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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

devices. For this reason, automobile manufacturers have suggested that sulfur
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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 pressuret would aid in achieving reduced sulfur content but presently
designed reactors establish a limit on this parameter, and new equipment capable of

hahdling very high pressures would be costly.
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type o a consequence, these contam nants are
Pifarent premmsee,dsdchmm ddearpfier dsd etaaation 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. Thesé features are not applicable with respect to the more
complex mixture of heteroatom containing compounds found in heavier

hydrocarbon streams.



whi ch they are contained. These features are not
applicable with respect to the nore conplex mxture
wW@RoohesmseHat om cont ai ni ng conpounds found i n hePEUS2003/039368
“hydrocar bon streans. WO 2004/ 060545 PCT/ US2003/ 039368
-~ 4 The heavier LQO streans, conposed primarily of Cl2 -
. C30 and higher conpounds obtained fromdistillation
.or FCC units or the |like, contajn a vast mxture of

het er B8R SR P EG Sﬁm%ec%l%ﬂ?ﬁ%ﬂ?ﬂ@aﬁ@(/@ e Co and higher
rmqléc Ltobtta(?nécﬂ H des’tlllgtr ac,n!l‘%l gh{f%oﬁ]?éj &fntﬂ gllhvast

ar wel COfT'pOUI’] S an ave

Pottiesof h&%lﬁat@ﬁ shétgess Utest coppRundshhva@\beeh difficult to 1dent1fy, are
identified and studi ed by Witehurst et al. in

dv.
gxerlly opnpased of #ngl( tderplar Ayeighipeampaynds @nd jteye thh@ boiling

RGBSR A A Gy U i

ilhén AdydCatah4RpBATATT (2098) dAtthEptsdn‘ptlmtlfy yheohitiolen species of
m xture _of species. A group ﬁ% scienti sttﬁ%from Kyushu

- eyefees silicptsshave hegn ipsivpaAnd Phalieneaiedicole the seareaiationin the.
}Tf(ﬁg&lr&ﬁ{ AP %Eelﬁtt?% ?) o2 Cb ! thix@0B1 GF spgies A A _group of

‘attenpted to | cont al ni ng “‘conpou
- ofiergiats fnmthmrﬂlhuvﬁnisensﬁy yat (Fa}mhkae Jafanr &pb Chevrgn Reseatch and

Sedthie ombany 1 Mefingtd, 6 Dol aBitoptel g0 idepuifc nitrogen

g&?ag%{ﬁ%gc\ggﬁ)g&&s o-?"édg o?l'g a8l werézﬂﬁ’y%pgoég g? k&ot#PO8kbad classes

Dohdow alksdrsabstntmadl gm@no,fqulmalmg gah 1ts:alkwbd|¢muaes Tyicerbazole

e & RIBGA Brois Fudih (000 48l S5 AL Fivibe ot in
t Rabssidg! @ nfidsitdanle Chhhges CON Nadrdigen§ Compabindlt of - Typidal Diesel
per cent nltro en conpounds but the nitrogen content

RangedGgs Odlsr. éuamalr&dingir@a@nm glhemlﬂtlry Rgsepr@hm(ZQﬂO), 39(2),

520 8 ARy b ) P B e

AN@ged %K‘%du:@dsoduﬁﬂﬁ: ﬁftrdgela\ﬁoﬁfenf Q@ﬂ&ltyoﬁicreabésewnh 1ncreasmg
nltrogen evel s normal ly range from 20-1000 ji

oikipg mepBral thapil Faction. cBegasliving that digselefugly gre rr@agn%lally
glfep%r&lf [fro% gtfreﬁ él?thj\i/lrel fﬂtfkg?%&g lan(‘f LAag n%&ls%rgﬁhét? Bf"fléa%erqg%dgf%%k the

I'Nés, dinic ri
ﬁmgamlemmomndsuy rangy | ﬁh)m/@Ol-HE)ﬂt pgNﬂﬂl SOy 6éport that such

conpounds usi ng_t he t hod SIM D-4629- 91)
SRS Hae SvaFRyLl lghadey p dtfni%uif ﬁéﬁereahﬁ%%wagl Slagses: “atiphatic

[ n ISRV S¥- KR
%ﬂﬁrrfgg a%lﬁg?ésh |a¥1§ oigvg n %go nS?}g ot |Hn g cC o%é) un 8 "ﬁ%?§ o%ﬁ{em (‘P?mp ounds.
They ko ider@ijed some 64 compounds (using the method of ASTM D-4629-91)
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fraction of material.

Removal of nitrogen containing compounds from light cut (C; — Cg)
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

- difficult to identify and, at best, are a complex mixture of compounds, removal has

been illusive.
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U.S. 5,210,326 and U.S. 5,378,250 are directed to processes which include
treating light (C; — Cg) hydrocarbon stream obtained from a FCC process zone with
a super activated élumina to remove nitrogén compoundé, 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 weighf (Cs — Cs) hydrocarbon streams with silica gels to
remove contaminant compounds that contain sulfur, nitrogen and/or oxygen.

U.S. Patent 6,248,230 discloses a process for manufacturing cleaner fuels by

removing natural polar compounds (NPC) from a wide range boiling point
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means of removing nitrogenous compounds from a diesel fuel fraction (Cy2 and

greater, e.g. C12-Csp 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
about 80 weight percent and more preferably at least about 90 weight percent of
nitrogenous compounds from a diesel fuel fraction prior to subjection to HDS

treatment.



resul tant product stream An object of the present
process is to provide a cost-effective and efficient
wore@a®6fis r enovi ng ni trogenous conpounds from BCHUSRE3/039368
fuel fraction (Cl2 and greater, e.g. Cl12-C30
_petroleum feedstream prior to subjection to HDS
treatment. Another object of the present |nventi on is
to provide an econonical and _efficient neans

r enovispefhe objeci of therwesent7igveRsiogris tpeffastively pm@ce palisisgl fuel,
8pich ek pEASH o s oARRBhn P, R BB e Rt

&nizgion oaBIC r i@ SO Goflathtsf uel fraction prior to
subjection to HDS treatnent. WO 2004/ 060545
PCT/ US2003/ 039368 7 Anot her object of the present
' |y produce a diesel fuel,
AR FSFﬁ@Iﬁ{/EﬁﬁtI Neonterrpl ated environnent al
r egul he pmSenMrt\ienﬁ@rS ﬁsaﬁtected to aniimproynd afetNQ, of Iﬁmﬂlcﬁ@ dlesel

ol lutants. SUMVARY OF THE | NVENTI ON The presen
ﬁﬁb éndi Sher; bighi melecalar pweight PoiY %moprﬁé@qﬁwuwanuaﬂy free of

i R L S S e s
mithbd rcompnises fitsh gomngiary & petwibmm ﬁeadﬁtneam&pmpofsect af LGO and

ieferbrERN e SEORY G EBRpbEERA ot e Aidgfiftion o FCC
E&?&l?ﬁé“cat kit | Ak di’ethé q k@tmmtn%hqh&ggmadd%@eﬁts Mg high

di's or FCC catalytic cracking zone or
leivéle ofi LLéwis eacidhisites, raorfylpi deseritedr hareinsbdiaw] by rémaoye mtrogen

SHENERRRCE roRR L4 P eudiibb it o a5 ' dee
Siisly S/ B @M fudizaHR] ©Thé @geskﬁem%m@atlﬁg Be@@ fBﬁhdjﬁ)eBrowde a

catal ytic hydrodesul furization. The present nethod
peas digemaving,opganid mitrogen mmngfcomemwsﬁg)m 6hgand h;gher gas

en._caqnt ai from Cl2 and hi gher gas -
O PP TR s AR PRET oiBy oF Fot ent manner
The prispRbent My@Atib s cﬂlﬁecﬁﬂdrt@(‘aheiﬁl vedind reRbRVRIdaIABcess of
econaom cal process of produci ng diesel fuels capable

podesing giess! fucly eanpbleoal exbibdting vy pow leyelsrafgpollutants, especially

RA6G] Bl ot HIRR QGRS M Ml R 1R b Etrom,
vg}aggﬁétgeaﬁm comeusgibhesgin&R EF DESCRI PTI ON OF THE

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 I7, 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 “Sarﬁple IIT Si/1” and
“Sample III Si/2” formed according to Example 5. These comparative adsorbents do
not ‘exhibit Lewis acidity. Figure 1 graphically shows that the adsorbent of the
present invention provides substantially greater adsorption:capacity for nitrogen

containing molecules in LGO than conventional silica gel adsorbent materials.
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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
compounds and related ranges 6f boiling points. For example, the product streams
may‘ be defined as light cut material composed of C4-Cg hydrocarbons normally
having a boiling range of from about 0°C to about 115°C; light gas oils (LGO) or
diesel fuel product stream composed of Ci,-Csg (e.g. C12-Cas ) hydrocarbons which -
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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
content, such as less than 50 ppm or even less than 30 ppm and even less than 15
ppm sulfur content.

The present inventors have discovered that LGO (diesel fuel) streams of Cj,
and higher composition can be readily treated in a cost-effective and efficient

manner to remove nitrogen contaminants from the LGO stream prior to its
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other column is being desorbed of nitrogen contaminant and being regenerated.

The nitrogen contaminant is immobilized on the adsorbent. The term
“immobilized” and “adsorbed” as used herein and in the appended claims refer to
physical and/or chemical adsdrption (adhesion of the nitrogen compound to the
surface of the adsorbent) and/or physical absorption (penetration into the inner
stfucture of the adsorbent. Without wishing to be bound by any particﬁlar theory, it

is believed that the nitrogen contaminants form some type of weak bond with the



present adsorbent, which is allowed to contact the
petrol eum feed stream and cause adsorption of the
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Sfectis®epy of givilapeChhiqudshe appended claims, refers to
a material forned, of a three dinensional structure of

at ons Teo Hisee dimegsional iBArgatis pidor BT BAFERIH thef form of a gel
3L DEER i e JLAEL e bGP 4O oot
tidseribdd Bélows usudily dxhititsceerydywfdeptdeerof Haewds aoiditly of less than

mount s of ofher chem cal _.groups, such as hydroxyl or
A A0 S5l Toss hanRDOK 3 andp i mRsinste 51855 ha bt 100
{ngf/?ﬁlgabl y selected fromsilica, alumna or zirconia
tTtania. The formed matrix may be conposed of
| at t i The Isikjectondsaptenp Hordlser netinéainsaimetal aomis xdtherethah M (of a

It))gr%ilgulgrt e!.qdesor%%g{ I%gtelgl];,l) G %eﬁsc %l" %hie Matrix structure. Such metal atoms may

be imparted to the matrix by contacting a matrix material (a) with at least a sufficient

amount of a metal containing precursor compound (b) capable of imparting Lewis
acidity to the‘ inorganic oxide matrix component (a) of the resultant adsorbent, as
described herein below. ‘ :

Lewis acidify of a high ‘degree, as presently required, may be imparted to
matrix material (a) by insertion or substitution of metal atoms into the inorganic

oxide matrix to establish electron poor sites within the matrix. The atoms imparting



lattice-like structure can be determ ned by
conventional X-ray diffraction spectroscopy or

W@ 0witloe0543 echni ques) . The three di nensi onal i NPCTHR1003/039368
oxide matrix material (in tthe formof a gel or the
like) (a) formng the present adsorbent, prior to
treatnment with conponent (b) described bel ow, usually

exhibits very | ow degrees of Lew s aci ditﬁ of | ess
Ko acidiiy paysbroselerdtrb iram petpbaemisrel Crana b, B0 THRJILA, ALB,

t i I ) T
T2; VAP VBEEF ymmnciint Pafod tble pABTRIARY For dmole, the
mflarshchh beIsel_acte@t&btﬂ I:mgl @a, %ng,rB,e?l, Gmfa;@@l&, ¥sLpdrit Zr, Hf,
Q e matrix structure. Su ons _1a e
ana“ta*M@dW,Jes £8. Mator X pes bered Wﬁhéﬁ& G tZy ianfa éritg Co,
N . L A Cl {
€2 hndMAll B8 mik BRSS! th@reﬁf'ﬁélh% Bﬁégé?%?mm% ?ﬁén, %?,n?i, 2k, Fe and Al

cont ai ni ng precursor conp cap I hparting
dnewinsxtures i tetepf beimgt therel praferead, andxZjeAlydier and Ti being most

copponent of .t he resuyltan dsorbent, as . . .
ms%@rp&awvﬁ%)ﬁew LUSTEINE E’é‘\[ﬁ@% a@?nai g asqm%?mﬂg the original

i I I uj ; | K itk &hi
885 oG e XghBR PAfn OO, MRS Bk ot may

reestudktitatednty onet of thh @boveodagenibarl metal atomsermuixtures thereof, such

establ i sh. el ectron .poor. .sites.w thi he matr. x. Jh

SRR chdhin R Dot Bebewis wid el sPesulss Sifary, 2
, P h

508 PN, Yoo Al o otk Dkl o e o

deseribedanetatasoms pi mitared shereot asupme filly descyibed-earein below.

ggangfﬁéﬁl'}eg&to@;o% t&ﬁ%@g@%@? lﬁlze{:yt b?eldnftrrz lrlrc]eg?htoc%é c%ponent
gp,byvﬂnyﬁﬂ_ethg&anwi in a@oufitsxiwHERBy the ke aftand ddBorbbint Kad, imparted
n, La, Ti, Zr, Fe, Co, Ga and Al and m xtures

Loveis derdityeiorny lgast ther degeeeatsaitodyherzin, balaw. Hor expmplee thenemetal
n . DOl

By o0 51 oSy PRSP e e
Mefabbrectrsei fHaeisesdluble dntiehmedib aaRecledrvt fgnmifethermgiiiadr for
mat ri x conponent § a%. For exanple, a portion of th r
eaniAeking fthe matix g¥its thgepreaiyor 8 Fupsitwes thsgeefy Brs bepeved,

' . | . X1 ‘
PG R4 Ry R T T A B pons
@) emtir @) grooconsdcteglsto Fomm Ithe lagsorbentpar when thé initiallpl formed

atongs of an. al unm na gel nmay be substitut by. gne of
Hiertantd aduPresa FLST U B o et et metal
&?dérﬁfo%tyfr Bt th¥ n%@aﬁ‘?ﬁ')pﬁ%grsﬁﬁ(b? hropRbOUS pathsf B hk:at ons

of the precursor (b) may be’introduced into the
conpoRleniewis acidity of the present adsorbent should be at least 500 pmol/gm
(e.g. 600pmol/gm, 700pmol/gm, 800umol/gm), preferably from 600 to 3000 and
more preferably from 700 to 2500(e.g. 750-2000) pmol/gm of adsorbent.

The term “Lewis acidity” as used herein and in the appended claims refers to
the ability of a substance to accept electrons from an electron rich substance or atom
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 3'P NMR of the Probe Molecule
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- range being typically from about 20 to about 50°C.

Similarly, alumina sols and alumina gels can be formed by con{lentional
means, such as by the hydrolysis of aluminum salts. For example, an alumina sol is
formed by introducing aluminum metal to an acidib solution (e.g. hydrochloric acid,
nitric acid and the Alike) at elevated temperature. The resultant sol is then aged at
elevated temperatures of from about 100 to 360°C. for a period of time of from 0.5
to 24 hours followed by spray drying to form a solid powder product. Alumina gels
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hours will usually have SA’s of 290-350 m?/g and form xerogels Wlth 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.
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The present adsorbent can be formed by contacting the inorganic oxide
matrix forming material with a precursor material of a metal capable of imparting
Lewis acidity to the resultant pfoduct to the degreé required herein. The metal atom
confaining precursor material may be contacted with the inorganic oxide matrix
forming material either during gel formation or subsequent to said formation. For

example, the Lewis acid forming metal precursor component (b) may be cogelled
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The weight ratio of the primary inorganic oxide to the Lewis acid imparting 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, component (b) may be admixed, usually in slight
proportions, with a inorganic oxide matrix material, prior to milling and/or just prior

to agglomeration. This method is most suitable when it is contemplated to form the
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i nor Xi
g%ﬂe preferre adsorbent is a highly porous inorganic oxide matrix material

having pores of large diameter. The average pore diameter should preferably be
from about 40 to about 400, more preferably from about 45 to about 100 and most
preferably from 45 to 75 Angstroms. A
The preferred adsorbents are formed by‘ producing a silica gel with an
alurﬁinate 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,
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during or prior to milling as described since théy will be less likely to disturb the
desired agglomerate morphology after spray drying when they are also subjected to
milling. o
- In view of the above, the term “gel” (e.g. “alumina gel”, “titania gel” and the
like), 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.
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The particle size of the adsorbent will depend on the contemplated mode of
contact of the adéorbent and the petroleum feedstream for a particular process
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 nnﬁ, with from about 0.6 to 1.5 mm
beiﬂg 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
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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) preférably

frém about 4 to about 9, and most preferably from 4 to 8 microns. In addition, to aid
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a solvent (e.g. water) and then extruded. In the case of agglomeration, the gel-
binder mixture is beaded in the presence of a liquid, such as water, diluted citric acid
or silica sol. A
The resultant particulaté material is normaily dried to remove thé processing
liquid (water or organic solvent). The drying is normally conducted at elevated
temperatures of from about 50 to 250°C, although lower or highelj temperatures may

be used. Drying is normally conducted at atmospheric pressure although reduced



fromabout 4 to about 9, and nost preferably from4 to

8 mcrons. In addition, to aid WO 2004/ 060545
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30, and no pre rom4
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(5)  An attrition resistance that provides sufficient strength to allow the

adsorbent to undergo multiple adsorption/desorption cycles (e.g. 50
to 1000).
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
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experimentation.

The present adsorbent has been found to effectively remove nitrogen
compounds from Ci, and higher petroleum feedstock. Such feed streams are known
to contain a varied and complex mixture of nitrogen compounds normally believed
difficult to remove in an efficient manner. | | A

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 least one column is in
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G8IEEd nitrogen containment compounds from the adsorbent therein. It is

believed, though not meant to be a limitation on the claimed invention, that, because
the nitrogen contaminant compounds are merely adsorbed and/or absorbed either
physically or through ionic 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
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Determination of both the adsorption and desorption times to effectively

adsorb and desorb the nitrogenous compounds will depend on the column design,
petroleum feedstock being treated, temperature of the feedstock as well as other
known factors. ‘ ,

The desorbed column may be directly returned to adsorption function or

may, optionally, be further treated to remove any remaining solvent, petroleum
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be done in coordination with the determ nation of

sui tabl e adsorption tinme for the adsorbent, as
waele®enstsesl above. Resul tant sol vent that cont aP@BEUS1963/039368

nitrogenous contam nants 26 then renoved. Optionally,

the solvent is separated fromthe nitrogen

contanmi nants and recycled for additional desorption.

Det erm nati on of both the adsorption and desorption

times to effectively adsorb and desorb the

ni t rogenous conpounds w EXKAdIEhY on t he col um

design, petrol eum feedstock being treated,

tenperature of the feedstock as well as ot her known
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adsfitionsh dimseshedion the fulabmeash,s ther roseltant élyldmwh gvasgsequemlally
%gr%gin Goup refer to the Periodic Table of the

#ents in Haw ey's Condensed Chem cal - Dictionary, :
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that the invention js not Ilmtgd ‘to
ammonia solution was introduced with the water and the duration was

2 hours;
(d) contacting the hydrogel with 2100 parts water containing 24 parts of
an aqueous 45% sulfuric acid solution for 2 hours at 60°C; and

(e) washing 4 times, each with 2100 parts water for 1 hour at 60°C.

The washed hydrogel was dried for 15 hours at 260°C followed by heating at
400°C for 2 hours. The resultant activated silica-zirconia aerogel was cooled to
ambient conditions under a dry atmosphere. , ,

The resultant gel contained 3.2 weight peréent zirconium (aé Z:0,)

(SAMPLE I). The Lewis and Bronsted acidities were measured by the proéedure of



specific details set forth in the exanples. Al parts
and percentages in the exanples, as well as in the
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Fi Bakiewitoet alo dpscribrain y. PREbrGsmat e W2p2a0<150HaPaph The

.reference 0 | Se n u r faldlj it hi :

 Sieef i B B, Sfles “arefobor® it 4 b, el were

RRYsur @ USIng Ccon@Eitionsl. niéfho&@%?r%@&ﬁése%%éiﬁ&@oﬂmii%low
26 EXAMPLE | Formation of Siljca-Zirconia Adsorbent.
ghopeshe Lewvissand; Brenstpd agidity apavslliag phgsical propgriesrafithggpsultant
Q@s?)ﬁ;egt having the capability for concurrent

I'n uction of two liquid streans foll owed by passage

of the introduced liquids through a tortuous path

capabl e of providing rapid m xing of the streans. An
aqueous sol ution of sodi unidfledcat e (anal ysis: 24.2%
Si2, 7.5% Na20 waspint ced. .. Jento the m xing
nozzle at the rate ofl)%%%ﬂ%;e si mul t aneousl y
. ntroducing, at a ra8i®,@tl- ¥RO5Atlkdrbenta sul furic acid
sol ution having zirconiumorthosulfate dissol ved
therein (analysis: 30.7% H2S04; 3.2% ZrQ2). Upon

EXTTTNg oML R‘%id%%i NBrétifa’ o ﬁ&rfac% Ateh TCPo XA O eAv%. Pore
havi ng zi{rconium netjal as the Lews acid pronotef wa
formed wifthin 11 m nut escidiBb00, parts of tlhe resul { aDiameter
hydr ogel (was washed |py as?i ng 2100,partg of wat el

ol{ghe er &

mai nt ai ngd at'™SY€ t hr o hydPo@el fdr od§& o

; § [PETT g THhi S Wagi ng STEP49MS T EpeEq Al TIr €€ g7
g%g)izg‘}gonal tinmes. After the fijnal wash, tlhe result{ant

hpdXodel |was sequentjally treated (a) wiijth a first
s&l t'&r; of 2100 parjts water clontaining 103 parts]of
afts EQ dus 12.5% anpnoni a sol ution for 4 |hours at|90C,

(b) repeating treatnent (a) above, (c) repeating
treatment (a) above except only 5 parts of the aqueous
ammoni a sol ution was introduced with the water and the

duratl on was 2 hour§; EXAMPLE 2:

Formation of Alumina modified Silica Adsorbents

Four samples of spray dried silica gel having aluminum atoms in the matrix
to impart Lewis acidity were formed as follows.

ITA. An aqueous silica sol was formed by initially dissolving sodium silicate
(analysis: 24.2% SiO,, 7.5% Na,0) in water heated to 85°C at a silicate/H,O ratio of
0.15 to produce an aqueous 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
mixing was performed using a pipe reactor to enable intimate mixing of the
materials. The gell 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




(d) contacting the hydrogel with 2100 parts water

containing 24 parts of an aqueous 45% sul furic acid
w@oiounewsws f or 2 hours at 60C, and (e) washi ng BCT/US®83/039368

each with 2100 parts water 280r 1 hour at 60C. The

washed hydrogel was dried for 15 hours at 200C

foll owed by heating at 400C for 2 hours. The

resultant activated silica-zirconja aerogel was, cool

ed
tsléica imbuevie AR oRYe i ierchangs i R nwEbmedie Xidg|gas expelled

58145 835l L Rl BB bR R 200°C

ﬁﬁ'l 1 howes and serapelaedriedohy spieeicpl paticlas €1100 pA). The resultant
2004/ 060545 PCT/ US20Q3/ 039368 27 E. Bakiew cz et  al,
Bewdsed pEPquAt Was Brepssiuried #n vigt aro@dz‘gg‘gl 58’9‘% amgrgpum 'sulfate

3—51 ioPRY 8k d&l %eogcgﬁel htthE Sk fmhe Y 1B&! glb@ﬂ?ﬁ‘ExQHﬁ)fe 1 above.

une an aneter were neasured usin
&"hm vesnltan maalterIwWas cﬂlra’slogxyecf airl 32PEes &hpdopd spheasal phatidles (Bbout
bel ow. shows t he wi's and Bronsted acidity as well as
By dn diagietssh w\iereezbeafmtllﬁé tp @Ret & pm p%%r%wsmgra ptemill.

vy OVl GRS 3y i B PR

Paiceduréddeddtibyd Bilewet er gnol /g grml /g n2/g cc/ g A Si 02
wth 1940 0 467 0.78 67 q_é%g; as Zr02) 511%’
For malli Bn Toe nipeass 94 b des ‘P‘fec‘é{a%’é@é%t greepEdhpt the sol

oh
%gﬂhﬁﬁlr?pf Hg&f Qtyabgﬁf. ?fd’cslhgtbg@o&@ C! fi’éﬁl%g dﬁ &f@m}gﬁrU?atlo of 0.24

atons | rex to inpart Lew s
fretead df 6.4 5§ aidl agiveg the Igél foAﬁO atjndesmsisad of:h40sminu‘tms

f or me initially dissql.ving sodiumsilicat
Conar LY A Siisivel prasany ety TR p AR Bed for Sgmple I

&> Qx&:gt thap hdldlﬁ@ﬁa@ /55@911{ ﬁhin@na@é (19% 19,0,9 Wik %@l&é‘d:-‘ aﬂé} the aging

afueols silica sol. The silica sol was m xed
stap boprodiieexd preduct havmg an alumina content of 25 weight percent

II D. This sample was formed in the same manner as described for Sarhple 11
B except that the resultant material was used in powder form with a particle size of
between 20 and 70 micrometers. The material was not formed into beads as

described below.

Example 3

Formation of Alumina-Titania Adsorbent

Aluminum isopropoxide is hydrolyzed by introducing it into water being
maintained at 85°C over a 10 minute peripd to produce a solution having 15% by
weight aluminum in water. The resultant suspension is maintained at 85°C for 20
minutes. The material is then peptized by the addition of a solution of titanium
tetrachloride in isopropanol. The resulting material is dried By heating at 200°C for |

20 hours to produce an alumina-titania cogel.



at a rate such that the gel tine of the silica sol was
bet ween 10 and 30 seconds. The m xing was perforned
W@ 200006E4Hi pe reactor to enable intimate m xi NRCDUS100E039368
‘materials. The gel was further m xed in the reactant
wat er for approximately 140 mnutes to allow gel

. structure devel opnent to be conpleted. The gel was
then punped through a static m xer while addi ng an

al um num sul fate solution at the WO 2004/ 060545

PCT/ US2003/ 039368 28 sil alumna ratio 28/5.
Due to the change in pH, Ec};a%%g#di oxi de gas expell ed
fromthe gel m xture. The resultant alum na-silica

hydr ogel mas dewat er ed at 200C for 15 hours and spray
g 1113510 L‘ DBk TEQRIh A TH 1 gal "' VEers: pSl) The

resul e 0 h
sl kPP adretl BOMGE eIl §€F§% Hple! ARl B was
sapaentély niikel withe0opanesf rade téSaInlblb GDAIwitlEseshplie; $amples B
above. The r- iultant naterJaL was flgsh drled at

~ awbB Cwigh aits #y)i 8aAn Biaich ireres fqrebiudn hey. ghhs sesulting
P S i 6 Ok

 loe abkereSf beﬂdofdrminm i A hdl \aattelt eonta[tcdlﬂﬁredgddpandlhg on the silica-

rocedure desgri b d b The process of
3 pwdeLRgd @ %}@5@&1 B%Péepﬂet%m?ﬁ@e&?ﬂhe 6\\%95 was
b&hk&?b%%mﬁqhmﬁﬁlat about 35C instead of 85C, using a

silicate/H0 ratio of 0.24 instead of 0.15; and aging
t he g@&he fasnltB0 samplgs azrd dridefad 1Hhous Gt ARORE arsl then agivakd at

S SIR Gr sBau '] BB e Dot sk bl R iR o4GR Theadtid by the

?fdééﬂlﬂé‘to@ K. 1@%&\%9?& alogesafibtRdiral t Bhyst TheaDi B9 02 82899-2896
roduce a product havi ng an al uni na content of 2

0\1&9§ht ‘Plesr phyisical | propertighof Epﬂtvéfamsar% riegel olume, emd pore

?ﬁgeteésuqrg ?sc’urg(f ikt ngg&enﬁgna‘? b &iold er e%%?}op%ﬂ%g The

erl was used 1'h po
Raukdrt pertulag afsorbestk weed ailyztddo Rdvaihe HegsShowh én Table
material was not formed into beads as escri bed
‘ - Exanple 3 Formation of Al um na-Titania
Adsor bent Al um num i sopropoxi de i s hydrol yzed by
introducing it into water being nmaintained at 85C
over a 10 mnute period tol'gpi®Huce a sol uti on havi ng
15% by weight alum numin water. The resultant

syspepnsian iS nrnn nt :n narl at - 85C -Fnr 20

oo T T ot

Sample Lewis | Bronsted | Al'content | Surface | Pore | Av.Pore
Acidity Acidity | (as Al,O3) Area Vol. Dia.
(pmol/g) | (umolig) | (wt.%) | (m’g) | (co/g) @A)
IIA 1050 270 13.1 338 0.69 81
IIB " 1000 30 13.3 267 | -0.93 140
Inc 1240 100 25.0 364 0.64 70
D 1100 260 31 | 329 | 11 134

The alumina-titania cogel of Example III is treated (using attapulgite as the

binder) in the same manner as above to form beads of this material. The resultant



m nutes. The material is then peptized by the addition
of a solution of titanium tetrachloride in
w0 soproepsanol . The resulting material is dried BPYI/US2003/039368
- heating at 200C for 20 hoéfs to produce an

al um na-titani a cogel. WD 2004/ 060545

PCT/ US2003/ 039368 29 Exanple 4 Fornmation of beads

from al um na nodified silica powders: 800 parts of
matehabliastaeigh bewis ®idi efsabont %@wﬂel/g and e highmore diampter of
\A@ﬁ 7%‘epar ately m xed with 200 parts of binder (Sanple
¢ }\ ith boehmte; Sanples Il B and Il Cwth
attapulgite clay) in an Eirich mxer for half an hour.
The resulting powder m xtures were each aggl oner at ed

by addi ng an appropri at e EXamleSof water to observe

bead formation. The water content differed dependi ng

n ttcle Si gica- | um na povder and on the binder system

110 %2 t he beads was ~between 0.6

and 17¢o%Mica HefodeRS(Shind s THS 81 MERR2 WwkRdoféd ihothe same
hours at 120C and then activated at 550C for about 2
meunes as WaseribedvinsExarapled ghevecercapt that the énitialsulfae eeid ¢glution

B SR B, K1 U oBhfioomdEh) St s
RioNid t@litns Befe slirb@ &R caslesamio iordel torajiantheidkieed pore

di aneter were measured using conventional nethodol ogy
$tBictiRese properties. The resultant particul ate

adsor%&%ﬁqgti/q:anal yzed to have the properties shown

in Tabf ow. Table Il Sanple Lewi s Bronsted Al
cogto S;?ﬂOOSpurtsa@flethE’a'eﬁﬂfAnt hﬁltr?ge)l W \ls}i/asth)ydéb@i pﬁsﬁ/iang E2ﬁg§) parts of
Al .Area Vol . D a. o no w. 9 ) _
yaer gipintained gt 6&°€é@9uabéﬂeiyd%g3§@06u%@vsr1a onq hqyr re@@gﬁ- This
- . , 1

PR 56 “3a 0 PR s ed ol ien; Mied e hraf B dutan
Irpiyegel ofas Exqueptialy trdatéds treated (using attapulgite as
Lhe P "Aet ol st e B B TR Sar S At ESnthifling I 08 PEASF 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

(¢) washing 3 times, each with 2100 parts water for 1 hour at 60°C.

Sample MI-Si/2:

2500 parts Z)f 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 Wésh, the resultant
hydrogel was sequentially treated

(a) with a first solution of 2100 parts water 6or;taining 103 parts of an

aqueous 12.5% ammonia solution for 4 hours at 70°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;

(c) washing 2 times, each with 2100 parts water for 1 hour at 60°C; and



WD 2004/ 060545 PCT/ US2003/ 039368 30 material has a

high Lewis acidity of about 1000 nol/g and a high pore
waele@awersns of about 75. Exanple 5 Fornati on oPCBUF1003039368
- Cel (Conparative) Two silida xerogels (Sanples

[11-Si/l and I'11-Si/2) were formed in the same nanner
‘as described in Exanple | above except that the

initi sul furic,acid sol uti did not contai
't coftuvstinge ik selnfion SE PE et wilpt caabmEnga parts of an
The washi d for

eaoh Samp R A A o o
structure Sanple [11-Si/l: 2500 parts of the
resul A >d by passing 2100 parts of
wat er gh the hydrogel product

over a ﬁ‘ QIHfly Q‘@&ﬁlaﬁﬁ al&ﬁin% ad¥@B 8 Mo dicE MV S0 sold by Alcoa
repeat e FIEree additional times. After the final was

Wreldr €heinicals, wisy dabsted] Smples Egeadrk iaatll gornpazed ¢d 1he) subject

st sol tlon of rts water otaln
Hsrhsfr b igtorent BRI, 5 Suhakntan D iy P partict
984 etdentand FO)mefMat&t | ng the hydrogel with 2100
parts water containing 24 parts of an aqueous 45%

: s uI f uEach eftthel cooparetiensantplesxddseribresl above o@s deind af %()0°C for 15
K e mda TR 4 G, 9.2 oo TpBRpleBist oL By RIS cool

fa)yaﬁﬁae@tl teipEranis hﬁ&’er*%)’dr@mbme?el O@hepBé\tvﬁs 4 Broaéted acidities
mai nt ai ned at 60C t hrough the hydr o% ﬁ:r oduct over a

fmeachowmpbe Metsaneasted by\/th@ mcwgdlgﬁ 3 jeayiemeted, deporihed in
RSt Rt b 1B sofisth ()T 1Rl ARl NG B Bt hurtce

51@11 Utpodd wdlumd O@ndapée \&i?ettﬁertelc onérai migagurdd3ugiagt sodfentional
ag]z)ggus 12. 5% ammoni a solution for 4 hours at 70C,
&qr these PERPEFSSr ogel with 2100 parts water

AT Y

paopbrtizd 60thp @bmparativeadsbrrents. hour  at GOC and -

, Table IIT
Physical Properties of Si0, and Alumina Gels

Sample Lewis Bronsted | Surface Area | Pore Vol. | Avg. Pore
Acidity Acidity Diameter
umol/g pmol/g m*/g ccl/g A
II-Si/1 0 -0 498 0.88 71
II1-Si/2 0 0 } 275 1.16 168
ITI-Al/1 80 - 60 116 - 0.50 172




WO 2004/ 060545 PCT/ US2003/ 039368 31 (d) washing wth

a solution of 2100 parts water containing 103 parts of
waeoosaspiedus 12. 5% amoni a sol ution for 3 hourBCRUSDON39368

Al um na Adsor bent (ConparaB2ve) A conmercially

avai | abl e al um na adsorbent product, H Q 30 sold by

Alcoa Wrld Chemcals, was | abeled Sanple I11-A/1

and conpared to the subject adsorbent of the present

i nvention. The sanple was in powder formw th particle

Si zes between 20 and 70 m CEQBE%;PJG Each of the :
conparative sanpl es descri bed above was dried at 200C

for 1Bachholithe silich-zinesmich eéioebtnatfom@@cmc@rdnm o ixemplhk the

gg%@ﬁ%el\%/\ﬁprg then I I oge %@g&gg}g gn‘ﬁl ené the. comparative

Edsefb%h@dofalgxmme 9H whOheaLh $MGTHIE 0veh @t THABS) h@ﬁ&stbx 200°C
the procedure of E. Bakiewicz et al, described in

ﬁzﬁlpwed Otehenting A07502B 4400569 dor(2 bogs. T saphles iwez¢ then allowed

ro f. _BET urfa ore vol une and pore
g’ é’ﬁg{ elﬂ%@éerﬁ%egg (%giiﬁ%’ a?%ﬁ)v@h {%onal nethodol ogy
for tEﬁﬁh&)fﬂh@Mﬁlbﬁﬁas tEaed ecdotdin® & thw/fellvvifig pheedi@dl S
and Bronsted acidity as well as physical properties

of t h¥adeuspareints ef eash edsrrheny werasharged ntegparaia test columns

e
ENERES by St S0P L4 Ml reciTectn MR (B.P. range
AEil 64 toy 4BRAELEI mmgehgofmudug m/pgng abigl Aulfibrl 1.56 /wt-%).0 For -
498 0.88 71 I111-Si/2 00 275.1.16.168 _ 1I11-AI/1 80 60 '
detgilspidhe fepd tonpsisotioeat tatios sep Frbigslishayn Thed9tabpitrogen content of

RO S, RO AR NI e
fiingre dormmenia inftgogen abxlgngrl (ANTEK Amdlyzérg. conpar ati ve ‘

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 wifh the LGO petroleum feedstream material. The |
nitrogen adsorptioh capacity attained by the adsorbent of each test column was
calculated according to the formula:

C = (¢, — ¢) m (feed)/ m (adsorbent)

where: C is the equilibrium nitrogen adsorption capacity in mg/g; ¢, is nitrogen
concentration of feed, ¢ is nitrogen concentration of feed product after equilibration
in contact with adsorbent; m (feed) is mass of LGO petrbleum tested; and m
(adsorbent) is mass of adsorbent in column.

For each test the calculated adsorption capacity was normalized with respect
to the surface area (BET) of the adsorbent. The results are reported in Tables IV .
through tXI‘ below as adsorption capacity (mg/m?).



adsorbents of Exanple Ill was heated in a muffle oven
at for 15 hours at 200C followed by heating at 750F
W@ 2@0ay058Dr 2 hours. The sanples were then al | POEUS2008039368
cool to anbient tenperaturé3under 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
foll owed by certain amounts of an LGO petrol eum
feedstream material (B.P. Thhled¥ of 164 to 458C; total
ni trogen of about 220 ppm total sulfur 1.56 wt-9%.
For detai[s of the feed kgngfisporbent rafios see
Tabl es bel Ofagd) em@é&j;a R TTOgen COTHRBHRy e LGO
petrol eum f eafst|r egdn Mpfppm) al c@s| anal ya
phot onet ri | ®eECGL T @UETL | VI03U$I g6 a| ComMmeEogasal n| t rogen
anal yzer (ANI3K [Anabyzerd7 Eachoof theo.d@st coljumms
was mai nt aj @b yndeo api s&at [ on1Tor 4 h@oox® at 40C to
al I ow adsof pto®on edai || bi® um 0.04 occur.0.00M2 r emai ni ng
petroleum material was renoved from each col um by
centrifuging and anal yzed for total nitrogen content
in the same manner as donerggd$ the LGO petrol eum
.feedstream materi al . The nit rogen adsor pt| on capacity
att ai ned by—the—atdsorbent UI h—test—cotumm—was
cal cul at ed—3 "Sg g S *.leu. Ha—C—=—(co ) m
(feed)/ m] [AESS( BUSTY %) ool 3 EaS RO i i
ni trogen '}Ja.uwp FOfp €4 LTOr66 NO7 0, §o13g > (1| rogen
concentra Tg330 I—FU:‘U %0 |0|4.7|Lgen belumnlldl on of
feed prodychzaf ter{EquUI i7ioordt0|30n T cgpgFct Wt h
adsor bent [ HRETEedjog T3 MBSY @ 1sLF0 Perf opum test ed;
and m (adsapbent)io S |maes |olo.cadgor beng.oofe col um. For
each test The calculaied adsorption capacity was
normal i zed with respect ouiRe surface area (BET) of
t he adsorbent. The results are reported |n Tabl es |V

dina fr\

t hr Ough Xi—below—as—adsoerption "apaCi Y \IIUI lly WO
2004/ 060545 PLIH US2003/ 039984 52" Toble 1V Samble |
S) L
o) Toh e e |(Phodd) kg P/ oo
: 6 hGr6 19155 180,55 0.0113
1.33 20 86 | 0.38 0.0079
2.66 20 52 | 0.23 0.0049
4.00 10 16 | 0.07 0.0020
Table VII
Sample IIC
m(ads) | m(feed) c .
(9) (@) | (ppm) | clco | Capacity (mg/m?2)
0.35 20 137 | 0.59 0.0149
0.37 20 108 | 0.46 0.0102
1.33 20 71 | 0.31 0.0066
266 | 20 45 1 0.19 0.0039-
8.00 20 14 0.061 0.0015




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 Sanple 1A m(ads) n{(feed)

we 2qogp6i5ey (ppnm) c/co Capacity (nmg / nR) 0. 17PADUIHA3/039368
0.66.0.0138 0.33 10 108 0347 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 Sanple IIB m(ads) nm(feed) ¢ (g) (g9) (ppm
c/co Capacity (mg / n2) Q.67 il 125 0.55 0.0113 1.33
20 86 0.38 0.0079 2.66 2bPBeVéll23 0.0049 4.00 10 16
0.07 0.0020 Table VII Sanple 11C n(ads) nm(feed) c .
(9) (g) (ppm_c/co CapaciSamplediD/ n2) 0.35 20 137
0.59 0. 014%(ads) BM(feed)108¢0.|146 0.Q102 1.33 20 71 0.31
0,0066 2/669). 20 48) 0./18Pr0), |0GHD |8 Cappcin(mod niR) 06 1
0. 0015 WO 2608/ 60%45 P49 UsHR$3//03936801694

0.35 101 0.42 0.0121
0.67 10 70 0.29 0.0077
1.33 10 43 0.18 0.0045
4.00 10 13 0.05 |. 0.0017
Table IX
Sample ITI-Si/1
m(ads) | m(feed) c
9 (9) | (ppm) | c/co | 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) | c/co | 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
Table XI
Sample ITI-Al 2
m(ads) | m(feed) c
(9) (@) | (ppm) | clco | Capacity (mg/m2)
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



Table VII1 Sanple 1D n(ads) m(feed) c (g) (g9) (ppm
c/co Capacity (nmg / n2) 0.18 10 140 0.58 0.0169 0.35

w(a20010405@5 42 0.0121 0.67 10 70 0.29 0. 0077 1PGBUIDOANBI368
0.18 0.0045 4.00 10 .13 0.G5 0.0017 Table I X Sanple
LH-Sill mads) m(feed) ¢ (g) (g) (ppm.c/co Capacity
(my / n2) 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
featsictiveX VSaa.tp)rg anfl |ch@iges may(bgdegderkyr thesp) skdllgdyin theyrt, without

agj t 0.66 20 128 0.62 0.0087
‘&%@%ﬂ A%t?ﬁB%g%entﬁmaa 20 70 0.34 0.0038 4.00
10 27 0.13 o. 0016 Table XI Sanple I11-Al 2 n{ads)

m(feed) ¢ (g) (g) (ppn) c/co Capacity (mg /. nR) O. 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
wepdvemeesent s and nodes of operation of the i nRENUSN3/039368
have been described in the3foregoing specification.
The invention which is intended to be protected
herein, however, is not to be contrued as |limted to
t he partlcular forms di sclosed, since these are to be
PWagetddM:as il lustrative rather than WD 2004/ 060545
PCT/ US2003/ 039368 35 restrlctlve Vari ations and

B ¢ nodem T BF RS Ehink RS b dtaoR gy reduced
Mfo %Qpﬁﬁcpﬁﬁﬁﬂ'%oﬁgﬁ/ d&ﬁﬁﬂ%ﬁ%?@&ﬁactﬁl WhorGeAyModbsul frization,

od of manufacturing and hi gher hydrocar bon
(] L@iz br\grenterr pefraedn  feedstisgan havidg suiftbgen @odt sfur containing

Rt it i ASLE atblfl defeben, copupisipe iy inonganic

el $M) exidd iMirXOmBietihOGBEreBNM fUdcldétedCRBMATINIAIOZr, Si, Sn or
conpounds therein with a porous, qvﬁ)artl cul ate adsor bent

m@wptessﬁhﬂ@omhavm dawisc amdﬁy 0f pivfeaglx abl@ltn%ﬁq ipol/g; and (b)
%%g%le t nga{t tﬁé 'f%e @egrﬁt %E dfucp nae-lr_llv ty m r(Qt %i)ecgﬁlytlc

res er eof’, ew's aci

Hyzﬁuaesﬁ%mh/t@pmaﬁ@bz(bydroeaﬂb@eﬂlaﬁnt ly treating the
feedstream product derived from(a) to catalytic

hydrodesul furization to produce a hydrocarbon fuel. 2.

) he nﬂl@ %tﬁgd cgq’l éit ﬁ%l Elgdtg %ﬁ%r@&% ?15{5 Qﬁrf&% of at least |

Surface area por e v
200 mZ/grmastza;bmeltvoﬁnﬁe oﬁ/ag ﬂEastaﬁiﬁbvarO Aveipag elnﬁcurﬁaverage pore
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caude Lewis acidity of at [east 500 gnol/
cduse hdwordsehty. of 3t 1ea$tcs Ofrintal (g toftheChdsbrbett. wher ei n t he
petrol eum f eedst ream conpri ses Cl12-C30 hydrocarbons
prior formed by fluid catalytic cracking or by

gi sti irthatde@dbddr qIgkd P hdiéfBin ﬁfé%trofbum-rﬁﬁdéﬁ%hﬁ%nﬁﬁ‘lses 012-030
Caim1 wherein the petroleumfeedstreamis contacted
hydrpcarbons prior formed by fluid catalytlc 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.



adsorbent in a packed bed zone conprising at | east one

packed bed adsorption colum. 5. The nethod of Caim
wQ20he6isieh t he petrol eum feedstream i s cont act BCT/WE1003/039368
~adsorbent in a packed bed 3dne conprising at |east one

packed bed adsorption colum. 6. The nethod of C aim

3 wherein the petroleumfeedstreamis contacted with

adsorbent in a packed bed zone conprising at |east one

packed bed adsorpti on col um. WO 2004/ 060545

CT/ 0 : f .
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adiosbentaidl sradsorption atre: Sbdcedt fdsin farfuidiaed bed slispgdiohedne or an

adsorption zone or an enbullating bed adsorption

oinbidl atlng%@?Sﬁﬂ%tWB@OB? Claim 2 wherein said petrol eum

feedstreamis contacted with adsorbent in an

adsorption zone selected froma fluidized bed

&dsor pli¢ mothod € Chaima) wherdhukdi«apétr@etbn dealﬂ’semmﬁsi amtacted with

zon 9. The nethod of a .ein petrol eum
| &1t B4 A0SOTPH R ZRCete wﬁdﬁ%oraasfg’r e g?(iqa%%ﬁrpﬁon zone or an

fagh ggdg(gg i2alpated froma fluidized bed
a sorpt on zon or an enbullating bed adsorption

.zone. 10. The nmethod of Claim4 wherein the packed bed

dsortionzn Q ises.at . |least t dsorption

of urrhee method ol LT f 5REHN i PRTCoHR dpd o e alAelsd with
Qﬁgrbéﬂtsﬁra%tddg&ﬁﬁ% SoPdHN chedeForata flligi2ed b&d\@dsaﬂﬁ%%h@ Br an
colums. 12. The nethod of Caim6 wherein the packed

@nwlhldsgbpda@nrMWOUanrl ses at |east two adsorption
colums.- 13. The nmethod of Claim?7 wherein the
adsorption zone conprises at |east two adsorption

£®! unTige méthod bR €14t S Rtlerein tht Pacﬂaea bl ediritidndne comprises at
adsor ption zone conprises at [east two adsorption

leadt dwe edsorionedumes hod of Cl ai m 9 wherein the

adsor ption zone conprises at |east two adsor pt| on

col umms.

11.  The method of Claim 5 wherein the packed bed adsorption 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 1east two

adsorption columns.-

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

adsorption columns.
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Claim 10 wherein the petrol eum feedstock is contacted
wWowaoh/066533 d adsorbent in at | east one first adRO¥/p$10051039368

colum and the spent adsoriB&nt in at |east one second

adsorption colum is subjected to desorption to renove

prior adsorbed nitrogen cont ai ni ng conpounds

therefrom 17. The nethod of Claim11l wherein th

et r oTeumetheddeftGeim 118 vosHRiR SiecRptigl e @ésteclaws@m&@fﬂd with

ir
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nltrogen cont ai nl ng conpounds therefrom 18. The
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contacted with said adsorbent in at |east one first

adsorption colum and the spent adsorbent in at | east

Phe sthonmdttdsefrqitino i1 ediersim thespetrafune feedstbok is contacted with

desorption to renove prior adsorped nifrogen
@&i@%ﬁoﬁv i ahisatiinne firpfadserpBan coly thetReRf agorbent in at

l%ﬁ' 5ﬁel§ec§‘ﬁg C@%&gﬁgﬁa Bk i€ Ui &9&1% HekorpBofk W rembed prior

sal rbent in at |east one first adsorption
aﬁbﬂmﬂnan¢ﬁhhmﬁMnMgcmm@wmdeﬂmmﬁmnat | east one second
adsorption colum is subjected to desorption to renove
prior adsorbed nitrogen containi ng conpounds

ider eﬁ‘ﬁ@ Mefted- ofTélﬁm‘In_iQ Rafdrh tKd ﬁétﬂ?létﬂn WOREBLIR id é'tﬁltacted with

petrol eum feedstock is contacted with said adsorbent
said adsortens in ableestfdne dirsteaflsoppon enluoel andhtharsgentradserpenttin at

8 sorond oemHER GHUDS 1§ SHAREe s Geboralih 1B dgimove brior
AsbtRE it GRA BRI SARMAMAshetdiRef rom 21. The

met hod of C© ai m 15 wherein the petrol eum feedstock is
contacted with said adsorbent in at |east one first

gérji sor E@ o ﬁ"c‘ft 313 (L)ilr@plflﬁrg g 3 é%%aénﬁ ‘%‘1{{%3;,32%0 ?&gs oQk ¥ cont:RR%H with

§hes adirbadd it ot Tegitne st Asorpdds Qbhﬁdﬂ md theg;pant adsorbent in at
cont ai ni ng conmpounds therefrom, WD 2004/ 060545

best/ U2 609nd Fuiserptiongohpn 1, subjested do gleseplpmnte gemove prior
mﬂﬁﬁﬁde} 8ﬁﬁﬁ@%§&ﬂn Qgﬁgﬂéﬁﬁﬁﬁpntactlng adsor bent

cont al ni ngoNi t roge ound wth a liquid conpound

that is a solvent for the nitrogen corrpounds sel ect ed
56.0m ”lc‘:%e metho%I kfy Claim nq4c }felngg Ithey petg)llgu%tl] ?’eedstoc 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

adsbrbed nitrogen containing compounds therefrom.



- C6 al kyl and cycl oal kyl ethers, ClL - C6 al kyl and
cycl oal kyl al dehydes and C, - C6 dial kyl ketones. 283.
wadb@4etsikod of C aim 19 wherein the desor pti onPCT/US2003/039368
~conprises contacting adsoBbdent containing nitrogen
compound with a |iquid conpound that is a solvent for
. the nitrogen corrpounds selected from Cl- C6 al kyl and

cycl oal kyl al cohol s, - C6 al kyl and, cycl oal kyl
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gﬁ(gp er|al or mxtures thereof with (b) a Lews
precu

rsor conmpound in an effective anmount to
impart at |least 500 gnol/g Lewis acidity to the.

e nbeh Gy EmheSalh otk
P, SRy R R i b d ol &3 v
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7 Rl m ssteaton stedh B oo Mo S ool AderSfiet ang 1 -
&la}kyp@etgﬁbs Sc, Y, La, Ti, Zr, H, V, No, Mo, W Fe,

N, and nixtures thereof. 27. The method of O aim
24 wherein the Lewis acid inmparting nmetal is selected:

thor i migiod sl itlsband b oBobabalabh 12555H: 1546 17,

121030001, B RbM 2 4v1REH he) aﬂslb?odn@‘bbﬁlglﬂﬁésda toRpésite TBrmed by
metal is selected fromTi Zr and m xtures

@Qﬁéacél?g .(?])219 silivh selaeted dwnw pilick matipdorwies ma#:r@b @p Siliep tmatrix
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I Ca aerog e I cCa Xero

éﬂf@ﬁ@@famé’tﬂlt td hignpagt hllQUea@lf 500 qirivlA5 Dehgy %blﬂlt?otﬁfpﬂﬁ_ewsultant
(a) of the adsorbent is selected fromsilica

#sarbsgel , silica aerogel or silica xerogel or nixtures.
~thereof. 31. The method of C aim27 wherein conponent

(a) of the adsorbent .is sel ected

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
umol/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.



fromsilica hydrogel, silica, aerogel or silica

xerogel or mxtures thereof 32. The nethod of C aim 28
wob@resis4zonponent (a) of the adsorbent is sel BCT/E82003/039368

fromsilica hydrogel, silidt aerogel or silica xeroge

or mxtures thereof 33. The nethod of O ai m 24 wherein

t he adsorbent has Lewis acidity of from about 500 to

500 t hod. o ai.m 32 .wherei n
sor D ndined GF Gl SEMARER e TR B Geansty s sglpeted
Ig; 73Fe, Kﬁ&dﬁfﬂﬁﬁgs@he@fa' m 32 wherein the .
adsorbent i's selected froma silica hydrogel , silica
aerogel or silica xerogel having alum num atoms

ere uff'cie mount to inparct .Lew
T ¢ s el s T RS tom ST ) b et sected
ﬁ‘@xﬁrsﬁida Hyhfogléﬂ $0KR ﬁé}bgél%r $#ic8 kbiR@ell drafixfursd thbRef.
hydr ogel i'ca aerogel or silica xerogel having

2|rcon| um at ons therein in sufficient anount to
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febil silicah Isﬂlca herogslsR @makeﬂa@sl & mitiracerbga of
from 400 to 550 n2/ gm a N2 pore volunme of fromO.6

to 0.9 cc/gm and an average pore dianeter of from 45
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F8MmKMlicachyddogen siick atregtl @ kilich avtogebortmixturds thefegfn and
an average pore dianeter of from45 to 75 A 39. The

method of C aim 16 wherein the adsor bent is forned
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Frecursor conp ound Th & Wei stlicato
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The nmethod of Claim 18 wherein the adsorbent corrprAi ses

particulate -material having a particle size

83 SUTTRUTARSHELIANN4 HESSinl BRhdRoWERORS IRSYiE BBt trom

a dianeter of les .6 nmm and at |east about 95

abmiug B00 Ee2 XOnimblgye di ameter of less than 2 nm 41.

-The method of O aim 32 wherein the adsorbent conprises

particul ate material having a particle size

gistr Tﬁé‘?ﬁe@lﬁb@éﬂpbla‘irﬁaﬂ {Nﬁér%mt h@hdBorbBhtIMs IRKFIS @bidith feFrom
a dianeter of less than 0.6 mm and at | east about 5

gleiug K00 p.’eEiﬂ@mmﬁég/e di arreter of

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 500 to 2500 pumol/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 500 to 2500 umol/g.



less than 2 nm 42. A nmethod of manufacturing

hydr ocar bon fuel conprising formng a feedstream
w@pesieng Cl2 and hi gher hydrocar bon conmpounpiGI/US2003/039368
~wherein said feedstream fdtther conprises nitrogen

and sul fur containing conmpounds, introducing said
~feedstreamto an adsorption zone conprising at |east

two packed adsorption colums faollowed by introducin

(S fgfrom

34i d Teeasthodah ¢lgim 24awherein; the pdsrbant d9s Ruvrizes aa ©
) , 7,210 [ r [ § A d

AL SNEBlr o 29 e PR EEL B0 B USRS, ol afhverage pore

didaetebeNfromotBni7siAng porous particul ate selected from. -

silica hydrogel, silica aerogel or silica xerogel or

m xtures thereof having fromabout 1 to 80 wei ght

2 RO 7 el Sy e s o

RT{0SD0A3 6039 36 P ore ol ifima . 6atb @ cagmCandipn bBrage pore
LIA 1IBIITA 111B, VA VA VIA or VIVA of the
digpetss PE fiomdodid havi ng Lewis acidity of at |east

about 500 nol/g; surface area of at |east 200 nR2/gm

N2 pore volune of at |east about 0.5 cc/gm and

. 3%.er affbe petlod ofi @lmah e wherain the adsordént As fakBredThem a slurry of

P Lo a5l Baal pRoeot Corppoumpah aap S GH i B pich o metal

gd@%&élfdxi&ngﬁbﬁ(ﬁ@'ﬁ‘?&@?@.ﬁ. has Lewis acidity of from
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40 to 400 A. 44. The process of O aim42 wherein the

B8 BT RS bR S MG
hatriEMving @phflicteysifd dibtrdMidibSichGhaA IO tha § Sicigi dhercent have

average pore dianeter of from40 to 400 A )
a diameter of less than 0.6 mm and at least about 95 weight percent have diameter of

less than 2 mm.

- 41, The method of Claim 32 wherein the adsorbent comprises particulate
material having a particle size distribution such that less than 5 weight percent have
. . adiameter 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 C; and higher hydrocarbon compounds wherein said
feedstream further comprises nitrogen and sulfur containing compounds, introducing
said feedstream to an adsorption zone comprising at least two packed adsorption
columns follqwed 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 aerogel or silica xerogel or mixtures thereof having from about 1 to 80 Wéight

percent of atoms (as metal oxide) of at least one Lewis acid imparting metal selected
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from metal atoms of Group IB, IIA, IIB IIIA, IIIB, IVA, VA, VIA or VIIIA of the
Periodic Table and having Lewis acidity of at least about 500 pmol/g; surface area
of at least 200 m*/gm; Nj pore volume of at least about 0.5 cc/gm; and average pore
diameter of at least 40 A. - '

43.  The process of Claim 42 wherein the Lewis acid imparting metal is selected
from Ti, Zr, Fe, Al or mixtures thereof; and the adsorbent has Lewis acidity of from
600 to 3000 pmol/g; and average pore diameter of from 40 to 400 A

44,  The process of Claim 42 wherein the Lewis acid imparting metal is selected
from aluminum or zirconium or mixtures thereof; and the adsorbent has Lewis -

- acidity of from 750 to 2500 pmol/g; and average pore diameter of from 40 to 400 A.



