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considered to be a major contributor of known harmful pollutants, such as SOy, NOy

and particulate matter and, therefore, stringent regulatory standards have been
proposed and enacted to reduce the emission of such pollution by diesel fuels.

The sulfur content in fuels is a critical concern, as it is known to form sulfur
dioxide when subjected to a combustion process. The sulfur dioxide, together with
atmospheric moisture, forms sulfuric acid in the atmosphere. This is the cause of
acid rain, which has been attributed to causing substantial damage on the
environment as well as man-made structures.

In addition, the generated sulfur oxides have been found to poison noble

metal catalysts conventionally used as part of automobile emission after-treatment
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activity alone, the number of HDS reactors must be substantially increased and/or,
the charge rate substantially decreased unless the catalyst activity is dramatically
improved.

As stated above, the reaction temperature can be increased to cause reduction
in sulfur content. However, such temperature increase can only be done to a small
degree due to the design limitations of present equipment. In addition, very high
temperatures are known to cause degradation to the product stream. Similarly,

increased pressure would aid in achieving reduced sulfur content but presently
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and sulfur containing compounds can be readily removed from light cuts, such as

C4 — Cg streams, as is obtained from a conventional FCC unit or etherized streams.
Different processes, such as adsorption and extraction have been proposed for this
purpose. Heteroatom contaminant compounds that are found in such light cut
streams are few in number, readily identified, have low molecular weights and have
low boiling points consistent with the light hydrocarbons forming this type of cut.
As a consequence, these contaminants are easily removed from the feedstream in

which they are contained. These features are not applicable with respect to the more
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and stated that many more unidentified compounds are contained in this heavier
fraction of material.

Removal of nitrogen containing compounds from light cut (C4 — Cs)
petroleum streams has been accomplished because the nitrogen compounds are
fewer in number, are readily identifiable and have lower molecular weight.

However, because nitrogen containing compounds in heavier fraction material are
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decrease the sulfur content after HDS, to enhance the effectiveness of the HDS and
to inhibit poisoning of HDS catalyst. '

U.S. 5,210,326 and U.S. 5,378,250 are directed to processes which include
treating light (C; — Cs) hydrocarbon stream obtained from a FCC process zone with
a super activated alumina to remove nitrogen compounds, mercaptans and water
prior to further processing.

U.S. 6,107,535 and U.S. 6,118,037 also teach processes, which include
treatment low molecular weight (C3 — Cg) hydrocarbon streams with silica gels to

remove contaminant compounds that contain sulfur, nitrogen and/or oxygen.
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conventional HDS processes to produce a resultant material having less than 50 ppm

and more preferably less than 15 ppm of sulfur containing compounds in the
resultant product stream.

An object of the present process is to provide a cost-effective and efficient
means of removing nitrogenous compounds from a diesel fuel fraction (C;, and
greater, e.g. C1-Csg petroleum feedstream) prior to subjection to HDS treatment.

. Another object of the present invention is to provide an economical and

efficient means of removing at least about 75 weight percent, preferably at least
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producing diesel fuels capable of exhibiting very low levels of pollutants, especially

nitrogen oxides and sulfur oxide products and other pollutants derived therefrom,

when utilized in combustion engines.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graphic representation of the adsorption capacity for nitrogen

containing compounds with respect to an adsorbent labeled “Sample I”, illustrative
of the present invention (silica xerogel having zirconia therein to impart a Lewis
acidity of 1940 pmole/g, formed according to Example 1). This material is
compared to high surface area silica gel adsorbent materials labeled “SampleSi/1”

and “Sample Si/2” formed according to Example 3. These comparative adsorbents
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ol l utants, especj.all ni trogen oxides and sul fur

nefeexhibitiliewis asitityot FHgwreph graphisaliys shpsvs thaidthe idsarbensraf the

e ' ks [ BRI EF l.PT] .
L e A S S e
¢tdntaining angiedudss in &08E thay chventidlidl ogien gelcAiBdrbEmt igerials.

conmpounds with respect to an adsorbent |abel ed "Sanple
", illustrative of the present invention (silica

xer ogel . A . . : .
nei oty FHe T i B inof e haRitonabillyTor nitrogen
dontaiffing sompowrds avith sspecttopasetientoilhisghtiwloffthepressne tavention

i.lica gel ,adsorbent materials | abel ed "Saml eSj /1"
éﬂ’(‘j’a"’@é :' dadng 2”?‘“?‘6‘?&8&“&&185% @ Wepartohigh 13 aSI.f{ltTh as fully

GR0RBEh @IS 9! g i '

PCT/ US2003/ 040322 gggslﬁ%ttz n%fﬁ%%ﬁ%@é“@ Wi lugh surface area

. filiepuged adsoghenp matsaalsylabthesiganile i/l bhed Satspletfefitfonhed dreording

r N, i avent i on,provi.d ubst gnt i al eat er
BLERE0eoh CEBE 2 RO, Do TR oft abwPhTSar dbmegsent
inRerit{dn) Hrofide GOBYARMLIP MRbatér dds6rdtiBR lcaRi9 B Aitrogen containing
materials. Figure 2 Is a graphic representation of the
melesylss then conpentiongl sibiea ge tﬁfgg@ﬂnt watetialisni Thy saomio mragerials

' . e Il lustrative of t.he. present .
il BulRERAARY it P R® Aot Bl B A o G Bl lnina
gEaz of h?@rﬂze“h@;r gliditeisi mnﬁﬁlﬁ?ﬂaﬂtwﬁh ®@Spdctitd Méfad@&'fa,i the d?]th rch]llows

anple 2. ese materials are conpared to known high |
SRR e o ALPY s ey coma gs B RN E PR HighsResprption
Lo e I/ 2 i to
o N L R R RS
absorbents of the present invention provide

subst.anti al l. regt.er _adsor. pt i capacity for nitrogen

Cont ARG i KRIC erBrIAEh Ay S, PG ¢peciBy b eozen

AERine BémFaInﬂﬁ hﬂﬂh&e?pgeﬁo%ﬁgﬂib&tﬁﬁh%étﬁ)e%f tl¥e§5r¥sent invention
Iy ace wh h

‘substantially in sur _area, but en the data of

(sHisa agmgehaying lugdraathereimin ametntsto frpprt highi Iseves iaciility) as
i Lized W th,r ct to surface area, the data

oy OGO SR bhiie 2y B el e B Bitrion@ B Burtace
A pluasnLsdsolbiehe tbriied ih fabcddrcy +6FxB@p1AdlS Figirk GNgraphically

shows that adsorbents of the present invention provide substantially greater

adsorpﬁon capacity for nitrogen containing molecules than such conventional

alumina adsorbent material.

DETAILED DESCRIPTION ,

Petroleum refining conventionally treats petroleum crude to a process, such
as a fluid cracking catalyst (FCC) process, wherein the crude is contacted with a
FCC catalyst under elevated temperature and pressure and/or a distillation process,

to produce a plurality of petroleum product streams of different molecular weight



capacity than known high surface area silica gel
adsorbent nmaterials. Figure 3 is a graphic

wonresdigasi on of the adsorption capacity for nPCTM§23/040322
cont ai ni ng conpounds with respect to adsorbents
illustrative of the present invention (silica xerogel
having alumina therein in anmpunts to inpart high Lewis
acidity) as fully described in Exanple 2. These
eranEuinds QHChr@tmbrqngc%@f haslikgpomts. Faytexsmpleathe prodes streams

B B o5 et o) Al o BRSO ey eR BpPpR normally

RVREEA boil MY AR deOst PR \UbER DR At 31 5°¢; gfgﬁﬁé@sr oils (1.GO) or
adsor ption capacity for nitrogen cont ai ni ng Aol ecu

dipseh fagl produshsteqani eoraposed jofi ﬁim@soe(dgo Coefits Jrigdeacagions which
| ON Pet
I R YT

ZI5kibagt 460°a), YBie RdarboRbRGRE8uct \M}@Jn@ lof tHRCC et rdsfils) is
contacted with a FCC catal yst under elevated

qosppasech of highaneleparskciglt mafdriele Ehedtesitinals arei nni conventionally

BHFSET 1 T LRI AR e

o ppHORidNECT/ US2003/ 040322 conpounds and rel ated

ranges of hoiling points. Faor_exanple he product
st reah¥® Pfﬁg‘}"t sreeta compesed O LiGH or ét?ﬁelrﬁiﬁlelﬁ the targshigtsaigl to

B BB L AN A
@n bedimialy fremtd forrenhoed lkl)mbgerauqmﬁnnﬁm? t;d;h;rxfm Cg: G?lﬂlaterial as
banfe C%%&%é?f SPOERIG 5 BRi=b et roshonty dpmed by
dlﬁtﬂl'ﬁtl@ﬁ UHFCE 2&0@&,3113}@ Of &fr@ﬁ:@m dhaeh e&é’ Xta%t 46N, one of the

product stream of the F unit (resids) conposed
emcerng Wil @Q Lstraams;\ksngattthwam@maﬂy coffthia & lg@ecanmmm many

ARbreRL RSPl Ghetres i BomiSingsihet BUBHRIY Brschotrecity

ideftifeidrova Ry lbsli@trédeb?medeéech@ efBetBilenSds lof W8 HDSHﬁﬁ&Qmﬁé of the
LGO or diesel fuel is the target material to  whi

feerstisams dife exac} @mauBiAndedommresition of Hirgh cavpginde évpe@ris on the
s%ﬁ{-cre%f% lgﬁ‘rﬁ%r@&erb%?%m&@%dbe simlarly treated to

renove rogen con nan therein. It is immteri al
as tR:emdml exfatitrogand eon?tfnnfn(gl’ cormgpunds Sromtpetroklm feed stream

althou t he re Co for by, distillation or
e %,a éﬂglﬂ“ Fﬁ“&% levedstosqayscatiie LN @rocess to

th&epHEe 508 more efﬁ01ent manner to produce a desired, more environmentally
friendly diesel fuel. It is believed, though not meant to be a limitation on the present
invention, that nitrogen containing compounds combine with the active sites of HDS
catalysts and, therefore, the removal of such compounds aids in causing the catalysts
to provide for enhanced HDS processing. By using low nitrogen content material as
the feed for a conventional HDS unit, one enhances the effectiveness of the HDS
process to enable the process to be conducted at lower processing temperatures or
higher flow rates while extending the life of conventional desulfurization catalyst

utilized. The product of the HDS unit has been found to have very low sulfur



concerns with LGO streans is that they normally

contain a | arge anounts and nmany different conpl ex
waiomgens cont ai ni ng conpounds that, in generaPCTAIS2003/040322

not readily identified but are believed to reduce the
-~effectiveness of the HDS processing of the ,

feedstream The exact anpunt and conposition of these

conmpounds depends on the source of petrol eum crude

taitery, prrhasdesdharRe0ppal oradvenildss dgan3 @ ppinaindi 6vgn less than 15

con‘p nds from petroleumfeed stream prior to a

scl‘j’P?ell}Fl zation (HDS) unit is believed to cause

-t he HBR Pref&f $ovehfors Bﬁ}@%@g@&@d ihe & A (ﬁe&‘i fﬁ%ey ftf%tclms of Cyp

manner to produce a desire nore envi onne
dnd bighky cdinpesition wah . bel teaildy bmlatedvmja ctdsoa@é'ctnvetanﬂeeﬂﬁment

to _be [imtation on the rese i.nv t hat
?IFGGgg)n TR T ORSR c 6 ?FB‘l i:a(# ftivam, PFipY do its
Rirb@sctdh 0P HOR! 2bnkst ST h@nﬁesetnlf' 1638 ehuhtz&e céﬁ:ﬂHVLaéw@famd

such co ounds aids in causing the catalysts
edesifien a@ﬂmlmm@eﬁﬂmspmbﬁdeb@emgbemy u'ﬁhasg aldswaents have

‘ I th
@%’%C TR of otk T eBle v Byl ol s SteBiipags awmonty
- edntdife] ilDhe NGOCREE S SHigiue tHfeel 18 G8GSrd Aulfle passes, the
conducted at | ower processing tenperatures or higher

¥eeorh seanemically (uadesitablediongflewerates f(Bquifl hewrly ewesomelpeity), or
%%gb’llnfcﬂ whas ﬁbf@%ﬁox gotf fe 'tA aagogben-ﬂtg geo d%%erg%ot the

een ave ver

émezbéﬂﬁ&ea&emekﬁ&)p@hﬁﬂ@@aag tieosttegml , such as |ess
even | ess than 30 ppm and_ even | ess

t han %g ppm :
t han P58 ff?&k 4hA PrFsertoproesse . camne 3ekisesdt by repafactipg an LGO
ﬁ@ﬂs@re%%ﬁi’ﬂfe%esteﬁﬁf rdgfifred g%%ﬂ%ht %H?lj th 11?&&&1@1&% tﬁé gegagtream

and hi gher conposition can be rea treate
toos tHI2$ fzene¢ iofer eafthesf. f iContact mayaben dbnds byr ayokigown method of

ni traogen conta fromthe L streamprior, to.it
?Oﬁl%afﬁﬁ% &8 %“3] aa?ﬂ%tsé il s ﬁ%smz P @8 Adsorption Zone
s8npdse® f Gkt ?hﬂaﬂl@%ﬁa%’t&ﬁ prRBERN B dwd J)I‘ ﬁﬁ)re (suitable for a
adsor bents f descri bed herein” bel ow.

mﬁw%mrgcqsa)vﬁxeda@rﬁpﬁ@@ddaedbc@ﬁmes,t ﬂwéizyd bcdh celumns, or an

SR L BRSO R Ao B S,

mul t i Pheeprpsess @sventibieshallde deberitednRHgChe brefeifapﬁxadahl fcked
low flow rates (liquid hourly space veI ocity),

Redoiysiems &ithwgim@gﬁ 2dSBTDEIOR ZONQ SYHIMS oy be &e wnb‘émted for
BB 2§t§m§ BYaRGTAE I ﬁfthfshaﬁ] ﬁ‘éfrﬁélgﬁ WoREECHE Sacked with the

‘necessary); en treatin
. present adsorbent, which is allowed to contact the petroleum feed stream and cause

adsorption of the nitrogen contaminant compounds therein. The adsorbent, at a
point of exhaustion of its adsorbent capacity or prior thereto, is subjected to
desorption to remove the nitrogen contaminants therefrom and finally to
regeneration in order to reestablish the adsorbent capacity of the adsorbent. A
continuous process can be readily achieved by using a plurality of columns in which
at least one column is in an adsorption mode while the adsorbent of at least one

 other column is being desorbed of nitrogen contaminant and being regenerated.
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In general, the present process can be achi eved by

contacting an LGO feedstreamw th the presently
woeouiosgd3 adsor bent prior to introducing the feedsiSemanio322

to a HDS zone of a refinery. Contact nay be done by

any known nethod of ~contacting a solid and a liquid

material, such as by utilization an adsorption zone

conposed of one (suitable for a batch process) or two

or noilhe (twogeabt@tdminaat isc dmmiobilized qir ¢we sdgorenk edThe derm

(packe ed) .col umms, fluidized bed colums, qr_an

&%ﬁ{%ﬂ#ﬁg b o ﬁﬁélSEff beighy afl g appensied sbmms rgfer to
: : . | vent |

Bl P B0 SRRER RECHRKR, Rlheslolf of 18 Fogth ARy 1o the

bthcs yoft the adadrbbat) gind i hpysiaals absotption  (peneiratipat iates tieainner

di bst i for., -, h b h .
R R S R e e R
{shRlicPsetantheaH8 O8RS HntantBin®Y frtn %ﬁl@éﬁ% $OwERD tvtvﬁlé the

the petrol eum feed stream and cause orption o
priesen gdsproantt e stmetursoefprsngh dond meayehbenmeithye pbigsaal be inic or

. i.0f of exhaustion of its adsorbent capacity or
gért}vgror?ﬁ%?(@feo@efegiq‘subj ected to desorption to renove

the nThe ageibend MéqiicdB thet st idnass if hNRrbvs §iRca matrix

regeneration in order to reestablish the adsorbent

wafesal thovipe kigh bereisr aeidity impaeshttheratous Mewsc epecificatly, the
[ chj.e Y. US| I yrality ©of colums. i

RRPRRAC hpoq BEHHREerl b BA B, B e hirblo bR Rofbent

funinké fiohe(ap 8EKW hevihg 0f awinslif ashred dénerBiche) me®ixytMichsnay be

bei n esor bed,.of nitraogen contani nant and bei ng
?‘EE;&‘%E‘? af ice4 e\ amenpliays geerigbeiggepdhey Dmidpre offheth. In

. : . hattl) c q ‘

- Rk 0me RORHIDRAE (b miHR Alg bAGERLEy ohFedl RN« three

~ dingnsionglhepnfigpetided Thaidegree edfecrystallin Hytice-dike astahicture of a
chem cal orpti.gn (adhesi on_of t ni trogen conpound,
R0 be FRpg Y, e e GoR b ey lfafton FHgSscapy o sumilar
REBAGIRS] A8 (bPeneid alsufiitiddd bolhiof ambﬁ{pon&grdgﬁéﬁg% )S/f fparting

t he adsorbent. Wthout wi shing to be boun
bewisagidits to thaetdicy compondng () of thewesiltahtadsetbentni t r ogen

cont af tS.form sone t .of weak.bond with the .
pres mer@pse o%%grrl] (?najl)'g{gm%ﬁ’% DPETE (l%ﬁ’é?f?’%ﬂga righe like),
comiingntP () Sifcihl resen®RidSorbént, Bab ¥ tRAtn®entiwitH! t8mponent (b)

t hereof . The adsor bent rec_lgi red by the present
descrbad; Retow.ds knowp sat toseabitihLemisiaciditytearindhe nusgistaje or to

S #&?ﬁgﬁ 3%1‘?%52 N g Eéiﬁﬂy bPRESHIN aDBRY 00, generally less than

speci
about 50 and, in most instances, less than about 20 pmol/gm due to small amounts

of impurities.

Lewis acidity of a high degree may be imparted to component (a) by
insertion or substitution of metal atoms into the silica matrix to establish electron
poor sites within the matrix. The Lewis acid imparting metal atoms may be made a
part of the resultant adsorbent by contacting the silica matrix material with a
precursor compound (b) of the desired metal atom. The Lewis acid-imparting metal
derived from the precursor (b) may be selected from at least one metal atom of
Group 1B, IIA, IIB, IIIA, IIIB, IVA, VA, VIA or VIIIA of the Periodic Table
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adsorbent used in the present invention is in the form

of particul ate adsorbent forned from(a) Si02, having
wOoneo4a58978 i n a three di mensional nmatrix, whi cRCIAg2(08/040322

conposed of lattice-like or anorphous materi al

(preferred) or a mxture of both. In general, the

silicon atons of the matrix are bridged by oxygen

atons in a three dinensional configuration. The

du¥§Asefamatyr y&iraalxhlinpb ﬂatmétabatbirise:aﬁtbeweteufed fodm Mg, Ca, Sr,

oy B0 8 SBertr b By ot ite i PaMO. Be i Gl opixtures

ﬂl@ﬁeoﬁﬁvlﬂlﬁgt ca ZMifd, a5 et Fanminga Qﬁd Al GR cEHf?ﬂ@.fé% thereof being
able of inmparting Lews acidity to the si
E?p@deémd Mg Zf, Laaeliy a,uFe and Aldsud berturesTthereoh rbemg more

efEEaR. SR b S sttt pestBied: o mfeng portiod of the
&dﬁaﬁlbﬁlﬁta sibich @€l hyHeeaibbMbted Byt Bn& QFH’R:"‘@J&Ve (R¥cribed metal
descri bed bel ow, is known not to exhibit Lews acidity

Jipran o mixtaess faareofsasanere dully descril hsirein betoy. | ow degr ees
b 100
o Lotk e 8 5B EPR, AORuBEOBLR

1abetitl @) byohityg fﬁeduﬁ ztrﬁl Blﬁahburﬁifwﬁéf&)y tﬁé rbiﬁll’tdﬁﬂ 4dsBfbent has
LeW|s acidity_of hi gh degree nmay be inparted to

éﬁWlS(%?}dIWO af iF@étrth(P doEren restiesh bereiacioly.oFomesagple, the
AT '15% Antrfifficsd Id @ £503 bt ﬁ(pfeg‘ﬁl%fi{ﬁg ekl s&%xefsta[ 191'3 al salt or

poorstesvvl |ntemat

oth¢rahetal pmsumlm/thhiels seldbledn thlaannbdlafselbbted If@Sfohhﬂ;gtthe matnx or
sorb cont ag the silica matri x_materi
if Brmacitng, Y st by B8 pirdorss (Bfor e bR tbPBaT 1l g believed,

tAbedn nélft}ﬁeahf-‘ W B 26 Iﬁlt'ah@ipéﬁ Bt Mlventili] HAE Hnbh QB0 gpﬁen’cs

recursor (b) may be selected fromat [east one net
) andofb) age caeptacRd tol formi ﬂE adldortfent [drl Bhed e indfallivIfdrmed

Boeubticss i cRa oo e PRk 25 e Ko belope @ metal
A oRtPSBthE ﬂfétaﬂ of ﬁﬁk&@éﬁ(@%fsr@fﬁlé\‘ﬁas et of$l'i|veb matik, B,

A, G, Zn, Sc, a, Ti
Co, I\T he bpwigi aﬁtdatb'e@ the presensfadggrbent |\7§ou1¢abe aZrleasLéOO mmol/gm

| (g.f . 60 Emgﬁgni?@m%nla p%ﬂo’ﬂg%)e%@fe 9515 %ok S00%0 3000 and

iﬁbnetpnefembtmbmdﬁ)ob@fzﬁy)(agrﬁo 20005 ﬁﬁi‘oﬁgm aMdsofbentAl , Fe
and Ti_ being nost preferred. For a _portion of

the S g nkewss agldiyy ﬁ%aseaélpr%yn nﬁ@ penendert elaing,refers to
tR8 leﬁty S ARANS Qeﬁ%fféyt gﬁgtr&?st aﬁte%oﬁ hf%ﬁgs%gec‘ or atom

t hereof, as nore escribed hereln
of such substance. The presence and quantitative values of Lewis acidity can be

determined according to the method described by E. Rakiewicz et al., J. Phys. Chem.
B, 102, 2890-2896 (1998) entitled “ Characterization of Acid Sites in Zeolite and
Other Inorganic Systems Using Solid State *’P NMR of the Probe Molecule
Trimethylphosphine Oxide”. The teaching of this reference is incorporated herein in
its entirety by reference. The described method provides an analytical procedure to
quantitatively determine the Lewis acidity of an inorganic substance and to

discriminate between the population of Lewis and Bronsted acid sites therein.
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The netal atonms of the precursor (b) may be introduced

into the matrix material (a) by any nethod and in
wannunss2sher eby the resul tant adsorbent has PapaiSt@d/040322

Lews acidity to at |east the degree recited herein

bel ow. For exanple, the netal may be introduced in

the formof a precursor material, such as a netal salt

or other netal precursor that is soluble in the nedia

sel ecMathif matefial (a) 0§ tHeha&ismbbmti ix aQ;ﬂlcangl (c@iydedgel) @erfopel, or

matri éh t he recursor m xtures thereof, It

reropRl}. g} € selhiEgoNE Sﬂgia matftr@ho thay haveia fhree dimepsional

v (
TbfPrat aoRila b/ E Ry S0St Al T8 ST Tl L bpfEfon
stnichiral |Sjlidachyrizogel aalso khewt ab silfca ratqhegel,plls ccsiieedel formed in
and/ aqr activated descri bed, herei A net al
SRt et ety Bores MG RRE Pt h SEEsbis § Bycrpasl ity water
Rtndvad.l AQfacidasl Rt t{f%exof xEFt?gei—ﬁWnswlﬁelﬁ Eﬂetl uﬁf hﬁ% Wen removed in
present adsorbent sShould be at | east 5
sushg waY @s ho Inigimize ady nollapgerpr 8R0EE i lthey sn;rucupe @Is ehatazlager is
from OO to 3000 and nore preferably from 700 to
.g. 750-2000) gnol/gm of adsorbent. The term
" Lewi ‘She @izt Yornfifig WaRM Jbﬁ{;ﬁ)héhta{'&nhﬂbnbﬁle(aﬂpgﬁﬂﬁeﬁewm acid

clains refers to the ability of subst anCe to accept
wdsethenbrsedtinghe presenteivediony gy b@u‘ﬁ@ml@m by lspwatwethods. For

T T O S
ﬁtﬁiehﬁ&isdﬂtﬁﬁmmmcblmh ﬁetaR@hbzﬂw(@g eddituh. silichte) WithSa strong acid

g B, 102, 2890-2896 19982 entltl ed "
BichraschifiG oh s proid (prefeasredds thenmizdng beingadane wndse suitable

OB AR, B i n ke

theaabd)utg)mfhaifrﬂilcmrr élﬂmrcemcmtnaaom of diepBiCat 1ﬁcthdn hydrbgeli which is

Lts ntlre ef erenc The_descri be
bk s sisitle i F1 BAEF O somtiaie Rebreca A0 L3 o gpout 40,
gﬁr&wfy Ibemtelaﬁ abBiY 30 86d Hbduy 38! aRnloBCH IRy %ei%feﬁ%sut 30

di scrim nate between the popul at | on of Lewi s
ansaberb 3% weizh pergenti with thépHeifrthe gol haing>fiom/2b6810L & about 9,

PCI/ US2 '

WEEALAS P A5 i e PRGN mpBlputes s pamplongy, tis
208508¢hg typially GRnd ot 30 € dvarsoEn! i d material s that
have a three dinmensional structure fornmed by

pl ur aFhe {preved gpategial is thanovashed, M@ﬂm&lsaaqg@mpb&ed@anply by
ﬂrﬁhers %rtﬁg tngevfy f Caci'élgmggf ?grrg Cfbnf’flluf‘o%sm%gsstr%ﬁﬁl o%ﬁnslater

aguage IS a’sli
whichdedchéd et the uhdestitiole salfs, Xeivirgedbous 98.5hyidqaed siticd (Si0,)

{ r
bquncil.va Il“ﬁe pH, temperature, and duration of the wash water will influence the

physical properties of the silica, such as surface area (SA) and pore volume (PV).
Silica gel washed at 65-90°C at pH’s of 8-9 for 28-36 hours will usually have SA’s
of 290-350 m?/g and form xerogels with PV’s of 1.4 to 1.7 cc/gm. Silica gel washed
at pHs of 3-5 at 50-65°C for 15-25 hours will have SAs of 700-850 m?%g and form
xerogels with PV’s of 0.3-0.6 cc/g.

The present adsorbent can be formed by contacting a silica matrix material

with a precursor material of a metal capable of imparting Lewis acidity to the
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renmoved. An aerogel is a type of xerogel from which

the liquid has been renoved in such a way as to
woiznirsge3 any col | apse or change in the struct BCE/US3003/040322

the water is renoved. The matrix formng silica
~“conponent - [ Conponent (a)] of the Lewis acid adsorbent
~used in the present invention nmay be forned by known

met hods. For exanple, a silica gel may be prepared by

mnltmtprrmimt tomhanizgres deduivd Heyeii The thedd atéifl Pe&Ssor material

sol ytion of an alkali netal silicate ge. ., sodi um

giay; Reagampactd; with the mahsx Haming sgteriabeither duriag gel forrnatlon or
%s@%ﬁr&o@%ﬂ%ﬁ??ﬁ%@rﬁwxam ﬂ:etﬂp ﬁv&qg ?Qﬁlf&gmgg g}ﬂeltaﬂ Bretursor

siakerinh (b)otnavrhbe:: bo@led wfnhl ahanmmx dgehing nsilicdssompdirht (a) or,
concentration of the SI02 in

| f .h
Alateielr Biscittandy divmed e HoGA glammrybr: irogted witlngd ewis
adid el g)?éclui/sopﬁf é"ﬁl‘iﬁné'i‘*?@ %ﬂgg gqsé’lg matrix,
out wWost

preferably between about
pref eﬂ“h@llyc“betamﬁle rfomtingrtma@ls afnﬂlealmewts 35dV\&n1glmtmg precursor
ercent

negts (e gr @FE@? ?ﬂ} Q@Bgﬁé thg L{g]%ns]pgg)ggfég the medla

Odedith GorhPINB fe%Eﬁtra%@ Isém he
ﬁ%?l cal ly f?om about 20 t ongigﬂgtié)ﬂgégeé)ﬂ #ihzbfeoﬂw@"f%wgpm

herpalrixi by variousvigetniqiios,\ aamhsly @1) by zbcmgrmhmtada;d 1ncorporatvd

e nevvl
A Bl el ¥er IR O Bane B ScsPerTing aiaictich dué g more
btlher geldemhing!Iletvis abﬁi&nethle@’ébtﬁ%ra)ﬁ%ﬁalg @)%%Mﬁ’xﬂ}g e Lewis
si.lica_(Si02) behind. The pH, tenperatureég,
8fiifl &nstad presurson enaierih wig the iniéiplly formied @b partibles prlor to milling

f
S 51 T B 8 g o o
ﬁﬁcﬁﬁ@oadmttp Hb deschbSd Bereit bBw @) o Wdditioh| Jf ths Ladislacid metal
have SA' s 8?12 g.,and formxerogels with PV's
BRCUSOF pgjeral 7t°&9/ adrﬁa %iPEd sgicp arhbYstpang of gppreghatignmr the
Hlt:e 2P (435@ doRfactng AR ]ﬂﬁHE §c1thét§f|1ﬁ‘¥&F§‘§§%a?%1 gg\q 8[%811%5111%

form xerogels wth
h‘r‘@@&qh paléldlaee dbeing aftemtr@mém prectding, swhtaadiiing aging iat élewated
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zﬁﬁfnﬁ{a—ﬁcoﬁf L E}ﬁEa ﬂ%'aﬂg tlgeeilkg coge §uch cogels show a substantially

homogeneous distribution of the Lewis acid imparting metal throughout the bulk

and on the surface of the resultant adsorbent. The weight ratio of silica to metal may
range from about 100:1 to about 1:3. The preferred weight ratio will depend on the
identity of the Lewis acid imparting metal and the degree of Lewis acidity desired.
In the second category, metal containing precursor (b) may be admixed,
usually in slight proportions, with a preformed silica matrix material, such as silica
hydrogel particles, prior to milling and/or just prior to agglomeration. This method

is most sujtable when it is contemplated to form the resultant adsorbent from silica
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subsequent to said formation. For exanple, the Lew s
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The preferred adsorbents are formed by producing a silica gel with an
aluminate to provide a silica gel having Lewis acidity imparted by the aluminum
atoms to the degree described herein above; or by cogelling an alkali metal silicate
in the presence of a zirconium salt; or by treating a silica sol with carbon dioxide,
aging at elevated temperature and then adding aluminate to the sol to cause gel

formation to provide the desired Lewis acidity. Combinations of the above are also
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gel material which is to.undergo physical m xing,
mlling and/ or aggl oneration to prepare the resultant
weoanddiosgd2at e adsorbent for use in the present PAOPUS®A/040322
process. In the third category, the netal precursor
-~ material or other material used to inpart Lew s
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%%1 stronms. The .preferred adsorbents are ormeéll Pgagens
qér@uubmggr@h@,ﬁel weed gldrcaalt dndathe like bmngalaalmllﬁrb'r wefud éOIathls

d h
e T S O N
@m%nﬂo@@l]&hhﬂ@g pHOr & gl form@ical orSpridraatagglohierdtidd. However,

resence of a zirconiumsalt; or by treating a silica
Whan i ipe ang peslomerationis used én thy farmatiosafiteiresultant particulate

éd@%@ﬁtait% ﬁ%e?é?&i)lé hep t@g%‘g Yo 1& H]ttﬁé%%es T ég? Eﬁ&! to'filling as

cause el ormation
deséribetly sinGontheyavillorbs s tlilelyphiov disarke thksdesired agglomerate

morphology after spray drying when they are also subjected to milling.

In view of the above, the term “gel” (e.g. “silica gel”), as used herein and in
the appended claims, is intended to include the optional inclusion of the
aforementioned non-gel constituents permitted to be present in the inorganic oxide
adsorbent. ,

The present adsorbent has a surface area (BET technique described by S.

. Brunauer, P. Emmett and E. Teller in J.A.C.S. 60, 209-319 (1939)) of greater than
about 200 m*/g, preferably from 300 to 1000, more preferably from 400 to 600 and
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materials, such as, for exanple, silica gel having
woizowmisgaasn at ons and al um num at ons present. @CnAIS2003/040322

constituents which may be present, include those
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system. For example, when the adsorbent is contemplated for use in a packed bed
column or the like, the particle size of the adsorbent should be from about 0.2 to
about 20, such as from about 0.5 to about 5 mm, with from about 0.6 to 1.5 mm
being preferred. Particles of smaller or larger particle size may be used and will
depend on the design of the particular column used. The exact particle size can be
determined by known methods by those skilled in the art. Similarly, when contact
of the adsorbent and petroleum feedstream is to be done in a fluidized bed, the

particle size of the adsorbent should be from about 10 to about 100 micrometer.
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The present adsorbent has a surface area (BET
techni que described by S. Brunauer, P. Emmett and E.
woebd4mssaza J. A. C. S. 60, 209-319 (1939)) of greaCemstiwansos22
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agglomerates too fragile for use as subject adsorbent.

To render a gel suitable for agglomerate (particulate) formation, e.g. by spray
drying, various milling procedures are typically employed (although not required).
The goal of a milling procedure is to ultimately provide gel material with an average
particle size of typically from about 0.2 to about 10 (e.g. 2 to about 10) preferably
from about 4 to about 9, and most preferably from 4 to 8 microns. In addition, to aid
in the formation of agglomerate particulate material, the gel may contain a binder
material, such as a silica sol having known binding properties or additional material

that has a particle diameter in the colloidal range of typically less than about 1,
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being preferred. Particles of smaller or |arger

particle size may be used and will depend on the
wdesi4gasns t he particul ar col um used. The exaeCT/US2003/040322
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The resultant particulate material is normally dried to remove the processing

liquid (water or organic solvent). The drying is nohnally conducted at elevated
temperatures of from about 50 to 250°C., although lower or higher temperatures
may be used. Drying is normally conducted at atmospheric pressure although
reduced pressure may be employed. The dried particulate material is then activated
by calcination of the material. Thus, the material is subjected to elevated
temperature such as, for example, from about 200 to 600, preferably from 400 to

600°C., under an oxygen laden atmosphere, such as air.
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To render a gel suitable for agglonerate (particul ate)

formation, e.g. by spray drying, various mlling
wonromddgmes are typically enpl oyed (although neCT/US2003/040322

required). The goal of a mlling procedure is to
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The particle size and particle size distribution sought to be imparted to the
adsorbent particles is dictated and controlled by the contemplated mode of contact
by which the adsorbent and the petroleum feedstock will be employed as well as by
the specific design parameters of the contacting operation (e.g. pressure drop within
a column). For example, when a packed column is to be employed, the particulate

should have a particle size distribution wherein the majority of particles (>95%) are
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bi nder m xture is processed to a paste using a sol vent

(e.g. water) and then extruded. 1In the case of
wagol4menat i on, the gel -binder m xture i s beadedTius2doBe40322

presence of a Iliquid, such as water, diluted citric

acid or silica sol. The resultant particulate materi al.

is normally dried to renove the processing liquid-

(water or organic solvent). The drying is normally

egitan Depreftiratdy tigathad 1.6 ednroetpréfetibDf leds thin Abawth wWiflle only

to,250C. , although | ower or higher tenperatures

) or. _h ma
BEURATEY Of PRRIEWIcI &1 W PETFRPIE 57 rQsPrg orahl 5379 arc less than

@%ﬁﬁ?ﬂ{&ﬁ{ h@iigher, r educed pressure may be enpl oyed.
he dried ﬁ%rtlcu?é

te material is then activated by ‘
cal ci Tih¢ i metrotsfunt Hfeedstler may . belfvoatactetiewitht thei adsortsent under
subj ected to el evated. temerature such _as, for .
t@%&%ﬁﬂt@? apd BFRSSIBG a'emgfe%lstt tgrantapy the pptsglpym freditrepspmptsrial
09 Giguid! QWIS RotrBER bRt h S &M 1
B iguid AR A O IRt LrRRED P et ?%gtlﬁy, Stsperature
odnaliteone mayvrangd froprabouts®td H003€C| prefarably thtvm plaout 20 td 0% and

f tion i 1] ed f |y | th
PR aeRs oF Ji bed 1 5 15 @aE csEBR Tropnibont 4Pk The
Pregsard BEAditiofs aypéigg adnl theadpetidiRSdesaObt 1ROolulhe R abibent

at ~least about 300, and nost preferably fromat | east
psticle %80 and/ e Teodhivaseositl, f wc ¢hadrevgn chigheraprgesures than those

L call rom about 0, to,about.. 1000 ref erab, .
DU et 780 2B odt e L RoRuf § ¥ e
PREthbl#0bhe Gecdbiedsin DY BEIW@ntaCiRl Withaterabfcpalifrbent under
di aneter (BET) of from about 40 to about 400, -

pmosphicsls) prossushcambtionsiand at ademparstuge shictated by thefpegipleum
5 . . )y '
AR oo A A pPREL LR Al LSRR G

for e optimiZatiof oofn the héagtionr cant budadadilyt etermpiacd | by esimple
‘&%{.also_contain pores of greater than 1000 Angstrons
CHACRHOBe detected and measured by utilizing
Mer Cufle Qrbdelt | A80rbR! RRJbEIn TEERL 1S "ERctiveld Sdenfdvk Chifbgen
pore vol une of at least 0.5 with from0.5 to about
domgpoungds &bay Ghl andfhigher pétnleund f&dstockhbButh feedstreants anpknown

& (%fn i gl%ri];cli oy c&%ﬁl‘& n%xt%ré of fi %légn %c'mzlpgu%/dg ;no?n[feﬂly believed

difficult to remove in an efficient manner.

The present adsorbent can be contacted with the feedstream by using any
conventional means of contacting a solid and liquid material, such as using a packed
column, a fluidized bed column or an ebullated bed column. It is preferred to utilize
the present absorbent by using it as the packing of a packed column. The size and
residence time of the column design can be determined by the nature of the
feedstream contemplated for treatment. Normally, when a continuous system is
desired, a plurality of columns are used in parallel so that at leasf one column is in
the adsorption mode while the remaining columns are in a desorption or
regeneration mode for continuous treatment of a petroleum feedstream.

When the subject adsorbent is spent (that is, has a reduction in adsorption

rate below a certain predetermined design level), the adsorbent is removed from
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(4) A bulk density of the adsorbent particles of
typically at |east about 0.2, preferably at |east
wahouto3823, and nost preferably at | east about PCOU42003/040322
g/m, which bulk density can range typically from
about 0.2 to about 1, preferably fromabout 0.3 to
. about 0.8, and nost preferably fromabout 0.4 to
about 0.7 g/m . (5) An attrition resistance that
parwig dfes adseirpliani efitthes hitget lRotpoandsOvhd Repena@edr 28 thtumn to
E%Vfénggrlgo nulljti pi e ad%orgti on/ desorption cycles (e.qg.
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(uttiplelcyigs)gnik & hWinlo Ge i SRATEn ddRe VI Lhin 2
colum). For exanple, when a packed colunn is to be
enpl oY% contigopgpracessi cande desouibed dvafimst &eugtd pbteolsim Foed

Shisthéd fob) Q2R Be K0T TR 5 56 SaBiaRobints ese of Raleas two
. eisetptivaloblnmim gackdianit e FBgniD dRsdRibEl SHMMNht T d#l&?ﬂtion
9

1.4 mnwr(l]ile only a mnority of particulate (
%9}“8?%% 4 Qpatedqriop rormpllw fust pbgry todBefHDS enitsad's fidvadiagram of
) j [ e kD et rol eum. f.eedst ock nma

e R e PR L Bl R0 S & B B bt o
pedesernnieedc Gmei tol tilizet fbstanBAll ailroft he RRbHALE Wibacity of the
Sﬁlglgdt}st(isgg%nngagerl al in € l.iquid state during the ’
adsor Pt pEPER g capobe dxtarmined fema pedieplar aplimen unit by
coavshtiohANékpEBMchBNGE Unggns%%?eﬂtiaﬁ%taﬁ S RE 8?59)5]%%(}% cgagala%ﬁfy is

fromabout 20 to 60C an N pressures

ufiliged, e foadstoqkrisdiseetbd to dnotier adwuptich doburBn Waile takies the first
f

i.tions.depend on the specific design o
@ﬁ?ﬁggf%ﬁ%?%?%@%a%%em particle size and the feed
Vi sc et flrst HdsérBaibn @6RMA i9RREN @ﬁﬁéﬁ&ﬁ a5 &ég&?tﬁﬂ %3 remove
nder condi t'i

nti oned here may to be applied ons we
cRPesie myregse eontaigmant cpppéundabfrgm thve adeeiotat rthaeinraylt is

' bi.ect ad t der,
HBfeRan R e el LI S, 8 TR DGRt DS, stscaue

thii vitregen chytamiveinp ebmpbiEdds aré BRI RBERHED LAK/BE Qb%{rﬁéa either

ri.o pr%ﬁress' ng.. Thg particul ar tenperature an
PHYSA Q through 10n1c or dative bonding or the like and not, in general, bound

to the adsorbent by covalent bonds, the nitrogen contaminants can be readily

removed by use of a polar organic solvent or other compound that is a solvent for a
majority or, preferably, substantially all of the nitrogenous compounds. The solvent
needs to be inert, that is inert with respect to the adsorbent, residual petroleum
feedstock and other compounds in the adsorbent and will not cause formation of a
solid precipitate with the nitrogenous compounds. In general, the adsorbent is
treated with an inert, low boiling liquid that is preferably selected from a polar
organic liquid, although non-polar liquids may also be used. The desorption liquid
is usually selected from C;-Cs alcohols such as straight and branched chain alkanols

as, for example, methanol, ethanol, propanol (all isomers), butanol (all isomers),
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for optimzation of the adsorption can be readily

"determ ned by sinple experinentation. The present
wadsarosens has been found to effectively rendveCT/us2003/040322

ni trogen conpounds from Cl2 and hi gher petrol eum

feedstock. Such feed streans are known to contain a

varied and conplex m xture of nitrogen conpounds

normal |y believed difficult to remove in an efficient
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petroleum feedstock being treated, temperature of the feedstock as well as other

known factors.

The desorbed column may be directly returned to adsorptioﬁ function or
may, optionally, be further treated to remove any remaining solvent, petroleum
residue capable of fouling the column, or the like before being returned to service as
an adsorption column.

The high boiling petroleum product stream obtained from the adsorption
process described above is subsequently treated to a hydrodesulfurization process

(HDS). In general, such processes entail contacting the obtained petroleum material
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predetermned tine to utilize substantially all of the
adsorption capacity of the subject adsorbent. Such
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propyl ketone, nmethyl butyl ketone , ethyl propyl
ket one, nethyl cycl OprOBXAMPLEl;

Formation of Silica-Zirconia Adsorbent.

A cogel of silica-zirconia was formed using a mixing nozzle having the
capability for concurrent introduction of two liquid streams followed by passage of
the introduced liquids through a tortuous path capable of providing rapid mixing of
the streams. An aqueous solution of sodium silicate (analysis: 24.2% SiO., 7.5%
Na;0) was introduced into the mixing nozzle at the rate of 29.5 I/hr while

simultaneously introducing, at a rate of 10.5 V/hr, a sulfuric acid solution having
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ket one, nethyl cycl obutyl ketone, m xtures thereof and
the like. Higher nolecular weight desorption |iquids
woayodmssaased al t hough their increased boiling pormis2003/040322
requires nore energy for stripping the liquid fromthe
nitrogen material and, therefore, are |less preferred..
The desorption solvent is contacted with the nitrogen
conpound | aden adsorbent usually be nerely passing .
gieonggn verthosulfate udissolvied harcike damadysinm3d. B H,SO4; 3.2% Zr0,).

El B4 BB 5k b Eink oD ERBH o St Qe v eionen metal as
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S B o e L SH AR neiOy, This SiiDinscton Bt Tomitig three
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?ﬁﬁt@fm nati on of both the adsorption and desorption
ti mesg.to ' . # nd desorb the
nitro aseno‘ﬁlféﬁ ggﬁn%% gﬁgtéoﬁmgfﬁlg% %8%% VTt ‘f?élt‘aélgpg M3 parts of an
desi gn, guetewsl1uv beedsinwktiaifBod heesheshoc;

terrpe@jgture of the fee@st ock as well as other known

fact ofPd. TPRAUBR UBRAEAt @HARAYS: may be directly returned

to adgyr pEh@bn YRGHLOR : i I e urther

tr ea?@g t oIb r e?_r%ve any r ?raﬁbgﬁfxg%&v@ﬂ?,g ég{t?oqtg%lﬁ\ aquieous
resi due capadriie sdfitibrowhs mrddnecdowith tire water hiv® tHei diation was
bef ore b%}go%ﬁﬁr.et urned to service as an adsorption

col um. >gh boi ling petrol eum product stream

obt ai @pd con@plind e AJSOELWAN21 R PERSPat i

IS subsequentlyﬂ?r egt e_g to a hydrodesu fu?llfagrgfgc%%g%seo“n
process aappIp 45Yasulferie peild sokition fprduesseH0eds aid

2004/ Bsad P iBEAMABLGER RBLE D0 TR HA sl et a6 Crps
catal yst at elevated tenperatures (e.g. 250 to 450C)

and ressure (e.g. 10 to 150 bars) with a hydrogen to
oi | rEheeashed eirogs aime drigd . 1 SHmeTs 2 20ATG &allovied by heating at

ARPe B 2NRYSs. 2Ghd i Sotivifll Cy; &F isoned, by the
presence of hitr ggrgsn c%%%tg%?nggl%o%cgﬁﬂ%ﬁeyogﬁ LYZa,S GRled to
aprbaerd conditiosassler avlgrambéphees. ni t rogen conpounds are
renmoved prigr to the HDS processing, provides an

effici n?esﬁ’ﬁ?me ge]t 6@%‘&’6@233 weight gpergent zirconium (as ZrO,)
(SAMPLE I). The Lewis and Bronsted acidities were measured by the procedure of

E. Bakiewicz et al, described in J. Phys. Chem. B 102 2890-2896 (1998). The
physical properties of BET surface area, pore volume and pore diameter were
measured using conventional methodology for these properties. Table I below

shows the Lewis and Bronsted acidity as well as physical properties of the resultant

adsorbent.
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the nitrogen and sul fur contam nants fromthe high

boiling cuts obtained from petrol eumfeedstock. All
woeb@rossees herein to el enents or netal s bel ongCmySt@3/a40322
~certain Goup refer to the Periodic Table of the

El enents in Hawl ey' s Condensed Chem cal Dictionary,
- 12th Edition. Also, any references to the G oup or

. Goups shall be to the Goup or Goups as reflected

in this Periodic Table of Elenents using the | UPAC

not ati-on system for nunberin roups. The foll ow ng

exanpl es are given as specﬁb@ illustrations of the

clainmed invention. -lpy %?%?Ji)% ?Ft unger st ood, however,
that the invention is t he speC|f|c
details set forth in Bi® ZeAmdsefbenN | parts and

percentages in the exanples, as well as in the
remai nder of the specification, are by wei ght unI ess

recited in the spéecjfication pr ¢
_representing a partfcuhdditget| of propertlies, uni{sppfmeter
nmeasure, condlil ons|, physical| states or percentages,

i s intended M8t ef aIH‘i)/OVﬂhcorpor@t/S expr es%slg her e

. B0, Wi grence or ot herw se, any nunmber frattng—wthin
such range, includijng any subset of nunbers within
3Yodange sol¥cited. EXAVPLE 1: 4&pr matli o, 18 67
@g%@g} Zi rconi a Adsjorbent. A [cogel of si|lica-zirgonia

S ed using a |m xi ng nozzl e having|the

capability tor concurrent 1 ntroduction of twotTgurd
streans foll owed by passage of the introduced |iquids

t hrough a t'ortuous pat hEGAMIPIE 2f providing rapid

m xi ng of the streanms. An aqueous solution of sodium
silicate (analysis: 24.2% Si 02, 7.5% Na20 was

Hortnaticlu o2 Alunith®mbliiedISKidA0A do#Fnf at the rate of 29.5

1/ hr while sinmultaneously introducing, at a rate of

10. 5 FouR samples; of snipy dried $1¥10<'S gétlitaving dleminug: atdths Wthe matrix

tg%gé,?gg‘ggt%hﬁgg{%%%%ggg;ﬁg zi rconi um ort hosul fate

di s VET ST 036" 79% H2S04; 3. 2% Zr 02) .
Upon TBA Ammguécms mlich 8olmvay fcbﬂné@ﬁﬁlhﬂﬁélﬁa dissoBihgd &ﬁhum silicate

| ro Conl um net al the Lew s acid
( a?%sbgéfl 2\:@% CFZ SN GDHR ater h?@tﬁdlt%§5°%@@ﬂpatet'ﬁz®fatlo of
oL TetorRsalce @ftaqueous silica sol. The silica sol was mixed with carbon dioxide

at a rate such that the gel time of the silica sol was between 10 and 30 seconds. The

ot her w S,_fLeﬁlggﬁ:‘i&igﬁu' BrolstdiET | ST cezﬁr‘ggts QIR 'V‘g 1 t ngg. Pore

mixing was performed using a pipe reactor to enable intimate mixing of the
materials. The gel was further mixed in the reactant water for approximately 140
minutes to allow gel structure development to be completed. The gel was then
pumped through a static mixer while adding an aluminum sulfate solution at the
silica to alumina ratio 28/5. Due to the change in pH, carbon dioxide gas expelled
from the gel mixture. The resultant alumina-silica hydrogel was dewatered at 200°C
for 15 hours and spray dried to form spherical particles (1100 psi). The resultant
powdered product was then slurried in water and washed with ammonium sulfate
solution to exchange soda in the same manner as described in Example 1 above.

The resultant material was flash dried at 182°C. The dried spherical particles (about
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hydr ogel was washed by passing 2100 parts of water
mai ntai ned at 60 C through the hydrogel product over
wa 0m@sgsr period. This washing step was repeftCeas2003/040322
three additional times. After the final wash, the
resul tant hydrogel was sequentially treated (a) with
a first solution of 2100 parts water containing 103
parts of an aqueous 12.5% amoni a solution for 4
66 qum $n dianBBET) webd ther prititd g abow e pRNparfiel} sidearstig 4 §ot mill.
epeati ng treatnent (a) above except only 5 parts of
Lﬁ goWterekssthen foraied antg &eﬁdﬁ Sritbeats mpt mﬁﬂm@%r agcendingnte the
ation was 2 hours; (d) contacting
pft%ﬁg ?%SQF@ "2100 parts water containing 24 parts
of aH Baqumqnmce%%f $liA tlescribechabaleswdsicpedted em:ce@t thatitte sol

b Bl S e itead P STl s o0 2
ngfela&@ft)qs én‘a DY he %él fapaﬁnfuﬂhésqmga@é{f Ghinf@s at

Cfor 2 hors. e resultant activate
SI I i dCzik sampla mrprg@red/\msthc@amedmmler asr‘déseribed for Sample

ng5 e 28505k ndinbTBRe A By gt Eper i aging
steptMptoBude)a profgct hEVIhS aRt EM@E&'&&Q 0995 We&éh@ﬁerﬂ@ﬂte

measured by the procedure of E. Bakiew cz et al
descHiDebhip pargple Wy§onr@ﬁemh®ammnmoam®ml(eﬂ9m$ample II
BTA}?e r‘%gﬂ%tit géglrlfgé{ng%? rtrer{az pvag Fe%E-ll;r;ébu r({?F ge 4 ﬁﬁ g ﬂjartlc?e size of -

betasie20i ek 70 naidiadet8gy The rmitbesewhs Qe fbindsl inf@te8dd as
bel ow . shows the Lewis and Bronsted acidity as well as

desRyiRedbalowy operties of the resultant adsorbent. 25 WO
2004/ 058923 PCT/ US2003/ 040322 Tabl e | Physi cal
Properties of Si02 ZrQ2 Adsorbent Lewis Acidity

Fanomieoh ed bSus ffacealamée Rodified/silica powderPore Acidity

D an%oe ]rparts of each of the above Samples II A, II B and II C (not IT D) was
separately mixed with 200 parts of binder (Sample IT A with boehmite; Samples II B

and II C with attapulgite clay) in an Eirich mixer for half an hour. Each of the
resulting powder mixtures was agglomerated by adding an appropriate amount of
water to observe bead formation. The water content differed depending on the
silica-alumina powder and on the binder system used. The particle size of the beads
was between 0.6 and 1.4 mm.

The resultant samples were dried for 15 hours at 120°C and then activated at
550°C for about 2 hours, The Lewis and Bronsted acidities were measured by the
procedure of E. Bakiewicz et al, described in J. Phys. Chem. B 102 2890-2896
(1998). The physical properties of BET surface area, pore volume and pore
diameter were measured using conventional methodology for these properties. The
resultant particulate adsorbents were analyzed to have the properties shown in
Table II below.
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prol /g nol/g nm2/g cc/g A Si02 with 3.2% Zr 1940 0 467
0.78 67 (as Zr02) EXAMPLE 2 Formation of Al um na
waonadi4fosed3Si | i ca Adsor bents Four sanpl es of sppay/useiosd40322
silica gel having alumnumatons in the matrix to
“inpart Lewis acidity were forned as follows. 1A An
aqueous silica sol was forned by initially dissolving
sodiumsilicate (analysis: 24.2% Si-02, 7.5% Na20O) in
wat er heated to 85C at a <shabledat e/ H20 ratio of 0.15
to produce an aqueous silica sol. The silica sol was

xed—w-th—ecarbondioxi-de a-rat such-that t nnl

Naal
T AT O Vit oG oo TOl O T oo T ar— ot arje-—o oot

tiSAnle (|heleWrs cq Biopstidd 6&?%@% 1 8urkag (30708 clorg Pore
The m xijng &@ﬁyperf ﬂ@ﬁ u | P& dpeact o) .

enabl e intlnate n1xﬁ%g ﬁ%?gﬁﬁ?eria‘é Tﬁghge m%@%
further mxed in the reactlant water| f or approxi mately
140 m nytes |1 ow struct urel deyel gpnent fo
conpl et ed. 819% gi]/tghe ‘Y‘}ur{"ped tBr/8ugh /St at | c

m Xgry, Whi|T € @dgi ng an-gl um nu ur fiat Uty ar the
silica tg alﬁgmgna rat|222/5ﬁbgetot§gch£n%% n_pH,
carlhB} diloxil®60gas exjkl | ¢d I3.3)mthe2§’é| moQure. The

alymr-na--si r~1 bvdrogel—a dewatered t
T LB TTUA T T O L | v T OO <

ANt
I CQ I u.llL

Ctor 192ABur4 a0 sprlay #h¥ed to3%r m tfer cal?

parltlIU:I ey (Hh@F P3i) 2gdne [TeSH fant gggmereij.lpr odu§§4
was thenislurried!in water and washed w th anfronj um
sulfate solution to exchange soda in the same nmanner

as described in Exanple ;k above, The resultant

material was flash dried . The dried spheri cal
particles (about 26 WO 2004/058923 PCT/ US2003/ 040322

Dol o SHIEGR] e flfagn 11 ed Lo about '8 m

TCIe Srze usrn et mll. The powder was then

fo r nmebwo siliva lxemgslsc(Sampkesl TI14Sith and Im&matxme doraeddh filge same

R & GERCEPH R S | HBES -t Tas Ui SR AcHbsolution
&8/not WeRaih Hirb@binYorf Sh&EIvAL aﬁﬁ%&taﬁ@gbst St C?%@f?t ofhfaé%hmg

using a silicate/H20 ratio of O.
anichgang eegditioes yete él’@red%r paalsaepld msirderdo afljudtdbe desired pore

IH_unHHeS

Sample III-Si/1

2500 parts of the resultant hydrogel was washed by passing 2100 parts of
water maintained at 60°C through the hydrogel product over a one hour period. This
washing step was repeated three additional times. After the final wash, the resultant
hydrogel was sequentially treated

(a) with a first solution of 2100 parts water containing 103 parts of an

aqueous 12.5% ammonia solution for 4 hours at 60°C;

(b) contacting the hydrogel with 2100 parts water containing 24 parts of an

aqueous 45% sulfuric acid solution for 2 hours at 60°C; and

(c) washing 3 times, each with 2100 parts water for 1 hour at 60°C.
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Il C. A sanple was prepared in the sane manner as
described for Sanple Il B, except that additional
weaadi4essaBum nate (19% A1203) was added after POe/uagi0Bg40322

step to produce a product having an alum na content of

25 wei ght percent. Il' D This sanple was forned in the.
sane manner as described for Sanple Il B except that

the resultant material was used in powder formw th a
panple AlSiR ze of between 20 and 70 mcroneters. The

materjal was not for I nto beads a escri bed
el ot UegpdgGlhe ot é%%vdm s JtAshed gmaﬁslegj 2100 pesgp of
b Iy
Qé’eé{éﬁlgﬁrtalmt%?n(g ?ﬂgﬁgl?gl’ig\li}g&fo bl p%@%?éfeféﬁ}gegﬁr V\#)érhdﬁ This
wadingsters was repeateld thréSaduitianal timés.wAfthr thedinal wesh, the resultant
wth attapulgite clay) in an
@fw&iwﬁﬁﬂue‘?t&\lngﬁgﬂafe%an hour. Each of the resulting

powdegy) m\%’ﬂpﬁeﬁrsﬂ\@(ﬁuﬁ&gbf)'ﬁﬁ@ﬁa S %té%d&'in%lﬁg 103 parts of an
appropriate amount of water fo observe bead

f or mat i orRquerive I\Z/éf’/eanflmnlmaleiwilltxsblnfﬂf>E4t h@llrel ebdding on the

sili c sal u tem .

The ) tieaeOG BeaFroREl with AL o patls Vs bR G U Ris of an
1.4 rrm E'q&ecﬁﬁsllﬂ%ﬁﬂﬁn@%ﬂﬁ's@ﬁtﬂéﬁﬁ&ﬂﬁdtﬁﬁjatfwcl5 hours

at 120C and then activated at 550C for about 2 hours.

The L@N svashiagsriones, earhatitly? 1 Q0partaavater fornb hewdit §)° Chand

Cnom OB 3hisfay oS a@UiEd B0l SRRy dpa btGer an

of BET suficons 1ar5eaampoing schitioiEoehHoyad aeo0°di anet er
wer e measured usi ng conventional nethodol ogy for these
properties. The resultant particul ate adsorbents were

AR@hi¥Z 8dsdB Smb operties shown in Table II
Dol w2 S&r erR%LM 5%%8%5 PCT/ US2003/ 040322 Table |1

Sanpl & cbmmesclﬂil}om@uleblle/aﬂurmnm tdsurbeait pfogiaet, P IQe3 (Ayold BegrAcoa

Bob]) oty sy Bbefeq Rompeiialf o96 Pinnatiben Jegubicet

#borbeht & t%@ Q)Qesgﬁ)t ih9entiofd TI: SdpldQas in powder form with particle

sizes between 20 and 70 micrometer.

Each of the comparative samples described above was dried at 200°C for 15
hours and then heated at 400°C for 2 hours. The samples were then allowed to cool
to ambient temperature under a dry atmosphere. The Lewis and Bronsted acidities
for each sample was measured by the procedure of E. Bakiewicz et al., described in
J. Phys. Chem. B 102 2890-2896 (1998). The physical properties of BET surface
area, pore volume and pore diameter were measured using conventional
methodology for these properties.

Table III below shows the Lewis and Bronsted acidity as well as physical

properties of the comparative adsorbents.
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Il C 1240 100 25.0 364 0.64 70 |1 D 1100 260 13.1 329
1.1 134 Exanple 3 Formation of Silica Cel
wOConpasasi ve) Two silica xerogel s (Sanpl es || PeEiUS1003/040322
and I'11-Si/2) were fornmed in the same nmanner as
- described in Exanple | above except that the initial
sul furic acid solution did not contain zirconium or
other Lewis acid nmetal precursor agent. The washi ng
and agi ng conditions were ®blened for each sanple in
order to adjust the desired pore structure. Sanple
I11-Si/1 2500Ppysiqad Pepettics Oifglﬂﬂ andrAlumyir GeJel  was
washed by passing 2100 parts of water naintained at
OC through the hydrogel product over a one hour
per Saple Thi s Lewdss hij nBrosisted \Warfhicerhed HoM ¥8l. | Avg. Pore
additional| tinmes. After theg final wash, the resultant
hydr ogel- V\asAgléﬁﬁertiAefIKhWtreat ed (a) with a firsPiameter
gol uti on of - par. gr coptaining 1 parts of
an aqueous %%l.gggﬂ) an‘%@lnol sol utIPlo for| 4 %g/l%rs at 60C
b) IIE8ift acft i ng0t he {hydioogel| wi t B9@100 [par pygwat er . 71
' 24 partg—of an lagueous 45% sulfuriclacid

 COREALRIRY
ol HEPEA flor 2 houls af 60C; and’fc) washild§ 3 ti nd$g

. eacr_ h {210 arys er {for—irhour—jat—GQC—280
208121I %%923 P I/oUSZZOOB 40322 }a |l e Illﬁéiblz 250@72
parts of the resultant hydrogel was washed by passing
2100 parts of water mmintajined at 60C through the
hydr ogel product over a oneExgmplesbriod. This washing
step was repeated three additional tinmes. After the

~final wash, the resultant hydrogel was sequentially

t r eat Bath( aff thei sililcaazifdom?t adsotbeht Gmnel a%l:&?iﬂgafd Ex¥8pIer1, the
t al ni 0 n aqueous 12. 5% anmoni a )

R R T T S 0 —

BGRRAR| o Wrlaiphd I WA KGINBHSK P Bal BORRY PROKS aPho0C

an aqueous 45% sul furic acid solution
Bilowed by heating at 750°F (400°C) for 2 hours. The samples were then allowed

to cool to ambient temperature under a dry atmosphere.

D

Each of the samples was tested according to the following procedure:

Various amounts of each adsorbent were charged into separate test columns
followed by certain amounts of an LGO petroleum feedstream material (B.P. range
of 164 to 458°C; total nitrogen of about 220 ppm, total sulfur 1.56 wt-%). For
details of the feed to adsorbent ratios see Tables below. The total nitrogen content
of the LGO petroleum feedstream material was analyzed by photometric
spectrometry using a commercial nitrogen analyzer (ANTEK Analyzer).

Each of the test columns was maintained under agitation for 4 hours at 40°C
to allow adsorption equilibrium to occur. The remaining petroleum material was

" removed from each column by centrifuging and analyzed for total nitrogen content

in the same manner as done with the LGO petroleum feedstream material. The
nitrogen adsorption capacity attained by the adsorbent of each test column was
calculated according to the formula:

C = (co —¢) m (feed)/ m (adsorbent)

30



(c) washing 2 tines, each with 2100 parts water for 1

hour at 60 C, and (d) washing with a solution of 2100
weoantwgssmaser contai ning 103 parts of an agqueoBETAR2®3040322

amoni a solution for 3 hours at 90C Al um na Adsor bent

(Conparative) A commercially avail able al um na

adsor bent product, H Q 30 sold by Alcoa Wrld"

Chemicals, was |abeled Sanple I1l1-A/l and conpared to

the subject adsorbent of the present invention. The

J i r formwith particle _sizes between
SBHE o 30T BpBRATES niReh oborvlien eemmptty it imees e woogen
abesartiation ofilfiRdec Yositrebd s and. .
then heated at ZOOC f%rﬁgnﬁ%nlﬁlr% g?ﬁ?ﬁg&gﬁ%@g&ﬁ%e@uﬂ%ﬁmn
) $8ach Wil adwrbentom fisednis mespef A1GO epctiolitim dest¥dy and m

JOPSR T .S .and Bronsted acidities for each
(ggrrpl eb\%ggla?rseé\}gdgr%(grg%%ﬁnf é‘mﬁ‘rocedure of E. Bakiew cz

et alFor cagstesti the dalowlated ad&Myi$on @S &fn% 6
té)éli?gs'l}' The physical properti élsggfagﬁaiﬁr a@gg&éﬁgﬁwea
%SG Bich e BRE Tt ehelindsesbent. e gesubtasinr embottsd ig Tablos TV

tEORMENT | A r these properties. Table
HONMEHI beloR as BRI BRGIPLBIN N Moo b hei ty as wel |
as physical properties of the conparative adsorbents.
29 WD 2004/ 058923 PCT/ US2003/ 040322 Table |11

Physi cal Properties of SifigiaRd Al um na Gels Sanple

Lewi s Bronsted Surface Area Pore Vol. Avg. Pore
Acidity ACTdiTy Drametet Sai‘h'}[’ilg ro-Hg—tg—66/g A
I11-si/1 7+ 24AC g 10 0 0 275 1 16 168

mPadd e i T acit
111-A /1 BOGO.| 1450 B} 2 oiokX P18 dYERRN of the
silica-zi [cned a oT gz 1 Op aEtaceos figg—te| Exanpl e

I, the sjTiga-[alragin SUTHEHt$ forgiggsraceed ding to

Exanpl e || ;2.end tTae CPNB@r atpyE 0.0030
4.00 10 10 0.04 0.0012
Table V
Sample ITA
m(ads) | m(feed) c
(9) (@9 |(ppm)| clco | Capacit
y (mg/ m2
0.17 10 151 0.66 0.0138 ;
0.33 10 108 0.47 0.0110
0.37 10 70 0.30 0.0071
1.34 10 42 0.18 0.0042
4.00 10 10 0.04 0.0016
Table VI
Sample IIB
m(ads) | m(feed) c
(9) (@ | (ppm)| clco | Capaci
pacity (mg / m2
0.67 20 125 0.55 0.0g 1(:;5‘J )
1.33 20 86 0.38 0.0079
2.66 20 52 0.23 0.0049
4.00 10 16 0.07 0.0020
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adsorbents of Exanple Ill was heated in a muffle oven

at for 15 hours at 200C followed by heating at 750F
wO0420Q@psN2er 2 hours. The sanples were then al | eaeaS2106/040322

cool to ambient tenperature under a dry atnosphere.

Each of the sanples was tested according to the

follow ng procedure: Various anounts of each adsorbent

were charged into separate test columms followed by

certain amobunts of an LGO petrol eum f eedstream

material (B.P. range of Tése W@l 458C, total nitrogen

of about 220 ppm total sulfur 1.56 wt-% . For

details of The Teed T0 adgRpLRARE rati os see Tanles

bel ow. Ther@gsHl mifEdd) PUegT gontent —of the GO

petrol eum f ggdsi r ggm pR)i| alc/cwas @%h,wz(ﬁg/pw
phot onet r i C0.35PECTA00 t137 USpig a com L nltrogen

anal yzer (AMEEKARTY i&{dg EHG8. of tiu.—(‘) 1?)2‘ cotjums

was mai nt gi-pespndgr—agiiat oF—4—HO 0OC to
al | ow adserp gc . ej%ui i g?i LEs 13,1 SECLH— ().0@ é_r_emal ni ng
pet r ol eum-nE %r al““was el 948 firam &?ﬂqgf9col um by
centrifuglnf®lnd fal yzd# fidr08lotal ni%kddGen cdnt ent

in the sane manner as done with the LGO petrol eum
.feedstream material. The nitrogen adsorption capacity
attai ned by the adsorbentTafe ¥ELh test col unm was

cal cul ated according to the formula: C = (co - ¢c) m

(feed)/ m S e 923

PCT/ US200 Sén%'ug)gcm(feé/e%lt‘l & ¢ 1St E‘Eﬂﬂﬂ‘?‘b‘f‘fﬂﬁﬁ’
nitrogen adggrpfi ARRED 1Y clch  MESbacihQmi$ ) tir ogen
concentrafi@mgo r1©eu 20! $ DiBBT0Uen qruiggntrat|i on of
feed prodycy3mfferioeqli 1g1babigen| i N qogipact wit h
adsorbent | ow{TEedpD 1 $ masSs oRILBO petga7eum t gst ed;
and m (a¢gstsdbent )10 s|{nd8s |oD.1adsor bertod col ym. For
each test 14660 cal cldl aj ed3 adeobpli on ce@atTity Vas
normali zed with respect to the surface area (BET) of
the adsorbent. The results are reported in Tables IV
t hrough Xl bel ow as adsor pihlemxcapacity (ng/m. Table
IV Samlel mlads) m(feed) ¢ Capacity (mg / (9) (9)

(ppm) c/ cpme) Sample TII-Si/1
m(ads) | m(feed) c
(¢)) (@ | (ppm) | clco | Capacity (mg/m2)
0.66 20 129 | 0.62 0.0048
1.33 20 86 0.42 0.0037
2.66 20 | 55 0.26 0.0023
4.00 10 16 0.08 0.0010
Table X
Sample ITI-Si/2
m{ads) | m(feed) c
(9) (@ |(ppm)| clco | Capacity (mg/m2)
0.66 20 128 | 0.62 0.0087
1.33 20 100 | 0.48 0.0059
2.66 20 70 0.34 0.0038
4.00 10 27 0.13 0.0016
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0.67 20 103 0.46 0.0078 1.33. 20 67 0.30 0.0051 2.66

20 38 0.17 0.0030 4.00 10 10 0.04 0.0012 Table V
woenpsargf eed) ¢ Sanple I1A (9) (g) (ppm c/ cBCT/US2003/040322

Capacity (mg / n2) 0.17 10 151 0.66 0.0138 0.33 10

108 0.47 0.0110. 0.37 100 70 0.30 0.0071 1.34 10 42

0.18 0.0042 4.00 10 10 0.04 0.0016 . Table VI Sam le

1B m(ads) m(feed) ¢ (9) (g) (ppm c/co Capacity (ng

/ m2) 0.67 20 125 0.55°'0.0113 1.33 20-86 0.38.0.0079

2.66 20 52 0.23 0.0049 47&e%® 166 0.07 0.0020 31 WO

2004/ 058923 PCT/U82003/040322 Tabl e VI Sanple I1C

m(ads) n(f eeo) C (g) ( amAg/lco Capacity (g / nR)

0.35 20 1876 149 106046606492 1. 33
20 71 0.3[1 h,%?o| aa f? ag,pg,g 45.0. 1%6(33&9%%9/”,2)

0.18 10 205 0.85 0.0172

0.35 10 189 0.78 0.0128

0.67 10 161 0.67 0.0102

1.33 10 119 0.50 0.0079

4.00 10 43 0.18 0.0043

The principals, preferred embodiments and modes of operation of the
invention have been described in the foregoing specification. The invention which
is intended to be protected herein, however, is not to be contrued as limited to the
particular forms disclosed, since these are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by those skilled in the art, without

departing from the spirit of the invention.
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8.00 20 14 0.061 0.0015 Table VIII Sample I11)

m(ads) m(feed) c¢ (g) (g) (ppm c/co Capacity (my / nR)
w0 20R/05823140 0.58 0.0169 0.35 10 101 0.42 0. 0re1/USCN08/640322

10 70 0.29 0.0077 1.33 10 43 0.18 0.0045 4.00 10 13
0.05 0.0017 Table I X Sanple I11-Sill n(ads) n(feed)
¢ (g9) (g) (ppm c/co Capacity (ng / n2) 0.66 20 129
0.62 0.0048 1.33 20 86 0.42 0.0037 2.66 20 55 0.26
WHORAIM4. 00 10 16 0. 08 0.0010 Table X Sanple

[11-Si/2 mads) m(feed) ¢ (g) (g) (ppm c/co Capacity
(my / nR) 0.66 20 128 0.62 0.0087 1.33 20 100 0. 48

0.005b 2. A&enctipdof wanyfagugeg . andigghe lydr@atendiedeging
Il%&lléé% ﬁ@é‘ée@%%ﬁ sﬁ)lgﬁ/ Uc%%?e%gl Qg'rggr‘%gng T@B' %or)ﬁlactlsnagrfp Ip%or to
hydrodesulfurization, a C;; or greater petroleum feedstream having nitrogen and
sulfur containing compounds therein with a porous, particulate adsorbent comprising
a silica matrix having Lewis acidity of at least about 500 pmol/g; and (b)
subsequently treating the feedstream product derived from (a) to catalytic
' hydrodesulfurization to produce a hydrocarbon fuel.

-2 The method of Claim 1 wherein the adsorbent has a surface area of at
least 200 m*/gm; a N, pore volume of at least about 0.5 cc/gm; and an average pore
diameter of from 40 to 400 A and contains metal atoms of Group IB, IIA, IIB IIIA,
IIIB, IVA, VA, VIA or VIIIA of the Periodic Table in an effective amount to
provide Lewis acidity of at least about 500 pmol/g.

3. The method of Claim 1 wherein the petroleum feedstream comprises
C12-Cs¢ hydrocarbons prior formed by fluid catalytic cracking or by distillation of

petroleum feed.

4, The method of Claim 1 wherein the petroleum feedstream is
contacted with adsorbent in a packed bed zone comprising at least one packed bed

adsorption column.

5. The method of Claim 2 wherein the petroleum feedstream is
contacted with adsorbent in a packed bed zone comprising at least one packed bed

adsorption column,
6. The method of Claim 3 wherein the petroleum feedstream is

contacted with adsorbent in a packed bed zone comprising at least one packed bed

adsorption column.,
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m(ads) nm(feed) c (g) (g) (ppm) c/co Capacity (mg / n®)
0.18 10 205 0.85 0.0172 0.35 10 189 0.78 0.0128 0.67

woQom@ssNR3 67 0.0102 1.33 10 119 0.50 0.0079 2COW@S1®3/040322
43 0.18 0.0043 The principals, preferred enbodi nents
and nodes of operation of the invention have been
described in the foregoing specification. The
invention which is intended to be protected herein,
however, i¥Thaahethad bf Chaihr Uedhasin isaiidt petrdleurh hfzedstream is

artlcula dISC|OS d, since these are to
St i tas forsa iAoy %O&’tt}?@r FononpeloqRel fiopt o Juidized bod
é@,&fp%bh%ﬁem.ﬂ]ﬁ)glg Q@yadg WBE SRy those Skl lled in
epa

the"art, wthout ting omt e spirit of.the
i nvention. 33 V\D 2004/ 058923 PCT/ US2003/ 040322 WE

%Q:r L\)%far bo'ﬁi'l ‘i(’jfh\?{f gﬁﬂ%; ud %‘Ie’rr‘]ﬁgts?? 58%“2 i ggprﬁs(ﬁeam is

Sonbdcent mﬁtﬁ”@dsbf-’deﬂg i Bh S@REAOh Ahe RILAEd FOm a fluidized bed
cédrodesul furization, a ClZ or greater petroleum
E

erpsion ey draan; mn@alﬂﬂatmg)g@?ﬁ@m@tws abdeur cont ai ni ng
conmpounds therein with a porous, particulate adsorbent
conprising a silica matrix haV| ng Lewis acidity of at

| east 9.abouThd QRetBHD |FICIaaAd3 (Whereil RFFAPERSIb0in t foBdticRS i
the feedstream product derived from(a) to catalytic

soptactdle wiithf adsorhent dm amoactﬁpmsp@emeh ecdech ifigon of faidized, bed
bent h
8ErpfEBh 68 O e O Sl 312 2 por e vol urre

of at least about 0.5 cc/gm and an average pore

di arre{)q(jr of from 40 f(Bo 400 A and contains, netal atons

of & "ghe p}ekbod| P ClqunA4 Whqu‘QBIB the \pgckagnbed,/adsqgption zone
ri%QQtlE&?t\F@é Bfitfon EekLGsi N an effective amount to

croé/i ee Lew s accllS ﬁityno? EnSI east about 500 nol/g. 3.

The net hod of Claim1l wherein the pet rol eum f eedst r eam

conpr 2- oca bons . or for
Ca% , C El}eag;gﬁgl %ﬁl % S\{/];lqr?l i Srpaal‘(edng Xsorptlon zone

comprises at least two adsorption columns.

12.  The method of Claim 6 wherein the packed bed adsorption zone

comprises at least two adsorption columns.

13.  The method of Claim 7 wherein the adsorption zone comprises at

least two adsorption columns.

14.  The method of Claim 8 wherein the adsorption zone comprises at

least two adsorption columns.

15.  The method of Claim 9 wherein the adsorption zone comprises at

least two adsorption columns.

35



petrol eum feed. 4. The nmethod of Claim1 wherein the
petrol eum feedstreamis contacted wth adsorbent in a

woaokadstaed zone conprising at | east one packe#Ciaig2003/040322
adsorption colum. 5. The nmethod of Caim2 wherein

- the petroleumfeedstreamis contacted with adsorbent

in a packed bed zone conprising at |east one packed

bed adsorption columm. 6. The nethod of Claim3

wher el@t thé‘hcpemehhbéuurﬁ Cdains tl0earherein  tho npetedladn Webdstock is

zone conprising at |east one

%’3 A B Sﬁ]&&@?‘%‘é‘%ﬁﬂb‘”’g Ieiine B! psoomiy G and the spent
Hﬁ&‘ﬁéﬁ?ﬂpg{ RABSER sefond! B&soRRIOAOCHI R G %hﬁl‘t %1 H‘g@ riﬁl&%ttlon to

sai d petrol eum feedstreami’s contacted w sorb
JemoxA paigs edsottied mitrages comhinirtgaapnipoondsthetefiodi.zed bed
adsorption zone or an enbull ati ng bed adsorption zone.
8. The nmethod of Caim 2 wherein said petrol eum

f eedsi7.eanThé mé@nd astt €thid tih dSRAPRE bé’i:rd?éhm feedstock is
adsorption zone selected froma fluidi zed bed

Vish sgidrpsiserbentrin @h"llﬂilﬁﬂ ene figgt b@ﬂ)qadmmqumm and dmespent

R AT Y N T —

. RABOE pribondsariied niedges b@daﬁﬁngmomp‘duﬁaﬁﬂhé@&oﬁﬁ d
adsor ption zone or an enbul l ati ng bed adsorpti on zone.

10. The method of Caim4 wherein the packed bed

adsorptio iQn .

col urrggs nTKé) %th%l;t o?a%?l %Pa V\hereﬁeqlso? fe p%%(%ocfk 18

¢mthct-:ﬁdlsw1tbtsa1dradzmbmt inatrjgakts@re fist h@ﬁﬂtldn%hﬁﬂ@ ahd theospent
¢l ai m 6 wherein the packed

d
%@ar%slats& %ftz eG%T? %E&@o?ﬁgm@@g cpluma 4 subjggied 42 éﬁwtm to
©Rlov8PHor dddorblh 2itPBRER e6htAhin ?c%h‘lgost ! vv% h—gst he

adsorpti on zone comnprises a orption
colums. 14. The nmethod of Caim8 wherein the

adsorfg L O etk SRt 8‘?a?mat13 wherein the petroleum feedstock is
contacted with said adsorbent in at least one first adsorption column and the spent
adsorbent in at least one second adsorption column is subjected to desorption to

remove prior adsorbed nitrogen containing compounds therefrom,

20. The method of Claim 14 wherein the petroleum feedstock is
contacted with said adsorbent in at least one first adsorption column and the spent
adsorbent in at least one second adsorption column is subjected to desorption to

remove prior adsorbed nitrogen containing compounds therefrom.

21.  The method of Claim 15 wherein the petroleum feedstock is
contacted with said adsorbent in at least one first adsorption column and the spent
adsorbent in at least one second adsorption column is subjected to desorption to

remove prior adsorbed nitrogen containing compounds therefrom.
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| east two adsorption colums. 15. The nethod of C aim

9 wherein the adsorption zone conprises at |east two
wadswrosgdzen col unms. 35 WO 2004/ 058923 PCT/US2003/040322
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25.  The method of Claim 24 wherein component (b) comprises a

precursor compound having metal atoms of Group IB, IIA, IIB IIIA, IIIB, IVA, VA,
VIA or VIIIA of the Periodic Table and the adsorbent has Lewis acidity of at least
600 pmol/g. ‘

26.  The method of Claim 24 wherein the Lewis acid imparting metal is
selected from Mg, Ca, Sr, Ba, B, Al, Ga Zn, Sc, Y, La, Ti, Zr, Hf, V, Nb, Mo, W,

Fe, Co, Ni, and mixtures thereof.

27.  The method of Claim 24 wherein the Lewis acid imparting metal is
selected from Mg, Zn, La, Ti, Zr, Fe and Al and mixtures thereof.
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conpound that is a solvent for the nitrogen conmpounds
"selected fromCl - C6 al kyl and cycl oal kyl al cohol s,
" Cl - C6 alkyl and cycloal kyl ethers, Cl C6 al kyl and
cycl oal kyl al dehydes .and C1 - C6 dial kyl ketones. 23.
The n28.hodThd methmidrof X aint 24 awi/}rermh ehalBewispcid fimparting metal is
E“g \;&co‘ﬂtg adsorb ont ai ni ng ni trogen
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4
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Tabl e and the adsorbent has Lew s aC| dity of at |east
600 pgm gr 26. The nmethod of C.a 24 wherein the
Lewi s>4aci dlismathoref Glaim P8 .v@eres%r«@@pe@m (drafvhe adsprbent is

s%‘lecte%q}on?sﬂf‘ﬁ hycﬁ’%fénsﬂl aera( el bfsilidy xerg%?l Flg’}"'}f‘ﬁﬁ Mereof

S ures fher e
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and ln?i(? ur & ecélsg&]f} wgm%wég’@mL‘%ggg%bent has ‘iewm acidity of
60h/2bSR 03810497 Pdmoll®. The nmethod of O aim 24 wherein

the Lewis acid inparting nmetal is selected fromTi,
Zr, Fe, Al and m xtures thereof.

34.  The method of Claim 32 wherein the adsorbent has Lewis acidity of
from about 750 to 2500 umol/g.

35.  The method of Claim 32 wherein the adsorbent is selected from a
silica hydrogel, silica aerogel or silica xerogel having aluminum atoms therein in

sufficient amount to impart Lewis acidity of from 750 to 2500 pmol/g.
36. The method of Claim 32 wherein the adsorbent is selected from a

silica hydrogel, silica aerogel or silica xerogel having zirconium atoms therein in

sufficient amount to impart Lewis acidity of from 750 to 2500 umol/g.
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29. The nethod of C aim 24 wherein conponent (a) of

the adsorbent is selected fromsilica hydrogel,
weizbi4maseaer ogel or silica xerogel or m xtures POemsefo3/040322

30. The nethod of C aim 26 wherein conmponent (a) of

the adsorbent is selected fromsilica hydrogel,

silica aerogel or silica xerogel or m xtures thereof.

31. The nethod of Caim 27 wherein conponent (a) of
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| |
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parodiazetegiof from 46/rt5gkl , silica aerogel or silica
xerogel having alum num atons therein in sufficient
anount to inpart Lewis acidity of from 750 to 2500

ol / 39, 36. ThEhRietdH hXdCRim A @iwieRth WResRbfbehl® formed from a
adsorbent is selected froma silica hydrogel, silica
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ARG B b ?%@a@f%f%ﬁ”%%% 2004/ 058923
PCT/ US2003/ 040322 37. The nmethod of C aim 24 wherein
t he adsorbent has a surface area of from 400 to 550

n2/ grft0- a NEhegapthod of (Haimol8 whespinghgadsertpnbcerapiiges partigulate
AR08 4 SR AT 8 Rl kv B el pove
adiemetef of lessothm 06 rhm mAGit Fdstgputed NReight feroent have didmeter of
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lg3s A% o 75 A, 39. The method of O aim 16 wherein
the adsorbent is forned froma slurry of silica and

Lewis acid netal precursor conpound in a weight ratio
of si4li ca Theanetbodbf Clesmriit wihereinitbeddsofbeht comri®$s particolate

%%tﬁ%?llhég@gégfm@% Fl%g éi‘i-)sf’crilgll’c1%Inrglugﬁ3 th\g@ﬁarsse fan tSh\seig tsp%rrcpe%? have
a diameter of less than 0.6 mm and at least about 95 weight percent have diameter of

less than 2 mm.

42. A method of manufacturing hydrocarbon fuel comprising forming a
feedstream comprising Ci; and higher hydrocarbon compounds wherein said
feedstream further comprises nitrogen and sulfur containing compounds, introducing
said feedstream to an adsorption zone comprises at least two packed adsorption
columns followed by introducing said feedstream to a catalytic hydrodesulfurization
zone, wherein said feedstream is introduced to at least one column of the adsorption
zone having adsorbent comprising porous particulate selected from silica hydrogel,
silica acrogel or silica xerogel or mixtures thereof having from about 1 to 80 weight

percent of atoms (as metal oxide) of at least one Lewis acid imparting metal selected

39
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.Silica xerogel or mxtures thereof having from about 1

to 80 weight percent of atons (as netal oxide) of at
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process of Claim42 wherein the Lews acid inparting
netal is selected fromTi, Zr, Fe, Al or mxtures
t hereof; and the adsorbent has Lewis acidity of from
750 to 2500 noUg; and average pore dianeter of from 40
to 400 A 44. The process of Claim42 wherein the
Lewis acid inmparting netal is selected from al um num
or zirconiumor mxtures thereof; and the adsorbent
has Lewis acidity of from750 to 2500 noUg; and
‘average pore dianeter of from40 to 400 A 40
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