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PROTECTI ON OF SCLED ACI D CATALYSTS FROM DAMAGE BY

VOLATI LE SPECI ES BACKGROUND OF THE | NVENTI ON [ 0001]
w{aRi03/0033v£nt i on rel ates to a process of maki ngPCT/yk1006/024816

ol efins using a catalyst that has a | ow | evel of

contam nation. Mire specifically, this invention

relates to the naking of light olefins by enploying a

catal yst t PROTERIBONOR smimm@rﬂ)@@etAE?s@stPR@M by
reduci ng exposur ¢ Q{1 Alde BV A Wt EQptdRs! rabl e

contam nants including crystalline silli ca phosphat es,
al kaline nmetals and al kaline earth netals. These
cont am nants hayg BeeR guibH sk roart
reactors fromr\%actory mater?ﬁ%s use %bltth n the
reactors. [0002] defins such as ethyl ene, propylene,
[000dhe blhiefreentiemiglatdsgo penoanest raalangl hglﬁtuﬂeﬁm; ysirgpacatalgst that has a

tow gt e PBon Mo Bl Al G s Bepiie Bttt mping of tght

olefiak bg émlpwyyﬂ'gi‘i Satal@$tGRN@étHins MideThe IRV E1I0f @@tlﬂﬁﬂ%ﬁ%ﬁucmg exposure of
acrylonitrile, nmethyl tertiary butyl ether

the anaﬂxﬁt s yodepipableeamiyminants anclediee eypaHing étlxc@cni@ﬁplw@SS alkaline
e AL S ALl B R g
reaciofs fnantreﬁadtmy mabmz&s igedpriads f.heﬁ@acﬁ(lot@h end products. )
003]. Th ty of catalyt t hat
10005 o ClePEHhchde o 1areI BEopSIeny [ Rywenco Abe e bireghes Arauetul in
t
prep%ﬁgsg Rk Pried @lea'ﬂﬁ lpk&ﬂugﬁrlhélﬁ&’ihg'bolly%ﬂyiegeé &og@g@}ﬁ%r%éi S

for” various catal ytl C processe
polylspbritykede and othkeepalymensaalkohuds, amel oldbtidanmondmen befyianitrile, methyl

tertiaég @9@5 2%18 ac'{e eHJ‘éﬁE}B gtlﬂgt?lﬁﬂet E‘ gttptrqg@é]ﬁ%g S:J%]g(léél variety of

rubbBisQEES & lﬂﬂﬂ/ ﬂbbér%tﬁ?@h@ﬁﬁcpﬁro\?\zl@ﬂé Eu‘e%% lightolefifis h836&e 9F particular
regeneration conditions he catalyst 1Is

valug ipjreducaes mh@nd@roziuun@ cond| t| ons, steamis formed
oy SRR At P LR 8 Ry D, i

tempeeM@ein the PERSSRDS sEbBNATard@ QA §cﬂ1dde§éﬂi SHIALPSE FRRafiBlis catalytic
in general, a decrease in the nunber of acid sites),

Processes, @}c@”dgpg, byt ncgé@@tedﬁ@,rcggﬁlbpr@@]@gg and methanal; tp @defin conversion are

d t f
R T T

procésh ahd/osragengrati@oconditions in sheeusé bﬁl&gélhejatldﬁlcdoﬁaﬁﬁns in which the

operating costs
catalyﬁ it suth ec(lged to ox1dlzmg conditions, steam is formed upon combustion of coke.

Catalyst degradation, which often occurs upon steaming, is a combination of several processes,
such as zeolite dealumination (or, in general, a decrease in the number of acid sites), structural
collapse, pores blockage, acid sites poisoning, as well as others. The rapid degradation of
catalyst increases the amount of replacement catalyst that is required and can significantly
increase operating costs.

[0004] In addition to the degradation of the catalyst performance through deposition of
coke, it was unexpectedly found that under certain conditions the catalyst would tend to
deactivate after a short period of use when catalyst was exposed to high temperature steaming
in a quartz reactor. Analysis of the catalyst revealed that the catalyst was covered with a

smooth layer of silica which isolated the active reaction sites from the process vapors. Further
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[0004] In addition to the degradation of the catal yst
performance through deposition of coke, it was
wap@zpesredl y found that under certain conditiPCEUS1966/024816
catal yst would tend to deactivate after a short period
of use when catal yst was exposed to high tenperature
steamng in a quartz reactor. Analysis of the catal yst
invesgMeidh eevdaltalthithge felladloyPialeaals Ql@éﬁ?ﬂiﬁﬂe Wabldr &R MOLburce of this
| ayer of silica which isolated the active reaction
silicg it Bas feen Apunethpastieinscontapunants Gayse sishicatabist degredatinn including
I [ tor [ din.th .
con RS ER a0 sl Hhl Rt Eh Rt ek B Rntgiipros, atkati and

a]kah@dﬂhi nteleds. (Oekct high teapéraiidladse eRaless call GBcdiné Mo¥aé and migrate
deg radgtlon including conmercial refractory materials

fromxeaefor Bring & the satalysh Whish 18 tien leads &9 satalpst depradatinioadgleactivation.
I s T i —
1nvent1gll, ahefe fara am awarchess thatmorg extoerhdieeactidral yish avboallpasification which

cata ts de radati on eacti vati on.
s coriil i G TSI 05 Db A SR O DS o o, cxperienced
protlra¢ ﬁlth DRy ASESSs lézﬁ(:ﬁ‘ﬂg %@dﬁrﬂaéﬁf a E’ﬁtg%ﬂq Ho'w'%V&n 1iﬂe%]ac‘uon

there was an awar eness that nore extr react
con@u@tﬁ; Igslighi alefippprofiua mni apmubti oiwer.sT fmmrcdeaﬂamﬂnbatam describes a

metlipglr%}? erngo:%%ir e%gg]%@% ?%o‘%f Rt es %E %S ch;@&osg@?qréqoges blockage by
vohh&ﬁﬂhhﬁ@d@ﬁéJm@ﬁﬁg@e@eﬁ.catalyst However, the
reaction conditions for |ight olefin productlon are

much | ower. The present 8I i cation describes a nethod
for avoiding the %HB@@NQE EfFEE INVENTIOND sites

poi soni ng and/ or pores bl ockage by volatile silica and
0008 0S PRQ4 1S P&fLe bﬁﬂ%% EEEE!U !
[ or der to reduce p lgb ens a}socc}‘gyggb p&lﬁ%&?@éﬂ ﬂ%catalyst
this bwemwbmmowies areerumtoahly:nt m vﬂhc}sthle re@hist Bmopexposete® Hgh levels of
tenvi mEzCh th st 1s ot exposed to
contfiRth o iEnsing Pt SRS DlrgTee Well S Sndi98 expostre of the
cataly5HB %Eﬁﬁfu@%t&hﬁﬂﬁfs%a@ﬁy%@ﬁﬂe aBR 18 YRlithdn&X Q&ﬁilr'try%logubstantml
the catalyst to harnf ul * cont am nants, catalysts-are
longgippesiogdgofingt ai n their activity for substantlal | onger

i nve rovi des
1000BE} 1 o Bverbisraniien e o L e R o Gieve lomger
catalgsitlit P§ seletting dpyragilabcihhiegald Wr@ﬁﬂélﬁip@cd?@tlﬁétsa&aialﬁfﬁ'bmders and
reactor spacers, liners, catalyst bi nders, and

suppgﬂﬁ»g@ pagiculap bfyant nging srystafinersgicarroniqgnig 9@% highiphesphorus-
contéih ]%‘?:ﬂg QJf” fﬁt Erges@ﬁ]&: cﬁ*e%h %{fﬁf Qlﬁgﬁtﬂzg‘ Sf) %}E :ﬁ%glp&%ed. In

resence even s
part1sm1era mat&awmmclleﬁxﬂi @kﬂconhphosphorus, alkaline metals such as sodium, potassium

or lithium or alkaline earth metals such as magnesium or calcium are to be avoided. Ceramic
materials that are resistant to loss of such materials may be used.

[0007] The invention also provides a process for production of olefins in which materials
within a reactor leach less than 20,000 ppm silicon, less than 1,000 ppm phosphorus, less than
1,000 ppm sodium, less than 500 ppm magnesium and less than 500 ppm calcium when this
material is subjected to reaction conditions consisting of steaming at 650°C, 0 kPa (0 psig),
100 g/hr water addition, 250 cc/min (0.5 SCFH) nitrogen for 100 hours.



10

15

20

25

30

particular, materials that |each silicon, phosphorus,

al kal ine netals such as sodium potassiumor lithium
w@rooalbssrdi ne earth netal s such as magnesi um or PCHIUS10061024816

are to be avoided. Ceramic materials that are

resistant to | oss of such materials may be used.

[0007] The invention also provides a process for

producti on %E?AﬁfE]ﬂi)ESTCMP'TT@N mqaﬁw a
reactor |each less than 20,000 ppm silicon, Fggs t han

1, 000 ppm phosphorus, less than 1,000 ppn1sod|un] | ess
[00Q8han lwmlmgmrsiea mswﬁ@m Ibes’dncmanolsﬁ@ fymdrsireathds produced by a

ed to reaction condition
cors R M5 B RS Sl e [ BB S e e
feedgtieamv@tiRimaneldli bbﬂl@ﬁed 2<5£h a@ﬁﬁusn‘&é@wé whidtHk aPrddRBRAde from at
for 100 hours. DETAlI LED DESCRI PTI ON OF THE | NVENTI ON

least ensod¢iinr the plefia desdovirepmotapgeislln frepsateyteis onghppiena An extensive

t hat
list &¥ e‘igfnﬁlsefs ?)?gleglgl{d?fég%tiv%? ﬁ{ LS %}%ﬂra @‘bl%rec}gélg%%ﬁglenef‘ g)olylsobutylene
lmea:taﬂ;ﬂgl abefirs@nt attien pnlyﬁlers]'hmebjfﬁfs; dicdhety asdticeail, laé‘ryhc acld vinyl

Lfg‘h converted tq an. ol efin derivative whic
acet% ’p‘flgg g dRoTOms, Sthylpnediphlgide. grigiqmiirile; ni‘?‘i’éyld%lﬁi}’rbu‘fyl ether
and fe@@dy ahlye ﬁf@thy‘? §@1@1C 'eﬁfy!lﬁén%lﬁgéf’tﬁgf QM# 608e, YunRLHORELHBE; af¥l chloride,

extensive |ist of exarrp es I'n derivatives

propiytesie @d@lepm%YMBEMH’ubm:rb ylpﬁlms)blutm eybheohnd sthpleherbmpglene rubbers,

d ! | dehyd
and 4 R5p Bt OLete ST ERbIFes Bt o iyl acerate

[0009] Ny T}fe’kb@mndﬁweiﬁmr@ﬁoheﬂohué Srd8ucli I r}HR that can be obtained from
acrylonitrile, methyl tertiary butyl ether and

convegtipna ppocgqu syphtas _\yan@tsr@acknm Pryfeseessunie as eleydcking of paraffins,

L S RN NI —

inchathg @tshghsts & Flefnydrnexyg et rogyleheqdrb@apmr s of
SLh yl ene, proF yl ene or butyl enes. [0009] The present
[0010], & Jithscasp oF Frackips PEasessst. dicrsabeamonrcatlieid ¢ qatrlytic process.

One §&¢h - @ﬁﬁlgﬁé&@%cés’é MM Xleagf{lhg nﬁkarﬂ ! ﬁa%ﬁ&%gﬁ?(cse%eg ?esgenerally

various cr rocesses su
carripd paif ihiraxhantrfmmlatd‘u&actbrs@ e]]sv&tledéfarmperaﬁrewﬁrl shas residence times while

r.ocesses which cat tlcally convert oxygenate
malr@ d’ﬁ&? Teaetan BPW&?B%%% selatively Bighmass V%lﬁal%@e sHagting a low

presdife Qfo@ﬁ?ﬂo%@l@ tlférrgé‘c%%ﬁ Zone. [AQQ/]&]thg‘ﬁmﬁEﬁ@s fefbvén Q)fth§§eas%hleﬁ§1n the art

rocesses, it can be a non-catalytic or a cata
Hwygﬁéﬁwﬁgdehe such non-catal ytic process is steam

ac Ste ck rocesses a .
[OOITLr ; iklléhggrg oC 38%% t tﬁ«%ﬁ?zﬂ% grackel can E}F é‘gg]f'? E{é‘tvélﬂor phase or it
can doRiTRRE Alnbiike® i @8-vaPpeH phak& The emzprickdfRY MblistdRks for steam cracking

mai nt ai ni nglma | ow reactant partial pressure,
are efhangIroRang, bitene, Rephihay @poeils, gas eondensktes end myxtards shereof. The

hydrocarbon feedstock is preferably in the vapor phase within the steam cracker.

[0012] Alternatively, instead of steam cracking, other well known cracking processes can
be employed to produce olefins. Examples of these other cracking processes include thermal
regenerative cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking.

[0013] In one use of the present invention, olefins are obtained from the catalytic

conversion of an oxygenate feed. In this process, contaminant levels are significantly lower
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pressure drop through the reaction zone. Any of the

furnaces known to those skilled in the art may be
weephoysd [001 1] The hydrocarbon feed to thePGL/Es2U06/024816

cracker can be in the liquid or vapor phase or it can

conprise a m xed |iquid-vapor phase. The nost

preferred feedstocks for steam cracking are ethane,

thanRh6RaBEnd AR Brt ISR YoRRingPRSceBics SThlAS R SRR bRRIuced in such
aand mxturleii t her eof . Theg%g(gcr ocar bo%gedst%ﬁj ueed In such a

procgsseire ptiylope and prepyleapor phase wi t hin the st eam

10013 3 KFifis okysehk RkdsfoR B col PR  Hst Jlscer e grampound

whichgoney ekt lespsdsicgenhiofd, Bsch &xapRitR%B1hols6H6rs 0dAsny]
processes include thermal regenerative

i
Comgir"ggiei: %gehﬂewk@mpéa cabgxylicadidsn garbenatgsdesiers ang thedike). When the
oxy%g%% Eﬁ?alcgﬁcﬁpthgﬁ c%kg %aﬁ HEIRRRING: h@tﬂ; Xfe?}pﬂagzﬁrg jiﬁlgfg 1to 10

n one’ use 0O present PRVER
carben etonis{ mionepkefarably fioen T ai tabatbcbrc atonRVEXhles ¢ff sutible oxygenate

d. In thj contam nant | evel s
compouis e”@chwq, Buire o lmited Reife dpEREGuFERG Shangl: apropanol;
lsop@pﬁﬁélnc @ZQ Qldéh@l%elﬁéﬁgl etﬁﬁ%tlﬁ&,eig{efh etﬂlatefdie[ﬁgrl efher: d1 -isopropyl

prod uted roc are et e and
ethe{; dmldéftyds, Cbmy@ghaarborfa&e dethabi ketafepacztit yc1dparmr mﬂmﬂ‘es thereof.
ns at | east

Preffied G Rauil SuBhfith Grr HEnaHHEIS i Rel S Gndiasor
[0016RI DOD¥Y et NP O EECInPbriRItY S&stins lf)%loé?&ﬁl’ pdré Hb@é&‘tﬂa'r Sieves and

aci ds, carbonates, esters and the ke). Wen t
zeoli gusbraar-ecoliée eptelzite bavong high eelmtb@ttydb etba(tcnﬁ rantﬂ/udproamlene Small
an.ato

pore B R FoPE P Bl BBl Rl RO R Dipog moteouter

swvéSlhaKrablpereQ@iWasls&hﬁDﬂD QHEHBNIsNGEREELY, Bitabds €at#19%ts have a pore size
limted to, the follow ng: nethanol; ethanol;

rangigffuP Anolo:5-9 akgsieMEnol : C4 to C20 al cohol s; et hyl

T TR I ——

oxygd;'nalﬁst twdleﬂhm: Whese shes g«meﬁaﬂyd:onmnﬂe mthtbuﬂﬂﬁertshﬁaﬁﬁfc;roporous

oo Bt SRR AT b o .
[0019PNV fs%ﬁlei%ﬁe@hfaf IRSIRS BB iR RL G idfe &h@mm

and zeolite and non-zeol StS avi ng
invenféindavie wirelptivaly davh Bi/diperatin dIln(genmab pyd lower thSrﬁi/lAlz paiiog the lower

u eferedlnt lnvention. As

the dletf)e(fcﬂe %W%Y% Stév b Pepré wogglm Sgrecﬁ?’]@(/es have a
[001BPT € Subgutl 9555 &dhalsoThesad #5th{sAAPentiGR MEEAL b¥mpounds are

suj tabl e catal ysts have a pore size
generally known as MeAPSOs or metal-containing silicoaluminophosphates. The metal can be
alkali metal ions (Group IA), alkaline earth metal ions (Group IIA), and rare earth ions.
Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe, Ti, Zr, Ge, Sn, and
Cr. These atoms can be inserted into the tetrahedral framework through a [MeO5] tetrahedral
unit. The [MeO»7] tetrahedral unit carries a net electric charge depending on the valence state of
the metal substituent. When the metal component has a valence state of +2, +3, +4, +5, or +6,
the net electric charge is between -2 and +2. Incorporation of the metal component is typically

accomplished adding the metal component during synthesis of the molecular sieve. However,

post-synthesis ion exchange can also be used.
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ranging from3.5 to 5.0 angstrons. [0016]
Si i coal um nophosphate nol ecul ar sieves are often used
wo en7pobs7Lonver si on of oxygenates to ol ef i ns. A¢EES2006/024816
sieves generally conprise a three-di nensi onal
m croporous crystal framework structure of [Si C2],
[AlQ2] and [PQ2] tetrahedral units. [0017] It is

[001% ef esiield sikdoatiginshhdspRAé HIBIRARP SisPkahelud®S APOLAISAPO-S,
si eve used]1 in this invention have a relativel
5!

|
SARG-L Iy SAP G160 SAPR- 5 SVER-181 PO Ml APRES I5ISARG 34 S ABD-35,
| h i Vj ’
SaBdISs! QU7 SaPo By SRR SAF0. 45 SEBOLY, QAPO-47, SARD-56, the

metdABRiranfoains dldD@)fL@‘E]iilﬂ}dl?lrE@ﬂﬁrebﬂ \mdffbl‘é@dl are B7E™®-18, SAPO-34,
conpo re ra nown as_NeAP or ' ,

SATE08 SAEG T EREDT % bamhHs SRBL A ELS TR riaciading the metal

cont%ﬁ‘%%")%nﬁk kRl ,%td&}#iﬁikggsstg%rgﬁf? W s her@inK e tBeh RREGLL is

metal ions (é&foup rare earth 7ons. :
syndayyefoas stihyconibimetivk ané pr @aeidered atcompositicn ofisiaer, haVing two or more
Vvh . N . G, F Ti, Zr, Ge,. Sn,. and, . These
Comg?%ﬁ?golgé’ﬁr%%g P]:%B&ico@ﬁl’ regrdleps ﬂ_c"@’f Pasieat strter r amewor k
[0020]T OUBA afinlilbihodphed {ANEYY Ablebtaf sievit@nlalMebeddcluded in the catalyst

tetrahedral unit carries a net electric charge
comgiegitienliXymawphewhetzineoleenlatsitves afe crystalivet microporous oxides which

ti ta. VO t t al t. h .val
can gé{éétsagl %]?aézﬁanl??&lﬁ ee_ygc?an 2’?"@?.%!&10"?‘%’21? ﬁlg]in%ﬁtis 3&{:1%11351 ﬁ{écfreamework,
typicdigrigee usifdrat p@e dimehsaid rangind REAAOI18tanS&rddhs, bh®are capable of

metal conponent is typically acconplished adding the
makifg e S@EEE%W%@N %ﬁn@vﬁulwge@ﬁw@méhwmﬂzm structure types
. c
s GRS RAS OB PISKINERLA ah A BARABAE Aol o
that vl ecinchlded are\AlR O-HicAlRde] SARLOS] 6, AP0 1§, ABAP@S| AIPO-20, AIPO-31,

AIPGRIAED- BaBB G5, ARG AO-Baperf1l4, ShPRLFS47.
PrefafiOAf PO s%agféare §ﬁ?@-§,6AL15(?-el 1”RL?b— f@kgiLafi@hg%é%??g@,

t hereof, and m xtures thereo Preferréd are
ALPERBG) @4 AIGKPA635, SAPO- 44, and SAPO-47, particularly

PO-.1 8.and, SAPO-34. . i ncl udi the netal containin
10028 The SRR bbb REF BT e TSR B By bt
crystallEzatis Meflodt BERralEy IGORAM RISt WA trBactiof iRk RToRd tySmixing
consi dered a conposition of matter having two or nore

togethshisaptdva stliqon, slamynug apd phesphermrsompergatsdblesg with at beastrone
shcal - 0.2 um nophesphat e. ( ALPO,

Sy B Ay LSRRI ol g s,

a tergHIR0s dfla0 eastAl00PC Naphesdhabe 100P &C2808C, ShiVesyailfine product is
crystalline_ m cropgrous oxi des which

formed. Formation of the crystalline product can take anywhere from around 2 hours to as

much as 2 weeks. In some cases, stirring or seeding with crystalline material will facilitate the

formation of the product.

[0022] Typically, the molecular sieve product will be formed in solution. It can be

recovered by standard means, such as by centrifugation or filtration. The product can also be

washed, recovered by the same means, and dried.

[0023] The reaction mixture can contain one or more templates. Templates are structure

directing or affecting agents, and typically contain nitrogen, phosphorus, oxygen, carbon,
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can have an AIPO4 framework. They can have additiona
el ements within the framework, typically have uniform

wWE@oroeg/0ei3mensi ons ranging from3 to 10 angst r onBCT/ESIH06/024816
are capabl e of making size sel ective separations of
nol ecul ar species. Mire than two dozen structure types
have been reported, including zeolite topol ogical

hyd@gah 64 esmbiNRGHtheR6f, ahd Bhm g18h 66MAiA aE Feabtibak alkgM oP&yl group, with
i ncluded are A1IPGQ-5, AIPOI1Il, ALPO 16, ALPO 1

1 to f1qaghons being pesspny, in Atk g or apylgoups, Al PO- 35, ALPO- 36,

PO 4.
100733 o et hppitpld mol et st Sifed s bfende)
wittBothéilRideddls. WhEObBAdedAthie@editingdvinAlsFlon46typldally HferFbdto as a
SAIg;Ilcoalumnophosphate nmol ecul ar_si eves are

FRtplysl; waih thy cailit: SOMBFHEE the SAPAMelsalar s vEet hods
[002%?3 ner Igia'te)ﬁal‘erHYEh tdh lSJ‘lﬁeﬁ’detd wit'¥he ?ﬂﬁédu?ﬁ sfBv¥ tchlrl ﬁ?n .{f%bor%s inert or

by m xing together reactive silicon,
catalamxdalﬂajhwph anajsrialy wp vaenis dindek oratprialst These rhetersdls mobnde

comppaReRAY SRR SOUERBYS "B ausGrEs of Gro b mes, et oxides
othe@ﬁoﬁ&eélﬁ@éital%@%maﬁh@ﬁt? 3B c&fagﬁi 3 drenté; 5a@Qﬂ‘}maLH'i'ta'hlmma sol,

a crystallinée produ fornmed.” Formation of
titandg, yieetlip megnssiadthetia, baryllizloe s@ny vheliea Sqi,mdamatmcs thereof while

rruch as (2 ne_cases tir
vl b AR P RS PR ARl b oomponents
are etlktﬁeff&hﬂ“éliﬂ edueihg tifiter i) duerhll cﬁt@?rgt?dosﬂ_ [¥Rd eetidg)as alth€@mal sink to
mol ecul ar_ si eve product wi || ormed in solution. It

assigt i hepd shigldingethe qatlysduingapernaeasion, dessidying therptalyst and mcreasing

gatlon or filtration. The product can al so be
Cma&EP%{g' recovered by the sane neans, and dried. [0023]

[002bhe r@thet caalysts steursed DEstherprdEdstesan prodiucedlefins. One class of catalysts
te I%ﬁes. Iate re structu directing or

that gFerlsgy prrgé%% gﬁp%eegtqs S NCHNRIFS gevgtalline

alunﬁﬁ@s?ﬁ’&@és%hml? ft}f‘ﬂlee[het%éfkb&%l ddglt@ %‘F@% YUirafledrd g‘fﬁké}?ﬁ% %Hﬁred oxygen

t hereof, and can al so conta st one
atonz: SF he g¢g§lfup'l,ty of the tdirdhedi® is halblmd byehagpchsea@ficationstsheh as alkali or

S b A6 5 TSR S
tetraﬂe‘t@lﬁhﬁ@huﬁﬁ@l%A?bﬁteﬁ%@fiylﬁhﬁ{tﬂlﬂﬁn (Thg), a%éweiénﬁ 8uring synthesis.

conposition is typically referred to as
The énferstifjalspacgh phchanacls faraleddyy thoenystaling getvnsk spgdde zeolites to be used

as mvr{)\rAPe!tcﬁfé? hl%&essib %éé(pea]rat 910 %gées%bs‘t & | al}(f&%& E@erﬁnﬁ%,r?ae}:éb ns, ang as catalyst

e eah B
carriers in a wide variety of hydrocarbon conversion processes.

[0027] Zeolites include materials containing silica and optionally alumina, and materials in
which the silica and alumina portions have been replaced in whole or in part with other oxides.
For example, germanium oxide, tin oxide, and mixtures thereof can replace the silica portion.
Boron oxide, iron oxide, gallium oxide, indium oxide, and mixtures thereof can replace the
alumina portion. Unless otherwise specified, the terms “zeolite” and “zeolite material” as used
herein, shall mean not only materials containing silicon atoms and, optionally, aluminum
atoms in the crystalline lattice structure thereof but also materials which contain suitable

replacement atoms for such silicon and aluminum atoms.
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catalytically active materials, or various binder

materials. These materials include conpositions such
w@gookamaedsryn and ot her clays, various fornms of rECEUSENG/OR4816

netal s, nmetal oxides, other non-zeolite catalyst

conmponents, zeolite catal yst conponents, alum na or

alumna sol, titania, zirconia, magnesia, thoria,
0023¢" Y| Thedgat b c8RprisdNG;, 9 9oy’ ably 59
[ ”Meo o Sé%a%*g?%@% R e e A TSIy 5% to
90%, en¢ moatrmefsmbﬂﬁah@%atoé ‘Mhby &V&I@t 9§mole¢hlessevmn'ponent s

ctiye i,n alia er .
100232 PR e<ift oh BE sule 0ol it B8 egosred
physmal aedthehicsll dhargtetibiesC S tydatmehts indthde SEIR @Per 1?& In@¥bssarily limited
densi fying the catal yst and increasing cata

to hydrpibgryal treﬁm@ﬁm]ca@m?élpncmcbiriﬁémgntab@e iksatngng, mtlm ball milling,
gnn@xﬁlgcsﬁa%ﬁ L‘fﬁ%f QIF@M& L ef 'tﬂé?eofone cl ass of catal ysts

t are uctlon of olefins is zeolites.

[003D¢ 0! | Inemieandbod et eiithm inséretioni m&ealcumaﬁmsgdm@gtgeh ; fate, and

.which f. tvvor of ALQ2 and Siq 2 tetrahedra
OPU?ffﬂhv@dI ﬁﬁlﬂsqm ér%@%@rﬁ ddedbimparatghponmied;with ae oxygamate, is
contﬁ&&d ﬁ?lf'tﬁ@rcfétdl t@@ﬁt 'ﬂ]ﬁ{%d? SXPORo1E e{rléﬁa've'i‘n Qi‘ea@ﬁ{%ﬁ 9(?‘% or volume. The

such as al kal i al i ne eart metal 1ons e
volumeno frddeusush @f)ntscirtekﬁqxbaqemmaremcbmnvdtthé Trieactogt whivk may be a part

as _tetraneth

of o e Ao A B 2 AR IBFEBASHef e Feagjon system may be a
reg&ﬁ!di\itbﬁ’s isdichldognpriRbSE %mmeaérhe%&ﬁeﬁﬁoﬂarce&msh% (BPEJ@?' on the

the crystall'ine network enable zeolites to be use
Ca’fab{ﬁt Tﬁﬁﬂl@%ﬁaﬁl the eledia conversipa raatiioman reuessldy, coatacting the catalyst

hem cal reactions, and as catal yst
w1th‘}@$e%@%’a?15ﬁ1ﬁe r\(lﬁ\ll de variety of hydrocar bon conversion

[003p] oc eBiRatethb OLmhkiAgahd blefin provahetd én e ﬁflérﬁio‘ﬁ can include the making
containing silica and optionally alum na,

of thesg compos¥ions, iy kyireqrebass sueheasl cealyiar mdpﬁxatei, bipsnass and natural
gas. Rf?e\ﬂ’?ocﬁ ?&;}nﬁlﬁﬁg #)nllﬂbs%ﬁé Ere%o{vﬂ iR et Qseq{aaﬁsds 1gclude
oxi d or eXanple, gernmani um oXi de,

fermnntatlmt wealtdhei enéthmamakﬂxgl sgmtheshh gasstteh @anmﬁﬁg e syidhegdgas to
i ron_ oxide, and

, 1 ndi um oxi de,
sl f et SORLRBS Ext ot Heah ] PHEDaTE m'fQ?SSSﬁ% FiGhGH steam reforming,

autoﬂHBhﬁaﬂ%eféhﬁﬁfg%ﬁ%aﬁ&?lefdizﬁﬁont he ternms "zeolite" and
zeolite material™ as used herein, shall nmean not only

[0032ht erlhafldition te ‘énemrmlcs Df fhe q»msam’ransermlnd in ogrtriectiad W;th processes to
B T T -

involve Phe€edIpiié catverorf O anSdlétthi fdell 6RErA B&tﬁ’ﬁﬂ-ﬁ@ 1ﬁfé?ﬂqed1ate-we1 ght Cy
at ons. g}eé)ZS] The catal yst conpositi ong&; ef erab
to Crelepns Wescragkadprodng stigsnecqntainiag éulghg/ol % 63290%3 eiins. The

oleﬁ%%ecﬁh%g&rlﬁgy ¥e SHAnbE 638 Y. it bg to Cg ratnng%I §fa huld catalytic

crackmg (F CC) product stream or from a C4 to Cg stream of a steam cracker furnace which
contain abundant olefinic species in the desired intermediate weight range. Moreover, a C4™
product from an MTO unit, which converts oxygenates over a silicoaluminophosphate
molecular sieve catalyst to light olefins as described in Marker, US 5,914,433, would also
serve well for upgrading overall process selectivity to light olefins. Increased yield of the light-

weight olefinic products for all of the processes is provided by sending C4 to Cg medium-
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[0029] The catal yst can be subjected to a variety of
treatnents to achieve the desired physical and
W@ bh@mioesr4 characteri stics. Such treatnents i ncP@MES200£/024816
are not necessarily limted to hydrothermal treatnent,
calcination, acid treatnment, base treatnent, mlling,
ball mlling, grinding, spray drying, and conbi nations
Wel$ RUIRE to biPOREN cHkRBeRRODE ingQIpthbérahﬁg’ @&{dlﬁ’&hs ﬂw

d contai ning an oxygenate, and optionally a dil uent
med@ﬂnavqmgmno&f@smb&dae@ @Eﬁam@fmSy or mixed with the
yge w th a cat al
100/ CRb BT A EG D16t dhaud s PR SR GRSt il ofipe vrr
familphthied iy b 2dvlisd) mﬂro@nte&ﬁtanp akRBsiitae & fhst ﬁﬁﬁf;" d? the MEL
termed the "reactor,"” whic be a part of

family whishgpayppapeptieor 2y Oﬂil%aiétca nnél;ﬂéfaéwb" Emmplﬁé of b@?ltsﬂlcates
are 2§Mt f‘gncf %ﬁ&ﬁt@ nA1§ ¥ gR¥n pﬁlgmoﬁfegig %%Mtl 9 RVhl(th\i‘g 8<§Pwn in the art.

onpri ses a vol une ereln carpbonaceous de (O]
Oth«{rcdxer)iplm atdBorahited) ysd sitiedist-Rian dedcribed b%ﬂledh&fnaﬁlonal Zeolite

conversion reaction_are remved by contacting_the

AssQEgn(&YTLAF PRZEJISEREFIHGTYRE heBFS: 8 T GoUterworHs) fehernseferred
crys%flhr{Eleﬂ'ld}gestf&ethfél aﬁgh@%’cﬁhcﬂ’v‘@f)g‘reé Br &l 1§el§ 84 b%eff 8%y gen rings and

i ncl ude the maki t hese conpositions
alnglysih@méﬂlmmmnsaiomca@tlml coal, tar sand, shale

nat ur as. Met h for kl 0 o
10033} oS PO B e CRBS P ES YE 6n RletigRBerature of 400° t
600°'(1’1 Cf)kéigﬂbfyeffdﬂi‘ Bhet lo@DOPO, Wt ﬁﬁﬁ‘@bre@ératﬁy B@0° tol5RIGPE gand an olefin
nt hesi s f(r] HQt hen converti ng the synthesis gas to

partia] prspOFe of 0 26y Kehetsoiitg auciaabisteom 0 dud 4By absolute Fecd

oleﬁ%@ﬁﬁ@el‘r'g& 8&1@1? %%ﬁle%? gcinagv)l(ti%t r5d] utclf gﬁ%b%axgﬁl]o ﬁgoth fr%%modynamlc

equilibriithe Qléfadé b:ﬁ@lyﬁé ctadRing ﬁl@f—f‘/ﬂmuﬂdﬁﬁéﬁﬁﬂlt@ Bomﬁnwﬁﬁiﬁﬁésls 9ftlding
wWith processes to convert oxygenates to |ight ol efins,

shorfeg mqlepssviahpnddrepkagel in ol efin cracking pr oce?s_es
[003}92' chy 'cfpépdlll‘ilrf‘e ﬁlﬁ&t&&&ﬁ&%%}?gsfﬁse%@ % @!‘%a}é’?éfﬁwl“?‘ ggea)c;can achieve

stream contal ni ng- | (
a stableaflefivs canyemionreitlk e Highrpropydénesyi ld am an @ibdfai busizap fifiogh 20 to 50
ol efm c feed stream may

| fi tq C3 ol ef
wi-%g o] F&‘ﬁ@&%%ﬁ%ﬁ §§?°W %ﬁwwne@wm@éw fot usg 1n fhe Gatalytic
oleﬁﬁ%}ééhdﬂg' ﬁ%oé‘e%@@f(ﬂhg grésgrg'@wd?ﬂheﬂ ﬁr b%trﬁeﬁﬁl@c%e(% b9 Brfoifle aluminum

C stream of a steam cracker furnace which tontai n
fromaa)mmmclaﬂl}f@lvﬂﬂablswstaéme istiicefeeAdpscal edmneranitp available Silicalite

v N AR A R R 120 BSOS e

crystailineGlRateth AORNAS Bilfidll By a steaming process which reduces the tetrahedral

aluminum in the crystalline silicate framework and converts the aluminum atoms into

octahedral aluminum in the form of amorphous alumina. Although in the steaming step
aluminum atoms are chemically removed from the crystalline silicate framework structure to
form alumina particles, those particles cause partial obstruction of the pores or channels in the
framework. This inhibits the olefin cracking process. Accordingly, following the steaming
step, the crystalline silicate used in this process is subjected to an extraction step wherein
amorphous alumina is removed from the pores and the micropore volume is, at least partially,
recovered. The physical removal, by a leaching step, of the amorphous alumina from the pores

by the formation of a water-soluble aluminum complex yields the overall effect of de-
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nol ecul ar sieve catalyst to light olefins as described

in Marker, US 5,914,433, would also serve well for
w@p@rmeisng overall process selectivity to |i gheCT/US2006/024816

ol efins. Increased yield of the light weight olefmc

products for all of the processes is provided by

sending C4 to C nedi umnei ght olefins to an olefin

alurinatde Ghé Efﬁqtc@%stalﬁlﬁ)ﬁp@ﬂté‘ In YROFa PBY! &aﬁmg sm&éhﬁm %% the MFI
t he medi umwei ght ol efins may be C4 %: efins.

crystadliyssyilice ﬁmgwgﬂgmdttbm smoymgaihyhing f@mmdnhwgﬁemrfmm e pores,

e oS BHALI g S il AL SRy

wholeport yumiceb bEtHVEbtai}&mTlhys rethiceb teacidisy of tEedtalla 288 tlRdby reduces
other siljcate in that famly. Exanples of M
the QGepyrgngesaf hyfrogpwspnstergactiops E’a‘]hP p@cﬁ.us PEocaR [Tae srdugiion of acidity

i r- .
g8 AL kBl B OO, 0 et
silicdiesmidventk BPhis fsebekcatse imtieiobefal-crZeldhg p@césdgdioahibon species can

ATLAS. ZEOLI TE STRUCTURE TYPES, 87,. .
entepieeply WSF W?PICSTEQC%i‘é‘g]é’r thegeducfiep 3% poig site donsity ppd thug the

redulchbis irPRRIrd Sl P8P %\éﬁu&ﬁ&ﬁﬁd%ﬁﬂ&%@&l&% Sthéjﬁgﬂlﬂﬁfjof@fe ﬂ/ﬁﬂ catalyst

oxygen rings and 1 con/al um num atom’c rat
are fuygB4]thiouhas e whalé pﬂrecstraeﬂurmlg the Hemsworkofte fnaxmwork
Silici ?/c* uqe anal nl et tegr{g r@ é 400 t 6000C, 1
SRR o4 iy ks s spamicy gveraoyide simseclopsnding ygon severa
parahetdi§ QAudinp decaBtosk edsk Bndaiiti kRIS Ss4r @ of from 10 to
202 kPa absolute, preferably from50 to 152 kPa
[0038hs o) Hibas b@@@@S@V@? thatin eatsbrsichefuiayk a¢id sites thatahérersan be a gradual
I
deacfiybrS A0 EltatruCie il Brharita, fith WORbixRlon hesdegrpbsqedin

oleﬁmia:yacﬂ!:mgt,l naiasbbiochléfn }Qﬁmﬁésé‘&dan ﬁﬁplﬁl@ﬁé‘raéklﬁé ﬁﬂoﬁ&ses The screening
| ecul es via_ bond breakage. [0035]

test @@Wﬁ%ﬂflﬁe femeasure theetiegh of heteligsloreknina o losn Flé‘ﬁa or other

I e
oS Y T o SOSN8 AR\ 0L i oo
35 gtmm gusifed frefpant@® maert) (o PO mTst) alFthenatlayey off 5h@athgf spherical

Sili um n tomc.ratio for use in
gy i CRERAD e PlaERe gl i . Mg Prrveiitoe conta or
mixinB Ve el rﬁﬁeﬁﬁ)@@@eﬁ'ﬁéﬁﬁfeﬁfﬂ His 818 Wil %@%‘@oﬂ&r@i‘tﬁ@e@&lﬁﬁmn because
froma comrerci al avai l abl e crystalline silicate
due toytp¢ emishing wﬁﬁxea*pﬁmtgr vathgiconditiensSire inwai exteenatham in a reactor where
[ al um.num rati o of arou

the Bl (R PP Foinefh RyBon A L R 1St figm e portions

of thewekfots nﬁater@al sl ard Hith BAREEEHD SiCind IRAIARS alshfficient temperature.
tetrahedral alum num.in the crystalline silicate

10037} anelitsrirst RFeredwiswensisied pEpaskingian giv{staapnmixtwe ghrough the tube, first
over the refractory material and then over the alumina. The silica deposition on the alumina

was then measured. Unless otherwise stated, the steam rate was 400 grams/hour. Most of the
tests were conducted at 460°C, approximately the reactor operating temperature and 1103 kPa,
well above the operating pressure of 138 kPa. The duration of most tests was 50 hours.
However, in order to better gauge the effects of exposure time, some samples of refractory
material were subjected to test times from 24 to 100 hours. To further evaluate the effects of
test temperature and pressure, along with time, some samples were tested at 414 kPa for either

50 or 100 hours at either 460° or 650°C. Prior to each test the silicon content of the refractory

-9.
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oct ahedral alum numin the form of anorphous al um na.

Al t hough in the steam ng step al um num atons are
weh@mioesrd y renoved fromthe crystalline sili cetEUS2006/024816

framework structure to formalum na particles, those

particles cause partial obstruction of the pores or

channels in the framework. This inhibits the olefin

and GQhAGKA Aerddhosasd: SHiesR ks Rthdtred & thetvhd &st RGuIRL G&ITH BE
step, the crystalline silicate used in this process iIs

indepghfeat el pefualfonn of tethelacue.diftertias tebtnthersiliqohcastent of the

N Rt

[00383 oV Allistiby oﬂthleemmangtesfee,aest@fmdlﬁenmﬂrrmtu %reaéhwmﬁﬁ Table 1.
fromthe pores by the formation of a water-soluble

Fromthelata shove iha»}/ fheirats of ﬁ@d Botentigl forstilicadpssgs partially dependent on
J t

the %@ﬁxﬁ?&‘%@% %égft aIF(Bz?n Slli{g‘l;ln r Aials; adh ﬂo%s@ 'rﬁdcﬁ%hﬁ:ﬁ bl a fgllrﬁl high

amagint ofsalica (foesamﬁ\mcéssaﬂgi rhdaara highrave ast@slladaumsn Sinke E]IIﬁEﬁi can be present

t her omfromthe p the pr
in SEEFH BFRG 4O DA S0TAr D) B AHOBG DL HE T fsrgb paier the test
con&ﬁBﬁ’éJ glautiial ﬁﬁcé’mlt&lt 8853%0% % &&€%0 ﬁfe doln€ 8 ﬁLé’aS&eE)osmon on the

hi s reduces the acidity e catalyst and t
catab@tsl iBxes” sifiea oocha hoemwéllof‘tldr@/ csulmgemnmtrlasts&ﬁne oﬁmetsﬂma svill be in the

e SR 0B SRR B Sy Bl aen v e

hyd#afién Qﬁd?@lsﬁﬁ%d)ﬂﬁé réffactdi® chif M5 Aldubdide %.iﬂo‘uﬁ%ﬁree silica because fines
f r anewor k is is because in the ol efin-cracking

tmdda@géhmwla@ﬁp@nentg@bmdetbus:@fﬁecémemoth@ebfoy IQSﬁt"Eherfrfere the

site de
1mtlglo§él?cfahcoéf‘e§ﬂﬁlgﬁ@ g\th)é elalgﬁgﬁhéﬁﬁ . og grrllo%grhqﬁ d?tepmflg glg? %GA@XOd that
silicahwilt feasky Goth the defetdrhe st abl lity of the MFI catalyst
are pursued throughout the whole pore structure in the
framewor k. The framework silicon/alumnumratio may be
adj usted as desired over a wi de range, dependi ng upon
several paraneters, including feedstock cost and
capital/utilities cost. [0036] It has been observed
that in catalysts that have acid sites that there can
be a gradual deactivation of the catal yst over tine hi
particul ar, such deactivation has been observed in
ol efin cracking, methanol to olefin processes and in
napht ha cracki ng processes. The screening test that
was used to neasure the effect of the refractory
lining to lose silica or other contam nants was as
foll ows: A seven-eighths inch dianmeter tube was used
and first a |ayer of 35 grans crushed refractory
material (6 to 10 nesh) and then a | ayer of 5 grans of
spherical gamma al um na (Al 208) were placed in the
tube in a manner to prevent direct contact or

-10 -



m xi ng of the material. The experinental results would

be a conservative eval uati on because due to the
w@ewshozzg of the refractory, the conditions arBCHDSM™06/024816

extreme than in a reactor where the refractory lining

Is intact hi a functioning reactor, silica wll only

be lost fromthe portions of the refractory materi al

that are both exposed to s’qﬂmEapd heated to a

sufficient tengg\?tﬁggfe R g lﬁafﬁféﬁﬂ rocedure he
’r

t f eﬁ h
ESBSI, ° eg‘sof‘ i5ioBs: 4oH 160 nsig) et G0g/hy téglgﬁg%hfover
t he R&m The silica depesichi 9N TYPe t e%}ﬁh@ﬁrbﬁa-m
E(zé‘xh\ﬁfﬁ,F Gyl catlhALE

t hen msasured Unl ess ot her w se q
was ratsh MBS of—the—estS—net c C-oaHet \_u
kat ﬁm

IUuI . L 1
at n tely ti@ﬁ%rt or aqpe
t enplortonftiedland 1103 kHa, vkl atove thb 8p2rdt i n@380
pr eSeetel THC 138 | cPa. The dag@ati on af npsp2iests was)
50 Imggoslﬂg@wey@ﬁp in orderi0 bett gauggotre

ef f X ure tine, sanp Df refrlactory
P{/%(? j ect ed toi?(gg fi f

mat om?24 i{to 100
hou SCOTmelrtW@rhreval uat e l¥He eflf eMs pf 1P@st 1700
t enplesent LIFEC adB0 pPessurle, éV%ng WtMtipel9%ome 1128
414 kPa for ®&fth

saliless VEHEGNSest ed at er 50 gqr 100
hOUIl&S(%AAQQ@er 460 or (6509, Prijor A0 Paghstast ghe
ref[%g/tor)an al

i g o e s 155
res ZW%O ?

on was measuréd so t t
i ndepgndent of fhe tpal forim of the

mol| &eesteRSAf t er the tes bnil8ht |of 1B

al uRes> RBS agzad hr measy

t, flh%schdnc
( : f erence being
t he ragmuREo gai feg, duri e, t Bgo,

‘-I-U

red2wst h the di f
test. [0038] A li|sting of
ShoREARE P T A

condltlo ah
l.llu \ZA% LI %T] Ifr}:s

From

tle

belieh

Its

re
hat Qf(::}ﬁe

r af £13T10P pot ent i al

LA LI

O ppry
flor359mpmeall ods i Bafti

al | 1388

nt 193 ow si 1220a
a bedrlly higb

neaps@ hi gh yate
esent in several
I I ke! At h:\n
s,15Q he iniloBal
amunt ofl67

depé&imdesren ¥ t he anount
mat &abhle3300 not | ose
ampERicofkiSidobca _does
n
RS v e
ot h&asabls 3Beach under the %¥% condilti o
si | CostolasiGemMidoes not| cCEBmpate td th

si | Cagoldep@sAdtéctin on t he gg@tp@hysi . ‘AFree"1s0!lijca qaR
be| lgshplcWaihe "tied" silicais pot Ios . Song of the

Si i’ et theimtertor—o gregate—gratns
P e - Mi

and unlikely tg be expos eam and | each
out ALPRARydr ati on_and/lor firing|ofM he refragtory can
al AP(Eelﬁuﬁél t he anount |of of14ee sili®m becagse |fi ngg?
ar e ApiReed4p 1 n the resulting cengnt g el a@@I‘Lt Fpus 199,

af rect—tte n‘% rg-#léﬁgesml1,eigiﬁl\41ﬁ§cl Of 'If T ”T -tad

silica con‘f“
enough to determ ne the Iikelihood that

[0039]
ratio of 200), 20% silica binder, was subjected to steaming in 1% steam/Np, at 585°C in a

oISOspplm ca prlese
nmueh6eGppmca, qut
roteg %sarl IAy

gilica can
af ‘"vhll r\h a

(U UJ

An olefin cracking catalyst, which is 80% silicalite (pentasil-type zeolite, Si/Al

reactor, for different periods of time. Other conditions were tested as well, including 1.7%
steam, Hp carrier gas, and 650°C temperature). Catalysts were tested under the following
conditions: 40% isobutylene/60% isobutane feed, 585°C inlet temperature, 48.3 kPa pressure,
and a 16 hr-1 LHSV feed rate. When the catalyst deactivated, the deactivation rate did not slow
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silica wll leach fromthe refractory. TABLE | Si
M gration from Commercial Refractories Conditions:
WO s@oEs31400 fcPa (160 psig), 400 g/ hr Steam BOI/0§2006/624816
Abrasi on Resistant, M= Md-Range, | = Insulating
[0039] An olefin cracking catalyst, which is 80%
silicalite (pentasil-type zeolite, Si/Al ratio of
dowB @, th2@%paDetv & (Adady, 14 w&zwﬁaﬂegtaﬁ@ 4% %a?st &aﬁbﬂ@eake%se), as
1% steani N2, at 585C in a reactor er ent
woukkbg exdected lﬁthﬁmrobtqrm @/ﬂthdbmﬁtalysi m@me@n@ disistegration ofiielcatalyst such

as 1fz@81|1t9%' ur(]eji a%%ﬁ&?g%%é% g { gg %s&g):f &ﬁg&her deactivation

mecflaﬂlim@ Et@ntﬁbmdd td the Svor%ﬁﬁﬁglpﬁﬁfbﬂhaﬂc% RE M0 bR R steammg was
f eed, 585C i nl.et tenperature, 48.3 kPa pressure, and
doneyig ainetpl yepesor, fip the abagnse ofaitz mul&wwemte éefﬁmntv@nlwhght

deachk}%\ll\glg\ﬁ&t&ﬁégﬁfg Bor! 21 agxg?7gd§?9 %&@Iﬁgg\’% ﬁ%ﬂag co}uﬂg rgs @1 though

the pxbmméaﬁﬂéam Fie:y th@sﬁcdnd)expenpmnt was sdmdviat hmtdﬁl—e}ﬁvashl O%, it is
.the cata is in some, disintegratiqgn of the catal

vetidygd L fHussip i bR OTpos ARiA GoBr Regs thetor of

1nmNWéd§a&thﬁS possi bl e that other deactivation

mechani si(s) contri buted to the worsening performance
[0046F  t HEheguesehgs of quaetn in the retcéarmind 9f wist desrtz-dontaning trakerials such

r.eact o in the,abs uart sul t g
as oS8 B Blass WORLHAS DERT EREC e e e bR B S Wit Rvation of
the chéhlpadiAvevdaswad fouhe et BflikerystalThé Qﬁarﬁ‘zoﬁkﬁbltﬁhgﬂsssﬂlca did not
Even t hough the percent of steamfor the second

causg gpfalysiheamaggabhis eprahrrian Waswipportal tnpthe observaign that 3 c@talyst that
did ert‘ Isﬁﬁéﬁ?on% ﬁ@&ctlltvl%t'l oh n%l s%& fl 1 go];pﬁn loackl%I ear?%lplgslg contamed

amofghats d;lhtayas th@Bﬂﬂ]:r The npgaise refectf qqamz" Vcilaﬂﬂ[kahble mamfested itself to
r eact or fa ot her quartz-containjing materials such
a gregter exfepitor s%talgﬁté%‘f%@wv HERbe 06 ACifl Siliphe 2t e péefinraacking catalyst but

for c§ﬂa%@fsf\i/1‘ﬁ§ﬁh hEAR Y er | 'oP sited ethgo 2 ngi é’aﬁtaﬂteq&s% %{‘Seﬁ]&m or even absent.

cat'al yst. wever, unl
Chal@ctyﬂzeuidnl af eatglyatst deac’amfnecbimcmﬁ;rstsstéarmag @kpkringdnt d@uﬁmmoma TPD

cat st danm This ¢ ion orte
temBgalrd o %ﬁiiesarpéléz%{)ﬂ}ﬂ e ROTRSaRT A the number
of BRRAGE ¥ad ‘sf@é& ThSs, H%ﬁgd béhélﬁhdﬂ t%ftw&lﬁa?a@%icr‘tgstraﬁé%ﬁrhﬂenla TPD, has

and cont ai ned anmor phous silica as the binder
beenni@gmlstwe@ffect of quartz volatilization manifested

10048, sdsPnd Pl HlscFbbEUonlaRip GBiRed PLARY, B ioe
regelb#itidnOn qRattateasios avsAoh th7Ziver OnbabRiz@&fonSdat®fe siiindrized in

effect_can be | ess significant or even absent.
Table 2. The 720°C regenerated sample lost almost all of the mesoporosity in the 20 to 100

angstrom region. XPS showed that the surface Si/Al ratio had greatly increased and SEM
micrographs (not shown) revealed appearance of a coating on the catalyst surface. Examination
of several quartz reactors showed clear signs of silica erosion in the pre-heat section,
confirming this source of silica contamination.

[0042] In the practice of the present invention, preventing premature solid acid catalyst
deactivation in the presence of steam can be done by careful selection of materials for spacers,

catalyst supporting materials, reactor liners, and other materials within the reactor. Use of
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Characterization of catalysts, deactivated in a first
st eam ng experinment, by Amonia TPD (tenperature

w@e@gnessmed desorption) (Table 2), reveal ed a PCT/US2006/024816
conti nuous decrease in the nunber of Broensted acid
sites. Thus, a good correlation between catal ytic test
and Ammoni a TPD, has been denonstrated. [0041] A

quagL el eth@XeriN 6 F9ssllihd §i%ics SrslEm épbcifidhane@ih M 1nstances when
catal yst during regeneration in quartz reactor at

the prgsenpof steamaiseRxpestedat i on data are sunmarized in Tabl e

a T l.oost al |
008, o8 SRR BE Bk s 0B 8Bt A FBSh3 hBlat Rt
SAH])‘I-G%dabetablﬂli h@pﬁy idtiad elublinvih phadphateaateid] EBliik WITO catalyst alone

i ncreased _and SEM m cr ogr.aphs 6()not shown) reveal ed

undegipe tertaonditions ascdshevag aélﬁe ofko baurs (e taippehn@s conversion of the
feed DEkIeR }@I WSS Wﬂygg}%lﬁ% ﬁ%?%%ltﬁ@z%ﬁlg gfé&gg%tl’e ‘ﬁ%erial, the

gns o SI I Ca erosion
catatyshtﬁnly Bhovgpdt (hﬁ howmmfilife Riosghdriscmigrativnaiom dlid a‘lmnn{tﬁﬂﬂﬂdsphate to

I n . the he resent i nventi on, preyen i ng
the ‘iﬂtaeﬁﬁf’ “ére &P &1653&% Ddaf%ﬂ%&o faeulsiies gp F'i‘)tﬁ Sﬁ fest Sonditions
inclieA¥RNER AR onS SRR fRTaHIE2doNne by car ef ul seI ect| on of
materials for spacers, catal yst supporting materials,
reactor liners, and other TAB&E2als within the
reactor—Useofquartz—and—other—fornms—of —<erystat+ne o
silica_shoul d be espdci alrhiyoles 6f N&H}/¢ i spbeisied i nst ang]é%t
when t MESPHREOBnce of [steam i SerByRRGieadgioh0043] A t hifpgol
exanpl.e..describes.thg detrinmental effect of mixing AH3/g
met hanol to ol efi n SAPO298°catfal y¥0°wi t h a4@}r ay c&robe_goooc
al um num phosphat e ngt eBP&IC  Thi éom cat &0p8€ al o

er the,t condi tjio sed s 4. 6
Sergnc(et Fﬁﬁ%s reach 935% nver si o of the6§8£ V\hO 9114
tSmm 1 axtyistat k& 6 i spray dripd al um n
g@pg}%@ mbéé\?ﬁgaayst he\%céﬁ%l ylst Q)%Q show809. 5 hod)r-o11

i gration [fromthe g um num
aga;)ﬂ ébagx‘d:é E%&Héd gl y0Mccdr r €d0O&hd festPORd in 0.008

Aapn—aatial v/t Th + act
:?pl S ||$||b abl u eS—of—€cata yot-. LI TSt

a[f FE@E he ocap1di tli onso@hown i modabl € 2:0.007
4350C at linlet Pressure: 34!5 kPa

VHSV: 2.5 hi 1 (g CH3OH g SAPO- 34)

NH3 TPD Pore Volume, cc/g Surface Ratio (XPS)
Sample mmol NH3/g . .
cat Micropore | Mesopore | Si/Al P/Al

Fresh SAPO-34 0.148 0.101 0.090 2.47 0.41
720°C regen 0.052 0.050 0.038
620°C regen 0.082 0.041 10.91 0.45
520°C regen 0.071 0.080 0.040

Temperature: 435°C at inlet

Pressure: 34.5kPa

WHSV: 2.5 hr-l (g CH30H/g SAPO-34)

Feed: 80 wt-% CH30H + 20 wt-% H>O

Catalyst Loading: 10 grams

Aluminum Phosphate: 5 grams

[0044] A fourth example confirms the negative effect of silicon on an olefin cracking

catalyst. A series of silicon deposition experiments was conducted in the following manner.
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Feed: 80 wt-% CH3OH + 20 wt - % H20 Cat al yst Loadi ng: 10

grans Al um num Phosphate: 5 grans [0044] A fourth
wexampbs7confirms the negative effect of sili CPCI/UM20861024816

ol efin cracking catalyst. A series of silicon

deposition experinments was conducted in the follow ng

manner . Hexamnet hyl cycl otri si | oxane (HMCTS) was spi ked

Hethemylcmoﬁadﬂo@mf(Imcrs):mmnﬁsaqe a(thpi€al JFsHa drfdking fe@Bi.e. FCC

cracked naphtha). The anount of S was cal cul at ed

LCI&dlahh aiackpdmaphthe). The amognwfl@/IQTS wasscatuiatedoss) thatfhl wt-% and 1.0

Wt_(g?g 8@7% luﬁngo /El Jq(gﬁg %dlcogltntﬁ% ﬁ%ﬁ%ﬁ@ on u{‘lﬂgt C a‘(fslé*]y gfsuming

100%‘2&15&@6&'150!5%1% bﬁthe(ﬂ)CP Ratalyet. The HIMATS 28n@ntta@&Oinapeteed was
aé i.1icon, é and 1. 0% silicon,  depositi.on,
28 ap g%%&%ﬂéwghcomf@r piaRed- Ve aticom denpsiioadresrastvelieapiked feed

was E)%s@!i ¥k AL OCPeeat Bt QB %IWE% E{iﬁgﬁ%r{/t Fa@ﬁr‘érﬁ 0°C, 48.3 kPa

C, 48,3 kPa pressure,
pressurkej &®hr H&H&Vlﬁcﬂ}mwmglﬁhwmlﬂpeﬂtlm,rthe sa:m;deﬁvafeﬂe)studled by infrared

L A e

cﬁﬁﬁfd%@'ﬁp§§§€)°@ft ei Mﬁﬁrtﬁlli! he tothRy. I o%dni’plet@ ihd BRALTY dechfiposition to

IetetheH deconposition to silica, a
SIhC@,aa ealgipationrstept wgs pealdTped, fusinged amérgtrngenamxalrp,/aﬁ iS85 Yy duantitative

eval{ﬂtti%}t g%fﬁfo\y\vla rélucgnn f%og%g{] cgepl[ &tl)a{cat\é gegiéil?egrqh? aeé)osmo%aﬂmatlons

was GRS EingWRtARE BicBCP @ﬁlﬁl%@&’roﬁh@blﬁ&xﬁ@dll%al@@l@ U of Biew, is 99%
OCP catal yst, froma _chem cal analysis point of vi ew,
Slhca,sanégbergfom, @dding ggmal arsnst of siligadiindenpseienicplcabions wepld not

cha e 1fs% ethlcdl ?o%&% itfo'no ﬂé:@\L @i@h 'o?g%ud%ﬁgﬁlggé?fe{;ﬁ%aﬂ%%n deposition

em ca n’p03| ion. e ev
was dajmgmmgﬂlefpﬁletplamftegu dtiteofolldefasdondidionyveds) 6l BoButyFen8/60%

the pil.o ant test, at the follow ng conditions
isobigE fegh -85 Gt ewBiaa !

8f%]é%a pusgsyre, dpd 43.5 hr WHSVA%geﬁ rate. The
datat éﬂéﬁt%étlﬂ"ﬁ‘%le égmgluhg 4 cbin %H@@ﬁxﬁﬁﬁheﬁi?’u%gl n(ﬁ mgll%{alyst Numbers

rate. data pres ntedl
are acr@rqga pat ZQ/bOLES(pmr Itrecleanthatrsiliconénas n dsinagiap affysiton the OCP catalyst,

. ar.e a er ho cl ear. ht.

sined PR R A GRRAGIoRG oy Pat o1k debBicoahe aipp §Erichd ectine

corr8lhtes XitAThdaGOn OF Siliosh AdPdsRED PY!, RiMBh BFdavd:r 8xa1y¥i @éaeﬁvauon was
decl i ne. The degree of yield decline correl ates wit

obsertrd farrblriepeditedisilicon satdbysobpn & 0.1%depositadh gr eat er
cat al yst deactivation was observed for 1% deposited
silicon catalyst than for @Aégﬁ%eposi ted. TABLE 3

Fresh OCP | 0.1% Si 1.0% Si
catalyst deposited | deposited
Cy4-Cg Olefins Conversion, wt-% 49.0 46.4 33.5
Propylene Yield, wt-% 14.1 13.4 10.4
Ethylene Yield, wt-% 34 3.1 1.9

[0045]

are retained despite exposure to contaminants, more preferably at least 75% of the active sites

In the practice of the present invention, preferably at least 60% of the active sites

are retained, even more preferably at least 90% of the active sites are retained and most
preferably at least 95% of the active sites on the catalyst are retained and not poisoned by

contaminants after the catalyst has been in service for 2 years. Likewise, the numbers in
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[0045] In the practice of the present invention,
preferably at |east 60% of the active sites are

WO 2a0aioisdt despit e exposure to contam nants, nOPET/US2006/024816
preferably at |east 75% of the active sites are
retai ned, even nore preferably at |east 90% of the
active sites are retained and nost preferably at | east

TabR5Avhich cbfegohily® 5% Bser®ion o Sit&at ﬁley%osaﬁl%fér%lébﬁb%d 90%
and not poi soned by contam nants after the catal yst

retepfion (eeHmberswill be lﬁ@hlgher)} éamore mr%@mbb and i@ on6Ofbeetention is
I AT B GE IS S Bt
be retuinbe (ise. wot 1bo1bﬁeﬂ)/\afc& 2lye@is@f bervive TREE c@tit@hBaafvere ddikidered in

70 or 60% retention_is preferable In the practice
thesg pxqrpRlesr phesphoronsesiicachd sodivgdfordhe foymes twa thegmtugef active
t I fler
eSS R GRARE s AMkeP LRSS g sifcon)
and twno tifeesent éxmapl esmctiorshoslpfociacisng and inethaasicto Stedinuuialysts. The

o g by e RIS B S Gt
cata%tspm%%hﬁﬁctrﬁktﬂgctﬁ&k’aré‘élgo b YRy ﬂano dF %tlfey s?&‘ﬁ It was

reactions -olefin cracking and net
calculateél thaftagypitalecatilyst Wnuldr‘twdxgmgcandyalf&steé blawgosure to contaminants/
|f|c %tlve sites than the methanol to
pOISSIP ﬁlhé%'%n Me@atal'ytic naphtha cracking there
are aI so a |l ow nunber of active sites. It was
cal cul ated that a typical gh y t woul d be

por e el fﬁ{%ﬁ?ﬁ%m e SR S g

(degl ta betwee esh amed| Ganioral uni
Unijt of pp F (516] An g’,r%g %cge pr Begased ornlel’ostlg}eferred

detier gj ni ng 20350t ablle refpagt ory makgppals fto bgoy@ed

i s fasfohtows |C|t||au5r5§yaa|p|cn"p:cai’edu

fins P(‘rlthnl’YOQ)rF‘fraCtO matefial aHd si dvi ng t a
3.5 tNaS msshl,p@@ti off. ThébOt he sanpl €0i s i nmersetDi n
deqi qqued vvat5@b (100 ¢ r%—@;actoryll bsD H O and 4i t

i S Hreatgd—+t+—+nr-an—urasenpi-c—bpth-—f6F—60—ninutes-
Then Che samplP@0is fillteré®to renove2fhe water add

dried at 120C overnight (15 hrs). The steam ng
procedure conprises fi rst loading 5 granms of | ow

| U
[004%] i C@n ggér}nh%lg BH&% il 1HI<Hf81%%é %%S&BMO&mag%g SRB Bk used is as

followfs: Ehsreé‘mbtone samtyole iseeared byfirst ckshing larefadionyahdtyrid lanﬂl sieving
Met al s

TR T TSGR
refra@fodyys IPDIHJ®) MY R tRaRHIEALAXIEALAR DL ¥r BBLERLEL Then the sample
is filtered to remove the water and dried at 120°C overnight (15 hrs). The steaming procedure
comprises first loading 5 grams of low silica containing gamma alumina (<150 ppm Si, <10
ppm P, <50 ppm Na, <10 ppm Ca, <10 ppm Mg) at the bottom of a steel reactor made of a
nickel chromium ally such as Incoloy 600, manufactured by Special Metals Corporation,
Huntington, West Virginia, USA. Then 40 grams of the above pretreated refractory material is
loaded on top of the gamma alumina. The refractory is then steamed at 650°C, 0 kPa, 100 g/hr
water addition, 250 cc/min Np, for 100 hrs. The next step is the analysis process comprising

after steaming, drying the sample by purge with Np. Then the sample is cooled and the
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| oaded on top of the gamma alum na. The refractory is
then steaned at 650C, 0 kPa, 100 g/ hr water addition,
wQ@a@7mes3m n N2, for 100 hrs. The next step i s PEEUS2006/024816
anal ysis process conprising after steami ng, drying the
sanpl e by purge with N2. Then the sanple is cool ed and
therefractory material and ganma alum na are carefully
separ Al e Aer
refraf ERARER AR A gl b LRGARY St BTG TtS mtkc ure
thercalréid Refrac®r@patiols irotha ghinher ghowniher Thesgangmb aluarina &srgoowhel to a fine

nortar and pestle to avoid Si an t her el epent L
powdsy ﬁ@laabﬁr@picamldcrweﬁ_a&wp@ﬁ%ﬁ?&vag’rﬁéngpﬁ}ﬁfﬁ meghpdapigation.
Thenztgﬁérofuﬁ& lgh%ﬁlaaﬂlﬁh %'sérngl%' is sent fONACP ocifﬁaltyﬁig @siMy) Na, 7€ and Mg). The

anaFysi's 1s done on a sanpl e e startin .
samegAalyaisas dorienem @sunptlé of thie fsfastinggaanms alyatinadrad thel difesrence 1s

efore apd after steam ng. [0047] This experinment
Calcurkf?’wgfc\}’é’g W%%ﬂcﬁﬁéﬁrﬁ%awn%ommr cial refractory materials
[004§ Eles a8 PR Reht iR IRESHE niikAE bE ESmnBRisl reMediéry @Mterials (Resco
16344CA from Vesuvius, OH wth a SAPO 34 catal yst.

AA-T2f fremRaspd BeodoétscRA ar Pstchorrle34ded fromy Vesiys, O§P with a SAPO-34

e | e, desigpated Sanpl f.
cun 5B SN S0 SO B LR e somvte .25
gramsQP sgraif A M TOkatd B8t WasSsteabadpl 65@ C; anp ks end 260 giHy@ghr for 100
of spray dried MIO catalyst mxed with 5 grans, (40-60
hrs. Bty Boforasisad 22 geams afspridsieg MrbPaptabst pead kidhy srams (40-60

6344 . i : t G5 ERE,
e SRR UGRS3 B0 NCA P g Bt
steargécBﬁIBSOf(z,Z%mg%)admﬂ ﬁ;ﬂO Mf]EQ@/hI folr 1 60 Ihrsh S?mpbiﬂ wax 28] tgmin’_(sh;f spray
I ans - nes, Ol . commer al rerractor mat.erla
drie MISX eriabitShet VAP SRRRL B SFEELA00 mach) Al ST pdfiractory

matealtrag@&'ﬁgoo%—f%?gn Kekdo bRAuaR b A Q1Y ahiheh Bloahed atrllm°c, 414 kPa

er separating the catalyst fromthe
and 1@&f g HoOdmyfont(Ehsal s via sieving, sanples A, B and C

oo4ff A S e e Brstn HF a8 e HFE samples A, B
and E&efr@{)éf?&ﬁﬁn@é tei3@ it SibSRrE pllGH Yk Sest Withitisd Rehex@haitions as for
S

ands for the tinme it takes to reach 99% (CH3OH +
TableR30O CH3) conversion. Selectivity of each conponent is

porjed at 999 OH i+ . ' 5 .
0P R IO AL R A e i
to refléH $9°8POMEOH + (P CER) cévatsiot. Selegtivity éfreaclc compsrentds reported at

refractory materials
99% (CH30H + CH30 CH3) conversion.
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with MIO catal yst does not cause harmto MIO catal yst.
These refractory materials have |ow rate of Si,

W@2000/00984 | each rate.
this invention,

it will

[ 0051] Havi ng now ful | y PEBUSs10b&024816
be appreciated by those

P, Na,

skilled in the art that the invention can be perforned
within a wide range of paraneters within what i
cl ai med, w thout departin

S

st he spirit and scope

g AR
ﬁ@a’c 95"/9 éoH?érBBH (19[()1 ggi nt ai

of the inventi orgegnf\{, ni ng
aci d catal) t—st+tes—oi yaL Ot IUUULLIOH of
ol efins, said nethod cﬁﬁ%? n Bd r$am£ at|al yst
envi ronnent H(5‘Sa reagti opygzone whegein de@o§| tijon of
cat al yst conrtamranrtfromsurtaces—er—gonrtents—w thin
sai d reactiléipzone i s retfiked|t o482 evel thdt does not
inpair actij\ W&y of said fal yst. The hod| of
claiml MEMLOM&%M?”* 3?%’ se M?? Friom t he
group consi|€yngCaF phosiMtor ug, $S2I6 con, 812I8a| i ne
nmetal s and [gKaline gartf; petal s % EQ hod| of
claim 1 wheré®n said|rea an r}(Q ant ained wit hi n
a plurality@ft reactqr sapfaces \A&Qrel n sad.9 refactor
surfaces c rse anefractory matertar resistant in

| oss of sai|d-lcont ani nant “dndel o%gatl hg cohditf ons of
said reacti zone. 4. Thg net hod()@f c ai .4 wherein
sai d react ifefr—zonre—+g——selecteg—Fromthe—grotup

consi sting |&83 reacti dn zB8Aes for @3nvefsi dh3 of

met hanol to @l=eftprs, |ol ef crackiyyg apd alytic
napht ha crec% n/fg(t”pé hSl %]2* hod fk*l‘ﬂ"' A %@%or%ei n

said catalyst retains at |east 60% of catalytic
activity. 6. The nmethod of claim 1l wherein said

[0050Rt alBtsin theldfth aBowRY itlieedsir tAiYniatngodtiad (}drilmelaizﬂ irefra:cyory materials
7. A reaction zone for use of an acidic cafr8§ st un

with NSRSt S9rdinct 6#rse Pvah Il easeisds Thasie hmattald have low
rate éﬁﬁ(ﬁ:{;lﬁg @aoﬁ%gtleafcﬁ%@r atures from 350 to 6500C

ei’n sal action zone conprises at |east one
[005ﬂpactf&v1mmbmdﬁdbedascslmddhrs emcntion,suwilboesppeangied bethose skilled in
als resi st f catal ont am, nan

tt
the PRSP SO GO CON LR TS s of PR oLets Wifin what is
claiPRO SRS U paink & om fRIsBir: 288 decPetoBktie 1ﬁ%rft1|6n.m9t al s.
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8. The reaction zone of claim7 wherein said materi al

| eaches | ess than 20,000 ppmsilicon, less than 1,000
w@pon7pbsssphorus, [ ess than 1,000 ppm sodi um | PEEUS1DA61024816

500 ppm magnesi um and | ess than 500 ppm cal ci um when

said material is subjected to steam ng at 6500C, O

kPa, 100 g/ hr water addition, 250 cc/mn nitrogen for

CLAli\gg' hours. 9. The reaction zone of claim7 wherein
‘d material |eaches |ess than 1,000 ppmsilicon,

| ess than 10 ppm phosphorus, |ess than 10 ppm sodi um
| s s Atthéthod orpainteiging acid wataiyst $ites of & laatalyst tgp srpeedugiiemef olefins,

it S S S B 55 ERRR O iR
depo&g& DOk vst Lontarhifint £8GdufiAcet @b omtbnts vifhii Sidat®drmzone is

8aid reaction zone contains ceram c materials that are
reduded $o 8 lewel thaoddes set infpagaictivitnofdaibeatalpsit ani nant s.

2. The method of claim 1 wherein said contaminant is selected from the group
consisting of phosphorus, silicon, alkaline metals and alkaline earth metals.

3. The method of claim 1 wherein said reaction zone is contained within a plurality of
reactor surfaces wherein said reactor surfaces comprise a refractory material resistant in loss of
said contaminant under operating conditions of said reaction zone.

4. The method of claim 1 wherein said reaction zone is selected from the group
consisting of reaction zones for conversion of methanol to olefins, olefin cracking and catalytic
naphtha cracking.

5. The method of claim 1 wherein said catalyst retains at least 60% of catalytic
activity.

6. The method of claim 1 wherein said catalyst retains at least 95% of catalytic
activity.

7. A reaction zone for use of an acidic catalyst under reaction conditions including
operation of said reaction zone at temperatures from 350° to 650°C wherein said reaction zone
comprises at least one reactor and wherein said reactor surfaces comprise materials resistant to
loss of catalyst contaminants selected from the group consisting of silicon, phosphorus, alkali
metals and alkali earth metals.

8. The reaction zone of claim 7 wherein said material leaches less than 20,000 ppm
silicon, less than 1,000 ppm phosphorus, less than 1,000 ppm sodium, less than 500 ppm
magnesium and less than 500 ppm calcium when said material is subjected to steaming at
650°C, 0 kPa, 100 g/hr water addition, 250 cc/min nitrogen for 100 hours.

9. The reaction zone of claim 7 wherein said material leaches less than 1,000 ppm
silicon, less than 10 ppm phosphorus, less than 10 ppm sodium, less than 5 ppm magnesium
and less than 5 ppm calcium when said material is subjected to steaming at 65 0°C, 0 kPa, 100
g/hr water addition, 250 cc/min nitrogen for 100 hours.

10. The reaction zone of claim 9 wherein said reaction zone contains ceramic materials

that are resistant to loss of said catalyst contaminants.
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