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HYDROGENATI ON OF AROVATI CS AND OLEFI NS USI NG

AVESOPOROUS CATALYST CROSS REFERENCE TO RELATED
WABRRIAFT ONS This application is a PCT/US2005/021152

continuation-in-part of copending U S. application

Serial No. 5 10/886,993 filed July 8, 2004, which is

herein incorporated by reference. BACKGROUND 1. Field

of the Invention 10 The present invention relates to a

process and catal yst for hydrogenating aromati cs and

olefins in h drocarbon streans r.ef but not

limted to, HYHPBENF @t@%&@@ﬁﬁ ground of

the Art 15 ":’-gh;:.n:u- A VAl 0 S Y

hydr ocar bon dlstlllates (e g., Jet fuel di esel fuel,

| ube base stocks, etc.) can be dlfflcult because of

the wide ERDS@BCEBEREM PORBIAESD HPRIMGATIONSC- and
pol ycyclic aromatics. Wiile dearonatization can

r eqbfhfs ol ﬁh@@&@rﬂnﬁa&@ﬂ i3t dUESTERNY, @%gﬁl%ti@ﬁ@&rial No.

nmost Iners, | can al so provide anC|

il omati.cs cont |nextr|cably
10&282%%‘3@3%%% 200F e th e PSB! B oA heasur e
of diesel fuel quality. The cetane nunber is highly
dependent upon the paraffinicity and saturation of the
hydr ocar bon nol ecul es, BaHeK@R& they are straight
chai n nol ecul es or have al kyl side chains attached to
1. r'i N@seld Af Wk Sivichtiat e stream conprising nostly aromatic

nol ecules with few or no al kyl side chains is

geng*fhg Hééerﬁfﬂl\%‘ﬁﬁﬁn FREBOR ;gpte!:ést; Hnd MQZQ&& Bydhb @lating

par nic streamis generally of higher cetane
aromatics and olefins in hydrocarbon streams, preferably, but not limited to, hydrocarbon

distillates.

2. Backeround of the Art

The removall of aromatics from various hydrocarbon distillates (e.g., jet fuel,
diesel fuel, lube base stocks, etc.) can be difficult because of the ‘wide variety of possible

mixes of monocyclic and polycyclic aromatics. While dearomatization can require a

. considerable capital investmient on the part of most refiners, it can also provide ancillary

benefits. Distillate aromatics content is inextricably related to the cetane number, the

primary measure of diesel fuel quality. The cetane number is highly dependent upon the

paraffinicity and saturation of the hydrocarbon molecules, and whether they are straight

chain molecules or have alkyl side chains attached to rings. A distillate stream

comprising mostly aromatic molecules with few or no alkyl side chains is generally of
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quality. Jet fuel quality is also dependent upon | ower
aromati cs content because of the aromati cs/snoke point

WO edoai@nshi p, Most jet fuels are limted by PCT/US2005/021152
specification to an aromatics content of 25 vol une
percent (max.). An increased demand for nore
paraffinic distillates is also the result of the
regul at ory..envir t Is

o Ry Sy A E B R AR e Rh 1 Ry WA, ctane
| egi sl ati on that ndat es substantial reductjo in

el ot BE LT DY SRR BN RO SR GERIegt Bocatlse of the
content. The current U.S. -Environnmental Protection

ardmeticsjstsyie polt celatfiowshipo Mot def dnels arelintifediby$petiBcation to an
aromatics content of diesel fuel to a maxi mum of 35

ard@h R oRRAEEITS vollvae Patcefitqrmaixd. di esel fuel
specification is 10-vol unme percent maxi num Many parts

ft . i j |
0 L e}gg ﬁ%%%ho%n%&%?ﬁofﬂ@:%nﬁ BRERRBONR. GRIrbR of the

" whi c ers to an upward shift of ‘

t di | f / Line. f tiq-al it h
el 3oL SO DRl STRE e Rt s o
ocyemaio ot T et taD S EE G UREEh Sy BB e

growth, efforts to conbat gl obal warm ng, and general
pademmsirds alooratitueintettf The ewasnt UhEnyponesaaial Pr@tq?gen Agency
t hese demands will be to shift the use of |ower
spadid@ichtion fopaRsd dadlilngtsctht ajognatiog eibdnt ve didbed Sedl t6 ai@laximum of
This will result in the increased necessity of
3ESHinE ?Efcéﬁt R ol BAl R bl §lekiPRati FHONA B oluhHBerb@f d
for nore paraffinic distillates |eads to harsher
reaction conditions for the conventional hydrogenation
‘catal yst such as cobalt,

Many parts of the world are experiencing a phenomenon called "dieselization,”"
which refers to an upward shift of the diesel fuel/gasoline fuel demand ratio along with a
general increase in the demand for fuel. Worldwide diesel fuel demand is projected to
double between the years 2000 and 2010, partly in response to economic growth, efforts
to combat global warming, and genéral demands for fuel efficiency. One approach to
meet these demands will be to shift the use of lower quality home heating oil to
automotive diesel fuel. This will result in the increased necessity of desulfurization and
dearomatization.

However, the need for more parafﬁnici distillates leads to harsher reaction
conditions for the conventional hydrogenation metal catalyst such as cobalt,
molybdenum, nickel and ﬁmgsten. In recent years, the use of mixed noble metals on a

support or zeolite has proven to yield a highly active dearomatization catalyst.

.
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nol ybdenum ni ckel and tungsten. In recent years, the

use of m xed noble netals on a support or zeolite has
w@e@somosd yield a highly active dearomati zat i BOT/US2005/021152

catalyst. SI.U S. 5,151,172 to Kukes et al. discloses

a process for the hydrogenation of distillate

Feedst ocks over a catal yst conprising a conbination of

P21 ) 20 Bl DU OBsRRE T ke RSBl
AR L RTCIIE Nt —

and pl ati numon a support of zeolite Y with about 1.5
o Zgptite (abowprdgnite)uppeddi um U, S. 5, 346, 612 to Kukes

et al. disclose a process using a conbination of ‘

pal I8 s Asab tplkatken ehalodiselogr alprdogsdofet thediydppehatidd. &

5,451,312 to Apelian et al. discloses platinum and
it bR BvE JRRBARACOMDrisiBE ¥ b ' i
& Wweﬁ.déflahe use of ?sﬁeeﬂn%so%%%ou?b{sﬂggg%ﬁﬂﬁgg{/%adItﬂﬁtemum
on 3N ARG, Bliic PN MBS Sbd BNBLRT: d LB LBALANS via a

Si g Icantly 1arger pore system wever, alt hough

t he S [ ort pr.ovjdes better, nol ecyl ar,

accdls astpdnpia Rk o A ERElose s prosss tsipgserbipSion of
crystalline mesoporous material is neverthel ess
pallatcﬁim@@dm@@am@n@fzeph@ hesasupporti nt er connectivity of

the pores. Furthernore, only a linmted variation of

t he 108 345 13ledo iApelibe efcalydibclbies patimes @po pallaiisi @poy t

IS possible wi thout disturbing the crystalline

meRbpiteh tBs@llink REpDRACH-4 VW ahe 43 of Wﬁ%&g%roﬂs Supp 0(1)1‘._f provides

mesopor ous catalyst system that provides syste

thehz.{dg;%t%gé.e %ré@%@ﬂ%ﬁ%}sﬁﬁangﬁ\?ﬁ Q{a .18nmg 59 ;gﬁﬁtaﬁﬂf ia%gé p%peagystem.

are se e range, a

However, although the mesoporous support provides better molecular access as
compared with the zeolitic system, the crystalline mesoporous material is nevertheless
Iimited because of the lack of interconnectivity of the pores. Furthermore, only a limited
variation of the oxide used in the crystalline mesoporous support is poséible without
disturbing tﬁe crystalline structure of the support.

What is needed is a mesoporous catalyst system that provides a system of highly
interconnected mesopores having pore sizes that are selectable within a wide range, and

having greater flexibility in choosing the inorganic oxide components of the structure.

SUMMARY OF THE INVENTION
A process for the hydrogenation of a hydrocarbon feed containing unsaturated
components is provided herein. The process comprises providing a catalyst including at

n
-5-



havi ng greater flexibility in choosing the inorganic
oxi de conponents of the structure. SUMVARY OF THE
WO DMERTAOEN A process for the hydrogenati on of BCT/US2005/021152
hydr ocarbon feed contai ni ng unsat urated conponents is
provi ded herein. The process conprises providing a
catal yst including atleast one Goup VIH netal on a
noncrystal | i ne, mesoporous inorganic oxide support
16%9%@0&1@ Yikmetabon ¢ aprarestygBre apfsoparoey inorgasistazdtie support
nmesopor es based upon nesopores and m cropores, a BET
hayingfz deasteht/esnlnbie péretre dstercafiibctid/ryesapsteabpet @pyOndreodss and
at least 0.3 cnB/g; and, contacting the hydrocarbon
mfc%ﬁ)rééﬂ 4 BETrpaend o 4t 'F@a_sp!(fé)srﬁh% en®h Réﬁ:‘ Vh1eRE BF ¥3ast 0.3

under hydrogenation reaction conditio The present
i3 i . OV | vst ..system.t hat.
o S B R TR PO MR SR B 1 Bl M
Vi n re sizes that are tunable within a w de
5 ca%iﬁ@%‘?degﬁ?ﬁd%ﬂg‘?ﬂa R GRESemFondfHOBs hi ity in choosing the
i norgani c oxi de conponents of the structure. Moreover,
t he ﬁ»&@r@ﬁmdﬂvqm@n PFRVédRsiagnesabTons catayst ishisteni thperaviidas a
of a zeolite within the nmesoporous matrix, which

systemgnif highfininteycoan baed mesdpoeesdaemg potasitdiehgnmd unghly sttdin a
zeolite. DETAI LED DESCRI PTI ON OF PREFERRED

wilit MnBORLWYENTG Shrehitr Flek VAP SHboRhe YhlRSroAn ! XERSSrd8hents of

the saturation (hydrogenation) of "a distillate

th%%{g#cﬁégr%gﬁfva? ﬂfetsg%rsnfﬁ%%#gé | g)aaa?jlgg;@gérctﬁe ﬁﬁ%é{g{% of a zeolite

a cat In nore-

.netals on a catalyst support that provides a reductiaon
10 wifls franqiradioti atel BBRBoHGHcenhoractdha seseio thrmal
ot her petrol eum streans can benefit fromthis
crystiy 8eplitdn, the preferred

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S)
This invent.ion provides a process for the saturafcion (hydrogenation) of a distillate
15 hydrocarbon feedstock containing aromatics and/or olefins with a catalyst including one
or more noble metals on a catalyst support that provides a reduction of the unsaturated
components in the feedstock.
While other petroleum streams can benefit from this invention, the preferred
distillate hydrocarbon feedstock processed in the present invention can be any refinery
20  stream boiling in a range from about 150°F (66°C) to about 700°F (371°C), preferably
300°F (149 °C) to about 700°F (371°C), and more preferably between about 350°F

(177°C) and about 700°F (371°C).
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di stillate hydrocarbon feedstock processed in the
present invention can be any refinery streamboiling

w0 nooa/ot@ege from about 15CQ0F (66C) to about 70PET/S2005/021152
0C), preferably 3000F (149 0C) to about 7000F (371C),
and nore preferably between about 3500F (1770C) and
about 7000F (371 0C). A feature of the present

invention is Fhe ability to, process hydrocarbon feeds

havi %g%emt & PESS P RTEBLIR 1s (heebiliyyp Byoages yidrocathen feeds

50% by wei ght over 70% b y weight, even up to 80% by -

hayengyrromanp eorfints iof butreObilyolr weighty omerf 508615 ockehe aver 70% by
conprise high and low sulfur virgin distillates

wetizhi, weeh dp 0r80% bh-wegld. | ow- sul fur crudes, coker
distillates, catalytic cracker |ight and heavy

cat afid disieehfaBbhBon Ko AAKELoLSL] ﬁ;}%@gﬁé T virgin

distillate boiling range products from ocra
. r, T hydr ot.reat er and resi d_hydrotreater
i ieliges E@ﬁ%ﬁ% R Cgrﬁ‘?esa eﬁé‘ééﬁ“&%ﬁ%ﬁﬁwp gracker
liéi%dcg oils are the mpst .highly aromatic feedstock
ApGReATY SetabdicqvRly cils, virhgerkakdisibilateyangedisiiitate Riillyg range
The majority of cycle oil aromatics are present as

prodirsairomayitasrahdr, FCCordiGE faed hyiltotreates amd desid hyorotiegr

present as tri-aromatics. Virgin stocks such as high

facifitled. c@ermtlfyt)thovighg batl KHaS bAthigtio Byclk 8ild 8¢8ke haBst highl -
aromati cs content rangi ng as ighyas 20% bye we? é’ﬁ%hyammaﬁc

fe@sRRR Cb&PohdnkdranFNEY Iﬁ%ﬂa%si’ ﬁd"/@ By %32%&2@)]%@. %%P #I?a?%ﬁg fgf Bycle

conbi ned” hydr ogenat’i on ity

A Q 0 wei ght to abqut 80% b i ght, nore
oit { BTRARUE ot b MO o e ek e o gortion

vvei%lgt ,, and nost typically fromabout 20% by wei ght to
PIERGBAS BRI SRei ght . In a distillate hydrogenation

facility it is 1%ene!ral ly nore profitable to process
f eedSiH Kieckswuch as high and low sulfur virgin distillates are lower in aromatics

content ranging as high as 20% by weight aromatics (FIA). Generally, 'the aromatics
contlent ofa combiqed hydrogenétion facility feedstock will range from about 5% by
weight to about 80% by weight, more typically from about 10% by weight to about 70%
by weight, and most typically from about 20% by weight to about 60% by weight. In a
distillate hydrogenation facility it is generally more profitable to process feedstocks in
order of highest aromaticity since catalytic processes often proceed to equilibrium
product aromatics concentrations at sufficiently low space velocity.

The distillate hydrocarbon feedstock sulfur concentration is generally a function
of the high and low sulfur crude mix, the hydroprocessing capability of a refinery per
barrel of crude capacity, and the alternative dispositions of distillate feedstock
components. The higher sulfur distillate feedstock components are generally coker

5.
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order of highest aromaticity since catal ytic processes

of ten proceed to equilibrium product aronatics
w@omesnsat i ons at sufficiently | ow space vel oRCT/YPS20051621152

di stillate hydrocarbon feedstock sul fur concentration

is generally a function of the high and | ow sul fur

crude mx, the hydroprocessing capability of a

refinery per barrel of crude capacit and t he
disgilleter visbresieer dissiflaisr.tang satalytic gyele pilp.alkese distifiaigdredstock

conmponents. The higher sulfur distillate feedstock
compopmetihhage eotgatiiesgenlcyneaketidisstndih@sehi gl nspd@ ke, but

distillates, and catal ytic cycle oils. These

gzl Johat goheasst Q?iﬁn(%@%kﬁﬁ%@ﬁ p&an have total
mtrogen concentrations rangi ng as high as 2,000 ppm

but t

e NN Gy R R G

[ nvent| on are hydrocarbon fractions_ in the jet fuel
fragliensdp gt fogbindgbesel frgl paifrsrapee a5 hLHGE. TWEﬁal: gpmatic

aromati ¢ conpounds contained in the feedstocks include
compmmdaicomainied in the-fegdatvakd mcludethonpiaasmoati diearematic, and tri-

particularly those normally boiling bel ow about 343C.

am%%ﬁ@? ﬁﬁl&iﬂ@ﬁ%ﬂo‘é&xaﬁ@%ﬁhaEéiobvrthﬂteSLﬂ‘Se@ dst 2K Ss of aromatics

I nclu nmono-"aromati cs such as al kyl benzenes,

| nda di na y4
B Bl el RS AP RS SRS penenes
fI uor enes,- and tri - ar omat i cs. such .as enant nes .and
indaps{FrRERHG-FRsRighens F%ﬁ@%halr@@aw%w@ %meﬂ?ﬁ&s Piphenyls
substantial proportion of poly-aronmatics are preferred
and fluerenesygnd wi-a06atied syich apphanenthreves amknapbpbé¢nanthoenss i Ahough
in such feedstocks can be conprised of polyaromatics),
feedsteEMEBORtYNIRE @CaGstial mepation b polytdiemativeand preferred (i.e., up to
contains a substantial proportion of nono-aromatics

10@%;& g@ﬂc@ﬁt' of BhVioR Bl omBEORQNER BRAIADCIRYY b E&E{Bﬁééasof poly-
o-aromati c content of the total aromatics in

arotrrt]a 1cs)eaet ggﬁ]?f?olfm'/ Erogesggd %egdsgo £ ele fngghqlo% contains a substantial

proportion of mono-aromatics and a relatively small proportion of polyaromatics. The
mono-aromatic content of the total aromatics in the feedstock is usually greater than 50
weight percent. For use herein, typical hydrocarbon distillate fractions, or mixtures
thereof, contain at least about 10 volume percent of aromatic hydrocarbon compounds.
The most highly preferred feedstock process in the present invention is a diesel fuel
feedstock containing at least 10, often at least 20, and commonly more than 30 volume
percent of aromatic containing compounds, with typical ranges frofn about 10 to about 80

and often about 20 to 50 volume percent. The maximum benefit of the process of the
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wei ght percent. For use herein, typical hydrocarbon
distillate fractions, or m xtures thereof, contain at

wo e@sti@bout 10 vol une percent of aromati c hydPOU/ER1MOFI021152
conmpounds. The nost highly preferred feedstock process
in the present invention is a diesel fuel feedstock
containing at |east 10, often at |east 20, and
commonl y, nmore than 30, vol ume percent of aronmatjc

Pressht BV entiog 16 avhipoieA as ,hlgﬁ@f sprcGTatians plihg awmatishinhs deedstock
10 to about 80 and often about 20 to 50 vol une

argpeatored willvat sobsiantizhchaskiafy ¢f tofnochdicoronatss. of
t hepresent invention is achi eved as higher

C oncRisthé@tpreagedfeelidficekesrebiph&Ss hytirédaebdne edhibeiekntaifosity.
saturated w thout substantial cracking of honocyclic

T}ﬁ;@gg%g%ﬁgggyag%%@fearoﬁl?m%%ﬂa%p&%mem&s Shetic

ubricant viscosity. e upgr adi'ng

rocess be carr.i.ed ou i fh m.neral, il lubricants
by oG R ey s B oR P heaires [ BpfhmaAdin ol
al pha-olefins ("PAQ') materials are exenplified, both :
exewhliBer: betraonyssionpyre BALs Aranaraddising Hrigdelderatistyre aatalysts as
type catalysts as well as the HVI-PAO material s
wepl azdhe B IPA O gnageriagoro duteGrusing . atbBice CGroyb VIBY Crydia W) metal
oxi de catal yst. The mneral oil l|ubricants nmay
ox@RNefs¢ty be characterized as having a m ninum boiling
poi nt of at |east 6500F (343 0C); and usually they

o TR bk e SRR Sp PO W
bofiEbada By RG LS St Gl BrScaLDS oras e Splate
stocks of this kind have historically been prepared by

stdchewithn\asht baitiag poiaf ofmatgnqre deasid50hy.qbe64 although residunal lube
at nrospheric and vacuumdi stillation of a crude of

stozkb IsBEH & U RSk, il aldcPhd QMRS BYthe 85mY @étal?ﬁc process. Mineral
unde3|rable aromati ¢ conponents via solvent extraction
oil'k2d R of'this kind have historically been prepared by the conventional refining
process involving atmospheric and vacuum distillation of a crude of suitable composition,
followed by removal of undesirable aromatic components via solvent extraction using a
solvent such as phenol, furfural or N,N-dimethylformamide (“DMF”). Dewaxing to the
desired product pour point may be carried out using either solvent dewaxing or catalytic
dewaxing techniques (or a combination thereof), and it is particularly preferred that a
hydrogenative treatment according to the present invention should follow any catalytic

dewaxing treatment in order to saturate lube boiling range olefins which may be

produced during the catalytic dewaxing process.
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sol vent such as phenol, furfural or
N, N- di net hyl f ormam de ("DMF"). Dewaxing to the desired
w@e@dootdepour point may be carried out using ePCTE82005/021152
sol vent dewaxi ng or catal ytic dewaxi ng techni ques (or
a conbination thereof), and it is particularly
preferred that a hydrogenative treatnent according to
the present invention should follow any catal ytic
dewdYinstal pilstockeran 3lse b rreparedby eatelyae gy e%récl%g |'Whegein the
range ol efins which nmay be produced during the
uneadadriytl) 1d gl Buwing hgdrpeabeas sirdemeral anitle vedxydiise mn. Shissequent
be prepared by catal ytic hydrocracking, wherein the
to WRCIAAYSErh@She o8 kRl ube@tohwsr@s@g 1l th ABWhERE WRE as

the vvaxy Iube base. Subsequent to e hydrocracking

B R B R i R
EET A Pt e e

t he feedst ock is inadequate for _ conventional |ube
ingsiegeas Sirrngmomtinheliukze tredssivg of wiben phighuch lubeprodyefiip eguired.
The present process is also applicable to the '
hy drigeiredehmotdse ataigndpplitatdy ot the hjzdro geuiatiiz@ frtatmgniool synthetic
especially the poly al pha-olefins ("PAGs") including
1u6ﬁ&t]h§/bl15/é§ﬁécm§ tﬁ%cﬁfy laBhg-oleke %@Aozp? SnoPidihte VNP AO type

nay e produced by pol ynerlzatlon or oligonerization

BB R Bl Sty ansabym rom
iAo MR e o

may be prepared by the nethods descrl bed in U
triflu@2de, @éwrayy trifingdde orapleissi vg. Fithawikieldver elkpm\lﬁ gr esters in the
net al oxide catalyst, normally chrom umon silica. The

' cohMéntiBA&) mminer. iThk STVIARA Odepé btz aghmey be beepated bywhe glsthods

versions prepared by the use of |ower oligonerization
deb@TRRENAT. @827a%4 or 4,827,073, using a reduced Group VIB metal oxide

catalyst, normally chromium on silica. The HVI-PAO materials include the higher
molecular weight versions prepared by the use of lower oligomerization temperatures, as
disclosed in U.S. 5,012,020. The HVI-PAO materials are characterizeci by a branch ratio
below 0.19 which results from the use of the utiique reduced metal oxide catalyst during
the oligomerization process.

The lubricant materials are subjected to the hydrogenative treatment in the
presence of a catalyst that comprises a metal component for hydrogenation together with
the inventive mesoporous material and, optionally, a binder.

The hydrogenation reaction is carried out under conventional conditions with

temperatures from about 100° to about 700°F and preferably in the range of 150° to

8-
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disclosed in U S. 5,012,020. The HVI-PAO materials are
characterized by a branch ratio bel ow 0.19 which

wo e@dloi@et rom t he use of the uni que reduced nepel/US2008621152
catal yst during the oligonerization process. The
| ubricant materials are subjected to the hydrogenative
treatnment in the presence of a catal yst t hat conpri ses

a et al corrponent 0 en ti o r W|t t.he
507y PG ETIRES GBI M @}ﬁ?%ﬁ b by
bi nder. The hydrogenat| on reaction is carrl ed out
patiiatipressonmenvenma tocboidi2, I itrermalywilbbafres Fopsi 00 to
about 100 to about 7000F and preferably in the range

1506 pdiSAy&0280Eircul iitniveds ageypitalyiinekessabl thatregeired
super at nospheric conditions and hydrogen parti al

I
sto@ﬁll%ﬁﬁﬂjic% lp%rfrr] %ﬁfgﬁ %tU g%ﬂdx‘é’{ng@ls i p]??:@ 29@%rt§gg%(ﬁﬁ stRhioYnetric

xRS et A Enelts NPy Selh T BREERa bRy of e

ranging from 200%to 5000% OChI o tric

hydseeen teerigHodiecr BPIGHY inthsrareet &d rl 0y, sgally from 1
maxi m ze the purity of the hydrogen. Space velocities

to LAV PTheairdductsofithehydargpoatidn Badtiondiaye a layslegras abspturation
from1l to 3 LHSV. The products of the hydrogenation

cofi@a&itivath hanedd ghitiivel egiternofnnsatiseahydocausiubtiemt feeds
wi th the hydrogenative treatnment in nost cases

g a%a%iéﬁ u}xgb@f g&ag}e thg;?ggérsl gggfdaessed Qé&mlﬂgtopmg‘afamod of the

ater accor di ng to

A RS S B e

Where the particul ar hydroprocessing facility is a
thanwo- st age process, the first stage i s often designed

to desul furize and denitrogenate, and the second stage
i s débdrg Heparticular hydroprocessing facility is a two-stage process, the

stage is often designed to desulfurize and denitrogenate, and the second stage is designed
to dearomatize. Ini these operations, the feedstocks entering the dearomatization stage are
substantially lower in nitrogen and sulfur content and can be lower in aromatics content
than the feedstocks entering the hydroprocessing facility.

The hydrogenation process of the present invention generally begins with a
distillate feedstock-preheating step. The feedstock is preheated in feed/effluent heat
exchangers prior to entering a furnace for final preheating to a targeted reaction zone inlet
temperature. The feedstock can be contacted with a hydrogen stream prior to, during,
and/or after preheating. The hydrogen-containing stream can also be added in the
hydrogenation reaction zone of a single-stage hydrogenation process or in either the first

or second stage of a two-stage hydrogenation process.

-9-
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to dearomati ze. In these operations, the feedstocks
entering the dearomati zati on stage are substantially

WO owe/014967 ni t r ogen and sul fur content and can PET/USX5/021152
in aromatics content than the feedstocks entering the
hydr oprocessing facility. The hydrogenation process of
the present invention generally begins vvi th a

distillate feedstock-preheatjng ste st ock .i.s
pr e HBa{XEroBen FlEsasy rvlie an I?Ydé%&ené)ié’ﬁ%h aﬁfnﬂ?‘ﬁ% diltents

entering a furnace for final preheatlng to a tar ted
sucteasdtyidomrarhon ecardremonestifie cabom dioxKiseniross MK,
contacted with a hydrogen stream prior to, during,

coﬁ?gﬁxﬁfs, AR 1iRE. eNRehydiggen Ehearh pdiinodoulddrtanisaidout 50% by
stream can al so be added in the hydrogenati on reaction

vo@?xgﬁgfra Q %ﬂ@%&ﬁ Legsst By ancgﬁ egf%r@tmﬁ&n@h?&-s 86, @hd bidre

Irst or seco st age of a two-St age

L nggl}ﬁ 2990 LY B3N CH RN b

hydr ocar bon, carbon nono carb n.di oxi
sumliedSigeha TOER Plag £ Gpt ﬁﬁeéawagg iy ar o
hydrogen stream purity should be at |east about 50% by
prodocingerépedieegen, preferably at | east about 65% by
vol unme. hydrogen, and nore preferably at |east about

7597ty raseliciBodtycdn @@ esistfd onbeshoreeedived rédptrogemainiag the
be supplied froma hydrogen plant, a catalytic

sath€ bPEHeAGt Eﬁ&lgkﬂst Y ota RS des Y @ME@H@E@QH &if}0at least one fixed
processes reaction zone can consi st of one or

e e T SR
eI TIoR th R RS e LD GRRRFS . PIRA A -

fixed bed reactor for dearomatization. A f i xed bed
Opteasity theoffflaent of npe fisebbed gah be apoley beforeitsedijestedsaigs
subsequent fixed bed. The.plurality of catalyst beds in a single fixed bed reactor can also
comprise the same or different catalysts. Where the catalysts are different in a multi-bed
fixed bed reactor, the initial bed or beds ere generally for desulfurization and
denitrogenation, and subsequent beds are for dearomatization. When a multi-reactor
system is employed, the interreactor gas nndergoes a hot “strip” to remove HpS and NH;.
These first-stage product gases can cause reaction inhibition and, more importantly, can
poison the noble metal(s) on the dearomatization catalysts.

Since the hydrogenation reaction is generally exothermic, interstage cooling, via

hydrogen injection can be employed. Other methods, including interstage heat transfer,

can be employed. Two-stage processes can provide reduced temperature exotherms per

-10-



10

15

20

Optionally, the effluent of one fixed bed can be

cooled before it is directed into a subsequent fixed
whews/0Tdee7 pl urality of catal yst beds in a si ngP€r/ib2008021152

bed reactor can al so conprise the sane or different

catal ysts. Wiere the catalysts are different in a

mul ti-bed fixed bed reactor, the initial bed or beds

are er for desulf atl on and denitr. ation,
o S5 Sepretice e A e SR BAR S it [PREAOT Safety
rrul ti-reactor systemis enployed, the interreactor gas
and wtimgbestalyst hificiensy epplonggvibenove  H2S and NH3. These
first-stage product gases can cause reaction
i nhiThetréation aehe effinentiinparctalytcoyled cad thoe&imant dreamablizected
netal (s) on the dearomatization catal ysts. Since the

to DS LAENRRE RN, FEAGH 8P hyémgaﬁ e dAPROSMBISTE ﬁmamme scrubber,
I nt'erstage cooling, via y rogen |nject|on can be

Tht%'lr-gz% é%/ & o0 g%lgd%&h%@ %d_l{] %}1&' e I ggelg LAES LRRGEA 2 refinery

can nmpl o pr OCESSGS can

praovid red ed te rature exaot her er or shel | .
bYRIGET SUPHEE BEFTOrCI5g d9EIIEeh BACIFC YAoK T 5 Process while
control, inportant for safety and optinmal catalyst
somffolf meéﬁ'dgngam danl bnepsoadey torether tege démanding ey dseprocrsaing iugits
generally cooled, and the effluent streamis directed
(e-&9 nq;mlma'ematmsﬁ,mripmegdddo eeemabsyisteensiydii agglant ddrefinery fuel.
exanple of this is an am ne scrubber. The H2S i s sent

Th%%y%%er?ﬂﬁrfgb' Fatf BCEHRrbnHldd to Enthie Iﬂﬁmbﬁl H’Jdtré‘ébn purity and

| eCted as a refinery byproduct. Sone of

rewq%ﬁgﬁ%e%dﬁaw%ﬁ Ao
ess .denmandin ydro roce S|n units (e. napht ha .
WIBw SREAD gﬂ)ﬁogﬂb Angh 6‘?‘@188 off it fedirpcess §y§?fé1?ﬁ§ egaion. One
plant or refinery fuel. The hydrogen purge rate is
prefeweddispsition|siraigey of theilaw aurtehydregemisiorgpastdn fnsidrggen
and renove hydrogen sul fide. Recycled hydrogen is
plage vwp awhare an apsceiss ecgovstspphebmetiiecitydrogen upstream of the hydrogen

unit.

The separator device liquid effluent can then be processed in a stripper device
where light hydrocarbons can be removed and directed to more appropriate hydrocarbon
pools. The stripper liquid effluent product is then generally conveyed to blending
facilities for production of finished distillate products..

Operating conditions to be used in the hydroprocessing step of the present
invention include an average reaction zone temperature of from about 300°F (150°C) to
about 750°F (400°C), preferably from about 500°F (260°C) to about 650°F (343°C), and

most preferably from about 525°F (275°C) to about 625°F (330°C) for best results.
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wi th "make-up" hydrogen, and reinjected into the
process for further hydrogenation. One preferred
WwWele@posiosT on strategy of the |ow purity hydr ogeeT/US2008021152
go back to the hydrogen plant |oop, where an absorber
recovers nuch of the hydrogen upstream of the hydrogen
unit. The separator device liquid effluent can then be
processed in a stripper device where |ight. )
Rehgtinderaperengesdmirvh epeTpgedan AePuliin &ep ededtiye hyfdogenation.
appropriate hydrocarbon pools. The stripper liquid
ExeddsiveBriiplptenthsedtures carhemnsgibn praukssyto cearh @ytheimodynamic aromatic
bl ending facilities for production of finished
recddcBbi i@t BoREQENRE BiydroCRaekiak | JABhIEP Aeickivaits, led ReredSshergy
In the hydroprocessing step of the present invention
i.hcl ude an average reaction zone tenperature of from

GO%ﬁ)‘out 3000F (1500C) to about 7500F (4000C), preferably

from about 5000F (2600C) to about. 6500 43 and

most pPEICERABI e }P‘%Eﬁﬁf Gio hm%mgéa? ’fes»%%%ﬂne hydrogen

625F (3300C) for best results.Reaction tenperatures
patiiel pessutrsgengingfem abant 2W0nsi to abaui 860 peifaete preferably from

hydr ogenati on. Excessively high tenperatures can cause

ab& S0P peicte sBotitd ,308asl) aad hivet prefiyavdyrfromeabonad(cpsi to about 1,200
reduction limt, non-selective hydrocracki ng, catalyst

psiBRBLst MAHHO My dBdien cRETIBASErafs QEAM allPinge frdfFadOSEESCE/Bbl
of the present invention generally operates at

o 3SR SERm SR8 Baibsh 20GoSCEnn) Leamhpos e

pSi psi’, nore preferably from

SCEIGH! o502t 0, AU SO0 1 L L PR s

results. Hydrogen circulation rates generally range . _.
Réactien pisstnres500 hdmesp Firewatenaaies bolopObessarmgsp can result in higher
preferably fromabout 2,000 SCF/ Bbl to about 15,000
catalyst deactivation rates as well as in less effective desulfurization, denitrogenation, and

dearomatization. Excessively high reaction pressures increase energy and equipment
costs and provide diminishing marginal benefits.

The process of the present invention generally operates at a liquid hburly space
velocity of from about 0.2 hr! to about 10.0 hr'?, preferably from about 0.5 hr' to about
3.0 br’', and most preferably from about 1.0 hr! to about 2.0 hr™ for best results.
Excessively high space ;velocities can result in reduced overali hydrogenation.

The catalyst support, denoted as TUD-1, is a three-dimensional noncrystalline,
mes5porous inorganic oxide material containing atvleast 97 volume percent
interconnected mesopores (i.e., no more than 3 volume percent micropores) based on
micropores and mesopores of the organic oxide material, and generally at least 98 volume
percent mesopores. A method for making a preferred porous catalyst support is

-12-
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SCF/ Bbl, and nost preferably from about 3,000 to about
13,000 SCF/ Bbl for best results. Reaction pressures
wap@eloyedsbgen circul ation rates bel ow t hese r aPgEESA021152
result in higher catal yst deactivation rates as well
as in |less effective desulfurization, denitrogenation,
and dearomati zati on. Excessively high reaction
pressures increase ener and . equi pnent, cost.s, and
degpribed treUd. rﬂatﬂntNOn@%ﬁaﬁ%/ 374 U%@a@m applicatioa Ssriakblesl 57 64,797
the present invention generally operates at a liquid
FlE0HnyryDBa 604 €MsthddF oo MAkingiVaboprows & GumiinedoMamporous and
10.0 hr 1 , preferably fromabout 0.5 hr 1 to about

'MI%B(%)O us Iﬁ@r R8s Pbehr HHidh 4k Qﬁﬂeﬁb@bl&rpéra&df‘dy dfdrénce.

1 for bést results. ExceSS|ver hi gh

pace veIOC|t|e :
Trg PP Ged stk 835 P bETHLe ésau&é%or ] ﬁgggﬁﬁt eﬁb Nepgrosimetry
is a three-di nensi on non orous
v SO0 4 TR AR A G i gtesqpea P e
percent interconnected nesoporestg ., ho nmore than
prefukediy fratiogatminiee of(d) e pjecaget P T B A I0AHRIeT and @
nesopores of the organic oxide material, and generally
drasdre F8rmvink ubEnt pes eenain wrpoemture for aacamtﬂmadloﬂ@rf time.
%lng a preferred porous catal yst support isdescribed

A A202866hbiS: Patet Al and Py Weadon@ftised of
Ser ﬁh\s‘ %ﬁga%%%?% fi Iy:;d 3aﬂ%ary 26, 20aCI)14 (" Met hod[5hse 0

F Mak ar.
Onf?/l%% pgﬁ%ing)g%a'\ﬁi gﬁg%sgs{dgh %(m 20, ﬂ&g VRS TS c%é Bflth or without
R AI AR e A é%%%ﬁ?fﬁgreaﬂaea yfxpswfﬁoms such

ver ag
N2- por osi nmetry ragges fromabout 2 nmto about 25 nna.
as Gamainain, fitanive vanabyo, 2EeniL Lg RIS TEAIRHESE- L5y elyardym.
by heating a mixture of (1) a precursor of the
mbBAGaR, @idkel, debdlnendaiorrand aindlike?) Praferabiy dird iporganic oxide is
pore-form ng agent at a certain tenperature for a

sefeBfch & din BRI drBfh 8dnsistif®of silica, alumina, silica-alumina, titania, zirconia,

magnesia, and combinations thereof. The additional metals may optionally be
incorporated into the material prior to initiating the process for producing a structure that
contains mesopores. Also, after preparation of the material, cations in the system may
optionally be replaced with other ions such as those of an alkali metal (e.g., sodium,
potassium, lithium, etc.). The alkali cations can titrate any residual acidity that is present
in the TUD-1, especially when in the Al-TUD-1 or Al-Si-TUD-1 form. Residual acidity
can cause unwanted cracking reactions and thereby lower overall, liquid product yield.
The mesoporous catalyst support is a noncrystalline material (i.e., no crystallinity
is observed by presently available X-ray diffraction fechniques). The d spacing of the
mesopores is preferably from about 3 im to about 30 nm. The surface area of the catalyst

13-
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The starting material is generally an anorphous

materi al and may be conprised of one or nore inorganic
w@00d08696TCch as silicon oxide or al um num oxi deCTAR1005/021152

or without additional netal oxides. The silicon atons

may be replaced in part by netal atons such as

al um num titanium, vanadium zirconium gallium

manganese, zinc, chrom um_ nol ybdenum, nickel, cobalt
supprtt b dateraminkd hieBET KN2) ipeideest abrug 300 me/s #dmyalsradhosepges from

is selected fromthe group consisting of silica,
ab8tA0NaY/g & Aicue1200m?/8a The Edtalystapora volomeiinat lemyaiesit 8,3 cm’/g

and conbi nati ons thereof. The additional netals may
anfREBABY o R il QARG RDLhE2ERPRIT Al prior Lo

rnitrating e process for producing a structure that

cont.ai NS _NMesopares. S f I '

nat eT'1°a1 &° Y ORE |hP eﬁ%g%séae%y%%r?%ﬂ%m%%%e ways can

replaced with other iqQns such as. those.of an alkali..
beyASETIG €11 WO SP ARCBBE ST nRInE THETALS e poRemipyRides: (1)

al kali cations can titrate any residual acidity that, ‘
orgaipreyeining precthzors; U (2) ieergadt ardcyrsaret tha fiffh gase the morganic

Al -TUD-1 or Al-Si-TUD-I form Residual acidity can
oxERUSEctitsirRah BEEferbblgiieng alleanieianmgalesirdddemdints sdouwed from

overall, liquid product yield. The nesoporous catal yst

siIRBRPAnir Sy, JitARRG! Yathdhuhl, ReciRif! paliuh! mSagan®@, zinc, chromium,

crystallinity is observed by presently avail abie X-ray

iffractio hni . paci 01
mvaipire st SRUMAIRY R efetpSERrY i bibE such opjetractiy
nm_The surface area of the % t al.yst support. as .
orheriliEfe {REOBY OBET ORI SPUes 0! ALTETITOBRE Sue S PP g
preferably ranges from about 400 n2/g to about 1200
isarRerpxideh LEQS ahg slumpmme isppropasidp sresgonimagisially prajiablp om
cnB/g and preferably ranges fromabout 0.4 cm/g to

kne®@Uipglieds.cm /9. There are many ways to prepare the
catal yst support, TUD-1, but these ways can be

?rla ?Zﬁlef a;?}g 91; {fh@itsglcl)l?ﬂgsg #lt %f@%%bg;gﬁgﬁ Ql()cak)& 0. OBBorslIg! the Agueous
solution can contain other metal ions such as those indicated above. After stirring, an
organic mesopore-forming agent which binds to the silica (or other inorganic oxide)
species by hydrogen bonding is added and mixed into the aqueous solution. The organic
pore-forming agent is preferably a glycol (a compound that includes two or more
hydroxyl groups), such as glycerol, diethylene glycol, triethylene glycol, tetracthylene
glycol, propylene glycol, and the like, or member(s) of the group consisting of
triethanolamine, sulfolane, tetraethylene pentamine and diethylglycol dibenzoate. The
organic pore-forming agent should not be so hydrophobic so as to form a separate phase
in the aqueous solution, and is preferably added by dropwise addition with stirring to the

aqueous inorganic oxide solution. After a period of time (e.g., from about 1 to 2 hours)

-14-



or gani c-contai ni ng precursors, and (2) inorganic

precursors. In the first case the inorgani c oxide
wee@ct®er can preferably be an al koxi de havi necTiestoosoR1152

el ements selected fromsilicon, alumnum titanium

vanadi um zirconium gallium nmanganese, zinc,

chrom um nol ybdenum nickel, cobalt and iron, for

g KATRALonA0, QRPLC 15 WAL LA 0 LR ABNY bic period oftime

ani c-source o
oxi.de such as al.um num i sopropoxide. TEOS and al um n
to e RS P AL GBPRSRT | RS BT SRP BT Heh o0 A amol
suppliers. The pH of the solution is preferably kept
wlaibgven e gldedin themaixiuye aadier Romedbinssigdiyithe deroamesition of the
contain other metal ions such as those indicated
inedpawie.oxifetpescusdor r Fomgxanmie, ABES) upomiemtipg o fimestthgnol.
agent which binds to the silica (or other inorganic
5 POy nag e ptARMmcEY bPIEIIRESRL RO dTAhinginasideshraftskidd, xed
into thé aqueous solution.” The organi c pore-form ng
agent,. | : - [
e R A
di et hyl ene .gl ycol, . trjethyl ene glycol, tetraethylene .
IELRADY 2 Frrly Peiialy TR0 ProtaTE IPHEMF RECUBPHRAMSETS P! grides
the group consisting of triethanolam ne, sulfolane,
anglér haeromideerlep batiaailerired sipnginé delectst yiowh siicers ispngm,
The organi c pore-form ng agent should not be so
tithyiting pirekding, socasutpgdlhnm masgmaseatiac, dhaseaiun midigbdenum,
aqueous solution, and is preferably added by dropw se
10 ni@ddidobR0a fkdh. Thibrdchgiol & friemAal kR HERAOhEreOfbhtR g
solution. After a period of time (e.g., fromabout 1
to 2 urs)the .m teforns.a thick.gel. Th L Xt ure
sepd gpaRAiR B IAE Y rbnlofi b Bte o £ e’ Sueicion
facilitate the m xi ng of the conponents. The nixture
to gpr¥est thp IPrEaned RIgREsERNIR| AT CORMHIEE COBPIaxEs ahecgmpdexes
the m xture and/or fornmed in-situ by the deconposition
thef arteheixed with water to hydrolyze and obtain a homogenous thick gel.

The gel obtained by two types of methods described above is then aged at a
15  temperature of from about 5°C to about 45°C, preferably at room temperature, to
complete the hydrolysis and poly-condensation of the inorganic oxide‘ source. Aging
preferably can take place for up to about 48 hours, generally from about 2 hours to 30
hours, more preferably from about 10 hours to 20 hours. After the aging step the gel is
heated in air at about 90°C to 100°C for a period of time sufficient to dry the gel by |
20  driving off water (e.g., from about 6 to about 24 hours). Preferably, the organic pore-

forming agent, which helps form the mesopores, should remain in the gel during the

-15-



I norgani c oxi de precursor. For exanple, TEGS, upon

heati ng, produces ethanol. Propanol nay be produced by
W0 b@sde®onposi ti on of al um num i sopropoxi de. TPET/E805I021152

type of synthesis route to get the sane gel is the use

of inorganic precursors as starting materials. The

preferred i norgani c precursors conprise of oxides

/ or hydroxi d xi des havi ng. desired el ements - ‘
ot Blec APF e B Hemed bravin bore F e VAR ARPRL s Achoiling point
zi rconi um %al i um rmanganese, zinc, chrom um
ofigb lapBicrdawMS0ACckel , cobalt and iron. The precursor is
first mxed with one or nore pore-form ng agents and

heatBe dted tnatdr20- @86 sAIPEoraie ﬂfe%irébnﬂzeﬁdré’-%lﬂfjné g%%t Js heated

e.g. 2-10 hours, sufficient to convert the 1no
~ to BR | o LN exes. T
o ARl 4 R, B AT ey 2 o

i.h_a ho enous thick gel. The gel obtained by two
5 rofBhBdy S ARRARIS D etoBrind Shieans bl ne ROk er f1d 1b to
tenperat.ure of from about 5C to about 450C, preferably
ab%\‘t‘tntg%g PERQJET aftthe erganis posmfsirenng agsat. Hyeheoillysths ragsdpore
pol y-condensation of the inorganic oxide source. Aging
forpragibe iadHnyedcan at ateenpetace of Gomighdu 1@1P0Ub aﬁ&ut%@p@;preferably
generally from about 2 hours to 30 hours, nore

frol SR Aoy {d TLAEREE: %e{f)ggg—forﬁﬁngrzs(?%p? c?a%{s)g)af»@%g(get%?t%med

aging step the gel 1s héa I'nal
0Q0C for. a periiod of tipme sufficient to dry the gel
hy%‘)?gt‘?}’%]%h‘& ao%%%le@\at?sé?l 3t @uig senqus presaE U b size 0hthe weesppores and
ho%:lq?‘) . Preferabl %/ the organi c poreform ng agent,
10 volyrecH thianpsopptse i thedinabrioputess infinensed by drmduration drde
gel during thedrying stage. Accordingly, the preferred
tengregatwicef fertgdfatherimapstag e Gtndialdy, andveisinigtbe fRaiptat® 288 duration
| east about 1500C. The dried naterial, which still
of 1he einithit nbfeafs IR PFeRRIR of Hetbiide 80 He in iR AGALERuct,

After the pore-forming step the catalyst méterial is calcined at a temperature of
from about 300°C to about 1000°C, preferably from about 400°C to about 700°C, more
15 preferably from about 500°C to about 600°C, and maintained at the calcining temperature
for a period of time sufficient to effect calcination of the material. The duration of the
calcining step typically ranges from about 2 hours to about 40 hours, preferably 5 hours
to 15 hours, depending, in part, upon the calcining temperature.
To prevent hot spots the temﬁerature should be raised gradually. Preferably, the
20 temperature of the catalyst material should be raised to the calcining temperature at a rate

of from about 0.1°C/min. to about 25°C/min., more preferably from about 0.5°C/min. to

about 15°C/min., and most preferably from about 1°C/min. to about 5°C/min.
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to a tenperature at which there is a substantia

formati on of nmesopores. The poreformng step is
w@eonduoddet at a tenperature above the boiling poOI/NB200$/021152

wat er and up to about the boiling point of the organic

pore-form ng agent. Generally, the nesopore formation

is carried out at a tenperature of from about 1000C to

about 2500C, preferably from about 150 C to.ahout .

200Bering kalcingthe siwatig of theratalyst gystarighis Ec’fmed while the

performed hydrothermally in a seal ed vessel at
orgaticaneinolss e exslied frofhihe siateriabfnd fesomposrgor es and

vol une of the mesopores in the final product are

i nf lTHeBAIeRh2hyn prlocesd s Afmove caghid purpesatitg sgeat cirhiss replaced by
hydr ot hermal step. Generally, increasing the

ext% Ho [ilg’ﬁlgro? BN HHLAL L 9N BEnd N8y i SRl E R drélediBRSESoent can
e per cén gclge of nesopoére volume in the final

ﬁ%gduc . After the pore-formng step the catal yst
be FRPEFIPAfOLIE Ea| ci ned at a tenperature of from about

3000C to about 10000C, preferably from aboyt.4Q00C t.0
aboutiso7 Broeialyb pew perr dieI PSPt FIYRRILBFEE %8 Ggﬁ‘&e?i@lgb@a‘éefs
6000C, and maintained at the calcining tenperature for

such Ppailicadndfor tiunens afd theh dommedgnistdesizad bapasi (agt-ipeRetafrings,
the material. The duration of the calcining step

etchYHR &@ubivn baBgiessuitablmadiods. 2 hours to about 40 hours,
preferably 5 hours to 15 hours, depending, in part,

gﬁgﬁ}r& R&a i%bl'&ﬂ&gattl&@p&{e%h&ﬁlecom%n%t%ﬂ[%?%d Hiin SRRISVIII of

enperat ure shoul d be raised gradually.
Pr ef er apl e-temperature of .t C ys: j
L s s
rate of fromabout O0.1C/ min. to, about ,25C/ m.n,., My e iall
maptefier AR BRHABERTIBCR R TRPdYE, oY 226 Jedim, Bspecially
and nost preferably fromabout | Cmn. to about
pré@red meBis incigdepirtnum mpliadisms rradsmriadigm aeniekal allhe pmount
material is finally formed while the organic nol ecul es
of ErEuEY e hlead if 4t 0snst BunBl evti% bagddipde denptas eaalyst weight
The Group VIII metal can be incorporated into the inorganic mesoporous oxide
by any suitable method such as ion exchange or by impregnating the inorganic oxide with
a solution of a soluble, decomposable compound of the Group VIII metal, then washing,
drying, and subjecting the impregnated inorganic oxide to a process such as calcining to
decompose the Group VIII metal compound, thereby producing an activated catalyst
having free Group VIII metal in the pores of the inorganic oxide. Suitable Group VIII
metal compounds include salts such as nitrates, chlorides, ammomnium complexes, and the
like.
Washing of the Group VIII metal impregnated inorganic oxide catalyst is

optionally performed with water to remove some anions. Drying of the catalyst to
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The cal ci nation process to renobve organic pore-formng
agent can be replaced by extraction using organic
walsens? e.g., ethanol. In this case the porecT/ORI005021152
agent can be recovered for reuse. Al so, the catalyst
powder of the present invention can be adm xed with
bi nders such as silica and/or alum na, and then forned
into desired shapes (e.g., pellets, rings, etc.) by
rerasty Weboandér ofheeplatilg eqnmoandesandgfccorpplishgd By psatng the
i ncludes at | east one netal conponent selected from
cafely@tHd 2\fHing @dmphiemBess Beth ebdalBbeC of atdue 1 H)Eedlsining to
whi ch includes iron, cobalt, nickel, and the noble

actg%rﬁa {?ﬁ,‘cgtlﬁ%%g ?ap?}%eatr%lrfgég%de %ﬁxgaﬁ% érkimr B%&gr%{}% sgoh@‘?d MBut
I

referre
i ncl ude ati num pal | adi um rhgdi um iridium and
6009 kazla. sufffipéens romied oloimer Gamsralint palfising candeqerioagad for 2 to 40
about 0.1 w. % based upon the total catalyst weight
hollR&ls¥raity, Miithst iebat, mahe Bfcihing arppdraiues] i nto the
i norgani ¢ nesoporous oxi de by any suitable nethod such

as iy I B &b RbrAtBe irltd BIOARI Fot 94 @8persed
W t t@gogagﬁh&teﬁ%%% ré;%ggf%aﬁg, degg)rﬁpos_}abl e conp%sund O]?perse
o B R S A Ol e v ovie
process such as cal cining to deconpose the Grotlljlp \ﬂ Tl
ProRESAT-WeishBRILHER DERP B OBPEI e BSORrT s SFagire. Suitable
catal yst having free C?oug VIH netal in the gores of
zedlttes inpiode o oxaoxile A TSEMABBAGVELART prd/ap€a0. The zeolite is
compounds include salts such as nitrates, chlorides,
préfBRBRipifsefRRhexetnt 6N0I0§ e ok, wi¥s bised onfthd fotal Catalypt

VIl nmetal inpregnated inorganic oxide catalyst is
weight.
Another preferred type of hydrogenation encompasses the selective removal of

impurities in a feed containing hydrocarbons. More particularly, it relates to the process

of selective hydrogenation of compounds containing a triplé ‘bond and/or compounds

. having two or more double bonds as opposed to a compound having a single double bond

and the selective hydrogenation of compounds having two adjacent double bonds as
opposed to those where the two double bonds are separated by one or more single bonds.
Such reactions include, but are not limited to, the selective hydrogenation of
acetylenic and/or dienic impurities in a feed containing at least one monoolefin. Further
examples are the selective hydrogenation of acetylene in an ethylene stream, the selective

hydrogenation of methylacetylene and propadiene in a propylene stream, the selective
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optionally performed with water to renove sonme anions.
Drying of the catalyst to Al renove water and/or other

wo edoanidoe7 conmpounds can be acconpli shed by heap¢TygS1o00&021152
catalyst to a drying tenperature of from about 500C to
about 19Q0C. Calcining to activate the catal yst can be
perfornmed at a tenperature of from about 150C to about

00C f.or suf.ficient period o j : .
y@egiihg” RaHoisR BEF bubiartier it g ByieiatRlebnation of vinyl
depending, at |east in part, qn the calcinin
ang efpyescsbilans, At Londadispe Iy &g CORBHENS bariHaliien pe
i ncorporated into the catal yst and di spersed
t hr dutplegetrothimmingsofusiyusodrmed sktearTheontan ohe er fnere
preferably added to the inorganic oxide

mdAoBRERS Ahd WelBpurits tbhiaih JRktyihid adidielidnid sabpandof Atdiglenic
nmesoporous structure. Suitable zeolites include, for

. l. ’ T o T e
iR Aoy, o Hleme A0 BB B DRyt include
.%.to wt. % based on..the total catal yst weight.
LZVA\@WH?‘%%‘}@’ g?*é‘?%?fﬁ%‘éeﬁgBmBF‘thr ogenati on enconpasses
the selective renmoval of inpuritjes in a feed . |
contaping HEray risaaliniicctelde eclpriiveitydrogenafion;tp mpgimggsemove
to the process of selective hydrogenati on of conpounds
thecapatydeniv axgl/a dieriip irepidied wathditdrydeagepatingite dasitedgnangolefins.
or nore doubl e bonds as opposed to a conmpound having a
Sush BgiResand) v Rebthplftditheatpliraticetvdlyiirogasadi, asingh
conpounds havi ng two adj acent doubl e bonds as opposed
cattaﬁlstt hose where the two doubl e bonds are separated by
one or nore single bonds. Such reactions include, but
are.hot |imted to, the selective hydrogenati f
AP R R R e FisfeiY F albienag) SlydRefbn the
. containing at |east one nongol efin. F%Ether .
inventive mesoporous material and optionally, a binder. This catalyst may also contain

additional metals used as promoters.

The selective hydrogenation of the acetylenic and/or dienic impurities is carried
out in a single stage hydrogenation in the presence of the catalyst described hereinabove.
The feed is introduced as a liquid and may be partially or completely vaporized during
the hydrogenation. The feed to be selectively hydrogenated and stream of hydrogen gas
are introduced into the reactor, at a temperature from about 0°C to 50°C. The reactor is
operated in the pressure range of 200 psi to 500 psi. Depending on the level of acetylenic
and/or dienic impurities in the feed, the inlet temperature, and the allowable outlet

temperature, it may be necessary to recycle a portion of the product to the reaction zone.
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exanpl es are the sel ective hydrogenati on of acetyl ene
in an ethylene stream the selective hydrogenation of
woreitiplé@eet yl ene and propadi ene in a propyl enePCI/U8ENT/021152
t he sel ectivehydrogenati on of butadiene in a butene
stream and the selective hydrogenation of vinyl and
ethyl acetylene, and 1,2-butadiene in a feed
cont aining 1, 3-butadiene.. In the petrocheni.c
i ndUEepous} @’%W@é%ﬁegtﬂ?ﬂé%ff%lfﬁ@g él?FeTeB‘ft"fﬂBS%Sed on the amount
nonool efins, and as inpurities contain acetylenic
of direcitrgmirittEeimi the tasdp Slydrhgen Avetbelimtnedicedingy the reastar yathasuitable

acetyl ene, nethyl acetyl ene and di acetyl ene. Dienic

- diluBBUgichia@snetid@kude 1, 2- but adi ene, 1, 3-butadi ene, and

propadi ene. Such a streamis usually subjected to

sel e I

aceté%%%?kﬁa@ﬂﬁé’ g Vot PTE He TRUER shOd be apparent o
nagin the desi red nonool efins. Such a process

ﬂ“ﬁéﬁgggg i shed by catal ytic selective

hydr ogenati on, using_a catalyst. This catal yst

co nﬂ}hﬁ§@1éovélnﬁ§l‘§¥1?1%¥ué’ﬁ§?t§§? 8 PfoBf Ve8I . supported

on the inventive nmesoporous material and optlonally, a

bi nder. This catal yst may al so contain additiona

nmetal s used as pronoters. The sel ective hydrogenati on

of the acetyl enic and/ orgRAGMICEinMpurities is carried

out in a singl e stage hydrogenation in the presence of

the tle 9&15 skgda Qﬁgﬁésﬂa&}%’&s off §§I'@9§‘Ijué1§g silicon

|ntr UCG as a IC]UId be partla

SR G S S et S il g&, ACROS)

h d d d h
woR s it 540 prgp b ST Ens (BEgR O PheAr Bo% siie stming. After

operated in the pressure range of 200 psi to 500 psi.
haDepédot, 3§0 partt diewitevetre afideicadowlyaniocthe above mixture while stirring.

After another half an hour, 145 parts of tetracthylammonium hydroxide (TEOH) (35

wt%) was added into the above mixture to obtain a homogeneous gel. The gel was aged

at room temperature for 24 hr. Next, the gel was dried at about 98°C for 18 hr, and

.calcined at 600°C in air for 10 hr. with a heating rate of 1°C/min.

The X-ray diffraction (XRD) pattern of the final material showed an intensive 20
peak of <2°, indicating a mesoporous structure. BET measurement using nitrogen
adsorption revealed a surface area of 683 m%/ g, average pore diameter of about 4.0 nm

and total pore volume of about 0.7 cm’/g.
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and/or dienic inpurities in the feed, the inlet

tenperature, and the allowable outlet tenperature, it
woreyeloesonecessary to recycle a portion of the peDuUszns/021152

to the reaction zone. The anbunt of hydrogen that is

i ntroduced into the reactor is based on the amount of

the inpurities in the feed. Hydrogen may be introduced

into the reactor with a suitable diluent, such as

net hane. A suitable |iquiEXAMBPLB2 space vel ocity

shoul d be used and should be apparent to those skilled

i n t RhisexemplEhiemonsttatesi agynthesinptesss dfl ST eistngadlitraage] as

of the invention. EXAMPLE | This exanple denmonstrates

siBcasyonkdte Hifkt, P4 9GRS 5 QficaSiel, M?ya!rts WEITRY Hdl 62%8 of ethylene glycol
al koxi des as silica source. 736 parts by weight of

@tﬁé‘”%ﬁﬁ@ﬁ%% Pl PPk SR e 4 S, %é)%n‘v”és&ﬁ e

reBie e Bl o vl s E g ek ag o 200-

After anot her half an hour, 145 parts of
2108 e terRjirana ORI SATHY RmONEd B0 TE Okt BBemteddimiag remttied
into the above m xture to obtain a honbgeneous ge
toddtkergeith wasalkgerdion of EGofrh ahepRp af tHeeoh@Enséd NZ[éaanﬁI%t most of
the gel was dried at about 98C for 18 hr, and cal ci ned

@ I
CoL R et ST e

Std‘p?g cat | ng Ei&res 2‘%\3}%08 tclp é"@? %quuﬁ%&piégm éﬁ%?OOImg down

u5| ng ni t r en adsorption reveal ed a surface area of
erage pore di aneter of about 4.0 nm and
total pore vol ume of about 0.7 cnVg. EXAMPLE 2
Second, 100 parts of water were added into 125 parts of the complex liquid

obtained above under stirring conditions. After one hour stirring, the mixture formed a
thick gel; the gel was aged at room temperature for 2 days.

Third, the thick gel was dried at 98°C for 23 hours, and then loaded into autoclave
and heated up to 180°C for 6 hours. Finally, it was calcined at 600°C in air for 10 hours
with a heating rate of 1°C/min.

The X-ray diffraction (XRD) pattern of the final material showed an intensive 2@
peak of <2°, indicating a mesoporous structure. BET measurement using nitrogen
adsorption revealed a surface area of 556 m*/g, average pore diameter of about 8.1 nm

and total pore volume of about 0.92 cm?/g.
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Thi s exanpl e denonstrates a synthesis process of
Si-TLIJD-1 using silica gel as silica source. First, 24
w@arob®16967 sil ica gel, 76 parts of TEA and. 62 Ppar/us200$/021152
et hyl ene glycol (EG were | oaded into a reactor
equi pped with a condenser. After the contents of the
reactor were mxed well with a nechanical stirrer, the
m xture was heated up to_200- OC while stirring.
This setup renoved nost g&%@—ﬁ;—%generat ed during
reaction together with a small portion of EG fromthe
t op Biis ehardoienzey Al-MeAhi s@thesiss Firelf 28 hparBGiaitita gel, 697
TEA remained in the reaction m xture. After about 8
paito of SEANmAREAgamas! shylppedycdfBGawatd lgbdddyintar DiBstor equipped
glue-like conplex liquid was collected after cooling

wif0¥WorldendeP O LR @bRtents ©f ﬂx%%éb‘ﬂ& wekd 9119@& Well QhithWath&dhanical

were added into 125 parts of the conplex Iiquid

t ai ned.abov d t ons.After one
& %u?hes PSS RS n T2 BRI R i el
ged at roomtenperature for 2 days. Third, the
rerflﬁvf'@km@% of thesvaier seaerated glyong dre reartion ipgcther vrith emall portion of
| oaded into autoclave and heated up to 1800C for 6
EGhtumshe fipridlithe/coridensen sMeahwhife thoat oB8OBG dnd BHA rémainddin the
hours with a heating rate of 1C mn. The X-ray

red@tibh hrdgitited M&F&@Lumﬁd@g MhfeatiBewhd QRNed BRI oalo0SOOMRL, the

an [ nt ensi ve 2Q peak ‘<2, indicati ng a Nesopor ous

realpe% a a%s érageg agﬁﬁ}egg]i%ﬁeecggﬁ 111%11’1.9 %} /ral.la;g% Hlu}JéT?lc %X&rg}{lode 207 g
di anet er _of about 8. 1 nm and total pore vol une

BGaayasii00ce 'BBA ¢ Ty gﬂ?@l@&w@e@mfhlp%@mé P&21 09y ond aﬁ@rs4 hours
Al -Si -TUD-1 synthesis. First, 250 parts of silica gel,

he&ifhg was stopped. A slightly brown, glue-like complex liquid was collected after

(

cooling the mixture down to room temperature.

Second, 760 parts of water and 350 parts of tetrasthylammonium hydroxide were
added into the complex liquid obtained above under stirring conditions. After one hour
stirring, the mixture formed a thick gel; the gel was aged at room temperature for 1 day.

Third, the thick gel was dried at 98°C for 23 hours,nand then loaded into autoclave
and heated up to 180°C for16 hours. Finally, it was caleined at 600°C in air for 10 hours
with a heating rate of 1°C/min.

The X-ray diffraction (XRD) pattern of the final material showed an intensive 260
peak of <2°, indicating a mesoporous structure. BET measurement using nitrogen
adsorption revealed a surface area of 606 m*/g, average pore diameter of about 6.0 nm

and total pore volume of about 0.78 cm™/g.

2.
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parts of TEA and 287 parts of ethylene glycol (EGQ

were | oaded into a reactor equi pped with a condenser.
W@\Raoen149he contents of the reactor were m xed MET/US2W05/021152

a mechanical stirrer, the mxture was heated up to

200-2 10C while stirring. This arrangenent renoved

nost of the water generated during the reaction

together with a small portion of EGfromthe top of

t he condenser. Meanwhi | eEXADERLIE t he EG and TEA

remained in the reaction mxture. After about 3 hours,

t he Theneiatiplyd@amemtbrs calaiyst prepatORe,; of Artdwi Hidium/Si-TUD-1 by

react or was added another m xture conprising 237 parts

mcg,lﬁieﬁd Wethau mohgdreaxd aeiridl o8 BHognd éx%gé)digso_f%- in 5Meparts of

xture was heated up again to 200-210 0C, and after 4

hours heat i . st opped. . Assligh | ue-1J ke
aopifet sdt R AT TR RER g Srrdr sl aRid o rfmte |

.down to roomtenperature. Second, 760 parts of water
wighygrasd ThsrRosvdsr was Rkt @mroni um hydr oxi de wer e

added into the conplex liquid obtai ned above under

st i ot digpereiodntdasursmenfuserg O0 shémisorpsivi s the pgwderieas then

m xture formed a thick gel; the gel was aged at room
reduRBDRY 2l i Sgen®iredmda Y00°Thor U hr. tblgovdl Bkhegeihg Was504Ciag 8°C/min.

at 980C for 23 hours, and then | oaded into autoclave

an@Qds RedtSdedR i td3FR o016 hP.OQOScheEﬁs_’bt?%ﬁ%h shotve@sy5o;

calcined at 600C in"air for 10 hours w heat 1 ng

s A e b A P

i ndi cati ng a nesoporous structure. BET neasurenent
usi ng nitrogen adsorption reveal ed a surface area of
606 nR/g, average pore dianeter of about 6.0 run and
total pore vol une of abdBXAMPIE &nr\g.

This example demonstrates the preparation of 0.9wt% palladium and 0.3wt%
platinum/Si-TUD-1 by incipient wetness. Al-Si-TUD-1 obtained in Example 3 was first
extruded. Then 70 parts of 1/16” extrudates were impregnated with an aqueous solution |
comprising 0.42 parts of tetraammine platinum nitrate, 12.5 parts of aqueous solution of
tetraammine palladinom nitrate (5% Pd) and 43 parts of water. Impregnated Al-Si-TUD-1
was aged at room temperature for 6 hours before dried at 90°C for 2 hours. The dried
material was finally calcined in air at 350°C for 4 hours with a heating rate of 1°C/min.
Noble metal dispersion was measured using CO chemisorption; the powder was then
reduced in a hydrogen stream at 100°C for 1 hr. followed by heating to 350°C at 5°C/min.
and was maintained at this temperature for 2 hr. A dispersion of 51% was measured for

the metal assuming a Pt:CO stoichiometry of 1.
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-90. EXAMPLE 4 Thi s exanpl e denonstrates catal yst

preparation of 0.90wt % iridim/Si-TUD- 1 by incipient
woriaes®s7 0. 134 Parts of indium (1U) chloride neT/®S2005/021152

di ssolved in .5 .2 parts of deionized water. This

sol ution was added to 8 parts of Si-TUD- I obtained in

Exanple 1 with m xing. The powder was dried at 250C.

For di spersion neasurenent using CO cheni sorption.,

t he powder was then redu ' 6 ydrogen stream at

1000C for 1 hr. followed by heating to 3500C at

5C nThis exemehlevdsmaorssinatea teptepdratidn of Ot 4nvitr EbimenfSHTUD-1 by

hr. CO chem sorption showed a 75% di spersi on for the

infBicat weSsMoN 6 arts bf feRagitisdhiamming yMafitrdte WerdWRESvE& in 4.1

Thi s exanpl e denonstrates the preparation of 0.9w %
I . . ool i i RGD _ .

pof2 ot BELHIFRRE s FOBLBA WAL BRL ] ety 5 DODR) Bfbinca in

ext ruded. Then parts of 1/16" rudat es were
E%aﬁnal%gﬂg@éammgt ﬁoy&ﬁwag&%eé (s conprising 0.42

parts of tetraamm ne platinumnitrate, 12.5 parts of

aqu ety SispersionineasEEmet vursh AP rhepHorienuite Bowidar way hog

Pd) and 43 parts of water. Inpregnated Al -Si-TUD-1 was
re@aged irat hydrogent srepraraa i 09 food h6 thbewsd Inehaatiag do BSAPCadt S°C/min.

900C for 2 hours. The dried nmaterial was finally

an€ 3R infkestaindd af thisabmp&aRfe fRn 4. NOdESerNbl Bf 2N Sddsii@isured for
rate of 1C mn. Noble netal dispersion was neasured

' %3"1‘553@%9 tk QR er was then reduced in
thﬁééﬁl&g?ogen rlztg(rﬁnéglttoq%fﬁ%gﬁ}é?ﬂfdhr. fol |l owed by

heating to 3500C at 5C/mn. and was maintained at this

tenperature for 2 hr. A dispersion of 51% was neasured

for
EXAMPLE 7

21 Parts of Si-TUD-1 obtained in Example 1 were suspended in deionized water.
The pH of the solution was adjusted to 2.5 by adding nitric acid. The exchange was
carried out for 5 hr. The solution was then drained. The Si-TUD-1 was then washed 5
times with deionized water. This Si-TUD-1 was then placed in 600 parts of deionized
water. The pH of this solution was adjusted to 9.5 using ammonium nitrate. This
exchange was carried out for 1 hr. During this exchange, ammonium nitrate was added
as needed to maintain the pH at 9.5. After the exchange, the Si-TUD-1 was washed 5
times with deionized water. Si-TUD-1 was then dried at 25°C. A 0.50% palladium/S;-
TUD-1 was prepared utilizing this acid/base-treated Si-TUD-1, from an incipient wetness
of tetraammine palladium (ii) nitrate. 0.071 Parts of the palladium salt were dissolved in

4.1 parts of deionized water. This solution was added to 5 parts of the Si-TUD-1 with
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the nmetal assuming a Pt:CO stoichionetry of 1. EXAMPLE
6 This exanpl e denonstrates the preparation of 0.46wm %
wW@b@biones? Si - TUD-1 by incipi ent wetness. 0.046PCHUSRODH21152
tetraanm ne platinum (H) nitrate were dissolved in 4.1
parts of deionized water. This solution was added to 5
parts of Si-TUD-I obtained in Exanple 1 with m xing.
The powder was dried at 250C. For dispersion )
mirings Tihe pontiersasndyicd@t 2h%i Blorqatalys powter pasttlenr caleiged in air at
then reduced in a hydrogen streamat 1000C for 1 hr.
350! fopvee ¥ heRiaking rite 0B Pt 5C/ nin. and was

mai ntai ned at this tenperature for 2 hr. A dispersion
of " £2%,: . f . ' : : ;
Ot oF Oh SR 1TE AR G ydto0 BB SpARH TP dyinh plier was
obt ai ned i anple 1 were suspended hi . deionized, o
Qe B1on i MO R e o Dot Ehipies B bERinE 58 33q C at
adding nitric acid. The exchange was carried out for 5
5°@min Theé wee matntainedretshis iemparstarees2 hrnad. dijpersigm. ¢f Y0as was
then washed 5 tines with deionized water. This
meSburddRrithevasarid ssuplgreBd 00 $Q0hipartry offl. dei oni zed
water. The pH of this solution was adjusted to 9.5

usi ng anmoni um nitrate. This exchange was carried out
for 1 hr. During this exchange, anmoniumnitrate was

added as needed to mai n&%%gH at 9.5. After the

exchange, the Si-TUD I ~ 5 times with

dei Qpni zed water. § -TUD-I was then dried. at. 25C.

0. SO AT Gos F TR PR 5P ap e eI SE Ry TR

acid/ base-treated Si-TUD-I, from an incipient wetness
utibting heragidfbaserdrepier| TRHPUntERRPISi Dy 5918 an gnaymentpyetpass 9f

t he pal |l adium salt were dissolved in ‘
tetraammine paliadium (II) nitrate. 0.035 Parts of the palladium salt were dissolved in
3.9 parts of deionized water. This solution was added to 5 parts of the Si-TUD-1 with
mixing. The powder was dried at 25°C. The catatyst powder was then calcined in air at
350°C for 2 hr., using a heating rate of 1°C/min.

For dispersion measurement using CO chemisorption, the calcined powder was

then reduced in a hydrogen stream at 100°C for 1 hr, followed by heating to 350°C at

5°C/min, and was maintained at this temperature for 2 hr. A dispersion of 90% was

measured for the sample assuming a Pd:CO stoichiometry of 1.

EXAMPLE 9
A 0.38wt% palladium/0.23wt% platinum/Si-TUD-1 catalyst was prepared as
follows. A 0.38% palladium TUD-1 was prepared utilizing the acid/base-treated Si-

TUD-1 (Example 7), from an incipient wemess of tetraammine palladium (II) nitrate.

-25-
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4.1 parts of deionized water. This solution was added

to 5 parts of the Si-TUD-I with 9L-m xi ng. The powder
woawentdset at 250C. The catal yst powder was t hPeT/US2005/021152

calcined in air at 3500C for 2 hr, using a heating

rate of |G mn. For dispersion neasurenent using CO

chem sorption, the cal cined powder was then reduced in

a h drogen stream at 1000C for. 1 hr. followed b _
O.Qééﬁgrtﬁg the reBabungealt serhdiasodvrd s/ rrartaoadeienized watsr.s This

tenperature for 2 hr. A dispersion of 96% was neasured
solxtion theaddedpd é pagts ufriha §i- U] CAtshbiing) i Dhepowdepiwal dried at

EXAMPLE 8 Thi s exanpl e denonstrates the preparation of

25 2566 quadi A Yok Svashby daldthéd inZding 350 for 2 br. using a heating rate
aci d/ base-treated TUD-1 (Exanple 7), from an incipient

s of tetraanm ne palladium (H) nitrate. :

Ofﬁé@@éarts of the palladiumsalt were dissolved in 3.9

parts deioni zed water. This.soluytion was added to, 5, |

Do 10 LB o O S & 25 Seepaec g i incipient

dried at 250C. The catal yst powder was then cal ci ned
wengsgefrtetsranygiog @latrmy(Ih nitraty sQ.A 48 Rartreefithaplatingms seit were

| & mn. For dispersion neasurenent using CO
dissdiesd inGr2h parts, oftdhienizal eiatee.d ThizwdRttionawms taiésn 1 eldidoeltsiof

a hydrogen streamat 1000C for 1 hr, followed by .
0.3808P &G TUTRI i AlxiRE The povrltd Wi drig@kiixacned at this

tenperature for 2 hr. A di'spersion of 90% was neasured

P S LA oo e

recdBb ih Mo gen Sredm SPTA0RY 3 MBS £RlSRA S hedfng to 350°C at 5°C/min -

and was maintained at this temperature for 2 hr. A dispersion of 81% was measured for

the sample assuming Pd:CO and Pt:CO stoichiometry of 1.

EXAMPLE 10

A 0.19 wt% palladium/0.11wt% platinum/Si-TUD-1 c;cltalyst was preparéd as
follows. A 0.19 wt% palladium/Si-TUD-1 was prepared utilizing the acid/base-treated
Si-TUD-1 (Example 7), from an incipient wetness of tetraammine palladium (IT) nitrate.
0.027 parts of the palladium salt was dissolved in 3.5 parts of deionized water. This
solution was added to 5 parts of Si-TUD-1 with mixing. The powder was dried at 25°C.
The catalyst powder was then calcined in air at 350°C for 2 hr. using a heating rate of
1°C/min.

A 0.11wt% platinum impregnation on this catalyst was prepared from an incipient
wetness of tetraammine platinum (ii) nitrate. 0.009 Parts of the platinum salt were

26-
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follows. A 0.38% palladium TUD-1 was prepared
utilizing the acid/ base-treated Si- TUD-I (Exanple 7),
wo e@ai0are6T nci pi ent wet ness of tetraamm ne pal | BCT/UR2005/021152
(IE) nitrate.0.053 Parts of the palladiumsalt were
di ssolved in 3.75 parts of deionized water. This
solution was added to 5 parts of the Si-TUD-I wth
m xi ng. The powder was dried at 250C. The cat al yst
digeomeein 3@% paheof dadrditaderhtén This scinti B5QQdfied to4. 0% parts of
using a heating rate A 0.23wt % pl ati num i npregnati on

0. @b DESTOR- Rt m¥aS. PIRRRGAE: WhoMia atiaet.pi ent
wet ness of tetraarnmne platinum (Il) nitrate. 0.018

rediRii & REORT BEFRA J00E IoF b AU OR B L U e 5°Cin

usi ng CO chem sorption, the powder was then reduced in
and vhy dradnfeined af bimermperaioooior Lo £ dipperdion powidd way measured for
heating to 3500C at 5C/ mn and was mai ntained at this
thd @eE adsufménd Bd:CD dud. PtAQiwijphioshanty affl. 81% was neasur ed
for the sanple assum ng Pd: CO and Pt CO stoichionetry
of 1. EXAWMPLE 10 A 0.19 wt % pal | adi um’ 0. 11wt %
rlatinum Si-TUD-1 catal yst was prepared as follows. A

0.19 wt % pal | adi um Si -TM;ngepared utilizing the
aci d/ base-treated Si-TU e 7), froman
i nci pi ent ss of tetraanm ne pal.ladium (11
ni t rﬂ%ﬁeéyst@%%ﬁime SRluERE A AP 4 Poriggbus real feed and
dissolved in 3.5 parts of deionized water. This
cosphuedivoth eemementird datelysts Tahlet lssuptmaiizey Uis qpevdtion canddfipgs. Table
The powder was dried at 25C. The catal yst powder was
2 dhbes tieahepareds bfthaifsed ahd BeEiTudns, yeldpf tha fmapraducts. It is clear
heating rate of rc/mn.
that TUD-1 catalyst gave a final product having only 5% aromatics, whereas the

commercial catalyst generated a product containing 10% aromatics under high space

velocity. TUD-1 catalyst showed higher activity of aromatic saturation.

Table 1
Aromatic saturation operation conditions

Catalyst Commercial TUD-1 catalyst
Hours on stream, hr, 264 288
Inlet temp. °F 435 437
Qutlet temp. °F 460 484
Temperature rise, °F ' 25 47
Total pressure, psig 725 725
Overall LHSV, hour™ 2.4 2.4
Overall hydrogen rate, SCF/BBL 1200 1200
Carbon balance, wt.% recovery 100 100
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A 0.11wt % pl ati num i npregnation on this catal yst was
prepared from an incipient wetness of tetraanmm ne

wW@k@bionesT (ii) nitrate. 0.009 Parts of the pl aPCTus2005/021152

salt weredissolved in 3.27 parts of deionized water.
This solution was added to .4.05 parts of
0.19%°d/Si -TUD-I with m xing. The powder was dried
at 25C. For dispersi on rreas renment using CO
chem sor pt.i on, Gf iﬁgﬂghen reduced in a
hydr d@BPaEsnos Pﬁ{ea% 1 Pftfe‘@@“‘f'ecﬂf TUDh catylpit prsl fommsirish eaelysig
to 35Q0C at 5C/ m n and was nmaintained at this
OvergllcatBnent erapgytie hr . (Bred)i sper Sommexsial sx9lysias TEERUreatalyst
APSET2FHE sanpl e assuni A$-Pd: CO and P#8-20 st oi chi onetdpy
Density @ BMAMIPICE 11 Cat al848)s of TUD- 10.83&F e eval uat ed.§230
Carbon, wtdact or wi t h conibMdlous real f¥&3 and conpar egb.65
Hypiitoberc wirPier ci al cat al §382) Table 1 sMB®ari zes the 14.35
Sdafier@att on conditions. Bable 2 shows the properties of
Nithvged,@eat and the efflu@nts, yield of<ithe final <1
REfFQEUCISex Bt25i°8 cl earl.adoay TUD-|1 cauaiyst gave a fiiqask
FRIsadHeE, a@¢i ng only Sfprggomatics, whegeas the P
FRQEBIRE, %g)(, catal yst geneyated a proguct containing (9%
F@ramtnbg%ypder hi gh @ e vel oci ty]L TUD-1 catal ysts
&JexrtAgli*ﬁfDé*)% i vi t aromat | 8 4 urati onI Tablegl
OnR ono rtlon condi ns Cat al yst
;@%ﬂm e’ZZ 1e{d ﬁE cat al'yst Hours onz'ﬁ}sfream hr. ﬂ‘83
g%g ¥ ﬁ F 435 g37 Qutlet tegp, OF 460 484

0.01
1806-350°F (9.6) 11.11 10.84
350-500°F (54.9) 58.58 57.75
500-550°F (17.8) 16.87 17.53
550EF + (17.7) 14.44 15.20
Total (100). 101.00 101.32
Others
C5+ yield, volume % of feed 102.25 102.84
% desulfurization 66.3 66.2
% denitrogenation 100.0 -100.0
Overall H cons., sci/bbl 560 730
EXAMPLE 12

An aluminum-based TUD-1 was prepared in this example. Sixty-five (65) parts
by weight of isopropanol and 85 parts of ethanol were added to a vessel with 53 parts of
aluminum isopropoxide. After stirring at 50°C for about 4 hours, 50 parts of
tetracthylene glycol (TEG) were added drop-wise while stirring. After stirring for
another 4 hours, 10 parts of water together with 20 parts of isopropanol and 18 parts of
ethanol were added under stirring. After half an hour of stirring, the mixture became a

white suspension, which was then aged at room temperature for 48 hours, and then dried
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Tenperature rise, OF 25 47 Total pressure, psig 725
725 Overall LHSV, hour"™ 2.4 2.4 Overall hydrogen rate,

WGSH6MBBI9671200 1200 Car bon bal ance, wt. % r ecoveP@T/LIBD05/021152

100Tabl e 2 Conpari son of overall performance of TUD-I
catal yst and commerci al catal yst Overall effluent
properties (Feed) Commercial catalyst TUB-1 catal yst

. AP ity (38.1) 40.2 40.6 Density @6CF, g/ |
i (b0 st 50, S T K R8s B BB

Hydrogen, wt.% (13.22) 14.08 14.35 Sul fur, ppm(3) 1 1

autbdlevemn 60 for Q3 kowts and ety @tdiabet 600X 0@ 2BulGn air ¢
(1.4607) 1.4517 1.4498 Fia saturates, vol % (77.6) §br 8

prddud Fbdpaloat kfin¥RlRdel- 2) 0.9 0.7 Fia aromatics,
vol % (21:2) 10.1 5.1 Cetane index (ASTM D976) (44.7)

e TRt Ao AR AR MR ekl ddemtniin oxige. There
was intensive 2@ peak at 1.6°, characteristic of meso-structured materials. N,
porosimetry showed the pore size distribution to be narrowly centered around 4.6 nm.
” AL NMR spectroscopic measurements showed three peaks corresponding to four-, five-
and six-coordinated aluminum at 75, 35 and 0 ppm, respectively. In summary, this was a

typical mesoporous material of the present invention with four-, five- and six-coordinated

aluminum.

EXAMPLE 13
This example demonstrates the use of this invention composition as a catalyst
support for hydrogenation. First, 3.13 parts of the Al-TUD-1 from Example 12 (“SampleA
127) is impregnated with 2 parts of a solution of 3.1 wt.-% Pt(NH3)4(NO3); in water by

the incipient wetness method. After drying and calcination in air at 350 °C for 2 hours, 50
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C5-180F (0.0) 0.01 0.01 180-3500F (9.6) 11.11 10.84

350-500 OF (54.9) 58.58 57.75 500-550 OF (17.8) 16.87
WQZ0088106EF + (17.7) 14.44 15.20 Total (100) BROWUSI05/021152

101.32 O hers C5+ yield, volunme %of feed 102. 25

102. 84 % desul furization 66.3 66.2 % denitrogenation

100.0 100.0 Overall H cons., scf/bbl 560 730 EXAMPLE

pagé é)ﬁbrpareu mtgf gglq;lﬁg gg G%QE %xémrtp gheg{t;g ar od Ir%#utcre]d with hydrogen at

i sopropanol and 85 parts of ethanol were added to a
30@e§§@l bpurh 53 parts of al umi num i sopropoxide. After

stirring at 500C for about 4 hours, 50 parts of

t et raed hhe ReicBbny, aRkit{IEE Gy éﬁlaﬁgﬁj Rt BRuSE ﬁ%@ﬁair)@d Teactor

stirring. After stlrrlng for another 4 hours, 10

un@Er é"ﬁatta??)r e?%@%f* bacdah héxg_ng %rfg \%h %?n%sfsﬁgr? n%p{:gx} aﬁlgpfof 2.2

parts o) ano were a

R t uebecamaavvhlte
P B dHen ot s W mebibe e e e gomotiaimibs megi
for 48 hours and then driedin-air at 700C for 20
teIAPRIARTE I§ Y a6est inithe Tngopf 0yl 130T is 1960 idergmientsa$he modified
heated in an autoclave at 16Q0C for 2.5 hours and

cofifactetirhy basad 6h fRtnat 06 0RAGsT @keft JORMES ak 0.631.[ *bh*I ™. The first

order reaction rate constants based on the catalyst mass is 0.15 gcat,’l*min'l*l at 100°C.

EXAMPLE 14

This example illustrates the selective hydrogenation of acetylenes and dienes. A
Pd-Ag Al-TUD-1 catalyst is prepared in the foﬁn of 1/16” extrudates, crushed to 24/36
mesh particles for the lab ﬁerformance test. The selective hydrogenation is carried out in
a tubular reactor of 0.75” OD‘. The feed consists of 0.8% methylacetylene, 0.3%
propadiene, 22% propylene; and the balance is isobutane, Hydrogen is dissolved in this
hydrocarbon stream. The molar ratio of hydrogen/(methylacetylene + propadiene) is
about 0.75. This mixture is then sent to the reactor. The LHSV is maintained at
approximately 367. ‘At the end of the reaction, conversion and selectivity are measured.
Selectivity is defined as the propylene made/[(methylacetylene + propadiene) converted]
x 100. At 49°C and 400 psig, (methylacetylene + propadiene) conversion is 29%, and

selectivity 1s 71%.

-30-



produce nmesoporous al um num oxi de. The XRD pattern of
the resulting cal ci ned nesoporous al um num oxi de.
wab@emieaes | nt ensi ve 2Qpeak at 1.6, charact eriBCT/TSWN5/021152
meso-structured materials. N2 porosinmetry showed the
pore- size distribution to be narrowy centered around
4.6 nm 27A NWR spectroscopi ¢ neasurenents showed
thre ks correspondlng to four-, fiveand
Si x- g@gllegh ¢2ho¥ s degerRfAR ﬁ?]ﬁFmWQanE{‘I)@&IfU?SﬂhwrﬂpeClﬁcs should not be
respectively. In sunmmary, this was a typica
coRsEBpiasduRitatione pi dle sobpe bithpmysetitn, buvestiys otk hﬁcatlons of
four-, five- and six-coordinated al um num EXAMPLE 13

préfosd exhnginendanBest MEH®Es stiel HBe 9 whillleRvikigd %?%%er
conposition as a catalyst support for hydrogenat

oEélbﬁitles‘?v :

P ("S eitglgl tﬁéFé@le%rr%crﬂé hat et(}JI“IWt-e m%[ %Sarq?%eggygkle Gaims

apﬁ&lldéﬁ' of 3.1 wm. -%Pt(NH3)4(NOG3)2 in water by the
nC|p|en ®wet ness method. After dryi ng and cal ci nation
inair at 350 OC for 2 hours, 50parts of inpregnated
Sanple 12 is filled in to the reactor, then reduced
wi th hydrogen at 300C for 2 hours. As a probe
reaction, nesitylene hydro genation is carried out in
a fi xed-bed reactor under a total pressure of 6 bars
and having a feed with a nesityl ene concentration of
2.2 nol % in hydrogen. In order to neasure the
catalyst's rate constant, the reaction tenperature is
varied in the range of 100 to 130 0OC in 10 OC
increments. The nodified contact tine based on the
mass of catalyst is kept constant at 0.6 gca mn*. 1
The first order reaction rate constants based on the
catal yst mass is 0.15 gcat mn 1*! at 1000C.
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EXAMPLE 14 This exanple illustrates the selective
hydr ogenati on of acetyl enes and di enes. A Pd-Ag

WG@\Re0IIB967 cat al yst is prepared in the form of RE¢WE82005/021152

extrudates, crushed to 24/36 nesh particles for the
| ab performance test. The sel ective hydrogenation is
carried out i a tubular reactor of 0.75" OD. The feed
[ L,? 3309 net hyl acet yl ene, 0. 3% propadi ene, 22%

propyrere—ard—the bal ance is isobutane. Hydrogen is

di ssolved in this hydrocarbon stream The nolar ratio

of hirdx Bigerss(fretheiydmeendtion of & hpdropartive fe)l costamig tmsaturated

0.75. This mxture is then sent to the reactor. The
coiSvents, widtintainpesesat approxi mately 367. At the end of

the reaction, conversion and selectivity are neasured.

Sel Z?%ﬂo\ﬂd‘iﬂ/g h 8atdBAS 1AGIHIRS af 138t BRO @fé)l.ﬁﬁ? T metal 8? a )1(103%.stalﬁne,

mad (et hyl acetyl ene + propadi ene) ‘converte

0 ' t hvl acet yl.ene. + propadi ene
20 RSO0 0L Sk Rt A Gh 7 p GRRE e dmnectec
above ﬁesgrig%ion contains many specifics, these ‘
MESHRYEF PLS FRFsPRATC AR By ROPPIsediay e BRT swfacs seeacy at least
t he, scope of the invention, b%t nmerely as
308ye fipland p pard vrismefof prledse P Beth fybodi ment s t her eof .
Those skilled in the art will envision many ot her
pos $i)drinkdcting shevhydroourticnefesicwite hpdid gapinr the pebercb ©f said catalyst
i nvention as defined by the clainms appended

in B8R EQenMHOM réadtich AbMER: dethydto gefafdbrPre8sSiForf c%dftlgﬁs to provide a

hydr ogenati on of a hydrocarbon feed contalinin

‘ i “cont iy
P O R S e L o Vet ol on 3

noncrystal |l i ne, nmesoporous inorganic oxide support
havi ng at | east 97 vol une percent interconnected

2. The process of claim 1 wherein the Group VIII metal is a noble metal.

3. The process of claim 2 wherein the noble metal is selected from the group

consisting of palladium, platinum, rhodium, ruthenium, and iridium.

4. The process of claim 1 wherein the Group VIII metal is nickel.

5. The process of claim 1 wherein the Group VIII metal has a percentage

composition of at least about 0.1 percent by eight based upon the total catalyst wei ght,

G2
[N
1



10

15

20

nmesopor es based upon nesopores and m cropores, having
BET surface area of at |east 300 n2/g, and a pore

wao odogres9et at | east 0.3 cnB/g; and b)contacti nBCT/H82005/021152
hydr ocarbon feed with hydrogen in the presence of said
catal yst in a hydrogenati on reaction zone under
hydrogenati on reaction conditions to provide a product

havi a_reduced .con unsat ur at ed conpon
The §rBEBLET SLRaRNT Fhiamtaf RSl SRE e honcet nas o
a noble netal. 3. The cess of claim?2 wherein the
BIRD B gt o 0TS P B TRB T EdmbAE AU /& SMBR SETriglgte of from
pal | adi um plati num _rhodium ruthenium and iridium
abgut Ohhempigde ebsutd®2 chiilgm 1 wherein the Group VIH net al
Is nickel. 5. The process of claim1l wherein the G oup
Vul netal has a percentage conposition of at |east
about 0.1 percent by eight based upon the total

cat al yg{ Bﬂﬁ;’e%f c@alm-rmh&%ﬁiccﬁéﬁns%{m%@b ﬁ%‘@f{dg?}ﬁa@g:ocarbon

mesopor ous i norgani ¢ oxi de support has a
f ea of om abou@ 0“8 /g to about 1,200 n2/g and a
S%B?O@R%Fal ﬁ?% 0.4 cm/g to about 2.2 crr

Vg. 7. The process of claim1 wherein the unsaturated
conmponents of the hydrocarbon feed conprise aromatics
and/ or olefins. 8 The process of claim7 wherein said
pr o8e$he pwcdesarimirmi 77ehéron. sald. pradess prdverswmtiafitionl ai m 1
wherei n the hydrogenation reaction conditions include
a tenperature of from about 150 OC to about 400 0OC, a
hydr ogen partial pressure of torn about 200 psi to

about ﬁe%gﬁﬁsdfcla?mlaﬂ'?/ﬁ% 1255”3 @é’éﬁ Predetdn cb [h‘?mps include a

about 100 ation ra
tergcl}ge??arl?ur%bo%om a out(?g 3l about Q88JC’ a%yglgoogegg:afﬁgppfessme of from

about 200 psi to about 2,000 psi, a LHSV of from about 0.2 hr”' to about 10.0 hr’! ,and a

hydrogen circulation rate of from about 500 SCF/Bb! to about 20,000' SCF/Bb.

10. The process of claim 1 wherein the hydrogenation reaction conditions include
a temperature of from about 260°C to about 650°C, a hydrogen partial pressure of from
about 500 psi to about 1,500 psi, a LHSV of from about 0.5 hr”' to about 3.0 hr”’, and a

hydrogen circulation rate of from about 2,000 SCF/Bbl to about 15,000 SCF/Bbl.

11. The process of claim 1 wherein the hydrogenation reaction conditions include

a temperature of from about 275°C to about 330°C, a hydrogen partial pressure of from

t
(93]
)
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10. The process of claim1 wherein the hydrogenation
reaction conditions include a tenperature of from
W@b@an12610C t o about 650C, a hydrogen parti al PET/ESEOF/E21152
of from about 500 psi to about 1,500 psi, a LHSV of
fromabout 0.5 hr 1 to about 3.0 hr 1, and a hydrogen
circulation rate of from about 2,000 SCF/ Bbl to about
15,000 SCF/Bbl. 11. The process of clai m 1 wherein the
ey POy 42 F‘Wtrle?é)@tﬁsbﬁlé‘&%ﬁ fromsbpwic]-Qbe ta about 2.0 hr”, and a
tenperature of from about 275C to about 3300C, a
hyliyolgengnoujation izt opfremsboat 300007 SCREBDOLH abRO1 NS00 $OF/BbL.
about 1,200 psi, aLHSV of fromabout 1.0 hr 1 to about
2.0 hr 1, and a hydrogen circulation rate of from
about 3,000 SCF/ Bbl to about 13,000 SCF/ Bbl. 12. The
proc [ rein_t catal.yst. further .
Conply Sb8 prdtel b el hleh iR SRS hpe b lipRpes zeotit.
wherein the zeolite is selected fromthe group
consi sting of FAU, EMI, BEA5VFI, AET, CLO and
conmbi nations thereof. 14. The process of claim12
wherléi Ahe peocgsanilaimfl 2 mdsirgin ¢ha zeofitedaselbdert fromGbe wtolp
to about 50.0 w % based upon the total catalyst
cong gt of FAU, BIME, BEXCEBE AHT, 10 and vdishightionk Mreof,
hydr ocarbon feed conprises a |ubricant base stock. 16.
The process of claim1l wherein the feed contains over
about 70 % by wei ght aromatics. 17. The process of
cl ai | f i about .50 % b
wei glhmt' %%r mgtgélscgﬁﬂﬁg.l‘%%ﬁnee&g?g%eagéoﬁgé?%g 1§ BRRLRRoUR 0-05 wi%
on zone .conpri ses at | east

! r .
o %ﬁcléqus p&e‘{ﬁtg/gggsaeg:‘u%gﬁﬁgﬁ%i cajdlyst Weightnr ocess of clai m

18 wherein said hydrogenation reaction zone includes
at

15. The process of claim 1 wherein the hydrocarbon feed comprises a lubricant

base stock.

16. The process of claim 1 wherein the feed contains over about 70 % by weight

aromatics.

17. The process of claim 1 wherein the feed contains over about 50 % by weight

aromatics.

18. The process of claim 1 wherein said hydrogenation reaction zone comprises

at Jeast one fixed bed of catalyst.
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| east first and second spaced apart fixed beds of
catal yst, wherein effluent of the first fixed bed is
wael2eeo1@a7 i nto t he second fixed bed. 20. The pPCTES®OD21152
claim19 further including the step of cooling the
effluent of the first fixed bed before it enters the
second fixed bed. 2 1. The process of claim1 further
i ncluding the step of preheating the feed in a .
f eedP eflibepegres aigchelrgein sa\dglysiﬁ@ﬁnﬁ@atrm@on end methdes at
in a furnace up to a reaction tenperature. 22. The
leapt ficessl wbomd spamsdlapattefixed bedwanfttaplyst ederao offlucaest the first
dearonati zati on of an aronatic-contai ni ng hydrocarbon
fixb@8E is%Brectbh OB HRCRESDfixealRUM 1 wherein said process
conprises hydrogenation of a hydrocarbon | ubricant
base stock feed having a brom ne nunber greater than 5
in the presence of superatnospheric hydrogen, to

produce. a | ubricant product .havi.ng_a brom ne nunber
P ogb T oxptesn ot i g O s 0P S Ch el WeogEgent of
process conprises selective hydrogenation of

theglgrat §xasihed befae rentireiiie sedonpdixed Pe& in a feed t hat
contains at | east one nonool efm 25. The process of
cl ai m 1wherein said process conprises selective
hydr ogenation of olefinic and/or dienic inpurities in

a f eed ThBatoceRWraisns 19rth@astinene _t@é@é@éﬁﬁeﬂéﬁﬁﬁ% MRdeed in a
26. The process of claim?24 wheréin saidinpuriiy

BB S0 (OGS0 OF OB SR iy

feed i ncl udes
temperature.

22. The process of claim 1 wherein said process comprises dearomatization of an

aromatic-containing hydrocarbon feed.

23, The process of claim 1 wherein said process comprises hydrogenation of a
hydrocarbon Iubricant base stock feed having a bromine mimber greater than 5 in the
presence of superatmospheric hydro gen, fo produce a lubricant product having a bromine

number less than 3.

24. The process of claim 1, wherein said process comprises selective
hydrogenation of acetylenic and/or dienic impurities in a feed that contains at least one

monoolefin.
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a conmpound cont ai ni ng doubl e bonds separated by at
| east one single bond. 27. Aprocess for stabilizing a
wo mmeioo@s? ng oi | cont ai ni ng unsat urat ed conponBEL/ES2005/021152
whi ch conprises: (a) hydrocracking in a hydrocracking
zone a hydrocarbonaceous feedstock of |ubricant
viscosity to provide an effluent; and (b)
cat ical ly hydr. ' I t | -
hycrsgdicanpeste SLHaR0 R A e ol Bt cclectve. |
ressyre at | east part of the.effluent of said
by B P kP G I O 1B TREL gD AL T bLE0t CBEAES oaLoRe
hydr ocracki ng zone effluent with a catal yst conpri sing
arostatit easpowke nobl e netal on a noncrystalline,
nmesopor ous i norgani c oxi de support having at |east 97
vol ume percent interconnected nesopores based upon
nmesopores and m cropores, having BET surface area of

?:TB#@.% Qs 08f &ain?u wReRRY QididhtiRy 8dmtisel 8&%fletbsdnd one

g toprovide a ricant product” having a reduced
content of .unsat urated co n . .
or rgfngkﬁomp?iuﬂcb G%P‘ffll Lariete %iéatcia%t éﬁﬁﬁg%o}ﬁ% a%g Sa;l@ h &r%gﬁﬁgn Ee%g mcludes

contal hing unsatura
conmponent s whi ch conprj ses: hydrocrackjn% in.a

(a
a OB BE RRlaimHge devRle hOW&F%%tP%BM gtleatione SBEEHORE of
| ubricant viscosity to provide an effluent; and, (b)
catal ytically hydrogenating in a catal ytic
hydr ogenati on zone under superat nospheri c hydrogen
- pr egBUL rokbsd foasthbifiging adiibridatng bl comainimf ursatuchted components
hydr ocracki ng zone by contacting at |east part of said

Whﬂ%%%h@ggﬂ ng zone effluent with a catal yst conpri sing
ni ckef on a noncrystalline, mesoporous inorganic oxide

su D&S Elgfdrlggygcﬂgg% a hydrocracking zone a hydrocarbonaceous feedstock of

lubricant viscosity to provide an effluent; and

(b) catalytically hydrogenating in a catalytic hydrogenation zone under
superatmospheric hydrogen pressure at least part of the effluent of said hydrocracking
zone by contacting at least part of said hydrocracking zone effluent with a catalyst
comprising at least one noble metal on a noncrystalline, mesoporous inorganic oxide
support having at least 97 volume percent interconnected mesopores based upon
mesopores and micropores, having BET surface area of at least 300 m?/g, and‘ apore
volume of at least 0.4 cm>/g to provide a Iubricant product having a reduced content of

unsaturated components.

28. A process for stabilizing a lubricating oil containing unsaturated components

which comprises:



| east 97 vol unme percent interconnected nmesopores based

upon mnesopores and m cropores, having BET surface area
wotocanidsenst 300 nR/g, and a pore volunme of atPCBHES1005/021152

0.4 cnrVg to provide a lubricant product having a

reduced content” of unsaturated conponents.

(2) hydrocracking in a hydrocracking zone a hydrocarbonaceous feedstock of
lubricant viscosity to provide an effluent; and,

(b) catalytically hydrogenating in a catalytic hydrogenation zone under
superatmospheric hydrogen pressure at least part of the effluent of said hydrocracking

5  zone by contacting at least part of said hydrocracking zone effluent with a catalyst

comprising nickel on a noncrystalline, mesoporous inorganic oxide support having at
least 97 volume percent interconnected mesopores based upon mesopores and
micropores, having BET surface area of at least 300 m?/g, and a pore volume of at least
0.4 cm’/g to provide a lubricant product having a reduced content of unsaturated

10  components.

-37.



