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AN AROVATI CS HYDROGENATI ON CATALYST AND A METHOD OF
MAKI NG AND USI NG SUCH CATALYST The present invention

WO edoaezes74 0 a hi gh macroporosity support coOnMpoBCT/USIV08/074218

cont ai ni ng anor phous silica-alumna, an aronmatics

hydr ogenati on catal yst that includes a noble netal
supported on the high nmacroporosity support

conposi tion, and methods of maki ng and using such high

AT ARONABIEY HYDROGENAL OO A TATYSTAAND a4 OMBEHGES OF MAKING
hydr ogenati on cat aAnstusING BBON ¢cASAdwzes, vari ous of
the refinery streans have concentrations of aromatics

and often require further processing in order to
provildée RTEBabct"HRIAIRG rédareed-ore desiir gcroporosity

§ﬂﬁ&ﬁﬁi%&h Bb§§1@Mdxﬁﬁgﬁ%ﬁhbe§mo£§h&§sEﬁQQ@QLéﬁgmhﬂﬁtan
the renoval of aromatics contained in diesel fuel can

Teritatiist 8YEEoae RS TalsieE Al HEF bRt i qligicgepanePle netal
Suhefandnt BaE L1e, LeeVALeLk; 8F MTIJLS eoRbakhethd N ang

jet fuel can contribute to an inprovenent in its snoke
poimds Phemzksedsity YsiogeFtresh oIl dlarererapdty support

&&mdsqatt Ioﬂgagal §r&f@gtl@ss%y9§o@gpg@lvcﬁﬁ By e renoval
aromatics fromthese oil One early patent, US

3 6374840 Vdi B8t 935 a V@sitlapys@f cOm oS ftinen Y coRpr#ET Hgve
PL.atd fumapdLof £ paa}clrr%dc'llé@ Qﬁ@oéfﬁﬁ@fﬁj QA RekGLogeneous

support that includes a silica-alum na coprecipitate

progugeng. iTheréret erogeneods suppoticthasvanhi ghapored or

%@41%% W a@téPPs‘-E .3l EQBﬁEéP{H@J R §s9958%%r91£{459 that
elng I n the pores aV|ng aneter greater than 500

e TRyevsill p€aszadativs @@géhlﬁﬁ@tiril gidisspefsed ¢ant he

Ml%%t%elco”?téégﬁ%b qnlgﬁgg%gglerpepc%s RYBROM Lumber and

owever, need not ex the [arge pore structure as
tmﬁpnuh@drémpvaheOBVEKawwicatabySleﬂMp@suee fwsl can

%’ongp 3,083 disgl o e SRt o33 {00 arqmati 68, me
r

ogenatlon using a catal yst conprising platinum and
viscosity properties of solvent and lubrlcatlng 0oils can also

be improved by the removal of aromatics from these oils.

One early patent, US 3,637,484, discloses a catalyst
composition comprising platinum and/or palladium deposited on
a heterogeneous support that includes a silica-alumina
coprecipitate or cogel. The heterogeneous support has a high
pore volume with a substantial portion of this pore volume
being in the pores having a diameter greater than 500 A. The
silica-alumina cogel that is dispersed in the alumina gel
matrix of the heterogeneous support, however, need not
exhibit the large pore structure as required for the overall
catalyst composite.

US 3,943,053 discloses a process for aromatics
hydrogenation using a catalyst comprising platinum and
palladium on an inert oxide support. The inert oxide support
is a high surface area alumina and is preferred over acidic

materials such as silica-alumina. The final calcined catalyst
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pal | adi um on an inert oxide support. The inert oxide
support is a high surface area alumna and is

w@e@beesserd over acidic materials such as PCT/US2008/074218

silica-alum na. The final calcined catal ystcontains
from0.3 to 0.5 wm .%platinumnetal and fromO0.3 to
0.9 wt .%palladiumnetal. Another catalyst that is
used for the hydrogenation of aronmatics contained in

wdcram@r beBndpstitd at.& feedshogkinn diesehosad Ao .3 to
308, 814, which describes a catal yst conprising a

%fﬁﬁﬁgehé?ﬂéﬁdbﬁﬁﬁ%ﬂéﬂt and a catal yst support. The

cat alprstcnsUpROF {1 EHMRORENt sCQEPH | &8S ZROhEecYe @M &h of
refractory inorganic oxide such as silica, alumna, or

FIatd-CEl GAT hal N Thel Ty diFs§6RERP B corigdReht TaEds ek 1s

gatalossly mBYyubes pi@tinnum and-pakd adiswadst hatat s psesent
i n an anount rangi ng fromabout 0.1 wt .%to about 2.0

QQmPﬂ%ﬁlﬁgaamEY@¥QQQ%ﬁq%§no?O@P@ﬂ%%?&ﬁ“b@lPé@?éﬁ§¥c§u9?ort

ehenental, spl ahhpein idbtRechangsndfi Jd0melilet o IndQ
The hydrogenation conponent can be deposited or

TicorPerat eHoupIN ¢ HEicst sPgst a%uvdma by lipPregnet i on
§E¥'H%i%lumy§a @@@ ﬂ;ﬁ%d%b%@k@éﬁsc@hﬂgﬁéﬂty%% Eﬂétcatalyst

onpri ses platlnun1 pal I'adi um or a conbi nati on t hereof
Wﬁ%’éfh@ﬁaéﬁy§@a$¢¢rﬂﬁlkﬁﬂlﬁmcté@tlkﬁiRﬂa§ﬁpﬁal§u®@oﬁwount

W eh S upBRr Lubs: abtained by sobsgel o eghni gyes, &
is useful in the hydrogenation of aromatic conpounds

poritaivded lenedi st idd ldied ibaetst otkeettedt Péﬁ§én9@n¥%uﬁhe
§z§4 Miys H} nSoh: gel, tieghni %Hg w&wﬁﬁtmﬁ dLOPW S can

I tion 0 an aqueous sol I horgani c salts o
¢ wepvgmtaddosi Hicorpdritedghran ©id -phadestosfippent by

§§§¥g%néghg fg 9@g& n of the beds makes the use of a
separa sﬂ

api ng step such as extrusion, not
requitsSed. 29%&9&9I@Qﬁﬂxaﬁgcbosesahvﬁaﬁﬁbyspomseiﬁﬁsin

A R R T T e
@wystaiinmeerathdﬁc 31llca alumina support, which support is
obtained by sol-gel techniques, and is useful in the
hydrogenation of aromatic compounds contained in distillate
feedstocks that also contain sulfur. The sol-gel technique
includes the dropwise addition of an aqueous sol of inorganic
salts of aluminum and silicon through an oil-phase to form
beads. The formation of the beds makes the use of a separate
shaping step, such as extrusion, not required.

WO 94/10263 discloses a catalyst useful in the
preparation of lubricating base oils. The catalyst comprises
a hydrogenation component supported on a carrier that
includes amorphous silica-alumina, which carrier has a
macroporosity in the range of from 5 % vol. to 50 % vol. The
hydrogenation component may be selected from metals of Groups

VIB and VIII of the Periodic Table. The carrier is preferably

prepared by mulling a mixture of amorphous silica-alumina and



10

15

20

25

30

i ncl udes anor phous silica-alumna, which carrier has a
macroporosity in the range of from5 %vol. to 50 %

W@ 2009/074529 hydr ogenati on conmponent may be sel ecP@HUS$20081074218
nmetals of Goups VIB and VIII of the Periodic Table.
The carrier is preferably prepared by nmulling a
m xture of anorphous silica-alum na anda suitable
liquid, extruding the m xture and then drying the
& estildaing exthudates rudihg eaerhettdmy e@MphbsedBying the
bi nder, and peptizing agents and extrusion aids, may be
TRB iRt RETPREPrat i GRTERRT Y [ EFPrifej @ bindér, and
slasi irable aenhavend SURRERLLNCOIPOSIdY o usehulniihe
supporting a _noble nmetal conponent to thereby form an
RGP td € hg ar yerztitorffeat al yst conposition. It is
al so desisr abker 4191 have navaohl supesal c@ﬁr@%@&t%n useful in
hydrrg&natlon cat al yst conposition haV|n%
PRI Er Pyngobtl B eHatcPB8ORGHE oo riatSr6RYaéPvidy. |t

éﬁbﬁﬂﬁ%&sd%§HE§@éﬁé€£%H"@é%a§y9EOgéﬁﬁbgﬂﬂiohhe
hydrogenation of aromatics that are contained in a

hydr d¢arfBoRlfeedtiodllcan, Nene partidl &ffaa proedsisss
ﬁﬂr&g‘%%a%@%%lré%tﬁ%so&c LR €5y contained b@tlcularly c?ood

hydr ocar bon di st ate feedstocks such as Jet fuel
i eeEll cso hagr oo Hiprove thelproperti es thereof .

Accorgdi ngl ¥; s pr Qvi degd,nics +8 GQHPOSi Ll RR.ssCERPr gl Ng: a
support conposi tion having a nmacroporosity greater

RYRIPBI%AAT ebnprisitigsarbrphous sintisgasdl dniaa. A
nobl & etal 0By & n%%%poggtggrg{gﬂatrhe SBEBQéés for the

corrp03|t|on tot ereby provi de an aromati cs
$y/drregerat Pénacetal yst .coTheliseppor thysmpesirhodijsillate

%%acro%‘%sb¥uéﬁg£$r5%tatf'u%@ 3,1 X1 L GMAL! $5Ngy, t\?e{] ghe

anor phous silica-alum na and yi ng the res
EﬁgpaﬁhaeatehEOegfeld t he support conp05|t|on

ot oL SE SR B B e T aup SORBTStT g of CRRAT Y R 2
patdeadi womandial comsEviati anmahempmﬁ031ty greater than 51%
and comprising amorphous silica-alumina. A noble metal may be
incorporated into the support composition to thereby provide
an aromatics hydrogenation catalyst. The support composition
is prepared by agglomerating a mixture comprising water and
amorphous silica-alumina and drying the resulting agglomerate
to yield the support composition. Incorporated into the
support composition is a noble metal selected from the group
consisting of platinum, palladium and a combination thereof
to thereby provide an impregnated support composition that
may be calcined to provide an aromatics hydrogenation
catalyst. The aromatics hydrogenation catalyst may be used
for the hydrogenation of aromatics of a hydrocarbon feedstock
containing a concentration of aromatics by contacting said

hydrocarbon feedstock therewith under suitable aromatics
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to thereby provide an inpregnated support conposition
that nmay be calcined to provide an aronmatics

whyapoessnat i on catal yst. The aromati cs hydr ogeP@r/iUs2v08/074218
catal yst may be used for the hydrogenation of
aromatics of a hydrocarbon feedstock containing a
concentration of aromatics by contacting said
hydr ocar bon feedstock therewith under suitable
B OnRfdneshydr egedat i eondibions goddce! daaipgoduedduced
havi ng a reduced aromati cs concentration. The
FRIEHCEn CPEFat e 1P e novel aromatics hydrogenation

cat alppst ihbahthas 4dpreved as oRBld € ydiegenaydSyenation
catal ytic activity over conparative prior art

Gt ohetSitc $ PRy df dYeHETOIT e ar argst &° dif16°a2pr ot ed3  Floit 1 C
dhe Aeqr omBLi 28kh Ok, hydi geaL bon. feedstacksardichat on

particular, for the dearomatization of hydrocarbon
NSt e8dste P drIeessséne Bhel HESERTITRELPAVRNL i ON

SO dLRhescL s BNy elanSUpPRAr ba £0RAs, i eRrapg. met hod
of making such support conposition that may suitably
R ued 143 tacs uphdridoCagRPRI @S Fokladtes e4sh ahekaichi@e

Iet al; hat igei DCANPOrARL edsbhereife Sa A HevPI oV de &
final catalyst conposition, i.e., aromatics

tRRirasgénani endcatdlgsiof spkihe §wsietureRr tTRAPBPeTHpioIt

CUPasit sQR hgs, U que PRUSLCal Pt opeyt s -t hat raF & ¢
bel i eved to provide tor a final catal yst conmposition

Fadthgrienppbvedieetl vibef tewar domrarrEccshsaebn atd ore. tO
JHFV_ '%ép%‘)%‘in&?”ﬁ&ééltys‘%” cbRipBBAL; LS Ng AN g &EPP S
silica-al um na havi ng uni que properties an Ich can
ed mosparednbyathiey sfovelf, tse- cav¢ed pH SWingswepdhod as
d M 198861 Loed, 0-pendi.ng provl sional \patent pey;eyeq
appﬁ{ i°"Cation no. %f(}?‘g%éj%gg, C?I I}gdg%onclurrent 'y w tl?]e reve
thimrcapplel ¢ati anfiment iddlted ySAnc@mprpifdws having improved
%&Séi'v%%' A'tﬁv'}%gé Pupasi %Qtﬁ@%tgorl\’?t hod of Making and

i'ng Suc nposition, " whic i'sclosure is
i ncorfper atiedoher edmpdsy trieher encade The rguppormorphous
§§¥H%§yaﬁh%gha having unique properties and which can be
prepared by the novel, so-called pH swing method as fully
described in co-pending provisional patent application no.
60/968122, filed concurrently with this application, entitled
“An Amorphous Silica-Alumina Composition and a Method of

7

Making and Using Such Composition,” which disclosure is
incorporated herein by reference. The support composition,
thus, comprises amorphous silica-alumina that is
characterized by having certain unique properties. The
physical characteristics of the amorphous silica-alumina are
believed to provide for a support composition having
properties that make it particularly desirable for use in
supporting or carrying at least one noble metal hydrogenation

component, and, further, that impart certain catalytic

benefits making the final catalyst composition highly active
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t hus, conprises anorphous silica-alumna that is
characterized by having certain unique properties. The

w@bopgiozelo char act eri stics of the anorphous PCT/US2008/074218

silica-alum na are believed to provide for a support
conposition having properties that make it
particularly desirable for use in supporting or
carrying at | east one noble nmetal hydrogenation

WA QReRt inabértd Ul theri chiabnk edd (ettiaunaeayal ytic
benefits making the final catalyst conposition highl

gnly
HEtAVEReHsused 1 ¢° et dPR PPl Fratdfortdie Shgal catalyst

eaddqulianl ¥sadyamagreusqapbtisatd onferthenuse of
the final catalyst conposition is in the hydrogenatlon

drontFatNeh dfe fVHaINES tRalYHrE o rarned {hates

hydr agar beB-ghsts |4 aties-2T0e: AADEPIOUS, Shbi A 84 M & of
used in the preparation of the support conposition is

QY HYPPFSr pRBRSS T AThae PEIBONt ATTPNPeey 1P Rk 1t

é%ﬂﬂﬁﬂﬁ% thay i scerysdidldinaecndhe; anount .0 i geysti@d ldgint
alum na in the anorphous silica-alumna is indicated

by GuvStenataet @k isitic ipowder 2RCFRIO W FFlactr shv{XRD)! s

£KﬂféﬁﬂédtB?tlbéscﬁb£%d¥@ f%%@Btp$d%E5:@€ ﬁé@Dd@§9k§cN!Bd3h
are representative of various of the crystalline

RIRMi P& LeRaBeshaCaRe @ 15y 9ni hiscampurc oP fakBRi Peathathich

éu_se 'Jéptr%%eﬁ'&é!@i@é line phase gental ned din )t he. anprphous
ilica-alumna 1s less than 10 wei ght percent of the

@Tmsas weeghrabdtyi hecampophoust st hirciaaaltimi-nas Morighe
éﬂ%céafl'l%!e' ﬁhaéé‘%&!@é&%@u% b CﬁncﬁJp%b@,as% c4€58imina
t han nost

8 wei ght percent crysta i ne al um na
SpdékﬁiGahhyloiwei&ﬁiIpaygenhaﬂfdeeﬁgﬁﬁlp@ec@ht of the
| he r Se sl qi1¢ca- ]

B B e B B e S o e
$Iﬂ£ﬂmﬂm§mghnap@a$ekﬂss\Mhah Bh@eVWhEﬂneqmgmcentytwﬁlkﬁne

RSS2 e ASLEL S RO, of LIl ARERUR 5 i
pesrdantt neysaagel of ékumnHZS to 75 wei ght percent,

The amorphous silica-alumina can have a silica content
that is in the range of from 10 to 90 weight percent, with
the weight percent being based on the total dry weight of the
amorphous silica-alumina. The preferred silica content,
however, is in the range of from 25 to 75 weight percent,
and, most preferred, the silica content is in the range of
from 40 to 60 weight percent. The alumina may be present in
the amorphous silica-alumina in an amount in the range of
from 10 to 90 weight percent, more specifically, from 25 to
75 weight percent, and, most specifically, from 40 to 60
weight percent.

A particularly important property of the amorphous
silica-alumina is that it has a relatively high ratio of its
pore volume that is contained in its large pores to its pore

volume that is contained in its medium and small pores. One
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and, nost preferred, the silica content is in the

range of from40 to 60 wei ght percent. The al um na nay
wheoopozsent in the anorphous silica-al um na i NPERUS2008/074218

amount in the range of from 10 to 90 wei ght percent,

nore specifically, from25 to 75 wei ght percent, and,

nost specifically, from40 to 60 wei ght percent. A

particularly inportant property of the anorphous

Bdd 6@ altuphna psogdaly iik has aafvd alf \telle)/pbi_’ghvcﬁﬁlnileo

of jts pore volune that is contained in its |ar

b?ﬁ/é%“ t SOPFélB%‘? el AFe O Rat OF st TR REd U nSt %Ca‘

ABdiiWR andisgel | pper @8 anReregsul & Hfchi s1ppoRErtN )i %0
the ratio of the pore volune (cc/gn contained in the

6t SO T6F VPhBM AN OIS Ssithi ERal RitA $ra Ha P Rg2BO PR @S
dianetenQf nhessyihan 213Q Aibnérdr tex ke spergn vl e

c“on”t ained in the pores of the anor phous silica-al um na
ha/i)ng T&igokat He ahfetfertcof 1848 ¥HarP)21GAIEB L, StHivgd

&atdy of 2A- 1948 (AR 181K0) thel /BENER] cx8BOYL D 4, and,
exceed 2.2, and, preferably, the A/IB ratio exceeds

oo, rardeTRBSY pried dr/AbIgtiPhex®EiT &% exceeds 2. 5.

Ref ergncesnpet ehdi-d19, 1ot b ROr §o MOl JTR Al 8 L0 L h@né)cﬁoere
vol une as determ ned using the Standard Test Met hod

forurPetter ARAE AL 615VEI0urBe DP 53 rddid iTen tolleCasdl ¥/&t s
5@%4@%3%%5& bQLéuﬁéfﬂhéD%E%%kﬂﬁﬁﬁybn/¥¥”Ma9aﬁ§§és8§y ﬁgré%ry

WHX|nun1pressure of 4000 bar, assum ng a surface
Tengisgenf éprﬂ‘éicr@@frlyyrofASATMDd%%h&ﬁ,a@ct & Bontmen RrRflsaire

é!‘ftéfbo"i‘)”%r RhousshidLar %'u‘% pa %ns"l f-E'}eanr@?gﬁPQ%@ 484

silica-alunina has a signi |canty 1gh s ce area
Gk Acot aindper eovod aimeindlles ws b f ainerrdroes canibe-dhuntie of
e of from190 nm2/gmto 400 n2/gm but, nore
specifically, it is in the range of from 200 n2/gmto
350 riegamoapdouhoyid ispeeilintad | ygs fa eamo2251iaRAghy tloigh

%%%kﬁ%!%reaTQSdtégégl %%!% V8hHﬂ§ cﬁtgig%r%ggrpgggg can be

ica-alumna i s
in the range of from 190 m./gm to 400 m./gm, but, more

specifically, it is in the range of from 200 m’/gm to 350
m’/gm, and, more specifically, from 225 m’/gm to 325 m’/gm.
The total pore volume of the amorphous silica-alumina is in
the range of from 0.8 cc/gm to 1.3 cc/gm, more specifically,
from 0.9 cc/gm to 1.2 cc/gm, and, most specifically, from
0.95 cc/gm to 1.1 cc/gm.

Another important property of the amorphous silica-
alumina used in the preparation of the support composition is
that it should have an Aluminum (°’'Al) solid-state NMR
spectrum that exhibits penta-coordination peak having a
relative size to the other aluminum peaks representative of
the presence of penta-coordinated aluminum in an amount
greater than 30 percent of the total of the three types of
aluminum represented by the three peaks of its NMR spectrum.

More specifically, the strong penta-coordination peak of 'Al
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the range of fromO0.8 cc/gmto 1.3 cc/gm nore
specifically, from0.9 cc/gmto 1.2 cc/gm and, nost

wap@aiotdseal |y, from0.95 cc/gmto 1.1 cc/gm APCL/082008/074218

i mportant property of the anorphous silicaal um na used
in the preparation of the support conposition is that
it should have an Al um num (27Al) solid-state NWR
spectrum that exhibits penta-coordination peak having

Soriel-attiave SMZespa-idign ofthehe abtidigHbnsPeaksca-alumina
representative of the presence of penta-coordinated

HUhihim PReahcandiimt ‘greafef ¢ hat-30 GelbentPete thees of

datmnef, the, thsee dppesiehial um nwnderr esestescdy than
the three peaks of its NWR sgectrum Mor e

Spe@f itbal Fotat Hef stheorgrpentaredatdidafianmpeak of

27A sQl idrstahe-dNVR sReCt FUM Qfir t )8 AMEPBOUSHhe amorphous
silica-alum na should be greater than 35% of the total

Bflidfe alhipéaat ypedat “RLGhi hEnyeRfiRtafoseing any standard

specifdeeakl Mucidashoudibe grestercd hamrio% ofttbheony
total of the three types of alumnum A s reference

TR A9, OBle “NIVR? siiectiasm 611t hed arfbripifogst of using NMR
sddisanakbumpach srdhal- (Whhehst sy genenated rush P9 s of
standard Solid-State Nuclear Magnetic Resonance (NVR)
speict resespy L fret Hudsledgymknaihot o & Hdwe N8Ri Fpedt Fim tde the
A drfoudsisng: VR, 160001 QUESoE OF s SharAcker hakB%y using any
structural configurations of solid materials. fl“ﬁe
detterficnans onuptnitdie AVRISpeat remeof Wisé aney phous
%édﬁ%lmaltﬂg‘c”?s CARASIiaR | Gan; be de %ﬁeu%ﬂ&l, h be
suitabl e instrumentation and equi pment that provide a
spectdedmovhasing SubstEnsicaktyosetmt arantudagheredi o

Iﬁm%{%dp'bgvj\ﬂ?ga ,y ﬂid NG E?E?o\l\/l&ﬁé,pe&a}lri%g?%?é s Varian
manufact ured and marketed by Varian, Tnc o al 0 ﬁto,

LA MRoNRa sasc Varnare 40681MR AMRO ispettiroretter, using &
é%ﬂ%@ﬁi?,egghgﬁCc?ééyﬁqFOf5CﬁkgﬁPé@’ é%gﬂlgoﬁﬁgggkg%% ﬁ%R

mm ni gh power sollad-s at e pr ope. §énp es are

pioaded Sampbea Sramicdeadcantni &rd den (sSiliBN4) niotbide arfd zN.)
%%%g}‘%%dléphg %@ ﬁ§2x$%%ok990(%&3%ﬁ9)qu9%8?%06nr§%) in a
dry nitrogen atmosphere at room temperature. The stator
housing is adjusted to be at a magic angle to the external
magnetic field to minimize the broadening caused by random
orientation of the individual nuclei with reference to the
external magnetic field. The resonance frequency for aluminum
nuclei at this field strength is 104.3 MHz. The spectral
width of 0.5 MHz, a pulse width of 1.0 microsecond, and a
recycle delay of 0.3 seconds are employed as the experimental
conditions.

The aluminum solid-state NMR spectrum of the amorphous
silica-alumina has three significant peaks: a first peak
located at about 65 ppm on the chemical shift scale
representing tetrahedral aluminum sites; a second peak

located at about 30 ppm on the chemical shift scale
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dry nitrogen atnosphere at room tenperature. The
stator housing is adjusted to be at a magic angle to

W b@9oexeser nal nmagnetic field to mnimze the brORUSIV$IEY4218

caused by random orientation of the individual nuclei
with reference to the external magnetic field. The
resonance frequency for alum numnuclei at this field
strength is 104.3 MHz. The spectral width of 0.5 Mz,
et 20 tWhgt Pe @f 2 -dodd MHiGHOS 66 0ATunBNGh &itesyCched deldyird
of 0.3 secaonds are eg?loyed as the experinental

RHditI°6R8 9. aTheP A um AemPsBPT do'stdte NITRIspecthting gfcale

the-mrphguscsihdCanaluminauhas: ¢4y eansis@nthbgadd1l shifts
peaks: a first peak | ocated at about 65 ppmon the
EHemSar e 8RFft tS I PeprésBRt Rt &t aRedr al - &l Riff nuUhe

siies & $8608L, Redk diecatiedeaks abaltb 3ARPPMERARA NS the
chemi cal shift scal erepresenting penta-coordination

At uRPS] BesONAMF e Kitpdrpeakal oeHed CAL CRbYRe B qnged

1B, PRM QR sbher chem Galinshi fht.scal e representing
oct ahedral alum num sites. These chem cal shifts are

r ef erf&fc 6HPPOT AUREHAS IALGR Afintleh| Bricdéian 020 pprrepared

ghenshinkt snof shdsrafier enentioned, feaks €ansheraple 1iquid,
i'nfluenced by the acidity and second order quadrupol ar

$lersge ieb AT expeyiierc édieb | ikher ¢ espectshggedl Dathiumes,

DL &inenTRE ySHPPOLd LOIRASLELON-Dfs T RE 1hAVeRALT O €8N o g
be prepared by m xi ng the anor phous silica-alum na and

wEAntalberPhgul e suckdaswiabert oy mdeg tihe of xa drieder

dntQ, %@%ngg\ﬁar&kﬁ#e%atQEQal; hen dHNGiLhe.shaneterial

particl es. I'le the preferred support conposition is

maEe heivelveut bhenaddl miigh oheashdnderusosidncendlgairiec in
: Lal or . : BLeri

A B B o B RO Mot IR BeallBles or i

e reparat denafe tiled ssapporde conpiosi t ikdnniExanplass,

| nar.gani xji de terials_ingclud ilica,.alum
AR TRt R et AR R
siunice amd preferred.

If an inorganic oxide material is mixed with the
amorphous silica-alumina to make the support composition, it
can be present in an amount upwardly to 50 % by weight of the
support composition, and, suitably, from 5 to 30 % by weight.

It is preferred to mix the starting materials, e.g.
amorphous silica-alumina, or water, or an organic oxide, or a
combination thereof, so as to provide a paste having
properties making it capable of being extruded or formed into
extrudate particles by any known extrusion method. Also, the
amorphous silica-alumina and, if present, other starting
materials may be agglomerated into shaped particles, such as,
spheroids, pills or tablets, cylinders, irregular extrusions
or merely loosely bound aggregates or clusters, by any of the

methods known to those skilled in the art, including, but not



10

15

20

25

30

alumna are preferred. If an inorganic oxide nmateri al
is mxed wth the anorphous silica-alumna to nmake the

WG appoees7eonposi tion, it can be present in an BOUSL008/074218

upwardly to 50 % by wei ght of the support conposition
and, suitably, fromb5 to 30 % by weight. It is
preferred to mx the starting nmaterials, e.g.

anor phous silica-alumna, or water, or an organic

Dixhided @b, am@@@ﬂh@,atﬂme&ma@e%xem@s a1peevi deg A
past e haV|ng properties making it capabl e of being

Kt TUrded o Do PR it extrudat e particles by any

knownrrextsh-Yshgno MBL0Ghapb80pa the: BRI RROUSs for the
silica-alum na and, if present, other startin

RGPS REYLHEY SifGriafeat |W‘@%W§p€81ﬁéﬁg?%|@%€t are

sueh, RS, t8RherRi ds iyl be ebnbiabled St Gyl BdersSwie
irregul ar extrusions or nerely |oosely bound

EJHEFALES 69T cTURTENY, CHYCanyvdFeE E MetRGdSCknown to
b hose sKivl, | efei f-$18) alhnpei-BehHding,1 4t spothinded o

to, noldin tableting, pressing, palletizing,

et @&Oﬁ@ g51ndC L AmBPPNg - THE drfENBeBfod Heots Kapeas the

PASd L] %rEE@Yéd§§ 305 dhearesovale Qfe 6ot @bPessary to
quantities of water or volatiles that are included

prsrisien fand thayddel tshdoerad af AP duionabhethe volatile

ISIperatyr enf oLy L,8IDving s 8Xcess; ¥atey SQf o%la@é’cl&? ‘of a
Preferably, the drying tenperature wll be In

redigpeot thponvaioute™s 0C to 250 0C . The tine perl od
for dr 'e@gehlejeafmr&@rggC% téﬁ@d']%cts%lothE?tféMS for

perl 0od necessary to provi esi red anount of
¥educthegr BEnhidle m&ﬂnﬂmdr98¢bmtefn iof ndlvegshapeédthat the

ﬁ’% ércc'l%s%;g{hé ‘?ulro%%r at i op, Oijfxﬁnlh%dﬁl%ﬁn%'%ke the

onent essential properfy o e support
$Mnnnmm ttoppogstior danttrabhaveta thghlsurgorcporosdsiytion

ﬂgﬁlqgas%%ggnlﬁe%%edﬁﬂx&%%ﬁeﬁ?g?rfégéa ls%h%e?l %éﬁu%ﬁat it

alum na e support conposi
conthre bute m@cr¢ppﬁnﬂyMyrbfcohposmppqnt composition, and
other properties, imparted to it by the amorphous silica-
alumina used to make the support composition which provides
for a final catalyst composition having a high aromatics
hydrogenation activity.

The term “macroporosity” is used herein to refer to a
measure of the porosity of the support composition as
represented by the percentage of the total pore volume of the
support composition that is contained in its macropores. The
macropores are the pores of the support composition having a
pore diameter greater than 350 angstroms (A). The
macroporosity of the support composition of the invention is
exceptionally high in that the percentage of the total pore
volume of the support composition that is contained in the
macropores (i.e., pores having a pore diameter that is

greater than 350 A), or its macroporosity, is greater than 51
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havi ng such a high macroporosity. It is also believed
that it is the high nmacroporosity of the support

W@ o09po2dsre on, and ot her properties, inparted tPCT/US1998/074218
t he anorphous silicaal um na used to nmake the support
conmposition which provides for a final catalyst
conposition having a high aromatics hydrogenati on
activity. The term "macroporosity” is used herein to
p&f@nt Q2@ . meastseadfy,t ReeprREOsbYrOfi tihe FSUpPOstpport
conposition as represented by the percentage of the
TYRASipdre Vol ahet ot ttheélsappor t2RonFeset PoRTERERLY s the
RMAINRE kD b StHRRRRLES comdhe: tTRET QROLRS 8L T 54

ores of the support conposition having a pore
di difeti@Pegr dater tHark'S5028RERPF OTE-Y thgphgupport
et nonesi ty ofsd hesupport sonposd tdem @b theor even
invention is exceptionally ﬁlgh in that the percentage
b¥ss Héefot’'8l *pore vol une of the support conposition
that 1is cgantaknegk i hIhe aMRCEQROES Hfdcr®porP9r 88 the
having a pore diameter that is greater than 350 A ),
DIPRALS: FREPOPOF BT 1 Yhens 1§r eat @¥ed hidh SEpereeapr{dgations,
ggQﬂﬁkﬁngewhgg @PQJQQ@&%%‘EMersfﬁﬁcﬁ%QQQBEtion, and it
conposition is greater than 52 %, and, nore
bt efesrcahbliyedt Hea redroporiaset prepettHess gppspe amorphous
SOMROSIhiARNL Sy K LALELT HENBR B4 20 5 0,0 URRET shbPb L for
the macroporosity of the support conposition i1s |ess
P90 1%, cor Pexsidendwr8oudh , a gramven rhesssihan 70 %
aiddr §AR 18LSOrhe.dIPant ant sfor. & he. maroper eg. of , the
support conposition, when it is used In certain
rppldatisons, the davehsosewhat cafalamarer sWwepoke widee by
%étJfOQ%hbgg%oﬁﬁcg o éﬁnfeﬁ89f?{>&%§ aeﬁlaﬁoﬁgs“@%&“e
properties of the annrphgus SilTica-alumna used in the
pragEaedtioonobf thdes wupper touvpaposidn arf car pnoviideod or
n r p | Z Lstribution. | Lt

R B I P AR b o Eoa YRR atd. (o e
mmrPhewsesk i ke adiad umibvd ibhat £ 1 sherade dypores.

It is desirable for the percentage of the total pore volume
of the support composition contained in its macropores having
a pore diameter in the range of from 350 A to 2000 A to be
greater than 40 %, preferably, greater than 44 %, and, most
preferably, greater than 46 %.

Concerning the total pore volume of the support
composition that is contained in the extra-large macropores
that have a pore diameter of greater than 5000 A, it is
desirable for the percentage of the total pore volume

contained in such extra-large macropores to be less than 4%,

preferably, less than 2 %, and, most preferably, less than 1

=3

Another desirable property of the support composition is
for it to have a significant mesoporosity. The term

“mesoporosity” is used herein to refer to a measure of
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the aforenenti oned pH swi ng nethod that enables the
preparation of the support conposition of the

WO pooe2dsen havi ng the hi gh macroporosity, as eR€1/U82008/074218

descri bed, and the narrow pore size distribution of
the macropores. It is desirable for the percentage of
the total pore volune of the support conposition
contained in its macropores having a pore dianeter in

phe JiaRge rothé r omEnd Ackpo2000oA 40 Rerakseates thame
40 %, preferably, greater than 44 %, and, nost
MeteYanry © fgkeat €ttt h & 26 V9 VNedc e RYPPAET t ot al

R Meliyaecpht the SUPRAKEICOAPOSE tiaddohatk i 8dditionally,
contained in the extra-large nacropores that have a

Porle diraretertofoyrederd Lt RAAPSODEPTA OF the; §OH%15iE_P%Pcﬂ e
Joruddhe rpeneent gger-ofcdpest et ah RO RlniaBLEQN A i1ed

in such extra-large macropores to be |ess than 4%
Preflerabryes| Elé%rqcrfarbuz 9% thakle THIEIOT5r €PBPEBT 1O ds%
RELETY al_r%?asoﬁ‘ﬁgigefarq;eé'pro@kglign PE PRSI L R gk s SUPPAHdLal
conposition is for it to have a significant .
PRISO PO GERt 2t The 1BYiRTREs 6POF S IMGPOPCE S et hereiqther

tordLf 6t ona pBasIHe LhpeLosity of HAR SUBPGRLficant
conposition as represented by the percentage of the

Totaloeere Yy of e oforcie Ssuppor ie conposict teAdt haxcin are
'&9ﬂ&9%%§@s|8f'£§en§ﬁﬁQﬁ%e§om _giﬁiéH“ﬁéﬁﬁng|g bére diameter
Inportant for a small proportion of the total pore
volthee rehgehef stippori0 cdoposhPidn tto ise desarabhedf¢m the

&JE%ﬁ%PQSH%Q B?rﬁgitgﬁﬂﬂﬁgg QU& ¥%£¢H&Aq%os%engéater than 30

conposi tioh to € a reasona arge portl on or
percerfcagelof ¢reattot dlhaposé Vol ame tivett Psetendlaiined

%&5&% nmesqpefes, or, in other words, for the support
onposition to have a significant mesoporosity . The

nesofdreperasnthee taEr rhies tased pereiveluarecthose porest
e S I
ditmmeter of less than 70 A should be less than 10 % of the
total pore volume of the support composition, preferably,
less than 7 %, and, most preferably, less than 5 %.

Another characteristic of the support composition is
that it has a significantly high surface area and total pore
volume. Its surface area can be in the range of from 150
m’/gm to 400 m?/gm, but, more specifically, it is in the
range of from 175 m’/gm to 350 m”/gm, and, more specifically,
from 200 m?/gm to 325 m?/gm. The total pore volume of the
support composition is in the range of from 0.8 cc/gm to 1.3
cc/gm, more specifically, from 0.9 cc/gm to 1.2 cc/gm, and,
most specifically, from 0.95 cc/gm to 1.1 cc/gm.

To prepare the final catalyst composition of the
invention, a noble metal component is incorporated into the
support composition. The noble metal component can be

incorporated into the support composition by using any of the
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nmesoporosity of the support conposition to be greater
than 30 %, preferably, greater than 35 %, and, nost

wee@berand y, greater than 40 % . The percent ageCDS100&074218

total pore volune of the support conposition contained
inits smaller pores having a pore dianeter of |ess
than 70 A should be less than 10 % of the total pore
vol une of the support conposition, preferably, |ess

$adhol Ymeadbdo r Msthdsefababl Yo 4r@s% than16d%n the art
Anot her characteristic of the support conposition is
tat P TRAE 251 hiTI&n Py 2 hi YRS Ut face LaPeaSaPrt- It

1ot alc ROLeVELURE: dit Siguefage: & e G B8 EAcbASorate the
range of from 150 n2/gmto 400 nR2/gm but, nore

PG fiecatl Gompeneat i tehEhPahigeP ot fTBRPE 751 ARf ghfido
ARhdBAGRE ARt & SReChibeallya fd AaMcERBoPREIMHAD noble
325 m2/gm The total pore volune of the support

RIrAdoSIOMPBRCR s 1hET Heer &HGEOBF FIBRAT- L8 0Bc PG ot l1e arell

S5 @M R beesPefd fiLal kkenbhom 0.9 ce/gmto 1.2 cc/gm
and, nost specifically, fromO0.95 cc/gmto 1.1 cc/gm

To pridsarB8PrAgnd ¥l sedtalgst o€ oppogiadlenmefat heolution

EOMENIHQN e Be BODLE IRIALLE.MROREMN £ IS dcNCORPALat £d
Into the support conposition. The nobl e netal

ROMFeHeRt eancbebdtt Ylpdiatedapdtrrtiveligigppei gsolved in

COMOSIEL AR bY 481 NG AR 0 Lhesu tahl& PRARS,9F pe used
met hods known to those skilled in the art for
imelordsortati nga i mabl@nperalsi af b @ lcatcallysi nsappord..

| r - an | gnat.i th
%ﬁ%%?ﬁ%}g%gB%ﬁglagﬁﬁigﬁe?aFﬂggﬁponeﬁ?%fggé ?ﬂ%ﬁgﬁﬁ%ort
‘coimiggirtiden, paadi nanteg rekeder hét hods atier pdapredrer r ed
S0 NGYRLAL Sy t&‘fcﬂ%*}!i%eqeﬁ%i&f{ﬁ%k%%%phg&?nm?
support conmposition using the we nown i nci pi ent
yetines $ efrebhodr odheet lirgee gndt T onrsuiniticoplef intre (hobl e

Hj’f&f'a!tes.%%éghgpegOﬁgg%%ﬁbﬁehsgii%ﬁfﬁ%%%g' €, 3@l Jaaffbe
plati num or pa Ium or-o 0] plrati num an

padd adicdndediss gbadeichdimm compounds of: chloropalladic acid;
palladium chloride; palladium nitrate; palladium sulfate;
diamine palladium hydroxide; tetraammine palladium chloride
and tetraammine palladium(II) nitrate. The preferred platinum
compound and palladium compound for use in the impregnation
solution are, respectively, tetraammine platinum(II) nitrate
and tetraammine palladium(II) nitrate.

The amount of noble metal incorporated into the support
composition should be such as to provide the final catalyst
composition of the invention having a noble metal content
that is in the range of from 0.01 wt.% to 5 wt.% for each of
the noble metals with the weight percent being based on the
total weight of the final catalyst composition and calculated
as elemental metal. The preferred noble metal content for
each noble metal component is in the range of from 0.1 wt.%

to 4 wt.%, and, most preferred, from 0.2 to 3 wt.%.
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wat er. Exanpl es of possible platinumsalts that may be
used include the platinum conpounds of: chloroplatinic

wa@edodo2emoni um chl or opl ati nat e; bronopl ati ni CPEUSZ008/074218

platinumtrichloride; platinumtetrachl oride hydrate;
pl ati num di chl or ocar bonyl dichl ori de;

di ni trodi am nopl ati num sodiumtetranitroplatinate and
tetraanm ne platinum (I1) nitrate. Exanples of

possiiplie epahb agi win saltt=s ykRatompys he disedyi netudes tdieher
pal | adi um con‘founds of : chl oropal | adi ¢ _aci d; pall adi um
¢ H-Grhigem pap %dFet‘ﬁﬁlmctOF‘QP@e“baW RIRFhISA Pt getal

&brire thabl-agd i hydr-exinde; ah et gamie upahbadt UBtal
chloride and tetraamm ne palladium (Il ) nitrate. The

HBIBEd pFabheiud cEnpeGRENARRA pald tadiiEm EéBnpbund f or

ds@iddcibe bApEegInald enpsel HEL9Ns akg e Jiespechi Vied Ysinal
tetraanmne platinum (l1) nitrate and tetraamm ne

Pl ladituRPEPPs ) i e PrPHedandimn 1 AgBNat et al
hREIROLREEH boE O, e SYPRON L+ COMMOSI 408 5SRQUl thderinal

such as to provide the fi nal cat al yst conposition of
tHe liidFe FEMBAS hBVThP fa thebLBVAREEI! dontceRPrLhatPes it

H}Pcfr%ﬂqg%o%oﬁé&m apnop% 11%&1&19[11 S MpondnfOr reagck of

the noble netals with e weig percent bei ng based
mﬁﬁ%e@otfapawe@@tmlw pﬁ@ppﬁh@rorb’at@w@t@l@bﬁpéﬂﬂe@ orf

@f@ne@ﬁlaqubgﬁfgdﬂ%n—edﬁﬁ%tt‘%kuﬂeiél1n The pueferpedsngple o

nmetal content for each noble netal conponent I's in the
rande lof pPiedar@biy wtfro% flo24teat 5 9%, amdl, most preferably,
preferned, from0.2 to 3 wt . % . Wiile the final

catal yst conposition may include either a platinum

nobl €heetsabreohpomerttsidrca ph&tam umpreak tednpontenthe

r‘}’c!blté‘)trr!%t%lp%é‘lfn%ﬁﬁ‘é’(}ta']% .halyl ad %%lt%bggt Almpe ature

conponent recogm z at t use o
Ttonmbianatviion ekcéde waemobl eohetbless ddwtraifmed . |@1em€h@lly,

D S Ty
Qm ebepped d. orThEhelnhe ned r icat &onrstirgn’mzpo@iet iigrregfretihete

%E%%OQORBOQ9QE&%%% %%%hsgltable time period necessary to
provide for the desired amount of reduction in the wvolatile
content and can be in the range of from 0.1 hour to 72 hours.
After drying, the impregnated support composition is then
calcined in the presence of an oxygen-containing fluid, such
as air, at a temperature and for a time period that is
suitable for achieving the desired degree of calcination to
provide the final catalyst composition (aromatics
hydrogenation catalyst). Generally, the calcination
temperature is in the range of from 250 °C (482 °F) to 550 °C
(1022 “F). The preferred calcination temperature is in the
range of from 280 “C (536 “F) to 520 “C (968 °F).

The final catalyst composition of the invention

generally has a surface area in the range of from 175 m?/gm

to 600 m?/gm, as determined by the BET method employing N,
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pl ati num conponent and a pal | adi um conponent. In the
preferred final catalyst conposition, the weight ratio
w@booelhzasent al pal | adiumto-platinumis in the PERYs200$/074218
from1:10 to 10:1, preferably, from1l:2 to 5:1, and,
nost preferably, from1:1 to 3:1. The support
conposition that is inpregnated with the nobl e netal
conmponent is dried at any suitable tenperature for
P eIaRg veXeess Y@t e’/ gh vol 280 hfggh hedred,r emst
General |y, the dr eratur will be in the_range
weﬁerr@%lé(boéfoms%‘t 69@2@0 H*rﬁ%mu?ﬁae péricod of Bpe of
tHyimagatiheatat gsredigig ieaval ¥t 4 COIROSIk 80 L§idny
suitable time period necessary to provide for the
Hexideed QﬁﬁGHFYO@O?%ﬁﬁmﬂﬁyoﬁeF%O@?%PQMﬂ%étﬁﬁéeééh%%rﬁn the

ﬁﬁ%&@i@%ﬁﬂﬂh%ﬂﬁm%&ﬁEHMW%JJMWH@%@&JW%&%
After dryin t he i npregnated support conposition is
tsteteal @ﬁngael?ﬂ@%ﬁaﬁﬁﬁ@%éﬁéec%ﬁp%ﬁﬂﬁﬁéﬁgéﬁ eBnthle niafge of

Fla &ho suebrasnai [a) %% asbeppgsatde and for a tinme
period that is suitable for achieving the desired

degr d&coff ieal cFalat 161t CompPev ten tdfe FienarveataPysts

SOMPOsii Loy (8L emtics hydrogenati omLatabystiarion of
CGeneral ly, "'the calcination tenperature i's in the range

Bfoatgm 2FOTOC (8 ORI t §5B80: I (11022 1gFuyefulTheor the

@éaerfo%f t‘é‘LQaE%H'é@té%att%g%éﬁ%ﬁn % i dt-Bearange of
from 280 0C (536 OF ) to 520 OC (968 OF ) . The final

E%tcwt@s;tmcoﬁp@smm'cﬁmifatteﬁehvm@@mw gf@ﬁérs‘apcky hasthe

a f VA t s
B LR N FAOR Sl LAPTLS, PR, 0o

mﬂﬁqnqah@pablyaVimqnhqylinmetgmpetaﬁﬁikaﬂatgﬁtmaﬁﬁhemmst
@! er%{r%bfl}éi ﬁﬁé om 225 JE2/:9nt 9,500 1"2?d @E!‘ (398 ROT € apout

T ume o e final catalyst conposition as determ ned
Hi0 G@im@7@téhdaﬁdeﬁertamgeanumgsnetg a@ﬂﬂuxﬂma@gylnstlal

gen %'ﬁyb 159 fro e'% 18t% f éﬁééﬁgk
andgi %ore |ane %% ihal
conpdg@mp633|sf|thqln§ﬂm@ﬁgg atreams intended to be included
within the meaning of the term refinery distillate stream or
distillate feedstock include straight run distillate fuels
boiling in the referenced boiling range, such as kerosene,
jet fuel, light diesel o©il, heating oil, and heavy diesel
0il, and the cracked distillates, such as FCC cycle o0il,
coker gas o0il, and hydrocracker distillates.

Another contemplated hydrocarbon feedstock of the
invention includes a refinery heavy o0il fraction having a
boiling range that at least in part overlaps the lubricating
base 0il boiling range. The source of the refinery heavy oil
fraction may be a light or heavy wvacuum gas o0il derived from
the vacuum distillation of an atmospheric residue fraction
obtained by the atmospheric distillation of a crude oil. The
boiling range of such vacuum gas oil is generally from 300 °C

(572 °F) to 620 °C (1148 °F).
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from 50 angstrons (A) to 250 angstrons. The fina
catal yst conposition of the invention is particularly

wais@brosin processes for the hydrogenati on of BECDDS1008074218

hydr ocar bons, and, especially, it is useful for the
dearomati zati on of aromatics-containi ng hydrocarbon
f eedst ocks. One contenpl ated hydrocar bon feedstock of
the invention includes a refinery distillate stream

conpraSioRg By df 9cagdans thavii Ageboitd RY Jcerper atalr estialery
at nospheric pressure in the range of from about 140 OC
romy oF 1) frachbout" w1 ®oerP?7osoF Yy krppesgydrocracking

dRIMRrALUNES alre. aRprutMbRakthd iala andafipat heid.ling,
tenperatures of the distillate feedstock. Exanples of

RIREGSE iShEPY 3P reany infrendeda tr B dteryded wrrHw of

$M£<ﬂﬁﬁﬁb89 obpd hei deranr ef i nFy-4Std Iaakeost T e or
distillate ?eedstoc i nclude straight run distillate

FUETE- 1561 PrAgeTh e ireflefenerd Biotd9Svg"Paf§eths veh iaery

}&gﬁ%S%HQJfkggtigﬁlthAﬂ %ﬁ% di esghy Gbden Q%%%k@g Q&'préﬂ%%s
heavy diesel oil, and the cracked distillates, such

D Cyelcs éﬁ|hy<ém@efracé<a§goapd APIER Y GET SbRoprocessing of
Qﬁétféﬂl«%% nARey her Ct%tteﬁabaﬁ@@ I QeaEbeR; o -

feedstock of the invention includes a refinery heavy
oitatmeadt-i &R Rawi hpat 196 Pifnghe arryel tevat haevieast in

pafde Qverk @p§stl{>1§ei}équreldcﬂ)| Ngebase @il.ibobkkngstange.
The source of the refinery heavy oil fractlon may be a

¢¢f@}m$l(’§rlohe9ﬁytlv%lcwfrﬁn@a§noﬁ5 @Ie@&ﬁﬁédwftr émrt hgdyacuurahing
9'131}1:51'1%%"98 gés@rbﬂt PSPReLE L ﬁ&f rg# h&”range of
éy Fic distill |on o

obt al ne e at nosphe a crude
Pidm 3P9e” @ol@@%gFVah@e5%1 “Suc¢hOvachunegdsvwioi¢h ils a

Q%ﬂl e%lyJ %egggn&i?’f)ofr%% %Ezhgglg?tk?equ% %go(;}é‘%gegl:ar)d

or to Its use in t e i nvent ess
defdxwer.y heavy oil fraction may be processed by known

hydr %I‘ a%%énglrggrgt oeélv%)fll nghvg?glvégroc d?%@xivgea{hde

catalytl ewaxli n process s as tO rovi
mydnhganahavnngem@uakngi @tomatlcs compounds that are in the

hydrocarbon feedstock in order to provide or yield a product
having a reduced concentration of aromatics as compared to
the concentration of aromatics in the hydrocarbon feedstock.
In such a dearomatization process, the hydrocarbon feedstock
may include an aromatics concentration in the range of from 1
wt.% to 80 wt.%, with the weight percent being based on the
total weight of the hydrocarbon feedstock, including the
aromatics and sulfur components thereof. The more applicable
hydrocarbon feedstock aromatics concentration is in the range
of from 2 wt.% to 30 wt.%, and, most applicable, the
hydrocarbon feedstock aromatics concentration is from 3 wt.%
to 20 wt.%.

The final catalyst composition of the invention may be
employed as a part of any suitable reactor system that

provides contacting the catalyst thereof with the hydrocarbon
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the desired properties for a lubricating base oil. The
i nventive process may include the processing of the

w0 edopnzasy9 heavy oil fraction that has al ready PEBNS2008/074218

treated by process steps such as hydrocracki ng and
dewaxi ng or the processing of the refinery heavy oi
t hat has not undergone prior treatnment. In the

treating of the refinery heavy oil fraction, it is

refardgeduhacusenthe ifd @@br@ﬁgaiz/ﬁlcﬁpmoah:bm@ﬂlw t he
i nvention as a catalyst for hydrof injshing a
PYBCRAIEAG baSRI T O Se dt8 T 0BRY WA ity ea th6i PFRZET Ehgd

r%drfdg@m 328 9F 662 prbasedd DG (il rBFureanthe

ich is a refinery heavy oil fraction having been
POt eEar8achnE WEKedS Chet efbidl el ugest pegbed of the

fﬂ%ﬁﬂkb%%l@%@c@§ﬁpd§Bﬂﬁdﬁe§ohhglﬁ¥ﬂﬂggﬁﬁﬁtbOBeégﬁﬂyakmsel
of aromatics conmpounds that are in the hydrocarbon

FEEFIESCKIFR areetctayr predi deler JaxIsd &Uphodeice feed

hewd 1ng %o&eQHEQQﬁRQH&FQh%ahyQPoéﬁrﬁﬂﬂ“ﬁ@éﬁ%@o@% into the
conpared to the concentration of aromatics in the

RAfiGEarBsaet eetd Gekeachosue At BusidarorraeitzBeposy such as

I QC8S%ent N8, hydr acarhen feedst ock 1By, g @%Ugga@{br
aromatics concentration in the range of from1l w .%

¢of 18BNt orofhe b e udte PRSIl gHL @ pes BETRA @épmgtbgged on
the-datal s wei ghty, ofnd he hiydrogarbon feedst ock,

Including the aromatics and sul fur conponents thereof.
The rfdvee aappht cabl @aif;@maéeaab@@n freedsitcsck ar bhat jesentive

hhomis d hange; of FH@ pto
. % ag% nn%t§ {hlcab g gﬁg hy roé%f%%ntf%ed%toclcs
@wmﬂﬁmﬂedsloohb@nmy@ﬁqqubpg feods > ait. %utte 20 Wwe.desiHedle

Eéf‘aéhe g&%}{%&v&%@oc?e' o ‘EB Tco&g?e'a[“fn%%' ,0R. MRy, De

nmpl oyed as a reactor system t hat
@ﬂ&nqmﬂaszeomoac®frgpqIhydgatakysm fd&ﬁaﬂﬂtkwwhhtt¢mﬁeeds 40

oSHReTl SotP e ASEE SUHL AR, ST k000
pheriglcegence ofaromatization of more than 50 molar percent,
and, most preferred, more than 80 molar percent. The term
molar percent dearomatization is used herein to mean the
fraction of the moles of aromatics contained in the
hydrocarbon feedstock that are saturated by the inventive
process divided by the total moles of aromatics contained in
the hydrocarbon feedstock. The molar percent dearomatization
may be calculated by dividing the difference in the total
moles of aromatics in the hydrocarbon feedstock and in the
product by the total moles of aromatics in the hydrocarbon
feedstock. Thus, the product of the inventive process will
have a reduced aromatics concentration such that it contains
an amount of aromatics that is not more than 80 molar percent
of the aromatics contained in the hydrocarbon feedstock, but
desirably, not more than 60 molar percent. It is preferred

for the product to contain an amount of aromatics that is not
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hydrogen and an el evated pressure and tenperature. One

preferred reactor systemis that which includes a bed
w@boovlzosfd nal cat al yst conposition contai ned WeaTiUs2088/074218

react or vessel equipped with a reactor feed inlet

means, such as a feed nozzle, for introducing the

hydr ocarbon feedstock into the reactor vessel, and a

reactor effluent outlet means, such as an effl uent

faitd ethanozzl @old OrpaMddhdr awi fge t heon-eactsorogt kil tedtiOrehe

the product having a reduced aromatics concentratign

¥ GRPHEPe A8 EOT CUETs én 9 TRES Ardthte gt e 8PENBPF 2 at'1%h 20

50w dedcbytthe inventive process generally exceeds 20
nol ar percent of the aromatics contained in the .
hydr 68&Fb6Ref erGStocie PBGEESSPt 1§ sAResiMeaBréenyof fhielnery

&ﬂ%ﬁﬂhb%% EEQ@&ﬁ%xiQi%r®$HQ8c§rHE{@&x&%&%@ﬂt the reaction
dearomati zati on of the hydrocarbon feedstock that

RIGERIE 40 ABNAFaPef déntthel Fapge mleffeiared Of BRrt hetS psi)

tOvient ike REOEESSs )0 RRvLdeni r rdoderr eamt iizag i 08 ofo 70
nmore than 50 nolar percent, and, nost preferred, nore

an(18G SR al  perdemoreTRESLeF A+l - Perfehpr (435 psi)

deayomatd 284h0Psis. used herein to mean the fraction of
the noles of aromatics contained in the hydrocarbon

f eedstosckhehdeareres sigairiaredf by hHE danérni fecpsgedss the

diyided by bbe,total,mhesnofnar d &S eantabasddih is
t he hydrocarbon teedstock. The nol ar percent

Hedrasrhedi Fathobhereliinsd calteulat eePriposditviodi ng thethe range
Hid.epenes b e tofal £ScOfg@y opRLi G5 0. Lhe ¢

ﬁ§ focar bon ?eg stoct and in %hg progﬁétﬁgi %%e ﬁgta o

ol e§ oBOardnmtpcs2pbn'G Hé LRy thoc amdenmpeedst @tk.abliyus £ rom

fh§oerqugtﬁqftgh§05n¥gq%5§e%gpocess w il have a

reduced aromati cs concentration such that it contains
an anmbenttlofr azomett cdhitchathe shndtogrmrent Hapd80owipl iar

SELARI cof ch. LAY sh-aohl e e ughaeas by
pureently btichsaprtef grmogdde a liquid hourly space velocity
(LHSV) in the range of from 0.01 hr™' to 10 hr™'. The term
“liquid hourly space velocity,” as used herein, means the
numerical ratio of the rate at which the hydrocarbon
feedstock is charged to the reaction zone of the inventive
process in volume per hour divided by the volume of catalyst
contained in the reaction zone to which the hydrocarbon
feedstock is charged. The preferred LHSV is in the range of
from 0.05 hr* to 6 hr™*, more preferably, from 0.1 hr'l to 4
hr™, and, most preferably, from 0.2 hr'1l to 3 hrt.

The amount of hydrogen charged to the reaction zone of
the inventive process can be greatly dependent upon the
amount of aromatics contained in the hydrocarbon feedstock
that is to be dearomatized. Generally, the amount of hydrogen
relative to the amount of hydrocarbon feedstock charged to

the reaction zone is in the range upwardly to 1781 m’/m’

17



10

15

20

25

30

for the product to contain an anount of aromatics that
is notnore than 50 nol ar percent of the aronmatics

weowaresed in the hydrocarbon feedstock, and, P@OBUS2008/074218

preferred, not nore than 20 nol ar percent. Wen the

i nventive process is dearomatizing a refinery

distillate streamas its hydrocarbon feedstock, the
reaction pressure is generally in the range of from 10
bey, (dAScpgbh1t 0 MO0 Dafrefd478apsdy) ,cHr elfyaﬁ:agbu @fjeisprﬁharge
20 bar (290 psi) to 70 bar (1028 psi),

Fiet drabPy 10f Fiotn B %art( 4380psy )mt/a 60 %%{Jr S(C@v/@bb§| §o
1740m°vhe deanonattzathon a2 Bydrosasbon feedstock:/m®
the reaction tenperature at which the hydrocarbon

fedtht 66K /P8l b ot adted H\N{Iﬁh h&0Pi Ral/Rdt)al yad, most

SRMMOSIhiON£i-sni 154 he /hange ,ohof keRYdRE 0C (1247 AF/)°
to 350 O& 662 OF), preferably, from 150 0C (302 OF )

ﬁb(ééss@@/PBiV OF), and, nost preferably, from 175 0C
(347 Bk )ol 90w ?CE%AH§K%SOEr% %régg%gédmﬂorﬁﬁgtﬁérmh'Ch

t he hydrocarbon feedstock is charged to the reaction
%%ﬁﬂ§ﬁﬂat€héeFﬁ@b%t4%R?ﬁ&@o@ésEh?sl%ﬁﬁﬂﬁ%ﬂnhyb§ﬁcﬁh%% gLy not
5 Qyd @%n%tEhQH'Qsh9H£h¥z§9ﬁ9€1¥§'£ﬂétébo%%kﬁ%Oth@ the
range of from 0.01 hr to 10 hr 1 . The term"liquid
hoaTsiogpace vel ocity," as used herein, means the
numerical ratio of the ratg,gf.which t he hydr ocar bon
feedstock is charged to the reacti on zone of the
i nverfthiey deprvtrssonih olthire peamhlur! dildivdédaby thre

c t. ed t z
VPRt Re hebr ohar Bon T acact B6R” 6 eharaed. Frenre
preferitednLESVE & 5niny tame amangeows #rknﬂaaaoﬁmhnalmadﬁfﬁy

i ot TRGEBEE1S] S RIS et B oo
ofthyhtogenng hav ge s urpariie crepet i oz emel ohet heeparation

ve tiv 1 S e t
R R G SR
$£&ﬂhﬁﬂ&ihmina and the resulting catalyst using such

conventional support.

Extrudate Formation. A mixture of silica-alumina powder and
distilled water (mix LOI = 64%) were placed in a Simpson
muller and mulled for 105 minutes. “Superfloc A” extrusion

aid was added at a level of 2% based on dry powder and the
mix mulled for an additional 5 minutes. This material was
then extruded through die inserts to give 1.6 mm trilobe
pellets after drying at 275 °F for 3-4 hrs and calcining at
1000 °F for 2 hrs. The properties of the extrudates
resulting from both the conventional and pH-swing silica-

alumina powders are shown in Table 1 below.
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upwardly to 1781 nB8/ nB(10, 000 SCF/ bbl)

S

preferred for the hydrogen gas charge rate to be in
the range of from89 nB/nB (500 SCF/ bbl) to 1781 n8/ nB8

(10, 000 SCF/ bbl),

nost preferably,

nore preferably,
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silica-alumina support.
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ron1b

QEEal

f1e R-ongt

ti,es

of the

e convenglona? and
*mﬁﬁﬁgn@gegibSQagjanpqny volume saturation method onto the

°F for 3hrs and then calcined in air at 545

The wet impregnates were dried at

°F for 2 hrs.

The catalysts were then tested for aromatics saturation

activity.

The results are shown in Table 2.

Example TII

This Example II illustrates the use of the catalyst

compositions described in Example I in the dearomatization of

hydrocarbon feedstock and presents performance data for the

catalysts.

White 0il Test: Feed = heavy naphthenic white oil. UV abs @
275 nm (0.5 cm cell) = 77.71. Test conditions: Press = 2175
psig, H;/0il = 4600 SCF/bbl, LHSV = 0.96, T = 420 °F.
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powders are shown in Table 1 bel ow Table 1 Catal yst
Preparation . A solution of tetraamm ne platinum

woRapars7and tetraamm ne pal ladiumnitrate in BCT/USH08/074218

aqueous ammoni a (solution pH ~ 9.5) and at the
concentrations needed to give the target Pt and Pd
catal yst | oading were inpregnated using a pore vol une
saturation nmethod onto the silica-alum na support. The
welsdinpriegnates wessy o mgdrat r257edRiif@r13hEs amds then
cal CI ned in air at 545 OF for 2 hrs . The catal ysts
RSte PHERat &St el FOI° ar drfmbi ¥5° sattitaticantacervi thress =
die gasy! tis/@re shews kor/f@bl e idisv Exanpl er 14 4y sy
Exanple Il illustrates the use of the cat al yst
conpositions described in Exanple I in the

ceargmmt nzat L9 &f . hydregasbon,d eedsiLels andops eSS ped

performance data for the catalysts. Wite G| Test :
Pelgtk e peavy hephttenildhwhitedblyentuM ldbs V@ 2751 nm
&Qcaiyf‘s@/‘a@hh%nt hd krelegh Gf?&gﬂﬂﬂﬂ% eRr §§Sterst2397a5s
psi g, H2/ 4600 SCF/bbl, LHSV = 0,96,
rﬁee%@ind@poTertfor Fegds= ?%rtcﬁnlpé*éﬁédrﬁl‘éﬁ Iqadtsé?d( NO&6OO
<§‘§t159pﬁ7hr<ﬁﬁpﬁﬁhbc§opylaﬁp Thé: @emﬁé/ atl@d was then
conditions: Press = tﬁ H2/ O | 2500 SCF/ bbl
1pgvred 300204 F 2@@@5095 alfiﬁsROdN@ttll@atPaneeCCa@tf& yst S
é“@ia%ﬂl%%%gt'é‘fot@stf ixedoheditrickl e phase reactor
wth SiCdiluent (1:2 vol/vol catalyst/diluent) and
treated under hydrogen at test gas rates and 300 OF

for 3 hrs . The t tur to 600 OF at 50
F/ hr and held for A Y eertin %esﬁﬁt s then

——Fovwﬂﬁai—tggiﬁﬁf%}F—be|Lu e—trhe—ntroduction—of —f 5§éS%TL%est
establ i shment of testing cgonditiang,.Jable2¢.| TESHTFLE gos

Results dijesel test| white|oil teStzpl dRsT & 80%omatics
Extrudate | wt% Pt | wt®% Pd | 0.5 cm cell conversion
Catalyst Al | A 0.3 0.5 0.092 350
Catalyst A2 | A 0.15 0.25 0.085 NA
Catalyst B B 0.3 1.0 0.40 390

The results presented in Table 2 show that the aromatics
hydrogenation catalyst prepared using the high macroporosity
support composition (i.e., Catalyst Al and Catalyst AZ2)
exhibited superior hydrogenation activity to that of the

catalyst using the conventional support.
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abs @275 nmaromati cs Extrudate wt% Pt wt% Pd 0.5 cm
cell conversion Catalyst Al A0 3 05 0.092 350

w@2d0ab3sr9 A 2 A 0 15 0 25 0. 085 NA Cat al yst B BCDUS2008/074218

0.40 390 The results presented in Table 2 show t hat

the aromati cs hydrogenati on catal yst prepared using

t he high macroporosity support conposition (i.e.,

Catalyst Al and Catal yst A2) exhibited superior

hydr ogenation activity tort hat @fsthe catal yst using

t he conventional support.CL AT MS1. A

conposition, conprising: a support conposition having

B, MGy QRARBSEE Yolf eah@rikhan : 51 % @b G0MPhbsENgion having

anmor phous silica-alumna. 2 . A conposition as recited

§ MEYTEPRr 2 S L T iheF e 1P s &Rd s appottd COHpESiSENEn2 AP us

esoparaskkysgreater than 30 %. 3 . A conposition as

recited in claiml1l or 2 , wherein the percentage of

the total pore volune of said support conposition

£gont ai RedpbBitisn BCHReRAkes NAVENG @ 1ROk cdbapelergin

the range of from 350 A to 2000 A is greater than 40 %

SURPOrtACOBRPOST M AES o BEFPRATP T Bh\WIeRE Sof T_ERI s © -

1-3, wherein the percentage of the total pore volune

of said support conposition contained in the

racr pGrERCRaAYI Py 3B pErce tafam®t eFa gt datoer 2t hdhe 5900 the

bS:d8i90LNBR 46 BoealAORPOSLLLON A% LBCLLEHoHA Ny

one of clainms 1-4, wherein the percentage of the total

ponesidligrecoft sl suppost neohpesicd devéoat ai peke i n
Siml Ler r ' p Lameteh af 1Le

%%ﬁk 'S ﬁgsgﬂghgﬁx%%%gygrgm.9%?6%nposf?§o% 5% ?%%%%%gthan

4t any one of clainms 1-5, wherein said anorphous

silica-alumna has an A/B ratio

4. A composition as recited in any one of claims 1-3,
wherein the percentage of the total pore volume of said
support composition contained in the macropores having a pore

diameter greater than 5000 A is less than 4%.

5. A composition as recited in any one of claims 1-4,
wherein the percentage of the total pore volume of said
support composition contained in the smaller pores having a

o)

pore diameter of less than 70 A is less than 10 %.

6. A composition as recited in any one of claims 1-5,
wherein said amorphous silica-alumina has an A/B ratio
exceeding 2.2 and wherein said amorphous silica-alumina
exhibits the characteristic of a strong aluminum NMR penta-
coordinated peak representing greater than 30% of the

aluminum of said amorphous silica-alumina.
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exceedi ng 2.2 and wherein said anor phous
silica-alumna exhibits the characteristic of a strong

wa@basnioensm NVR pent acoor di nat ed peak represent i PQI/US2008/074218

greater than 30% of the al um num of said anorphous
silica-alumna.7 . A conposition as recited in any one

of clains 1-6, wherein said anorphous silica-alum na

has a silica content in the range of from10 to 90

nei ght pepeent i @tk An-calidBunan COMNY efte 0¥ theinanges of
from10 to 90 wei ght percent. 8 ., A conposition as
WQﬁﬁﬁ%ﬁjSPﬁdaﬁ?O%ﬁﬁpQﬁ %ﬂléFﬁsaiuﬁin%Lﬂ%%1§rSééhﬁ?l%ﬁ?ﬁfnt in

b | adigegmeand-phatd numdbhatigre pesent ahd 88l Slunina
conmposition in anpbunts such that the melght rati o of

EPEfET &l pAP| BefUmalo-fprat it Auke i 0 e Pahge"of
from1:10 to 10:1. 9 . A conposition as recited in any
one of clains 1-8, wherein said anorphous

&i | i CacAI"BAPREI PR Pt epariéqby t Hey pHSswiinglaeRhot: //10.

fﬁﬁ@ﬂﬁp%b&b99s9§ f%%hh%%lbﬁ any §&B%ﬂﬂhnpkﬂbﬂsaﬂegbresent
wherein said noﬁ?e nmetal is present in sa

%%ﬁﬁﬁéﬁFp@ﬁoﬁhtﬁﬁ“dﬁb@ﬁpupﬁstﬁ@cﬁaﬁﬁﬁi6PefW@h9@¢(H?WMO of

ef@ﬂé%éé1Wba1%%aW&$LédB%r@%hQB& per centh beingebased- 9N 1:10
the total "weight of said conposition and cal cul ated as

‘&b efierdt-al metal . 11. A conposition as recited in any
one of clainms 1-10, wherein said conmposition has a
total surface area that is in the range of from 200
92/ grih IcOMBEO1 APy s I2CiAPr beedry fure Wdedgenatl oh of

AOMBL ¢S 5af 48, pearhont %ﬁ&'ﬂ%‘&s I‘Eagte@h%ﬁgb? the pH

concentration of aromati cs, erein said process
somer irsgdodeont acti ng sai d hydrocarbon feedst ock,
under suitable aromatics hydrogenation conditions,

Wi th the conposition of any one of clains 1 through
na., &n@owbebdthgnaﬂpn@dﬂ@&dhavim@yanmedﬁCedaam@nht9£s

vﬁk? rﬂt rs% dorqob}g’ me/_’\cathllgogrgge Rlarslaqgi %Bmsggf@lén in an

rogena
amount in the range of from 0.01 wt.% to 5 wt.% with the

weight percent being based on the total weight of said

composition and calculated as elemental metal.

11. A composition as recited in any one of claims 1-10,
wherein said composition has a total surface area that is in

the range of from 200 m”/gm to 350 m”/gm.

12. A process for hydrogenation of aromatics of a
hydrocarbon feedstock containing a concentration of
aromatics, wherein said process comprises: contacting said
hydrocarbon feedstock, under suitable aromatics hydrogenation
conditions, with the composition of any one of claims 1
through 11; and yielding a product having a reduced aromatics

concentration.
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catal yst, wherein said nethod conprises: preparing a
support conposition by agglonerating a m xture

W@ 09p2sing wat er and anor phous silica-al um naP@mntis2008/074218

drying the resulting aggl onerate; and incorporating
into said support conposition a noble nmetal selected
fromthe group consisting of platinum palladiumand a
combi nation thereof to thereby provide an inpregnated

BUPPOS tnc€BBROST th@dbarlidhg AnnBlbRs A% neeirbednanied ai m
13, further conprising: calcining said inpregnated
%ﬁﬁﬂﬁﬁ%?'cﬁﬁﬁéé%%l%ﬁ%q(Teﬁﬁ89e69m®¥ﬁﬁﬁﬁePﬁeP?ﬁéPg a support

EHMA M8 060BPOSEE T b ratingAl AL OB ¢y dE0g8NAL 40N ang
catal yst prepared by the nethod of any one of clains
q@pqgﬂqy@gﬁliaca alumina and drying the "resulting

agglomerate; and incorporating into said support composition
a noble metal selected from the group consisting of platinum,
palladium and a combination thereocf to thereby provide an

impregnated support composition.

14. A method as recited in claim 13, further comprising:
calcining said impregnated support composition to thereby

provide a final catalyst composition.

15. An aromatics hydrogenation catalyst prepared by the

method of any one of claims 13 through 14.
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