somerining ¢19-hd° Reacarbons.doTiog]

Exanpl e 5 [00109 t’frc?rﬁ ﬁ@%ﬁ@%‘énéwﬂbﬂgn% Ws%gm?@-ﬁ n ”‘e
foll owi ng exanp con3|s of " a su cont & ning 6

with a pore lplﬁeés&rdd&fer&bemhlyét@emsdfmmp@mﬂ 35 wt % al umi na bi nder The
support is coated wth 0.9 w % pal |l adium and 0.3 w % pl ati num as previously
described. Thr B81RI; pHiigyre 4 Fh??"aéh%élh'ﬂiﬁi &) PRGOS 2Oy PRAIPISERGEDD ARVY

representing a i GiHE 1e6f F were tested. Feed A was
B BBl ST Bl

commercially pro I rst ng over a conventional CoM
catalyst and then fractionated to the desired actual cut of 460-506F

(238-263C) resu a fee with about 2 ppmsul fur and 25 wt. %
aronmatics. Feedh@wﬁs Mal |y produced by processing Feed A over a
conventional N |oirsit alBesd B @ﬂUidtprEleally eoml.f,zeﬂﬁg OBCRYhpdreesishnk, Hapiapsul fur

and{ 20 wt % aromatics, Feed C was produced in pi.lot plant by processing
Feed A over a c®hddd F'é)tﬁ%flfmﬂiﬂwlocgta&ﬂf%ﬂhﬁégﬁpﬁﬁ%oﬂﬁ“ % FEBFIEXAEng no

detectable sul o204 KEPHE Ayt q"é@@{be&m{% 1d 58 Bfbe }ﬁﬁ HEAG Svak adddB N
processed over e pref erreé t ar tota sure usi ng pure
H2. The resul t® thsefeed tmstaimteedlewrﬁfeﬂs ngrsalf&“ m[fh@]fddﬂ]strdﬁngun ¢he3ahility st r at es

the ability to 8r08190%% tra ow a?*gnsa}itl%!s Hycﬂl éali' on fﬁlnd product.

{00116]  As shown in Table 2, ultra low aromatics capability with no detectable
levels of sulfur presént (ASTM D-5453) in the product being maintained even
with sulfur present in the feed (amount shown in Table 2 as "Feed S"). 0.1 ppm S
is the limit of detectability testing according to ASTM D-5453.

Table 2
Feed S Pressure Temp Aromatics Prod S
(ppm) (psig) _CF) (ppm) (ppm)
(' 0 348 390 9 NA
1.0 349 390 12 <0.1
2.1 349 390 19 <0.1
2.9 349 391 i1 <0.1
3.9 353 387 44 <0.1
4.7 349 385 56 <0.1

[00117] Example 8
[00118] A comparative test of the preferred catalyst and conventional Nickel

was conducted to evaluate oxygenate removal using a predominately C6 isomer
feed having an actual cut of 150-156°F (about 65-69°C) and further containing
about 20 ppm oxygenates. Pilot plant runs were conducted with each catalyst at a
1.7 hr-1 LHSYV, a temperature of 266°F (about 130°C), and 335 psig total pressure
using approximately 1000 scf/bbl pure hydrogen. Oxygenate content of the
product produced using Nickel catalyst was equivalent to that of the feed while



-aromati ¢ hydrocarbon fluid products using Feeds B and C over catal yst that
has been aged by processing other stocks. Feed B provided a product with 10
ppm aromatics when processing at 1 hr-1 space velocity with only a nodest

i ncrease i n War@wwasstds to 30 ppm when doubl i ng the spacePQEUBWIY445918 t hough
Feed A resulted in a marked decline in catalyst activity, significant
activity was restored by processing with Feed B enabling continued
production of ultra |ow aromatics produgb.- The experinents denonstrates
that tenporary deactivation caused by Feed A is renoved either by

processing fee ver. Ni o, Ni ckel.. 006/ 0783 PCT/ US2005/ 045918 - 28-
[00111] Exanpl 618 PR Veﬁg’égr%fmél?%SEWBFF?%F%%‘?W% conprisi ng C16- C19
hydrocarbons, hayimg ®enasikBtirogeiatioh Ackiony btk RPErdd lanen kierdeRahine®npri si ng

2 Wwt. %aronmatics was processed over the catal yst described in Exanple 5.
[00113] Fi gure 1a Hgodellavties aBawety tAstivechwiels q8t PUAPPYS a8 pHsBek ol heavy

boi li ng sol vent NN t han FCS.A ks le 7
[00115] Feed E,hygpo%[eﬁughp%dr‘é? Eﬁél ﬁ’% g%%ﬁ?é@lﬁ%&’gﬁé@oé@chﬁ g@%ﬁ? havi ng
an actual cut datdfiyREuAples Hck00.E ppards)fane firee Kdried implidliainnfpr Ond hwdr.at YORComat i cs

was processed over the catal yst described in Exanple 5 _Dibenzothi ophene
was added to thinsredused af & sesripd iemeerpinee @£9-40°6 ngﬁlmzﬁo%}ﬁ’f?i?h"%dst ream

on the ability iﬁ‘ﬂov&’i_lé;%*%%drﬂ Tﬁ@cdtﬁyst% eFBLd ©S50RY gﬁﬁ& N ahd e gatﬁgwuct :

[001161 As shown in ~ultra Tow aromati cs capabi ity Wt )
det ect abl e | evhehzenefhydidgtuatiopiemeasurg ASTM 15, 346 3And; 125¢0GeTly ydagen iei ng

mai nt ai ned eve Wit h L fur present, in.the feed (anmu in, Table 2 as
TReod sy o 3 Tl 2fY se e ipERER tonbilat L fer Bt BN a BT £
ASTM D- 5453. Taid fit 1 FaesofdePAehatisepldicaml tAe eadddneiantRn aeblés of pfIdMt pet Psi g)

(01R) mWn) 0 348 3909 NA 1.0 349 390 12 <0,1 2.1 349 390 19 <0,1
) mole of metal per hour at 100°C is reported. The pressure is atmospheric.

[00120] Trace oxygenates were determined in the following manner. The
oxygenates in each sample were identified with a mass selective detector (MSD)
and quantitated with a flame ionization detector (FID).  Quantitation of the
oxygenates present in these samples were based on a 10 ppm C6 Alcohol (2-
methyl-cyclopentanol) standard using the FID detector. The lower detection limit
for this method is 1 ppm. The following are the instrument parameters used for
this analysis.

GC#25, HP6890 - Identification of Oxygenates

Columns: HP-5 (30m x .32mm ID, .25 um 4f); LowOx (10m,
{ 0.53mm ID, .10 pm df)

Injector: 250°C, Split 5:1, He carrier, Total flow at 49.1 mi/minute,

22.0 psi Head Pressure at 35°C, 2.0uL sarnple injection.

FID Detector: 250°C, 40 cc/min hydrogen, 450 co/min air; Range 0

MSD : SIM Mode, Source Temp. 230C, Quad Temp 150 C.

Oven: Iitial temperature of 40°C held for 4 minutes; temperature
increased at 20°C/min from 40°C to 200°C. Temperature increased at 5°C /min to
300°C and held for 15 min.

[00121]  The aromatic content reporied herein were caloulated from the
baseline absorbance of the peak produced by the sample in the 260 to 280-nm



2.9 349 391 31 <0,1 3.9 353 387 44 <0.1 4.7 349 385 56 <0.1 100117]

Exanpl e 8 [00118J A conparative test of the preferred catal yst and
conventional N ckel was conducted to eval uate oxygenate renoval using a

pr edom nat el woGoesiesssger feed having an actual cut of 15@ckaGhoseiou
65-69C) and further containing about 20 ppm oxygenates. Pilot plant runs
were conducted with each catalyst at a 1.7 hr-1 LHSV, a tenperature of 266F
(about 130C), and 335 psig total pressuregusing approximately 1000 scf bbl
pure hydrogen. Oxygenate content of the product produced using Nickel

catal yst was equivalent to that of the feed whil ee\é\élZOOG/ 078389

PCT/ US2005/ 0459gion inga (1Y spaiesgbetametst-e Absorpiiof, erediciets @ s3psited\ by not
detectable. [00 %Fiﬁ i -1V reRO, rein are
determned in %%%Lfogl owﬁﬁg%éﬁ%%gﬁk{ce?rb\ygﬁ frlr%lt%ﬁ1 ?e%ﬁggé%ggﬁit&%rgetﬁ%cr eened
for hydr ogenat aremypded iof ithe/satmpld. (e Benyesde bty ehtioptadaf-om nmistires «if thpoZBHA)

test. Catalyst sanples (ca .2 gr.ans) .ar l,rst dried in_heliumfqr one
hour at 100C, ¥F@ "rm&%’ﬁa@rg‘éa%é’%’é@w SOTRHER épeﬁﬁ%gr-hﬁﬁff@,racﬁ' inal |y
250C) for one h@ukest inBthbl AhEY sAYRIPRE kel HNBrafd & &finated €8O RN kBoR0C I n
hydrogen, and the rate of bénzene hydrogenation is neasure at 50, 75, 100,
and 125C. The hiW ofethei rsportadogvenhaiie cROCEnbalion ads sstisatd i hessdgen dwbenzene
sparger held at C. Th ta re.fj : r.Qzor.dec. Ar IS ot, and
the rate consta%agiglfaﬁo%ﬁ?fetgg% eps%gfa%tl‘tafoaél?ferae rdm el%é‘g aﬁgftaﬁ’eég‘g%ﬁ%bﬁlp Pgr 100C is
reported. The prgiatsiscanéngadiffesphaimdacti@}IRidhedr Tte liany gedudcebilive be
determned in the foJl owm ng manner._The _oxygenlal'gersqén each sanple were

i dentified withihi meiaed isepentd ) pamqg dramuperialliamylabls St -BassPPIpEtTieh a
f1ame i oni zati ofolal 6ed tedich Binit 1oHAkahialds Aty &f stioi0 4 wgenat es present in
t hee sanpl es wePe based on a 10 ppm C6 Al cohol (2- nmethyl-cycl opentanol)
standard usi ng WAE22F D Bleligpoints aftheanpesspeciflet lsrtin overd detenminedgcearling net hod

is 1 ppm The foll qw are t ' [wgen raneters used for this

anal ysi s. GC#25t,° ﬁgﬁ%% -%Ioée%??%n?éi oh ‘%Pg"%}?geﬂléteté% chracteristies of 'the
hydrocarbon fluid. One of ordinary skill in the art can determine the appropriate
ASTM method.

{00123] When a2 composition is described as “principally comprising” a

specified species, it is meant that no other species is present in amounts equal to or
greater than that specified. In the case where more than one species is specified
(e.g., "principally coxﬁprishlg C16, C17, and C18") those specified are present in
amounts greater than any species not specified.

[00124]) It will be recognized by one of ordinary skill in the art in possession
of the present invention that the various embodiments set forth herein, including

preferred and more preferred embodiments, may be combined in a manner

P

consistent with achieving the objectives of the present invention. Thus by way of
example, an embodiment of the present invention includes a method of
dearomatizing hydrocarbon fluids wherein the feedstream and product have
essentially the same boiling range and wherein the hydrocarbon fluid is not
isomerized by the process, and wherein the product has less than 100 ppm
aromatics.

[00125}  Many other variations will suggest themselves to one of ordinary skill
in the art in possession of the present disclosure. Preferred embodiments include:
(I) a process for hydrogenating a hydrocarbon fluid feedstream comprismg

aromatic molecules, the process comprising contacting said hydrocarbon



-Colums: HP-5 (30mx .32nm I D, .25 gmdo; LowOx (10m ( 0.53mm ID,.| o gm

df) Injector: 250C, Split 5:1, He carrier, Total flow at 49.1 ml/m nute,
22.0 psi Head Pressure at 35C, 2.01liL sanple injection. FID Detector: 250C,
40 cc/ m n hyes agemsssdS0 cc/min air, Range 0 MSD : SI M Muceus20esmusas Tenp.
230C, Quad Tenmp 150 C. Oven: Initial tenperature of 40C held for 4 m nutes;
tenperature increased at 20Cmn from40C to 200C. Tenperature increased at
SC/mn to 300C and held for 15 min. [0@121] The aromatic content reported
herein were calculated fromthe baseline absorbance of the peak produced by

the sanple in th 260 to 2 O'&%na%[}g&z %%ZJ PB@WE%B(, nglgrggéﬁ 5?9%?38]8"‘%0 region
inallV spect y neans
of aromatic fr@@ﬁ@nﬁn@e&ﬁ{p%ﬁg hys-gbb i garaskbde taha pri%@erﬁm pMestepks t hat

are typical of the sanple. They nay also be estimated from m xtures of known
aromatic corrpo&nmkscatrhtat ﬂpld@,vm:léh% presémme df\a é;tyémgm—p@nazsmgdmah gaghe saccur acy

of the test ne du5|nga3| cal i bratlo I s estil.mated to be
wi t hi n about ?5’98 ré’ﬁ@ﬁ%d@f)nﬁﬁ% eco?lr(? 1f:s’at Ta5Re O?hlcgnéléf”?srmt eis
based on two Qﬁdﬂhéﬁﬂ@hﬂ Anseial said) @orsdfighs SiaeideL a ttbaperthiutd 6f Res Ban1db¥ut and it
does not account for variations anong different manufacturing batches. The

linmit of detectdBil prsferaRly in Hegangsiaieboytd S@oletabent IsHrhancHdne 08 Pag o5/

avai | abl e GC S b for

o omati co as 1o maear s g P ArAhI00). S0G, Welin S8 HERLE Dl

speci fied her e|cata1yetrcmm;bﬁbaararhyd&@emtmnﬂéhydgogehahoﬁ&'ﬁlﬂplan&ﬁ stiectoliSTdrh fhel 078,
dependi ng on t cs .of, rocar bon fluid. One of ordinary

C rist

kTl inthe a o I EetEs frelels P R Y, SPPOA A RO GOTHS vhen X

osition ispdesReidaednamiime iHsdopdohy sGRIMRY inSdtéhi, WhedRedhd is@photipeci es,
It IS meant that no Oth Species IS present In armunts equal to or great er
than that spec imfateidl hama ﬁh’@e‘éaré@mﬁ@grﬁbﬂ@ﬁtt Hominyre awhelicae and whersici f i ed
(e.g., "principal Ly, S?Eiﬁéffé ! B 15%Jut 16’1%%&0106*\0@3 t%eosfékig‘e%greare
present in anounts greater an any species no

diameter of the support matenal is about 15 to less than about 1004, and

recovering a distiflation fraction product comprising a hydrocarbon fluid having a
boiling range of at least 5°C, and comprising less than 100 ppm aromatics; which
may be further characterized by one or more of the following limitations: wherein
the boiling range of said product is the same as the boiling range of said
feedstream; wherein said product has not been isomerized from said feedstream;
wherein said product has no detectable species attributable to isomerization or
cracking from the contact with said hydrogenation-dehydrogenation component;
wherein said feed has an aromatic content of at least 500 ppm, preferably an
( aromatic content of between about 1 wt. % and 20 wt. %; wherein said product
has an aromatic content of less than 500 ppm, preferably 100 ppm, more
preferably less than 50 ppm, still more preferably less than 20 ppm, yet again
more preferably less than 10 ppm; wherein said product comprises less than 10
ppin oxygenates, preferably less than 5 ppm, more preferabiy less than 1 ppm, and
still more preferably no detectable levels of oxygenates by FID; wherein said
product comprises no detectable levels of sulfur by ASTM D-5453; wherein said
product has a distillation cut of from about 60-150°C and having from 5 to 10
carbon atoms, preferably 6-8 carbon atoms; wherein said product has a distiflation
cut of from about 150-315°C, preferably 180-350°C, a boiling range of from
about 5°C to about 40°C, and having from 9 to 19 carbon atoms, preferably 10 to



. [00124] 1t will be recognized by one of ordinary skill in the art in
possession of the present invention that the various enbodi nents set forth
herein, including preferred and nore preferred enbodi nents, may be conbi ned
I n a mannerwogesyirsssent with achi eving the obj ectives offCEFRES2095/e45815t
invention. Thus by way of exanple, an enbodi ment of the present invention
‘includes a nethod of dearomatizing hydrocarbon fluids wherein the

f eedstream and product have essentiallys2t-he sanme boiling range and wherein
the hydrocarbon fluid is not isonerized by the process, and wherein the

product has |le t han 100 m._ar-qnat | 001251. Man t he L.ations wl |

suggest therrse?%‘éagg?noat%lﬁ% \gt?er%pgéﬁgf cegsiﬁﬁﬁ “ ﬁoﬁl%bﬁlg{g 33&@8@2% %I\égédé[%%on of the

present di scl ogi®- hydfHnaty 8 diretneditiern tsaleted | g ACN |(AxBogpha@ire€adtor

hydr ogenating a hﬂ\{éi)_r ocarbon fl uid feedstream conprisin aronati c nol ecul es,
;

the/ proces/s c oV Sheaxy t Vipgn Nepthals Jremosragr %Wlﬂw(gdéﬁjhé%éélsl
PCT/ US2005/ 045 ] : 330C,
nore preferabl gééeqP%O\?vgg%%gﬁ%ﬁgfg%%%rp? gu%& @O%gﬂ‘%%lr% (E)%g’r fgﬁ@#@%}lds,

preferably C5-@Bed fiparoGaiyoocekd, and siixtimes theecofirte vbtacen scomd feedstream

hydr ogen-contai ning.tr s.in eaction stage oper r effective
aromatics sat u?c’é’{‘l?r%ﬁlgcﬁéﬂg ﬁﬁq{gcm%?afﬁ‘l@%ﬁ% syb‘ﬂﬂ%g @ﬁgF %‘tﬁ?gea%gﬁgﬁn ons
include a te”pﬁi\%%’zﬁﬁar&ﬁaﬁ&%%nfeﬂta& a@%&b&tsc}o%)?ﬁﬂ:an@Hﬁfl%&lﬁﬁﬂu‘{lg'sﬁdts%nﬂange of
about 150C to about |ess than 232C or one of 'the ranges |listed in paragraph
[0091], above) feeddisrmivithsspidiatgmeties sabuativntogaliist Binthe presericy of a bydipesses a

hydr ogenat i on- deliyeh,0qenatd,on, COMBERERt . ae! SELad: Fam LASH S QURaM! | noble
metal s and mi xtUres ¢ here ) supporcte o a I nor gani c, por ous,

non-| ayered, Ccsapahidn icoRditiomssS opnlr eeDveainpar dishlikesn afactioh edoRiphisinge asuppor t

mat eri al has framework.conprisjng at |east alumnpumand sjlica, and
V\hgrein the rBydreeeghon duid Rayme batting 10es Gl Jsh it Cy BMOLCORpTiame s Y8 1 and

the average poi®) phh ABLAEs; VhelchfsafldROtive ABLSdsabtutBoRBRIdtiohS idcfideess than
about 1001, and Trecovering a distillation fraction product conprising a

hydr ocar bon f | &hydrhgeni naetiad prassice ofilpss thagd 004 psig, Indigsallydess thand8¥opaig.i si ng

| ess than 100 ] ; i.ch [ aracterli one or
more of the f oPTRANG R IiE 7Y BHE opdTHLP st Hih 30 AR bRIER 5 B, O
product is the6s@ppeg, aptibddlyldeds/thags0epge opliomillydessfthaddiorgédopiihedlei n sai d

roduct has not been i sonerized fromsaid feedstrea
P about 300 p51$g or less; and also (II) the use of a C5-C25 hr?d:rocarbon fluid having

a boiling range of at least 5°C made by a process according to a process of the
mvention, said process selected from the manufacture of semiconductors, water
freatment, solvent extraction, ore exfraction, metal rolling, or as a processing aid
in polyolefin manufacture, in a drilling fluid formulation, in a printing ink, in an
agricultural formulation, or in compositions comprising a silicone sealant,
( colorant, or a combination thereof; for example in the following uses: in a paint
composition comprising a resin, a colorant, and said said hydrocarbon fluid; ina
solvent extraction process comprising contact soybeans with said hydrocarbon
fluid; in a agricultural formulation comprising said hydrocarbon fluid and at least
one material selected from pesticides, plant growth regulators, and mixtures
thereof; and also (IIl) a catalyst comprising an inorganic, porous, non-layered,
crystalline, mesoporous MCM-41 having about 0.10-0.25 wt.% Pt and about 0.30-
0.75 wt. % Pd incorporated therein, said mesoporous MCM-41 characterized by 2
framework comprising at least aluminum and silica, and wherein the ratio of silica
to aluminum is about 10:1 to about 100:1 and having an average pore diameter of
about 15 to less than about 100A; or the catalyst further characterized by: further



. wherein said product has no detectable species attributable to isonerization
or cracking fromthe contact with said hydrogenati on-dehydrogenati on
conponent; wherein said feed has an aromatic content of at |east 500 ppm
preferably @ Hoaugagati c content of between about 1 W . Poidosd@sis %0
wherein said product has an aromatic content of |ess than 500 ppm
preferably 100 ppm nore preferably less than 50 ppm still nore preferably
less than 20 ppm yet again nore prefergbly less than 10 ppm wherein said
product conprises |less than 10 ppm oxygenates, preferably less than 5 ppm
more preferably less than 1 ppm and still nore preferably no_detectable

| evel s of oxygesmerisingben RlpninasBicai bindesi svhersino geidt MEYHAE i kassa féficdetoect abl e

| evel s of sulf 1) - ' ai S [ sha.klation
cut of from ab%&@%ﬁg}%@%ﬁlﬁﬁﬁ%%gﬁﬁtg%ﬁBbfeger%9qcﬁt136*9?]1 té’%%ﬁ%#’ef erably
6-8 carbon at onmd meheprefapatipiabloyprddelunt ahoas 261 divdtieln) @id Gamework Jds 4or om about
150- 315C, preferably 180-350C, a_ boi]ling range,of fr abo 5C.to about
40C, and havi ngversgsraote fsmeder of abat Ly 19 P%g%ePT&‘%’Ff\?’@ieb%%?é%f/ 078389
PCT/ US2005/ 04534 8. b QT i.n j " r
conprising a stg(i% %1? %ﬁﬁ?@ﬁ? g%tg ?Egﬁ anollllb\oé@ﬁ%\r%l? %ﬁ%@%&%%?g{,ﬁ%%g%st ream
sel ected from BEChr peinesp by the prorcesd @ccontipg trafhe iirehtigribpaniguletly:gnm GRpt ha) ,

ker osene, dies L Li ght..Ga i | s PQO (,Prqcess Gas QO l.s)., .ol igoners
produced in a @hgﬁyc%)ﬁ:ag\bqu@ggénaﬁg% @é%%@?sea:fﬁ?&%?‘?%dmfeﬂlﬁﬂ?’v MHocess,
and m xtures t beb&fmentt aP Bedicharact&eeO NGher&e dht ri@iovemenP ebrhpritgs @adC 19
hydr ocar bon fl ui ds having . a boil.i ng range of at |east 5C and having an

aromati cs cont Byrogsboa flind Jwying dess s 10Rrip Aromation dese thangl Sanma sséond
f eedst it - ' t IO i f
eedst ream w Qcc%?d]ff% tt’arﬂﬁ‘w B35433] éifdalkégg?arpﬁtpg%%%é/géﬁtets%?eﬁbgn defenO! 2

hydrogen- containing treat gas in a reaction opera er effective
aromatics sat umoat poticwdand whisens said did basow biling rangdi oft frdrh sabdwnS*Cr tct | on

i Si d b f Lui.gd havi boi | f .at, | 5C, d
Comori i ng. Tes@dthafiT 288 4 ool dad atpiatal RolB e caRtcu i Fieha oo
satur ati on congin tﬁélgroh ‘ébﬂbﬁ’s@ing@f!’(&ﬂfﬂqgl@ﬂ?(paﬁd le8d thiX ﬁﬁﬁﬁﬂn@aﬁhaﬁ@é%ﬁ han 1000

P
psi g, optional Ig’/Q | ess than 800 SSI g, optionall é&.l ess than 700 pri

optional ly | es$%REComd lpssi than 4 perRdrematicss) Lh%A63°Eomdpdesy ,tha@pm%bnm ly
| ess than 500 psij j.onak | to 4 ' ont | t 300
ps?é or |ess; gﬁ‘hg%?@%sé 1 P@t@ebﬁz?éuopa%mégscgéh ﬂ%/ogr car %&%ﬁu?ﬁﬂ avi ng

characterized as having no detectable sulfur by ASTM D-5453 and no detectable

oxygenates using flame ionization detection (FID); and also compositions
characterized as a hydrocarbon fluid principally comprising C6 (hexanes), made
by a process according to the invention, which may further be characterized by
having an aromatics content of less than I ppm according to UV spectroscopy, no
detectable levels of sulfur according to ASTM D-5453, and no oxygenates
( detectable by FID, and also as a hydrocarbon fluid principally comprising C7
(heptanes), made by a process according to the invention, further characterized by
having less than 1 ppm aromatics, as determined by UV spectroscopy, no
detectable levels of sulfur according to ASTM D-5453 and no oxygenates
detectable by FID.
[00126]  Trade names used herein are indicated by a ™ symbol or ® symbol,
indicating that the names may be protected by certain trademark rights, e.g., they
may be registered trademarks in various jurisdictions. All patents and patent
applications, test procedures (such as ASTM methods, UL methods, and the like),
and other docurnents cited herein are fully incorporated by reference to the extent

such disclosure is not inconsistent with this invention and for all jurisdictions in



.a boiling range of at |east 5C made by a process according to a process of
the invention, said process selected fromthe nmanufacture of

sem conductors, water treatment, solvent extraction, ore extraction, metal
rolling, orwasoss@enrsessing aid in polyol efin manufact urerusamosaasns | | i ng
fluid formulation, in a printing ink, in an agricultural formulation, or in
conpositions conprising a silicone sealant, colorant, or a conbination
thereof; for exanple in the follow ng usgs: in a paint conposition
conprising a resin, a colorant, and said said hydrocarbon fluid; in a

sol vent extraction process conprising contact soybeans w th said hydrocarbon
fluid; in a agried suphainopEIoriioat SoPFTEwiadr i SRS Sumeren) dewshrlpel #idii d and
at least one : | heo : tiCl d tors,
and mxtures tRpst o S HiRTRRER Jafeam B ABhoOR AN R o

por ous, non-| ayenieds conteyplatet] | ne, nmesoporous MCM 41 havi ng about 0.10-0. 25
W . % Pt and abqut 0. 30- Q. 735 wt. % Pd ingcoy.por.at t herei n, sai d nesoporous
MCM 41 char act gblqlﬁﬁd by’ ile aH%RﬁB?ﬁX%S%ﬁ?‘{“E‘FW@ ‘]j?theegg’?n%‘?%iﬁa}tﬁuhe%d
silica, and whegglifed Wih palicBlatly,  bill 58 undQ@stabd b VaRbhSoBBHbdiAknd O about
100: 1 and having an average poré dianeter of about 15 to | ess than about

| 00A; or the catlibysppdrent focanddanrbg aewtily zoatietlyy, thbser skiiliad ke @U6¥IEGPERS9

PCT/ US2005/ 045918 ..-33 conpri si.n n_al um\ na-.sili.ca bj nder: ,wher.ein, sai d
VOV 41 has o oitraine FoRDR bethl i BegBe SF B8 BVanhiE | A el ot
preferably aboufiefed thdt theadtopd oLfle tlaimamshenduicheptebeimbtey tathe wharfiplesl t o

about 20:1; wherein said franewprk has, an _average pore di aneter of about 15
to about 50A, présscEBrgns, Sefutorthohgrem JbH sathen dhet e, ¢laims Pe papstrisddosi ti ons

described her eifoonfatsiig ol Fhd yeaﬁﬂemﬁgiaténwsﬁl H@v‘léﬁy “J_%ychoxfeség_@ti@itﬂtaﬁ%&npy the

précess according to the invention, particularly: in a C25 hydrocar bon

fluid made by anysntimeinsludingaltifoatyrasovitehewpuld datticeted aswruitalints thereofbodi nent
may be characteriz erein Lmprovenent conpri ses said hydrocarbon
fluid having | géogeﬁﬁlé#ngé %%ﬁ%%ghg@?f%vgﬁqn&egmgﬁan 10 ppm sul fur according
to ASTM D- 5453,[06108] | eThe inveftich RRMeOX MeRHBédsboby withRefetdtde &Y Giimerdty €

particularly wherein said fluid has a boiling range_of fromabout 5Cto
about 50C, and cHbeFEENts|agdisperifq examples o My viaratons wild seggestdhgaselvesta v

lected f ; s ang | 0
romatfcs; (b PTOUIBGLR ERARALLRGE e bR dRirdReRR, A MiodEac e

| ess than 100 variations are within the full intended scope of the appended claims.




~ppm aromatics; and (d) 282-311C and | ess than 300 ppm aromatics, and/or
characterized as having no detectable sul fur by ASTM D- 5453 and no

detect abl e oxygenates using flane ionization detection (FID); and al so
conposi ti onwo mhxw7sadd eri zed as a hydrocarbon fluid pri nc#t(rard2905©aeiems | si ng C6
(hexanes), made by a process according to the invention, which may further
be characterized by having an aromatics content of |less than 1 ppm
according to UV spectroscopy, no detectaple |evels of sulfur according to
ASTM D- 5453, and no oxygenates detectable by FID, and al so as a hydrocarbon
fluid principally conprising C7 (hept made by a process according to
the invention, further characterized ing less than 1 ppm aromati cs,
as determ ned WyhatlY chip@ed tsoscopy, no detectable |evels of sul fur according
to ASTM D- 5453 and no oxygenates detectable by FID. 1001261 Trade namnes
used herein are indicated by armsynbol or (r) synbol i ndicating that the

names nay be protec 1 be

regi stered tra émré??%ééeg%%%eﬁél g%%%#s‘%ﬂ g%et(:am : gér%p patient
applications, test gopatduicsulesbd paeedSOidpriginb edstactilg m?c& hgdiscaﬂmmd t he
like), and other docunents cited herein are fully.incgor ref erence
to the extent such%Hilij ABShRLEng gelﬁ‘é’t 3§0n€0ﬁ’é‘i Sorapising {3 &'ﬁ gy‘ﬁﬂ%gﬂﬁ on and
for all jurisdicti opgal iR 20QBAATEH Y BETLLERANRAO AR e in rabblieh suCh

incorporation is permtted en nunerical “lower lTimts and nunerjcal upper
limits are |isted hﬂa@ pperatadh guderf ¢ffmt1m19rommer sdtirpfion mnchmnmpipacm limt
are contenpl at ed. 27 ile & i I | us i ve enbaodi ment

i nvention have been %es%ortf\{%'ga ;|at1 art§ g “ar |cfn§lpnsets Wil I c'%l:"m%erstood

that various other Mdfdgeﬁtmrmmpmént stlectep rametht Groupndlicasbldmetatadi | y
mac(e by those skllled |n t he tgrt W t hout = departing . fromthe spirit and
scope of the i nvent #8hmisuees HeRef yupnoptes On,a; morgis, ROEPUSH BPR-{a¥Eredcope of

the claims appended; 1?&51%9 H&o e,raasts% 6r9mta{&ﬁale%ﬁ&9ﬁﬁﬁe sifpertdRaala R ons set

forth herein but rather that the cla be construed as " encompassi ng all
the features of patafitaaisverinocospismgiat tshstr@mnnimnlandtmbcqgraaéewherem theent i on,

ol oL, e 68 R AR 15815058 I PR Y

pore diameter of the support material is about 15 to less than about 1004,

and recovering a distillation fraction product comprising a hydrocarbon
fluid having a boiling range of at least 5°C, and comprising less than 500

ppm aromatics.

2. The process according to Claim 1, wherein said effective aromatics

saturation conditions include a temperature of less than about 232°C.

3. The process according to any one of the preceding claims, wherein the
boiling range of said product is the same as the boiling range of said

feedstream.

4. The process according to any one of the preceding claims, wherein said

product has not been isomerized from said feedstream.

5. The process according to any one of the preceding claims, wherein said
product has no detectable species attributable to isomerization or cracking

from the contact with said hydrogenation-dehydrogenation component.



.[00128] The invention has been described above with reference to nunerous
enbodi ments and specific exanples. Many variations will suggest thenselves
to those skilled in this art in light of the above detail ed description.

Al'l such obw(piﬁgﬁmﬁﬁzz,i ations are within the full intendegggehes Rkt he
appended cl ains. WO 2006/ 078389 PCTI US2005/ 045918 - 35 CLAIMS What is
claimed is: 1. A process for hydrogenating a hydrocarbon fluid feedstream
conprising aromatic nol ecules, the proggég conprising contacting said

hydr ocarbon feedstream boiling bel ow 350C, and conprising C5-C25
hydrocarbon fluids, in the presence of a hydrogen-containing treat gas in a
reaction stage operated under effective aromatics saturation conditions,

denyar ogenat | off. compiiBRLecl PR F Ab R R CulT WARERTRLF",

m xtures thereof, sapRPGAEathroMatRitobiar GRiiast 00ppMs, non-1 ayer ed,
crystalline, nesoporous support material, wherein the support material has
a framework conprising at |east alum numand silica, and wherein the ratio
of silica to akumn i : . : :q4 pore

di anet er of thg'supgg%?ﬁﬁggg#%%%ﬂﬁgoggﬁégg%gﬂﬁggFéﬁgﬁﬂﬁ%%Eéﬁgﬁ%ﬁ%%gk, and
recovering a distil feetlibamaid amoticropienteidietvemnpbong iSAG ppmiwndrrbad2Bovi. | ui d
having a boiling rapge of at |east 5C, and conprising |less than 500 ppm
aromatics. 2. The prbcess according to Claim1, wherein said effective
aromatics saturation conditions include a tenperature of |ess than about
232C. 3. The process according to any one of the preceding clains, wherein
the boiling r&nge &he ss¢aadipg delgey ong of Helauink ta s, tvherasp sl feed basga of said
feedstream 4. The orqi n spr.acedi ng cl ai s,
whegrein said produg%ﬂﬁggéﬁﬁgﬁHgghag§%%g??¥é@;?V%%ﬁégﬁdefgéﬁétrean1 5. The
process according to any one of the preceding clains, wherein said product

has no detectagle s;}ﬁci es attrihutable to i§ meriz%tio .or crackin
. e pl‘OCGSS accor mg O any one ¢ e pI’CCG ng c aims, whereimn sa

product has an aromatic content of less than about 100 ppm.

10.  The process according to any one of Claims 1-8, wherein said product has

an aromatic content of 1ess than about 50 ppm.

11.  The process according to any one of Claims 1-8, wherein said product has

an aromatic content of less than about 10 ppm.

12.  The process according to any one of the preceding claims, wherein said

( product comprises less than 10 ppm oxygenates.

13.  The process according to any one of Claims 1-11, wherein said product

comprises less than 5 ppm oxygenates.

14.  The process according to any one of Claims 1-11, wherein said product

has no detectable levels of oxygenates by FID.

15.  The process according to any one of the preceding claims, wherein said

product comprises no detectable levels of sulfur by ASTM D-5453.



.fromthe contact with said hydrogenati on-dehydrogenati on conponent. WD

2006/ 078389 PCT/ US2005/ 045918 -36 6. The process according to any one of
the preceding clains, wherein said feed has an aromatic content of at | east
500 ppm 7. wHWodd9ess according to any one of the precgsineosslaiod®,
wherein said feed has an aromatics content of between about 500 ppm and
about 20 wt. 8. The according to any one of Clains 1 to 5 wherein said
feed has an aronmatics content of betweeg, about 1 wt. % and about 20 wt. %
9. The process according to any one of the preceding clains, wherein said
product has an aromatic content of |ess than about 100 ppm 10. The process
accordi ng to ah§ onEheprocesgisgeerding to gperes Al Sgi Mesibguisimsawherain sgidomat i ¢
content of |ess thap . ' one of
Clainms 1-8, wherei nprggﬁcgq%o?g%ﬁ@%&é%%%&grag&n%ﬁcﬁgﬁg@n%g%gh@& %ge}%lgﬂéhan about
10 ppm 12. The proteesbacaa@ndi ng to any one of the preceding clains,
wherein said product conprises |less than 10 ppm oxygenates. 13. The process
according to any one of Clainms 1-11, wherein said product conprises |ess
than 5 ppm oxygenat . ; [ f ' 1-11,
wherein said p?g'duc?ﬁe Rg{’éesﬁ?g-g&g?g’ﬁgéﬁg\%ﬂqsﬁg?ﬁ%ﬁ;‘g?ﬁg{]g;‘?gy 1I?dl%)l.mslS. The
process accordi ng taomsy one of the preceding clainms, wherein said product
conprises no detectable |evels of sulfur by ASTM D 5453. WD 2006/ 078389

PCTI US20051045918 -37 16. The process according to any one of the preceding
cl ai ms, wher ei pg.sai Bhe Proaehd GécokdingtotinStdnk B TlAMs ¢UIS, hefefromidftodict §0- 150C
and having from5 to 10 carbon _atons. 17. The process of C aim 16, wherein
sai d product has fresistlgtipngut af fom abawolad-3158C, arheiling rwes of Eewabaitig t o any

one of Clains 1-15, r.el } L% to i K11 ion cut of from
abgut 150-|315C, a boi |ﬁgbggﬁﬁé%&%&%ﬂﬁgﬁt%QMJ’A%&E] )

19.  The process according to any one of Claims 1-5, 7, 10-18, further
coruprising a step of hydrotreating and/or hydrofining a first feedstream
selected from ACN (Atmospheric Crude Naptha), HVN (Heavy Virgin
Naptha), kerosene, diesel, LGO (Light Gas Oils), PGO (Process Gas Oils),
oligomers produced in a chemical process, a feedstream derived from a
GTL process, and mixtures thereof, to obtain a second feedstream
comprising C5-C19 hydrocarbon fluids having a boiling range of at least
5°C and having an aromatics content of at least 500 ppm, and then
contacting said second feedstream with said aromatics saturation catalyst

in the presence of a hydrogen-containing treat gas in a reaction stage

./“ "

operated under effective aromatics saturation conditions, and recovering a
distillation fraction comprising a hydrocarbon fluid having a boiling range

of at least 5°C, and comprising less than 100 ppm aromatics.

20.l The process according to any one of the preceding claims, wherein said
effective aromatics saturation conditions include a hydrogen partial
pressure of less than about 1000 psig and a teraperature of less than about
232°C.



-5C to about 40C, and having from9 to 19 carbon atons. 19. The process
according to any one of Clains 1-5, 7, 10-18, further conprising a step of
hydrotreati ng and/ or hydrofining a first feedstream selected from ACN

(At nospher i ov@eaacie7spiept ha), HVN (Heavy Virgin Naptha), ReTosmn4sdsesel,
LGO (Light Gas G ls), PGO (Process Gas Ols), oligonmers produced in a

chem cal process, a feedstreamderived froma GIL process, and m xtures

t hereof, to obtain a second feedstream -gonprising C5-C19 hydrocarbon fl uids
having a boiling range of at |least 5C and having an aromatics content of at

| east 500 ppm .,and then contacting said nd f eedst r.eam with. sai

aromati cs sat urziti o] ng%cle?ﬁcwrld,{lgt eanBrogggﬁglgs BF "e?%}%y%}g%&en“’- &6t %?iuﬂi ng
treat gas in a reactkffemivet agmaticsopatAtied oshdabneiih@edd we hadropat ipasial
saturation conditions, and recovering a distillation fraction conprising a
hydr ocar bon fluid haweswge ef 4bepi 309do ebavg&000gsigat | east 5C, and conpri sing

| ess than 100 ppm aronatics. 20. The process according to any one of the
precedi ng clains, wherein said effective aromatics saturation conditions
include a hydra@agen e progess apeoediag teeanyfof I0dms  h3w 9 aig whedfO&i pafegtiond a
tenperature of |ess than about . 232C,. WD.2006/ 078389 PCT/US200%/ 045918 -38
21. The process acc8Hatgs faurahsn Bﬂg’t@swgldﬁrae@gﬁ’ieﬁﬂ’rﬁlogia ,‘fqaﬂ‘g?éq n said
effective aromati cs sqak4uo@dd on conditions include a hydrogen parti al
pressure of about 300 to about 1000 psig. 22. The process according to any
of Claims 1, 3-19, 21, wherein said effective aromatics saturation

condi tions incl,yde te at ure. of about 1 a t ,30 3..:d he
process accordizg'g tghgﬁggcg%seg%?l%ﬁ tlon%nylcgneisaggl,ahgi,l’gﬁéf ezih%g%ﬁe S‘;'uedffecti ve
ar %mati cs saturati oeffeqivdi iromatcs Bailnaden acohdidomydiclypde tai Aldrogene patipe of
abqut 300 to about 1000 psig and a te ture qf about 150C to ut 250C.
24. The process of eafeaw%flsa%omé)é)é? ﬁb‘ggﬁf) &F ia\;%‘nﬁ‘?fﬁﬁﬁ’tqfégo‘gﬂ%ggti on
condi tions include g jupRoature of about 150C to | ess than about 232C

24.  The process of Claim 23, wherein said effective aromatics saturation

conditions include a temperature of about 150°C to less than about 232°C.

25.  The process according to any one of the preceding claims, wherein said
effective aromafics saturation conditions include a hydrogen partial
pressure of about 300-1000 psig, a treat ratio of about 500-2000 scf/bbl
feed, and a space velocity of about 0.5 to 5.0 hr'',

(\ 26.  The process according to any one of the preceding claims, wherein said
aromatics saturation catalyst comprises a hydrogenation-dehydrogenation
component consisting essentially of an inorganic, porous, non-layered,
crystalline, mesoporous MCM-41 having about 0.10-0.25 wt.% Pt and
about 0.30-0.75 wt. % Pd incorporated therein, said mesoporous MCM-41
characterized by a framework comprising at least aluminum and silica, and
wherein the ratio of silica to aluminum is about 10:1 to about 100:1 and

having an average pore diameter of about 15 to less than about 100A.

27.  The process of Claim 26, wherein the weight ratio of Pt/Pd is in the range
of about 1/2 to about 1/4.



.25. The process according to any one of the preceding clains, wherein said
ef fective aromatics saturation conditions include a hydrogen parti al
pressure of about 300-1000 psig, a treat ratio of about 500-2000 scf/bbl
feed, and awspmoeonsmbocity of about 0.5 to 5.0 hr i. 26.pdimes06s03888
according to any one of the preceding clains, wherein said aromatics
saturation catal yst conprises a hydrogenati on-dehydrogenati on conponent
consisting essentially of an inorganic,.gprous, non-layered, crystalline,
mesopor ous MCM 41 havi ng about 0.10-0.25 w.% Pt and about 0.30-0.75 wt. %
Pd incorporated therein, said nmesoporous MCM41 characterized by a
framework conprising at |least alumnumand silica, and wherein the ratio of
silica to alunpgum is aanUéEsslgérﬂpﬁéﬂlg'ﬂQOHEp j{QOéu%) %%] Jlﬁﬁig,ng)raﬂlbéﬂ r;age pore
di anmeter of about 15 to | ess than about 1001. ? e process of aim 26,
wherein the wei ght hatrocartehn Peidpthe gnprovemiset cempresing faid hydtocabon flvidabout
1/ 4. WO 2006/ 078389 P 2005/ 918 239:-28 .10 a process comprising a
step of supplying, 5‘3&%&# rory F%Wémﬁarb%g}lgég?%ag?lgf‘%fant’%g{q%r‘%ﬁovenent
conprising said hydswp@admyé}%n@b&s asetdapite Cldimom C5- C25 hydrocarbon fl uids
having a boiling range of at |least 5C nade by a process according to Claim
1. 29. The process of Caim28, wherein said process is selected fromthe
manuf act ure of ,gem f ehot : ' ore
extraction, msg 21 r?ﬁ?&%%%% %%mggﬁ’egvﬁﬁ%frﬁr:%? £€A§¥§@§ §%é&§3\@fcﬁtg¥lprru “ation
made by the processmahufadtaienof2&@mivdndn@omn, wated trkatmeud, ablvent exirscteal et ed from
printing inks, agricyltural fornmulations, .silico seal ant conpositions,
and conposi tions coFFfﬁaicg‘?‘h&leygFgﬁ%taggpélqleﬁl%W'B’g%tiniei on according to Caim
30, conprising a resin, a colorant, and said hydrocarbon fluid. 32. A
sol{vent extraction process according to Caim 28, said process conprising
contacti ng soyBBansAviPrrnlatignanadedsyolba proeess f Glaam 283 whegsinggid founuletion
fornmul ati on accordi ' : rd .{ﬂgn"ﬁlafl 0g; L. d and at
| east one materi al {sle eieeg%egci *r@%ﬁtﬁ% ?I&gld&zﬂg p .ar?gmuﬁ%ﬁs’ gfﬁf:&ﬁ”sehaﬂ'
compositions, and compositions comprising colorants.

31. A composition according to Claim 30, comprising a resin, a colorant, and

said hydrocarbon fluid.

32. A solvent extraction process according to Claim. 28, said process

comprising contacting soybeans with said hydrocarbon fluid.

33.  An agricultural formulation according to Claim 30, comprising said
(’7 hydrocarbon fluid and at least one material selected from pesticides, plant

growth regulators, and mixtures thereof.

34. A catalyst comprising an inorganic, porous, non-layered, crystalline,
mesoporous MCM-41 having about 0.10-0.25 wt.% Pt and about 0.30-0.75
wt. % Pd incorporated therein, said mesoporous MCM-41 characterized by
a framework comprising at least aluminum and silica, and wherein the
ratio of silica to aluminum is about 10:1 to about 100:1 and having an

average pore diameter of about 15 to less than about 1004.

35.  The catalyst of Claim 34, further comprising an alumina-silica binder.



grow h regulators, and m xtures thereof. 34. A catal yst conprising an

i norgani ¢, porous, non-layered, crystalline, nesoporous MCM 41 havi ng about
0.10-0.25 wt.% Pt and about 0.30-0.75 wt. % Pd incorporated therein, said
mesopor ous MCM 41 characterized by a framework conprising at |east alum num
and silica, and wherein the ratio of silica to alumnumis about 10:1 to
about 100:1 and having an average pore dianeter of about 15 to | ess than
about | OOA. 35. The catalyst of Caim34, further conprising an

alum na-silica binder. -40- 36. The cat ar%t of Claim 34, wherein said

MCM 41 has a silica to alumna ratio of about 100:1 to about 10:1. 37. The
catalyst of Claim34, wherein said MCM 41 has a silica to alumna ratio of
about 60:1 to ahout 20:1. 38. The catal yst. of claim 34, wherein said MCM 41
has a silica to3g-l unihﬁcatﬁ]éfﬁtiﬁgﬁmb 6u‘f’r¥q@@fa‘@d\4§%ﬂfiﬁ?ﬁfﬁm§@? AN at al yst
of C aim 34, wherein.sai M ) average pore dianeter of about
15 to about 50A. 40.1‘3'?1%(3()@3%({% yst'{d(;%%%{sg?% 34, wherein said franework has an
average pore dianmeter of about 20 to about 40A. 41. The catalyst of Claim
34, wherein the ig rati f Pt/ is f.rom [2 to. about 1/4. 42. A
hydr ogenat i on p?&esih%qusq%ﬂa%ﬁga‘gﬁ?ﬁﬁ sgd@&%gl ﬁ?ﬁ?&ﬁlﬁ? gooftijlmmi’réaedst ream
boi li ng bel ow 350C Wil of aboute®@0engidupra-dehydr ogenati on catal yst accordi ng
to Claim34, in the presence of a hydrogen-containing treat gas in a

reacti on stage operated under effective aromatics saturation -41- conditions
ncluding a tenper at wre Akl tdiom, 4l 38k UEHERE hELR Tricd W HEoa
characterized as conpr|5|n5 aromatic 'nol ecules, and recovering a product
havi ng a reduced contaéintofeliout4®irgd atoutidd:£cul es when conpared wth said
feedstream 43. In a C9-C25 hydrocarbon fluid made by a process according to
any one of Clains 1-8, 19-27, the inprovenent conprising said hydrocarbon

fluid 39.  The catalyst of Claim 34, wherein said framework has an average pore

diameter of about 15 to about 50A.

40.  The catalyst of Claim 34, wherein said framework has an average pore
diameter of about 20 to about 40A.

41.  The catalyst of Claim 34, wherein the weight ratio of Pt/Pd is from about
1/2 to about 1/4.

42. A hydrogenation process comprising contacting a C5-C25 hydrocarbon
feedstream boiling below 350°C with a hydrogenation-dehydrogenation
catalyst according to Claim 34, in the presence of a hydrogen-containing

treat gas m a reaction stage operated under effective aromatics saturation



“having |l ess than 100 ppm aromatics, |less than 10 ppm sul fur according to
ASTM D- 5453, and | ess than 1 ppm oxygenates by FID. 44. The hydrocarbon
fluid according to Claim43, wherein said fluid has a boiling range of from
about 5C to about 50C, and is a distillation out and has an aromatics
content, respectively, selected fromthe group consisting of (a) 157-207C
and | ess than 100 ppm aromatics; (b) 196-235C and |ess than 100 ppm
aromatics; (c) 238-263C and | ess than 100 ppm aromatics; and (d) 282-311'C
and | ess than 300 ppm aromatics. 45. The ‘Hydr ocarbon fluid according to any
one of Clains 43-44, having no detectable sulfur by ASTM D-5453 and no

det ect abl e oxygenat emndﬁsiionsg inciddaxma tampezatricort et e YOO, Fiald) fecddireanh

hydr ocar bon fl ui d pr ip conpri si ng hexanes. de by rocess
according to Caim % Bﬁerf%a%%ﬁeﬁ%aseﬂawgmﬁf%c @“a‘lja COYGRati cs
content of I|ess tharbrédlﬁ@ﬁhﬁﬁggrrgdlﬂ&i E&téﬁ!o?@ﬁ%iﬁ@%‘i&éﬁﬁlesn@hﬁ%ﬁ%ﬁ@

| evel s of sul fur according to ASTM D-5453, and no oxygenates deteéctable by

FID. 47. A hydrocar boih sdidifegdgtremci pal | y conpri si ng hept anes, made by a
process according to Claim1l or 2, further characterized by having no
detectable |evels of sulfur according to ASTM D- 5453 and no oxygenates

detectable by 4.D. Ina C9-C25 hydrocarbon fluid made by a process according to any one of
Claims 1-8, 19-27, the improvement comprising said hydrocarbon fluid
having less than 100 ppm aromatics, less than 10 ppm sulfur according to
ASTM D-5453, and less than 1 ppm oxygenates by FID.

44.  The hydrocarbon fluid according to Claim 43, wherein said fluid has a
boiling range of from about 5°C to about 50°C, and is a distillation cut and
has an aromatics content, respectively, selected from the group consisting
of (a) 157-207°C and less than 100 ppm aromatics; (b) 196-235°C and
less than 100 ppm aromatics; (c) 238-263°C and less than 100 ppm
aromatics; and (d) 282-311°C and iess than 300 ppm aromatics.

45.  The hydrocarbon fluid according to any one of Claims 43-44, having no
detectable sulfur by ASTM D-5453 and no detectable oxygenates using

flame ionization detection (FID).

46. A hydrocarbon fluid principally comprising hexanes, made by a process
according to Claim 1 or 2, further characterized by having an aromatics
content of less than 1 ppm according to UV spectroscopy, no detectable
levels of sulfur according to ASTM D-5453, and no oxygenates detectable
by FID.

47. A hydrocarbon fluid principally comprising heptanes, made by a process
according to Claim 1 or 2, further characterized by having no detectable
levels of sulfur according to ASTM D-5453 and no oxvgenates detectable
by FID.



