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acceptable selectivity but higher activity are also desired because they allow operation at

lower reactor inlet temperatures while maintaining the same conversion (octane) level or
allow operation at the same temperature but at higher conversion (octane) level. In the
former case, the higher activity of the catalysts also allows for significant extension of
the cycle length and reduced frequency of regeneration. Catalysts that afford lower coke
make rates and higher selectivity and/or activity stability are also very highly desired
because they allow for significant shortening of the coke burn off and unit turnaround
time or for a longer operation before regeneration.

Many researchers have devoted their efforts to the discovery and development of
improved reforming catalysts. The original commercial catalysts employed a platinum-
group metal, preferably platinum itself, deposited on a halogen-acidified v-alumina
support; see, for example, Haensel’s U.S. Pat. Nos. 2,479,109-110, granted in 1949 and
assigned to Universal Oil Products Company. About 1968, the use of rhenium together
with platinum was introduced. Kluksdhal’s U.S. Pat. No. 3,415,737 teaches Pt/Re
catalysts wherein the atomic ratio of rhenium to platinum is between 0.2 and 2.0 and his
U.S. Pat No. 3,558,477 teaches the importance of holding the atomic ratio of rhenium to
platinum to less than 1.0. Buss’s U.S. Pat. No. 3,578,583 teaches the inclusion of a



catal ysts wherein the atomc ratio of rheniumto platinumis between 0.2
and 2.0 and his U S. Pat No. 3,558,477 teaches the inportance of hol ding
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Until now, however, no one has taught the benefits of including both bismuth and

phosphorus in a noble-metal naphtha reforming catalyst.

SUMMARY OF THE INVENTION

This invention provides for a catalyst support comprising y-alumina and a
concentration of bismuth between 0.05 wt. % and 0.1 wt. % and a concentration of
phosphorus between 0.05 wt. % and 0.6 wt. % incorporated homogeneously
throughout. The invention further provides for catalyst compositions comprising
amounts of platinum between 0.1 wt. % and 1 wt. % of the catalyst and amounts of
chlorine between 0.05 wt. % and 2 wt. % of the catalyst and optionally rhenium in
an amount between 0.01 wt. % and 1 wt. % deposited on such supports. The
invention also provides for a method of making such catalyst support and catalyst
compositions and for a process for reforming naphtha to improve its octane using such
catalyst. When used to catalyze reforming naphtha, the Bi- and P-containing catalyst
compositions of this invention unexpectedly exhibited significantly lower coking rates
and Cs+ yields and activity decline rates; i.e., higher stability, relative to catalysts

containing only either Bi or P previously known.




chlorine between 0.05 wt. %and 2 wt. % of the catalyst and optionally
rheniumin an anmount between 0.01 wt. % and 1 w. % deposited on such
supports. The invention also provides for a nethod of maki su at al yst
support and catal yst conpositions and for a process for Zgélfg?t?ﬁrﬁgoéuapht ha
to inprove its octane using such cataly8t. Wien used to catal yze reformng
napht ha, the Bi- and P-containing catalyst conpositions of this invention
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present inventhmdSanprise alumna, primarily y-alumna, into which
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phophorous between 0.05 wt. % and 0.6 wt. % have been incorporated during

preparation of theFigugsshewsehativipsPestingPate far &ata}ygts hied-peen found that, for
catal ysts made from such supports, the inclusion of these anmbunts of both
Bi and P distributed essentially honbgeneously throughout the support
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during preparation of the support extrusion mixture. It has been found that, for catalysts
made from such supports, the inclusion of these amounts of both Bi and P distributed
essentially homogeneously throughout the support results in significant improvement in
the Cs+ yield and activity stability relative to the conventional catalyst compositions. In
addition, these promoters in the support allow for significant suppression of the
coking rate and remarkable improvement in the regenerability of the catalyst after
moisture upset.

The catalyst compositions of this invention comprise such support impregnated
with amounts of platinum between 0.1 wt. % and 1 wt. % of the catalyst and amounts of
chlorine between 0.05 wt. % and 2 wt. % of the catalyst and optionally an amount of
rhenium between 0.01 wt. % and 1 wt. %. The amount of Pt in the catalyst provides the
desired hydrogenation-dehydrogenation functionality of the catalyst, the amount of Re
(when present) improves the coke tolerance and resistance to deactivation, and the
amount of Cl enhances the acidity of the support and provides the desired acidic
(isomerization and cracking) functionality. Inclusion of Pt, Re and C! in a naphtha
reforming catalyst is well known in the art. However, when these elements are
impregnated onto the supports of the present invention, these catalysts exhibit
significantly lower coking rates and higher Cs+ yield and activity stability than catalysts
comprising the same elements impregnated onto conventional supports. The catalyst
compositions of the present invention, therefore, allow for a reduction of the frequency

of catalyst regeneration and maximization of unit




wi th amounts of platinumbetween 0.1 wt. %and 1 wt. %of the catalyst and
anmounts of chlorine between 0.05 wt. %and 2 wt. % of the catal yst and
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whi ch a concentration etween 0.05 wt. % and 0.1 wt. %and a
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0.4 wt. % basgd on the lidSNel vSR%al Y35 wiO% and 0.35 wt. % being particularly
preferred.
The forming of the support particles may be accomplished by any of the methods
known to those skilled in the art. In the preferred method, a mixture comprising
approximately 62 wt. % of y-alumina powder and 38 % wt. alumina sol is prepared. The
y-alumina is a high-purity y-alumina made by digestion of aluminum wire in acetic acid
followed by aging to form alumina sol and spray drying of the sol to form the alumina
powder. The alumina sol is also prepared as described above (i.e., by digesting aluminum
wire in acetic acid and aging) and contains about 10 wt. % alumina (dry basis), 3 wt. %
of acetic acid and the remainder deionized water. The alumina sol is blended with the
alumina powder and acts as a peptizing agent to aid the extrusion of the y-alumina. Any
other methods (other than using alumina sol; for example, using extrusion aids) known to
those skilled in the art could also be used to form the alumina carrier particles of this
invention. Such extrusion aids include but are not limited to acids (such as nitric, acetic,
citric, etc.) and/or organic extrusions aids (such as methocel, PV, steric alcohols, etc.)

The desired amounts of phosphorus and bismuth are essentially homogeneously

incorporated into the finished support by adding to the y-alumina/alumina sol mixture
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acconpl i shed by any of the nethods known to those skill n th t. In
the preferred nethod, a nixture conprising approxi natel f?qééctmr%ﬁéf

y-al um na powder and 38 %w. alumna sol is prepared. The y-alumnais a
hi gh-purity y-alum na made by digestion of alumnumwre in acetic acid
followed by aging to formalum na sol and spray drying of the sol to form

the alum na powder,. The al uni na | i,s _al so_.prepat g ove

(i.e., by diges@?ﬁ;b]&‘i“ﬁﬁiaﬁm""ﬂﬁ Pép OﬁPhg’é'JgtlF%c“%B’i q‘%‘ﬁo %E"g‘gf%;ﬁ‘ﬁﬁg%ﬁ#ai ns

about 10 Wt. % adsitied ébacepdtiontdph6gphorts wt the Fnishdéd sappri anddbinchnameuntiof the

remai nder deionjzed water. The al ym.na, sol .is,blen ' . . L na

powder and act sh%ufapﬁ@'&e‘?fff’ °‘hﬂ§?{‘m§lg’ EPYds e 8% rg%n:é%ntﬁg%énrﬁ%ﬁleﬁy-arqn um na..

Any ot her net hagFin{sRédh@pporth The aiditivg of phoxpiweussnd bisfaoth selutionslisscconsplished -
skille

extrusion aids) known to _thos i.n the oul d ) to
form the al uni n8 &alop; @fe fS’i{PW? -PEa EFF“’?WFS"MWVQ&W%‘F% t%ﬁ@r'{r%ce)g(o?'?oﬁéﬁl%gn aids
i ncl ;Jde 3;,1'[ ar em%m@mbmpﬁmhgmuﬁﬁhe&ﬁpp@ht'Eiaﬁnahmiatshm;ld be prepaireg], .
~etc.) and/or organic extrusionsg .aids (s as oce PVl .. steric

al cohol s, et c.) imyyeh ey sodhatd %eﬁ%ﬁBBfﬁoﬁb m&eé’%ﬁ’ﬁ%ﬁé wihen :
essential |y honggensogssYon ighion)P6r Ak aflixiuid B bebeechi 30 atde®™ stipiordd byreaddi ng
to the y-alumna/alumna sol mxtyre 27 Cctober 2006 being bl ended an -
anount of phospREFELeREER 3P0 ¥t i on sufficient to provide the desired

concentration of phoﬁpﬁl@&r%ab?at@%et&ﬁrédidﬂioﬁﬂlﬁd;ﬁb@m indonthe tstygort arsoltivueoft  of
~the bismuth precursor solution suffici en} .to provide %g’e desiithed ods
concentration oPhaFPROFsRISHFFOT FWi@?é&@%fﬁﬂ”.mﬁ? &MY Pon® |
Bhosphor usdang RhcwiHo %%thﬁiléd;ﬁ&hé £rt. 16 QRBphdriiestecudlor & wlected ﬁ-ajlehzf'g_rbdpov\?d

y a period of continue endi ng.to ensur onpgeneous St,r. | o
phosphorus and EPBRHsiog PihPPPWFES‘S‘lP%ﬁB?& ?G‘dFW@Equﬁdmf)’p Wpéngﬂll%" géﬂ (%’ru%fgg’ed in
such a way so t o, [ QIHN,APOS With U RO} SeiipARd Bost \Pedfbrre@precudoroTie el | S
formed when thlgﬁ_ilfH (4’I 0SS’ on ?’gni_??ong-of thg mwxﬂ}fyrﬁbﬂ b%g\gﬁ_eggﬁéoo and 70
wt. % and nor e Pregwadr sphitipn, mE capain. betyreg Shand & Wiy éi‘pa’f t “Gesi r ed
anount of phosphgpdsmeldioR hdtepfepe@r t - a sol ution of -~ phospherus precursor -
is prepared. The solution can be prepared by any of the nmethods ..known to

! ) ny K
these skilled ih theTaincornqrie biwesh R e PROEURSHD p va¥ 8P &8 (L BT IR e
group conpri si g%ggmam QAR uERNb EthE b CltdhSs, &6l cssaktiab thaf © bisguhplliton
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‘ having all bismuth cations completely in solution and not indirectly interacting with eaph
other -(via‘ chemical bonds with other elements) be used. A number of bismuth
precursoré, including but not limited to Bi(NO;); 5H,0, BiCls, BiOCl, BiBrj, Bi acetate,

Bi citrate, and various Bi alcoxides may be used, with Bi(NOs); SHzO being the most
-preferred. Solutions of these precﬁsors in water, water + complexing agents (to improve

Bi solubility), acidified water solutions as well as different surfactants or organic solvent |

solutions may all be used to pfepare‘thé Bi-containing supports and catalysts of thc
present invention. The acceptable concentration of bismuth in the solution is dependent
on the bismuth precuisor chosen, the nature of the solvent and the solubility range for the
precursor in the solvent. The mbst preferred bismuth solution contains about 9 wt. % Bi
(from Bi(NO5)s SH;0) and approximately 10 wt. % d-mennitol (a complexing agent) and
the balance water. - Other complexing or chelating agents , including but not limited to

" polyacohols or mixtures of polyacohols or alcohols and acids could also be used instead
of d-mannitol to achieve complete dissolution of the bismuth precursor in the solvent.




NHAH2PO4, (NI 34 HPO4, with H3PO4 being the nost preferred precursor. The
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rt LA leyel inth n f 1 . % . % nore preferably 17
af!op&)to% %}/u%inalbasetmaetmrafgeo 0 wt oto 36 wm 9 nore preferably

Catalysts

To form the finished catalysts of this invention, amounts of platinum between
0.1 wt. % and 1 wt. % of the catalyst and amounts of chlorine between 0.05 wt. %
and 2 wt. % of the catalyst and optionally amounts of rhenium between 0.05 wt. %
and 0.6 wt. % are deposited on the support by impregnation techniques known to
those skilled in the art. Between 0.15 wt. % and 0.6 wt. %, based on the finished
catalyst, of platinum has been found to be preferred, with between 0.20 wt. % and 0.30
wt. % being particularly preferred. Between 0.8 wt. % and 1.2 wt. %, based on the
finished catalyst, of chlorine has been found to be preferred, with between 0.9 wt. % and
1.1 wt. % being particularly preferred. If rhenium is present, between 0.1 wt. % and
0.5 wt. %, based on the finished catalyst, of rhenium has been found to be preferred,
with between 0.2 wt. % and 0.45. wt. % being particularly preferred.

Various Pt, Cl and Re precursors known to those skilled in the art can be used to

prepare impregnating solutions and to impregnate the support of this invention. Such



w. % It is preferred that the dried support particles then be calcined in
order to lower their LO to between 1 wt. %and 10 wt. % preferably
between 1 wt. %and 7 . % Calcination is done at a ta rq%ugs $etmeen
400 C and 750 C, preferably between 550 C and 700 C.for gQﬁ%?f% ¥

between 30 minutes and 5 hours, preferably between 1 hour and 2 hours. The
finished supports of the present invention are all characterized by having
an essentially honogeneous‘distribution of bismuth and phosphorus

t hr oughout the y- al unj rija f Bevid] hed
catal ysts of trﬂf%““is?ﬁe‘ﬁ Hlfed Wﬁ%’ﬁﬁ%let \kIgdén%%bﬁll v é/lfl)“gnd 1
wt. %of the ca&ﬂmﬁﬁmamb élt &mﬁdhl@dsﬂlmnaﬂa,e dinéttadipeninadlaiiBumgt hydrech!mg 2 wt.
% of the catalyst and tlonaIIy un of niu et % and
0.6 Wwt. %are dEfosk ‘Bﬂ“@?@e’s%‘f‘“ﬁw rf%‘ll']‘z %ﬂ \tl\g’ghr??que eﬂ%ﬂ%v\n to
those skilled 'dﬂnﬁdﬂnﬁmﬁ&ﬂomﬁeﬁmaﬁc Qnd,&n&\bmm%mndaeﬂhcﬁmAm%redwmeﬁatowﬂt he
finished catal pl at i has .be found to b

bet ween 0.20 wt “%Qﬁﬁjmm% tﬂ%f’r%y &F‘% © PSFEPRUPS yg%rgge'ﬁ‘;el{r%gg w@é&v\e en

. 8 8 V\$ ‘%:jand f)—ls?acé%f%ab]% hgﬁﬁﬁiin,ﬁthgtlh@regﬁMgssbmdommlcgm spiallcdmoynisred has -
een found to be preferred, wt et ween an ng
particul arly préfeemtagds spchy a5airignfaron, é‘g@’ﬁf ‘%&Mﬁ Bﬂfi%wg& W%‘?éﬂ)gl]

Wt-f% bgsed Omﬁ{ogﬁtcf ﬂﬁééékﬁlédo : %&ﬁ!;yt&é amﬁﬁv&Stheﬂhtﬁbmm(y n flﬂmepiaﬁnﬂuradd,tlmﬂbe
preferre wi t etween 0.2 wt. % an 0 bei t

preferred. Varissofpheniumy, thgperhenals anions 3'5%% ggg%lﬁﬁcﬁﬂugﬁh}ryﬁ t he
~art can be use%@&nc@&mr&memﬁﬁg@ﬁﬁgm@hmeﬁﬂﬁemdumme@m&et he
support of this invention. Such 2/ OCctober 1£ pﬂ§&§9”&3%{§uf%E%££&xQUt are
not limted to dssisyeopeeatrplincol{hesy comPAReHIS O thf Y

amoni unthl or opjegluigied Ehowh 8 thB6e Hiclle@ B the i @ia® be Albddith pregira ticrvetalysts bf thin

hydrochloric acid, tetrachl oronet hane, -chi or onet hane, di chl oronet hane,
1,1,1- trlchloro@Wﬁ@W@ ammoni um chl ori de, perrhenlc acid, and amonium -~
- perrhenate. Any_prec I 0 t.ha i.| | deconpose ‘i n :water, thereby prov1d|ng

the necessary | RSP NGS5 on t he support, s accept able. In
~additian, the i rrpreg&aﬁnﬁﬁosﬂjrdﬂéﬁeaﬁdﬂmhthﬂm&mbsmidvecabmma@nmsuch(ﬁeﬂf erent

Which Z?‘E“ Kmovith g IS 81 4 ateere Trtscsy s rpis Rl Kol o
the platinate aféﬂ::perhtﬂretaﬁiﬁ pressure. The operating conditions are a space velocity between 0.5 hr' L
' and 6 hr'!, preferably between 1 hr! and 3 brl, a pressure of between about 0.1 MPa and

about 3.5 MPa, preferably between 1 MPz and 3 MPa, a temperature between about 315°

C and about 550° C, preferably between 480° C and 540° C, & hydrogen recycle gas to

hydrocarbon feed ratio between about 1 mol/mol and 10 mol/mol, preferably between

about 1.5 mol/mol and 8 mol/mol, and more preferably between about 2 mol/mol and 6

mol/mol.

EXAIVH’LES .

The followmg examples illustrate the preparation of the supports and catalysts of

this invention. A pumber of examples illustrate the use of such cata]ysts in reforming of

naphtha and compare fheir performance to convéntional naphtha reforming catalysts.
These examples should not be considered as limiting the scope of this invention.



case of rhenium the perrhenate anions on the alumna carrier. The Pt, C
and optionally. Re concentration of the inpregnating solution is
determ ned in such a way to achieve the desired concentration of {ﬁ:ese
conmponents on the finished catalyst. Al inpregnation t@gﬁ?ﬁt%lfégo own to
those skilled in the art nmay be used to epare the catalysts of this

i nvention. Process for Reform ng Napht ha "Reform ng of hydrotreated naphtha
feed may be achi eved by contacting such feed with the catalyst of the
present invention in the presence of EgANPDEN at el evated tenperature and
pressure. The operating conditiqgns are a space, Vel oci between 0.5 hfl

and 6 hfl, preferably Fanpsetpser ?"heaﬁ'ifp%“ﬁ‘?nl?f }évf)rcgtgb’éﬁ' éupg\é\ﬁ%etc\?t\élsﬁt about
0.1 MPa and aRgshs 33.5CVRR IPred @f alit préseitweeentibn Maah asndtaiindea different

tenper ature between about. 315 C and about 550 C, preferably between 4800 C
and 540 C, a KyHCBEEAN PERISTYE gas to hydrocarbon feed rati o between about
1 mol /ol and 10 noldpBRlA wiy SERkaly)nkaEWagnT yahoha With62M¢ bhatimaa dol8

nol /mol, and nore_ preferably between out 2 nol / npl 0 | .
EXAMPLES The i ableaddr iy EkaiyicesWith Iﬂl‘fglit??“gf’rem{‘?i%g’ r?rle%ﬁfgg ?‘grﬁ’ﬁyﬁggﬁ%ppor ts
and cat al yst s sRfviy hided dnBEHAIRcondmdBEEbARE afotReIRhiRGtel Thets tiabiembthe use
of such catalysts in reform ng of naphtha c%gg cgrrBar %@etgrglgg%gornance to
conventional relptenfefipedia Tablp d foratugparcs gvas addqd W the lﬁ?f%f f 870 be
consi dered as chhdHubd PorGnbthe BmaRes b fdrhi & xSl Mite. ThelpastOl ahatrud@06 8
EXAMPLE 1 This exanpl e describes the preparati ogo fQ*f fi V%bﬁ%té}%ﬁst supports,

catal yst suppeptld Bm diameter mollals vhish Yo dpsdhatddr” - RYEBTHE ets §fitai ni ng

a different Q&ﬂ%%%'idg%};ﬁﬁmﬁi;naﬁiléﬁﬂlt&Ato%@ﬂﬂ%ﬂ chcied atgseparedl Byowrs.xi ng 1
g o

kg of y-alumina wt alum na sol _ in a_blender for 10 m nutes.

Wth the bl endde finighadiSypporoA hadghepongwsifien shoyvpispksbleder e sl owl y added and

bl endi ng conti nuedg %ort?ﬁ?é}D%ﬁ'@E%{:eﬁ 6n thERGRe mhRtfr, Riksaptithr Sod@iott | oNn
defined in Table 1 r Support A was added to_the bl ender an tlhe bl endi ng

was A was replaced with the solution appropriate for each support as shown in Tal le 1.
Tahle 1 _

Support A B C D E
Solution;
gBi(NO,);-5HO 3.20 1.87 1.49 1.12 0.747
g d-mannitol 1.50 0.90 0.72 0.54 036
g deionized H20 10.0 6.0 4.5 15 2.5
Finished Support:
Bi, wt.% 0.17 0.10 0.08 0.06 0.04
P, Wt.%0 0.3 0.3 0.3 0.3 0.3
Al,Oq Balance Balance Balance Balance Balance

A small sample of Support D was sulflided by mounting a few pellets on the
bottom of a glass Petrie dish, adding a drop of 20 wt. % ammonium sulfide solution,
closing the glass lid, and allowing the pellets to be exposed to the ammonium sulfide
vapors for about 10 minutes. During this treatment the bismuth atoms in the extrudate
reacted with the ammonium sulfide, yielding dark gray bismuth sulfide. Examination of
the sulfided pellets showed them to be uniformly dark gray, in contrast to the milky-
white un-sulfided pellets, confirming that the bismuth atoms were homogeneously

distributed throughout the support.




continued for another 7 mnutes to forman extrudabl e paste. The paste was
extruded into 1.6 mmdianeter pellets which were dried at 125 C overni ght.

The pellets were then sized to a predom nant | ength of t d
calcined at 660 C for 1.5 hours. The finished Support A%ﬂéﬁ"t?%f’g%gg

conposition shown in Table 1. Supports B, C, D and E were prepared in the
sanme manner, except that Solution A wasreplaced with the solution
appropriate for each support as shown in Table 1. Tahla 1 Support AB CDE
Sol ution: gBi (NG3)3-5H20 3.20 1.87 1.gANIPUR20.747 g d-mannitol 1.50 0.90
0.72 0.54 0.36 g deionized H0O 10.0,6.0 4.5 3.5 2.5 Finished Support: Bi,
W.%0.17 0.10 0.08 0.06 0.04 P, W .G¥W2VY 3 0.3 0.3 0.3 A1203 Bal ance

Bal ance Bal ance Balrgigeariié aneebed tiefbpardiof bl tr@fcouppioal cdtalya supotts,l i ded
by nmounting a few pellets on the bottomof a gl ass PetrL.e diish adgi ng a
drop of 20 wt .Supp NG GUniRpcontiRg ¢ “n?ameég‘ﬂ)‘é‘?f“ﬁﬁm?ﬁg 15‘?’3%@5 PP and

al | owi ng the pebf eiSndiO1,8. DUBOHE th; [SApFHEG EMPNingTA1GHNk icBhRtaining pler sandeor
about 10 m nutes. During this treatnment the bleTlIlt_h t.ons, i_%ge crel_f%rudate
reacted with tcReccaFateRnPLPRosRioms gbthe Sypapis of Sxeaplk g‘rea§'3b‘?’tsé’ﬂ HOPYT Ge.
Exam nati on ofcombhgnsSpthd distedapel 1 ets showed themto be unifornly dark gray,
in contrast to the mlky- white un-sulfided peiu#(ra%s,, cchnf]%rm'ge thatt t he
bi smuth atoms wer e Swaepdetrsguanaed foflosting e proge SGelin Fgp glp%?lf. 27
Cctober 2006 1 fEXOVREE added( SHHRAT@ Y Plepartd ifSlloWkR ML Qrétedet deesbddhia
preparation of three conventional catalyst supports, %Q‘%grt F g&gﬁ{gi si ng

al uni na cont aibxempletlfacephne Bédmantitol slytion vt adsded RyppP BIsBFE f
Exampl e 1, i . 6nannQ Q8 pieith M, IR NBPBId- k@B ks alidegl na cont ai ni ng the

sane
EXAMPLE 3

This example describes the preparation of five catalysts catalysts B, C and D are
of the present invention each containing a different concentration of bismuth in its
support.

Five impregnating solutions were prepared, each by mixing 0.77 ml of
concentrated HNO;, 1.97 ml of concentrated (12M) HCl and 0.660 g of a solution of
chloroplatinic acid (denoted as CPA, 29.7 wt. % Pt) and 30 ml of deionized water. The
solutions were stirred and another 120 ml of deionized water were added to bring the
total volume of each of the impregnating solutions to 150 ml. The solutions were then
placed in a 500 ml. graduated cylinder and circulated with the aid of a peristaltic pump.
In addition, CO, gas was bubbled at a very low rate through a gas dispersion tube placed
in the bottom of the graduated cylinder and into the solution. This was done in order to
provide HCO; anions which are known to those skilled in the art as capable of
competing with Pt and Re anions for alumina surface and to provide for better
distribution of these metals on the alumina support.

To impregnate each of Supports A-E from Example 1, once the solution
circulation and CO, gas bubbling were established, 70 g of the support were quickly
added to the solution in the cylinder. The impregnating solution was then circulated over
the support for 3 hrs while bubbling CO, and then the CO, gas and the circulation were
stopped. The solution was drained and the catalyst was dried at 125° C for 2 hr and at
250° C for 4 hrs and then calcined at 525° C for 1.5 hrs. Each of the finished catalysts,
designated Catalysts A-E corresponding to Supports A-E, were analyzed and found to



concentration of phosphorus as the supports of Exanple 1, i.e., 0.3 wm. %
and Support H conprising pure alum na. Support F was prepared follow ng
~the procedure described in Exanple 1 except no H3PO4 vva? %%@? ﬁgglﬁoport G
was prepared followi ng the procedure described in Exanp é é

Bi /d-manni t ol sol uti on was added. Support H was prepared in |like manner
except neither H3P04 nor Bi/d-mannitol solution was added. EXAMPLE 3 This
exanpl e describes the preparation of five catalysts catalysts B, C and D
are of the prcemantabmuumsmdﬁP@a@mtmm%uqign@thyuqvnﬁpemn&wﬁtqfﬁn on of
bismuth inits regnating solutions were prepared, each by
m xi ng 0.77 m* %ﬁ%eggﬁmeﬁf?aab%qﬁlm, 1.97 m of concentrated (12M HO and
0.660 g of a solution of chloroplatinic acid (denoted as' CPA, 29.7 wt. %
Pt) and 30 ml of deionized water. Th tﬁ ons were stirred and anot her
120 m of deionized water were added( the total volume of each of
the i npregnating solutions to 150 ml. THE™Soluti ons were then pl aced in a
500 m . graduated U;Mlsbﬁdq:ﬂe cREtdlbéSthcpk’emaﬂnmeEeK&memodﬂ@ﬁtabﬁﬁerl staltic
punp. In addition as was .bubbled at a v oLy gas

di spersion tube pl 3}&‘8‘?1“’0 OPEEABE PUTHBT ViR & 5 adua?wég %@%ﬁ&%ﬁ into
the sol ution. idfHose p/@ﬁrddciﬁlsxmpms eheepttilent 0 pﬁ@g/oﬁ@km&oamemwemsw ofir e

known to those skilled: e_art as .capable o nd Re
ani ons for al dhg Ko Os%n"fgﬁ Pg?lat nﬁernb‘?}‘? ul?p(?FS%e?t Y %P@%%h{élﬁﬂgf t hese
metal s on the ;g H;Eﬂa vﬁt}pﬂn%tsoluﬁ@xsluirﬂfeegﬁahﬁnmﬁmncﬁxaﬁplp;SorAnalyﬂs Bf the om
Exanple 1, once't S

olution  circulation.and bu Lng
establ i shed, 7ovigjedgatalyis shopsddrat ali’/%i"‘ m&%ut%;%gggsﬁtgm?ggwgo{\ﬁl T2 in the
cylinder. The duppkeen@hing®.650% Bi,00atiies G tebtntaih ki ABewt.6Rand LAt Jappor t

for 3 hrs whil e bubbling C02 and t a L h rcyl ati nwere
st opped. The s@l”ﬂtalsﬂ?i"’ﬁ/&%mﬂ?‘% ﬂgd“g/e g’ T‘ﬁecag’fshﬁiosﬁon{kélsatbaﬁogg e %fg&)

hr and at 250 6§ t10% @& ohiaSuppod cbiigfing MdiedBigoekR. 525 C for 1.5 hrs Each of
the finished catal ysts, designated Catal ysts A-E correspondl ng to Supports
A-E, were analyzed and found to 27 COctober 2006 contain about 0.25 w.%
Pt, about 0.95 wt.% O and the corresgoadpogsanounts of Bi  and P (See
Exanpl e 1, Table 1)1"111

E

s examp]e_ describes the steamJﬁg and regcnerahon via oxychlorination
treatments of Catalyst D from Example 3 and Catalyst G from Example 4. |

Stearﬁing: 40 g quantities of Catalysts D and G were placed in stainless steel
racks and into a programmable furnace equipped with inlet and outlet lines. The furnace
was closed and an airflow was established through the lines and the furnace chamber.
The fumace tempetature was then ramped from ambient to 500° C while maintaining the
airflow. Once 500° C temperature was reached the airflow was turned off and a slow
flow of water was established through the inlet line and into the heated furnace chamber.
The water evaporated in the furnace chamber and steam was generated. The catalyst
samples wete subjected to steaming in tﬁe furnace for 16 hrs to insure significant Pt
agglomeration. Then, the water was stopped, the heat was turned off and the airflow was
again established. The samples were then cooled to 150° C and trahsfened to an airtight
container. Although there was evidence of Pt agglohleraﬁon on both samples, the
steamed Catalyst D was much lighter in color than the steamed Catalyst G (which was
darker pray), indicating higher resistance for Pt agglomeration for the Bi- and P-
containing Catalyst D of this invention.
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EXAMPLE 4 (Conparative) This exanple describes the préparation of three
conventional catalysts. Three nore inpregnating solutions were prepared.
These solutions were identical to those prepared in Exanpl e t that
0.754 g of CPA solution were used instead of the 0.660 ?ﬁ“é@éﬁ&i 3.
Conventional Supports F, G and H from Exanple 2 were inpregnated with
these solutions in the sanme manner as in Exanple 3. Analysis of the
finished catal ysts showed Catalyst F to contain about 0.3 wt.% Pt and 1.0
w. %d on a [ o CON guR- Qépgjn%u&meﬁatb%tw%hta@ttmmtmm about
0.30 wt. % Pt %%&T—g&%&— &&?in%nasa ogrt contalnln]gE ?gl %P,..and
Catal yst H t o scigerteditma ammge@xmlwatwmeatmﬁ@ Sish drgatpents gre °‘H’nt°% °8npor t
cont ai ni ng ne| t her thEbk § %ﬁﬁmjng 5 bhdaeSextidisively eani ng
and regenerati B i Elleo‘;)%%{nh&ro In |Jgﬁm§t reatIFrents of t al yst D f rom Exanpl e
3 and Cat al ystpradideriamntiosankillel i, thees dorasgre Holigerioantaitine@igrleei%sts D
and G were pl ace n.st.ainl ol b as OF ggr@ffﬁﬁé)ﬁg)furnace .
equi pped with P 8{ %ﬁﬁméu t%gstﬁs ?&tﬁggm#%%kfzu/?nace%s clzgsed and a

ai rfl ow was eshébici sipers waspassghthtdugh Hiersatelystivgd e4R00t G dpratehe: H&FPSéF"‘md The
furnace terrperature s then ra ﬁq ﬁ %jg%oﬁ adt¥idiSvapors

mai nt ai ni ng t I7ee &]Per(f\eﬁéﬁ? &tgrenegg ?Q%Q@Aﬁzp%swas reached the airflow
was turned of fwaanassed Sikarigh tﬁelaatal)efbaddbremotbaBS édrsaBhe sweesctoh EUYF S8R i nl et
line and into the heated furpac %ﬂﬁy@p@g%gdcataﬂ,sg he
furnace chambe?®sdhFEPEs Oﬁenee?ugg%{o :gi%a ) npl es were

subj ected to s\mmn@pmoiem tEaJSfentmdetagomas_L@ adjust liﬁ@)cll ﬁ’s’lhlﬁée%flﬂ‘bm’?h diat Pt
aggl oneration. Thep, the VRS athivd: iR a0 the and t he
ai rfl ow was cp%‘%dtf’&‘gf’lﬁla d Seﬁ‘r@ B%g% ﬁ\/\g’rgse&?%%ar} cool g{i@?g 150 C and
transferred t%ﬁﬂhﬂ@ltﬂéitbcgkhbaplecﬁrﬂamlyaeﬁ waAﬂastgnetgdwCathlasté“rswaé vésppldespecionf Pt

aggl onerati on gn_bot h stea Hdchidgl ghter in
col or than thefstaahd E%lf%ﬁe%gq %’ (%?%%%%%alr:% e\ﬂ@é ndi cat | ng
hi gher resi st adg@lemfaﬁfed@tt Iag@hwertm inspectianr oft GasalBit GsarnmvelIle &6 REFISF 196 -
Catalyst D of thi

Fol | owi ng t he &% rﬁoﬁ’ﬁe g %Tf r@ﬁﬁm 18"6?5 th&q? Ql?ﬁsanp gaetﬂ?&mﬂus

invention better preserves and .restores its Pt d15pers1on upon steaming and

oxychlorination treatrnents than the conventional Catalyst G which contained phosphorus
but no bismuth. Both catalysts were analyzed and found to ‘contain very similar levels of
C1 (0.83 wt.% and 0.81 wt.%, respectively).

: EXAMPLE 6

This example describes the preparation of a Pt- and Re-conta;lmng catalyst of this '
invention.

An impregnating solution was prepared from 0.50 ml of concentrated HNO;, 1.89
m! of concentrated (12M) HCI and 0.660 g of a solution of CPA (29.7%w Ptj, 0302 gof
NHiReOy and 50 ml of deionized water. The solution was stirred and more deionized
water was added to bring the total volume of the solution to 150 ml. The solution was
then. placed in a 500 ml graduated cylinder and circulated with the aid of a peristaltic
pump. In addition, CO, gas was bubbled at a very low rate through a gas dispersion tube
placed in the bottom of the graduated cylinder and into the solution. Once the solution
citculation and CO, gas bubbling were established, 70 g of Support D from Example 1
was added to the impregnating solution. The impregnating solution was circulated over
the support for a period of 3 hrs ;Nhile bubbling CO, gas and then the CO; and the
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‘'subjected to a two-stage oxychlorination treatnent. Such treatnents are
known to be able to restore the original high dispersion of the Pt on an
.alum na support and are extensively practiced by those illed i he art
to restore Pt dispersion, activity and selectivity of ségrd"t%ler?@%rm' ng
catalysts. In the first stage, a 2% nol 02/ N2 plus Cl12 gas carrying H20
and HC vapors was passed through the catalyst bed at 500 C for 5.5 hrs. In
the second stage, the Cl2 gas was turned off and 2% ol 02/ N2 gas carrying
H20 and HCl vagionistionwese peprsddTherotiohwashdraiped andyihe catpdyst wat drigd gt hasr C5. 5
hrs. The purpose,of the,filr, t]%?g YR h 80915516 1T fiRkhddtataRG
support to a I%{/%& %Ifdnal?izér (ts%utﬁha gfcxyga%&%%%ﬂd?gt al ysétr, V\herea{éaﬁt he

pur pose of thewselksptted tCutptystibmdton apalysirswastftnad @ cantpin sheutie2] e PLAZS| . The

steaned and oxyghlori nat & e . Y, NS MelaFo1¥ Cat al yst Dso

and the sim I‘éﬁ"?’?‘eté%g‘f’te% @%g‘%b,@?%}ty@%a@ Was e§| gna% Cat al yst

Gso. A visual inspection of ' Catalyst Dso reveal ed the absence of grayish

colored pellets, indicating no aggl E Pt. In contrast, the

i nspection of Catalyst Gso reveal ed %%‘E%énce of grayish colored

pellets. This indicates that the Bi- P-"'¢ontai ning Catalyst D of this

i n\éenti onhlbet ter pmeé’x‘dﬁﬂeadbﬁcribe{] &ﬁtpﬂﬁﬁ&ﬁbﬂi of I?ampiéssrfal"eiauﬁ Rpmontﬁaearr:‘i ng

an oxychlorination treatpents tha onventj anal Catal yst G whic

cont ai ned phosﬁﬁ&isﬁ@c?}})'fam??agtﬂ‘%"r?ﬂfﬂ’.é'gﬁt}ﬁ"%{?gs were anal yzed and

respecti vel y) - EXAVELE 6 Th o Sanpl o dosct, poathe. or Gpacatl oo ot g Pt

respectively). , I's exanpl e describe e preparation.of a Pt-

and Re- cont ai niolio8 20 RyRepdyss desgriged o ’éamprrleofb’r. Sﬁﬁe ""oreggcr?é %Stnb%a%eoﬁﬁ?i on was

ﬂaepar gdof gg‘(r)n le'é‘%h | de@l;ﬁﬂ?mﬁﬂ?ﬂ a,t\iﬁ ahm&k’égi indBPundro cgﬁtgind]ﬁlﬁ]cemamflzgaﬁt( 12|\/?]I
an : g of a solution : - : an

50 i of dei orfyGdRemADemt RS ASTOTh CheLhectRL P s B SRS

Sol Ut on s S v ar atiunt el oyl Lnder . and. cireulated

with the aid of3atyefaed 898 wt% %ﬁﬁ%e @’%ﬁ%ﬁﬁsbﬁ?&éél&“ga@%g% s *“"gd at a

very |ow rate thuoudhwa B@gzediatPRuE 1 Bottai 625 it BARM. 1wt % &elbnt 0.26widh t he

graduated cylinder and into the solution. Once the solution circulation

and C2 gas bubbling were established, 70 g of Support D from Exanple 1
- was added to the inpregnating solution. The inpregnating solution was

circul ated over the support for a period.of 3 hrs ile bubblin as
and then the CO® arde tfﬂ@?mng examples mgasure and compare the p\é\gormance ol%Qhe ca%lygtsoz 9

prepared- above. In measuring catalyst performance in the reforming of naphtha, four

terms are employed - selectivity, activity, stability and coking rate:

~ “Selectivity” is a measure of the yield of Cs+ liquids, expressed as a percentage
of the volume of fresh liquid feed charged. _
“Activity” is a measure of the reactor temperature required to achieve the target
product octane.
“Stability” is a measure of a catalyst’s ability to sustain its selectivity and activity
over time. It is expressed as and is inversely propoftional to the selectivity and
activity decline rates. |
“Coking Rate” is a measure of the tendency of a catalyst to make coke on its
surface during the reforming prooess.' Because reforming catalysts deactivate by
a mechanism of coke deposition, catalysts with lower coking rates usually exhibit
lower Cs+ yield and Activity decline rates; i.e., higher stability than catalysts with

higher coking rates.
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11 27 October 2006 circulation were stopped. The solution was drai ned and
the catal yst was dried at 125 C for 2 hr and at 250 C for 4 Ins and
calcined at 525 C for 1.5 hrs. The finished catal yst was (b%t%lt%?gb&g

Catal yst | and on analysis was found to contain about O. 28 (o ;- 0.26
w.%Re, 0.99 .%C, 0.06 wt.%Bi, 0.30 wt.% P and the renai nder al um na.
EXAMPLE 7 (Conparative) This exanple describes the preparation of sanples
of Pt- and Re-containing catal ysts prRA&MPIERt i onal supports F, G and H of
Exanpl e 2. Sanples of Supports F, G and H were each inpregnated using the

| npregnating solution and procedure described in Exanple 6. The finished
catal yst made fr | SRR A do HWetenanal ty zeformand
found to contain .%&é%%fesg{%?e Mo@/gSRiZéﬂéy%% w.%Bi and 0,95 wt.%
d. The finhshedanet a0xCy; hpbecafhoosh Guppaeial bydroterated pephby festh BARAE 2 K was
anal yzed and fgund contain.O. U . ) 8 W . % P and
0. 98 wt . % CParaffipgngphthen amgﬁ‘P%ﬁ(é’}!’%‘?ﬁég?%%/%gh%'tA’ ﬁ,@pegté%%nat ed

Catal yst L, was Afakits Sibraaehe RUSMinless stositaicro-Ra@brswipetaing under 2Beudo- 96 Re
and 0.96 wt.% C . The foll ow ng exanp] es. neas nd

per f or mance adifbatigand gaesrhzough He regiyae %%‘H‘PE‘? Wﬂuth%??gaagﬂ &;?d%@t@a alr}gg £

performance j& kg {1’5‘;‘% +O, 0Py dt8carticdsy gad @hrdmatvgmphk ublyyed The

selectivity, actiVvi stability and coking rate: "Sel ec%hiﬁgi ) %?
measur e of teltelyyts slert lodde@Sn theingjoocreactass py whale parfeles, (gl )ab%e“ *bhe
vol ume of fresh Liquid f ch BIRVIIR QU UhigroOkadtdi€nr eact or
t enperature &a&?F%@quc?ng?gi°‘é\9€§ﬁé“t‘%dr%§&eﬂt“% )rﬁlglaéulg?‘ﬁgg gir?e. "Stability" is
a measure Offy@ sGigbadsyhdwisindlableiXy to sustain its selectivity and activity
over time. It is expressed as and is | %/lgasely proportional to the
selectivity and activity decline rat @@&E&\g Rate" is atsigeggure of the
tendency of a catal y&i228o make coke on™ S face during ef orm ng
process. Because refl%m't{lg cat al ysts deactijjgvate by a nechanil®in of coke

W

deposition, catalysts h | ower coking rates usually exhibiﬁ
2 5.7 33
3 114 76
4 (outlet) 19.0 0

The feed was doped with isopropanol and 1,1,1-thrichloroethane to provide the
desired target levels of 20 ppmv of H;O and 1 ppmv of Cl in the gas phase. The “extra”
(unwanted) water in the feed was removed prior to the test by passing the feed trough a
vessel filled with 4A molecular sieve. The tests were conducted as constant-octane (99
Cs+ RON) deactivation (Stability) tests at 2.4 hr! LHSV, 1.03 MPa and 3 mol Ha/mol
HC. These conditions, as well as the above catalyst loading arrangement were chosen in
order to force the catalyst to perform harder and decline faster. In order to maintain the
product octane (C5+RON) at constant level throughout the run the reactor wall
temperature was adjusted as needed to correct for the Activity decline.

Figures 1 and 2 show the Cst+ yield decline and Reactor Wall Temperature
(Activity decline) data, respectively, for Catalysts A to H. Table 3 shows the
corresponding Activity and Cst yield decline rates and Coking rates. The analysis of the
data reveals that the Bi-containing Catalyst F exhibited the lowest Coking Rate and Cs+
yield and Activity decline (i.e., the highest Stability) among the conventional catalysts.
Also, comparison of the data for Catalysts G and H reveals that the addition of P to the
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lTower C5+ yield and Activity decline rates; i.e., higher stability than
catalysts with higher coking rates. 12 27 October 2006 EXAMPLE 8 This

.exanpl e conpares the performance of Catalysts A to H whe tg.reform a
full range (C5-Cl2 hydrocarbons) comercial hydrotreat edaﬁg%ﬁé{‘r?éa?@(gd

having a paraffins/naphthenes/ aromatics (P/N A) content of 51/34/15 wt. %"
respectively. Al tests were done in stainless steel mcro-reactors
operating under pseudo- adiabatic and once-through H2 regime and equi pped
with feed and gpEadyekvidedRinfwhacheer CoNtddsebuf dédinpamidUadng(tegs simgar loThe

hydr ocar bons) gas Chromat ograph an er . The al in the
m cro-react or sP‘&%alW'éuRPﬁg‘fq ?‘@?t?l]nﬁﬁmﬁfc’ﬂes &5&?&%%%0%%%%#%@5&& g%gﬁgsc of
catal yst and 38, @Gk RBleGnd afesimdeiiprélie! thesibilityet ecforomepaitalystst e contrast,
m cro-reactor 1n four stages as sho i.n Table 2.. Tahl.e 2 | yst,
cc. sic, cc lequinatigom)of th GE]?‘?@_LdataZfOS\%; %‘3.’”3961@ “onfAInIAe 78’8%? Tou qu\t’ .00
The feed was dgped Wit ek SURERPARS! andNbclinel ratest Bupesh vay osohgineont thepBovi de
the desired target levels of 20 ppnv of ;é% and .1 EB%%I/TQOO%%%E gas
phase. The " extmaentratiann Sarprisagly:featdystsh & ’é'f%‘g"”ﬂﬂ YeRbUed prior to the
test by passing f i RifickRBSBlved ChliOratis tahd €4 peldeand | ativiti eve.
The tests vvere&}:doér}%&%‘?gg °§_‘§ coné_anct-qct aﬁe (9 Co+ §O\I) degcti at.ion
(Stability) tegqcﬁnmateg.m-,hxgher@@wy@laegeWﬁ‘éﬁ%@ﬂgﬂﬁﬂ? P8 AR S?ﬁ&&“ﬂﬁese
condi tions, aspll, psu) b AROMENEA! Ghast F) Gas ngTREE angemeniuaeta hosen
a

in order to for'c]g t he yst to perform harder and, decl.ine fa}l%t . In
order to nmi nt michisiohef theprotky cencewtragiaes qf CoRORN B in (ST 5L 9 USR5 ughout

the run the reagtor o GADES AlANGsioRE, dhdASLEGiBG beeliihgt Ragomidct for
the Activity d%g%r%ﬁném@%%%r es 1 a%l&%s show t he C5+ yield decline and
React or Wal | Teerfemencere (Activity decline) data, respectively, for
Catalysts Ato H Table 3 shows the '

Table3
Ave. Hourly
.Decline Rates
Catalyst PYBUP, wt%  Activity,°C/hr.  Cs+ Yield, vol.%/hr. Coking Rate,

wt.%/hr,
A 0.25/0.17/0.3 +0.357 -0.069 +0.074
B 0.25/0.1/0.32 +0.270 -0.043 +0.058
C 0.25/0.07/0.28 +0.270 -0.034 +0.054
D 0.26/0.06/0.29 +0.258 -0.045 +0.052
E 0.26/0.04/0.3 +0.332 -0.056 +0.068
F 0.24/0.06/0 +0.300 -0.054 +0.061
G 0.3/0/0.3 +0.458 -0.087 +0.072
H 0.3/0/0 +0.390 -0.095 : +0.074

Conventional catalysts such as Catalysts F, G and H are primarily used in cyclic
reformer units where they are subjected to high severity operating conditions (low
pressure and sometimes high moisture level in recycle gas). Under these conditions, the
catalysts exhibit higher coking rates, i.e. rapid deactivation and require frequent (once
“every 1-2 weeks) regeneration. Catalysts B, Cand D of the present invention will allow
for significantly better yields and Activity stability and significant extension of the time
on stream before the need for regeneration relative to conventional catalysts. In addition, '
in the rare cases when longer run length is not desired, catalysts of the present invention
will allow for significant reduction of the coke-burn-off and reactor turnaround time thus
again providing some longer unit uptime and higher proﬁtabﬂity;
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corresponding Activity and C5+ yield decline rates and Coking rates. The
anal ysis of the data reveals that the Bi-containing Catalyst F exhibited

the | owest Coking Rate and C5+ yield and Activity decli
hi ghest Stability) anong the conventional catalysts. 286 %‘?Fﬁgpbé]on of

the data for Catalysts G and H reveal s that the additlon of Pto the 13 27
Oct ober 2006 carrier provides sonewhat better Cs+ yields but decline and

Coking rates simlar to the pure aEMRMB:Bpported Catal yst H Therefore,
the addition of P al one does not suppress the Coking Rate and does not

| nprove the Stabili ty of reformng catalysts. In contrast, conparison of
the decline dat ;ngﬁ Al @Rl abasddSenf okfthRorinav@nt i on
shows that thei ?T I'n ratoglggfa%ﬁ(}ﬁdglgﬁq‘? ne rates depend very strongly on the
Bi concent Caﬁajy@taDS&umgos&ngyamﬁaﬁal ysts B, C and D, containing 0.10

w.%to 0.06 w.% Bi gﬁggdl Ki
rates gnd Cs+ ylﬁe&%@gﬁ ‘g'il?r? %ggér&fgg ﬁéﬂggg &s h%rﬂxgﬁglglslclotlyng

and pUr e a LS SHE RO IS ”W’M‘W‘“&heﬂi"mmm’g B”i""”@,' e he
i ncl usi on othe’e‘m@stprﬂ'ﬁé?ﬂéﬁﬁé@’ff'fhé'ﬁgﬁ#gﬁ Slﬁfuﬁia g,%%ﬁ}ﬁﬁ% c?%.l’l’l & used to
make naphth RSve cghﬁd Aeﬁhtyyddahn@fatm &dweef f ect
on Coki ng Rg:tatea{ygingso’perf&%ance #;blg & }g{ Decl i tes
Cat ?/OI‘ Kst PtA/cace/ngkgmim aﬂcdmmhtlgghe(ﬁh’r mel@@ngﬁét;gw 3: %ggﬁé/&iﬁyf%aﬂlw%m

r
N0 043 0. SRR onhrt Faps Rl FaHRR 80 (bt it Sk arRigt Bl
+0. 258 - 0. 04Rvistide APset the F dRPérSiof dhdtha pei(ﬁorﬁréﬁce-cd @5éyshD. o elgs inpension syl 06/ 0
:I- 8 ggg ;8 8%2 1];1?:h ?n%rle reac.;dﬂcj)r rgs/toorlab e%w;.- Peggr?eratlor% tg toofggl?venﬁbngd éét%fg G:0. 390

EXAMPLE 10

This example compares the performance of a Pt- and Re-containing catalyst of
the present invention (Catalyst I from Example 6) against conventional Pi- and Re-
containing catalysts (Catalysts J, K and L from Example 7).

Samples of all four catalysts were used to catalyze the reforming of a full range
commercial hydrotreated naphtha having a P/N/A content of 66/21/13 wt.%,
respectively. The tests were conducted using the same equipment and under the same
conditions as described in Example 8. Figures 5 and 6 show the Cst yield and reactor
wall temperature (Activity decline) curves, respectively, for Catalysts I to L. Table 4
shows the corresponding Activity and Cst yield decline rates and coking rates.

The analysis of the data shows that Catalyst I of the present invention afforded
significantly lower coking rates and lower Cs+ yields and activity decline rates; i.e.,
higher stability, relative to conventional Catalysts Jto L. Thus, the data clearly show that
the addition of the proper concentrations of both Bi and P to the supports of noble metal-
containing catalysts results in a synergistic improvement in catalyst performance. It is
obvious that Catalyst I of this invention will allow the refiner to operate at significantly
lower temperatures while maintaining Cs+ yield and achieving the desired octane level
(conversion). In addition, in this particular case, Catalyst I will allow for significant
extension of the run length, i. e. increased unit uptime and profitability. Catalyst I will
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‘Conventional catalysts such as Catalysts F, Gand H are primarily used in
cyclic reformer units where they are subjected to high severity operating
.conditions (low pressure and sonetinmes high noisture leyel in recycle
gas). Under these conditions, the catalysts exhibit hi gégrocéé}!arﬁggfat es,
i.e. rapid deactivation and require frequent (once every 1-2 weeks) :
regeneration. Catalysts B, C and D of the present invention will allow for -
significantly bette i.el ds and Activit f.ability and significant

ext ensi on of t h&¢ ?‘Wﬂ’é’rfe @Fé‘éﬁq"ﬁé‘feoﬁ”@g Y SATFSIRe Ry EFhé‘NggPPtr@Fdative
to conventional sgagé atlystyp while sl pérki@ig, at dofeptabR et ifle Bfpdfafies| @BRRF run
l ength is not desired, catglysts of the present invention wll allow for
si gnificant redBCHYHE Bere F%@m@%%@ﬁpﬁtﬁ?e Reh Bt efdtegplatie th Al soRtFtionge t hus
agai n provi di NgcAe sy<naer Caidlyd TURfuld'Be apehidlyHearabRIfof tdrathiet Likidé: thadee? 7

Oct ober 2006 EXAMPLE 9 This exanpl e conpares the performance of the

st eamed and oxyfRFBYilEEedd cCatal ysts Dso and Gso from Exanple 5. The
operating conditions and catal yst | oadi nggamere as described in Exanple 8.
Figures 3 and 4 show the C5+ yield and ActiVvity decline curves,
respectively, obtained in these testsAverHaurdvest data show that Catal yst

- Dso significantly outperfornmed conventy.gprlrateSat al yst Gso, affording
remarkably lower C5+ yield and Activify decline rates, |ower coke make
rates and nuch Hegidet CIVReBEPAvidhd ActAdtivity st abi IGst Yieddivant agekingiate. t he
one observed for fresh catalysts (see Eggpple 8). Jhbspsuggest s, ihat after
very high unit noisture upset the Pt dispersion and the performnce of

Cat al yst D of thislinve®2dBa6A0p0.3 be ndlhAd4rore readPPi6 rest or abtld7Pvi a
regener at i on) thanyt hat ofscomyes i onal 1§agal yst G o BEAVPLE 10 Hhizs

exanpl e conpares the performance of a Pt- and Re-containing catalyst of

the present inventKon (CaEHPIEO/03 from ERE%HI e 6) agdP?Bt conventlilghal Pt- .
and Re- contai ni ng; catal 30?55%.2(5??6 al ysts dogK and L fggim Exanmpl e (f)y;5 Sanpl es
of all four catalysts were used to catalyze the reformng of a full range
comerci al hydrotreated naphtha having a PN A content of 66/21/13 w. %
respectively. The tests were conducted using the sanme equi pnmrent and under
the sane conditions as described in Exanple 8. Figures 5 and 6 show t he
Co+ yield and reactor : :
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wal | tenperature (Activity decline) curves, respectively, for Catal ysts |
to L. Table 4 shows the corresponding Activity and C5+ vyi el d decl ine rates
and coking rates. The analysis of the data shows that Catal %ﬁmehe
present invention afforded significantly |ower coking r &t dXctohey 2 Co+
yields and activity decline rates; i.e. 17 hi gher stability, reI ative to
conventional Catalysts J to L. Thus the data clearly show that the
addi tion of the proper concentrations of both Bi and P to the supports of
nobl e metal - containing catal ysts resWkAIM% a synergistic inprovement in
catal yst performance. It is obvious that Catalyst | of this invention wll
allow the refiner to operate at significantly _|ower tenperatures while

mai nt ai ni ng b+ yiActetrlahBIPRRENFOBPFISHE ¥ RRIHRAaFsles Hupughent & (conversion).

In addition, int leblﬁ:elﬂf’a'ht)h S%lﬁﬁutﬁg&%een@{ﬁm &4 anh oW1l %ahd @¥ordceratibdst f i cant
extension of the run l ength, 1 . increased unit uptine and profitability.

Catalyst | will phosphorgebestyesn 02150’6 %and 6,0 3t Yohavenkeep 55F9ERILY 0 | ner ease

profitability by h&ﬁg&ﬁgduggdfsgﬁuﬂégn t throughput (feed space velocity)
while still operating at acceptable reactor inlet tenperatures, thereby

produci ng nore reformate W|th sanme octane per unit of tinme rel ative to the

conventional , cat gpy Eattal of E&iA \¥1§:trenll th%%c@nt&%oﬁﬁpﬁﬁh&h {sbethReA r abl e
for reformer unltst at” ar Activity limted. Table Ave. Hourly

Decl i ne Rates Cat 8I0j3tt. PrniBaiwtre apd thorameentytipy of lzlssphvr@lﬁjbet‘muor}gwfl?at e,

C/ hr. vol . % hr. /%,g;‘twtcl, 0.25/0.26/0.06/0.3 +0.184 -0.016 +0.070 J
0.26/0.24/0.06/0 +0. 284 -0.035 +0.076 K 0.25/0.25/0/0.3 +0.247 -0.020
+0.074 L 0.25/0.25/0/0 +0.281 -0.027 +0.075 16 27 Cctober 2006 17 CLAI M5

3. The catalyst support of claim 1 wherein the concentration of bismuth is between
0.05 wt. % and 0.1 wt, % and the concentration of phosphorus is between 0.25 wt.
% and 0.35 wt. %.

4. The catalyst support of ¢laim 1 wherein the particles are extrudates.

5. A process for making a catalyst support comprising:
a) preparing a solution comprising a bismuth precursor and a solution
comprising a phosphorus precursor;
b) preparing a mixture of y-alumina and alumina sol;
) blending the mixture of step (b) with the solutions prepared in step
(a), thereby making a support precursor having a concentration of
bismuth between 0.05 wt. % and 0.1 wt. % and a concentration of
phosphorus between 0.05 wt. % and 0.6 wt. %
distributed essentially homogeneously throughout;
d) forming the support precursor into particles; and
€) drying and calcining the particles.




A catal yst support conprising y-alum na particles throughout which a
concentration of bismuth between 0.05 wt. % and 0.1 wt. %and a
concentration of phosphorus between 0.05 wt. % and 0.6 ~ Y0.ha Oécaeen
essentially honmpgeneously distributed. 2. The catal yst u&%‘?l{eré& laim1
wherein the concentration of bisnmuth is lfgtween 0.05 wt. %and 0.1 wt. %
and the concentration of phosphorus is between 0.1 wt. %and 0.4 wt. % 3.
The catal yst support of claim1l wherein the concentration of bisnmuth is
between 0.056m . Phapiteeds df ddim Pvlesneln tHedbismaric pretursdriioseleofed floosthhgrous i s

between 0.25 wt. % and 0.35 % 4. .The.catalyst..support. of claim.1l
wherein the parti C‘Foé‘?StH’lgé’fél%basﬁ?gz BlC;:L.’ %A(g@r %&%é’s&fa(??tgtﬁ’a% ﬂéﬂt%t atl:lg{ﬁ al yst
support conpri si ngalegkldeRr €pari ng a sol ution conprising a bisnmuth precursor
and a solution conprising a phosphorus precursor; b) preparing a m xture
of y-alumna and alumna sol; c) blending the m xture of step (b) with the

sol utions prepar edThdpr&de®Rf claith 5 whéreih el YisHti pr@uRoSsBINOL); §H.€cur sor  havi ng
a concentration of bismuth between 0.05 wt. % and 0.1 wt. % and a

concentration of phosphorus between 0.05 wt. %and 0.6 w. %distributed
essential |y h@mogengopsleysstdi a9 Wheredth tHeQhdhpldriseresuipRoislseRERAUF@Or i nt o

particles; and e) drying and calcining the particles. ber 2006 18
6. The process of @FQWSOWMHS%@%% » DRl ‘?@?%%ﬁect ed from

the group consisting of Bi (NO3)3 5H20, Bi Cl3, BiOd, BiBr3, Bi acetate, Bi
citrate, and Bi alcoxides. 7. The process of claim§5b ‘\%ﬁ, rein the bismuth

precursor is Bi (NGFpIrases of clgm Stiherasp e gaasphoruspregpmgerds ein the

phosphorus precursor is selected from the group consisting of H3PO4, H3PO3
H3PQ2, NHAH2PO4 and (NH4) 2HPO4, 9. The process of_ claimb5 ?rein tpe
phosphorus pr Hbur sbhe nrecqssphglaim 5 wherein the mixture of v-alumina and alumina so

comprises about 62 wt. % y-alumina and the remainder alumina sol.

11. A naphtha reforming catalyst comprising the catalyst support of claim 1 and
further comprising platinum in an amount between 0.1 wt. % and 1 wt. % of the
catalyst and chlorine in an amount between 0.05 wt. % and 2 wt. % of the catalyst.

12.  The catalyst of claim 11 further comprising an amount of rhenium between 0.01

wt, % and 1 wt. % .

13. The catalyst of claim 11 wherein the amount of platinum is between 0.15 wt.
% and 0.6 wt. % of the catalyst and the amount of chlorine is between 0.8 wt. %
and 1.2 wt. % of the catalyst.

14.  The catalyst of claim 11 wherein the amount of platinum is between 0.2 wt. %
and 0.3 wt. % of the catalyst and the amount of chlorine is between 0.9 wt. % and
1.1 wt. % of the catalyst.



10. The process of claim5 wherein the mxture of y-alumna and al um na sol
conpri ses about 62 wt. %y-alumna and the remai nder alumna sol. 11. A
napht ha reform ng catal yst conprising the catal yst support of C|3 1 and
further conprising platinumin an anount between 0.1 wt. 29CHePeL <00 o5 of
the catalyst and chlorine in an anount tween 0.05 wt. % and 2 wt. % of
the catalyst. 12. The catalyst of claim further conprising an anount of
rheni um between 0.01 wt.%andiw.% 13. The catalyst of claim 11l wherein

t he amount of platinumis between 0.15 wt. % and 0.6 wt. % of the catalyst
and the amounf, of chlorine is.b en.o. ey 2 ) . t he
catal yst. 14. {5rhe ’gléetcé‘iaf’ssf © o%alrélﬁtéy\“ﬁ%eicin 5}3/%5?“%?% o%ﬂlg&]rglnn%ﬁﬁof %Fn g?lght'num i's
between 0.2 wt. % %nsld0.63vtvik.of e oftalyhiendthe ahysit ofohbbringis batweem®-8 ®t. e hl or i ne

is between 0.9 w. % and A W, %of. the.catal yst.. 27 Oc r 19
15. The catal yst o?ndoéﬁgw%iﬁ%cé‘?g’ls’% a?%‘ﬁh%%%ﬁtca%@ﬂ *f ?lotf‘gr'ﬂ%?gs bﬁé’?e%en 0.15
w. % and 0.6 wt. (.Yl ey, cat, & ofskeniind t he anount of chlorine is between
0.8 wm. % and 1.2 wt. % of the catalyst, and wherein the catal yst further
conprises between 0.1 wt. %and 0.5 wt. %of rhenium 16. The catal yst of
claim1l wherein the anmount of platinumis between 0.2 wt. % and 0.3 mt. %

of the catal ysd anthddaglydierdRim Of whdiie the Aok oDgtitiarls Bet@eenD 2 Wo%wnd 1.1
wt. %of the catalyst, and vvhereir thg cat al sg further congriseé bet ween
i A <P 17

0.2 wt. %and 0. 489} "ogtn! tharailygiand the agg hlgring ds P erein:

the concentration of wpiogabhb cdthlydtNBd GRbRInYEd cafiliRPRfthericBmB@dewBaRed. (06 W . %
and 0.1 wt. % and the concentration of phosphorus in the catal yst support

is between 0.25 wit “amdidfSovtIs ofgheniont. and t he anopunt of platinumis
between 0.2 wt. % and 0.3 w. % of the catalyst and the anmount of chlorine
is between 0.9 Wt. %and 1.1 wt. %of the catalyst. 18. The catal yst of

claim 11l wherein: ‘
17 The catalyst of claim 11 wherein:

the concentration of bismuth in the catalyst support is between 0.05 wt. %
and 0.1 wt. % and the concentration of phosphorus in the catalyst support is
between 0.25 wt. % and 0.35 wt. %; and

the amount of platinum is between 0.2 wt. % and 0.3 wt. % of the catalyst
and the amount of chlorine is between 0.9 wt. % and 1.1 wt. % of the

catalyst,

18. The catalyst of claim 11 wherein:
the concentration of bismuth in the catalyst support is between 0.05 wt. %
and 0.1 wt. % and the concentration of phosphorus in the catalyst support is
between 0.25 wt. % and 0.35 wt. %;
the amount of platinum is between 0.2 wt. % and 0.3 wt. % of the catalyst
and the amount of chlorine is between 0.9 wt. % and 1.1 wt. % of the
catalyst; and
the catalyst further comprises between 0.2 wt. % and 0.45 wt. % of

rhenium.



the concentration of bismuth in the catal yst support is between 0.05 wt. %
and 0.1 wt. % and the concentration of phosphorus in the catal yst support
is between 0.25 wt. %and 0.35 wt. % the anmount of platinum.is_bhetween
0.2 wm. %and 0.3 wt. %of the catalyst and the anount 37 QapRsT2HE0 i s
between 0.9 wt. %and 1.1 w. %of the &f\tal yst; and the catal yst further
conprises between 0.2 wt. %and 0.45 w.“% of rhenium 27 Cctober 2006 20
19. A process for reform ng hydrotreated naphtha conprising contacting said
et ot emer 89.c2% 2 Y8 broBls for By Brchrbiied HaB D StngRlinf ¥H- AR ol

naphtha with the catalyst of claim 11 in the presence of hydrogen at

elevated temperature and pressure.



