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PROCESS FOR THE CONVERSI ON OF ETHANE TO AROMVATI C
HYDROCARBONS Fi el d of the Invention The present

WO p00ene33en rel ates to a process for produci ng BEDISL00L034178

hydr ocar bons from et hane. More specifically, the
invention relates to a dehydroaronmatizati on process
for increasing the production of benzene and/or total
aromatics from et hane . Background of the Invention
There is appoopestesk gimebabyshest@geHd errubenzene whi ch

i s needed in the manuheaatiur eyokokeys@et rochem cal s
such as styrene, phenol, nylon and pol yurethanes ,

anong ot hers, GEneraIIy, benzene and ot her aromatic
Eyﬂﬁgééhﬁﬁﬁs_aﬂéﬂéﬁﬂhlned by separating a feedstock
f r actin@n pwhkeht i Sndrth dnn rall 9BY i €0 COPROWRLS, FSHCHr@ficing
reformates produced through a catal ytic reforn1h§ o

%, e

PSS ANATPYRBPYRS & TgAS BENARS - pribihic 6@°ChE b5y

iKHHHﬂ%%nC&@QKt@Q-@5Qﬁ%ﬁ%yd&&gﬂ%ﬁﬁ%héﬁﬂyﬁ%tbroess for
hydr ocar bons using a solvent extraction process. In an

IS 109 FBet PP qﬁ?ﬂm@ﬁlBeﬂéﬁﬁﬁuFWQﬁorbéﬁEéhea%ﬁﬁﬁtlcs
pthereargaati cs, various industrial and academ c
researchers have been working for several decades to

BrafduopndaPil Yae sl tiedcesses to make |i ght
ar omatGS QQeQdfgﬁﬁeéﬂ@dU%ﬂ%ba%yé 8@9%0§T%én£é&%nwhlch

cost - advant age araffin (G f eeds
Py inredsdt leathd y@%@%ﬂ%@dofok@f megcra)stﬁlemea{ﬂ#@nsuch as

é‘té}&aén!ey ceBhaL N M&P'a%‘dcpéﬁ%ké@na{%ser'a%'onéugt‘hé‘zss

and one or nore netal's” such as Pt,
anerald vpr behdena &iéh)@dtﬂ?@geﬁa@m@)wcf dmsﬂtm@ﬁrbgm are

S i SepPRLENt; T 186,870cHBLIINeS AnRERCESS AN 1n

aromatic compounds, such as reformates produced through a
catalytic reforming process and pyrolysis gasolines produced
through a naphtha cracking process, from non-aromatic
hydrocarbons using a solvent extraction process.

In an effort to meet growing world demand for benzene
and other aromatics, various industrial and academic
researchers have been working for several decades to develop
catalysts and processes to make light aromatics (benzene,
toluene, xylenes, or BTX) from cost-advantaged, light
paraffin (C;-C4;) feeds. Prior-art catalysts devised for this
application usually contain an acidic zeolite material such
as ZSM-5 and one or more metals such as Pt, Ga, Zn, Mo, etc.
to provide a dehydrogenation function. For example, U.S.
Patent 7,186,871 describes a process for lower alkane
aromatization utilizing a Pt/ZSM-5 catalyst. In this patent,
data are presented for propane aromatization over wvarious
Pt/ZSM-5 catalysts, with the results showing better activity
and selectivity to BTX as the Pt level of the catalyst is

increased from 0.06 to 0.33%wt. As another example, U.S.
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aromati zation utilizing a Pt/ZSM5 catalyst. In this
patent, data are presented for propane aronatization

W@®9/10891 ous Pt/ ZSM 5 catal ysts, with the resedT/ES2009/034178

showi ng better activity and selectivity to BTX as the

Pt level of the catalyst is increased fromO0.06 to
0.33%uv. A s another exanple, U S. Patent 4,350, 835

covers a process for producing aromatic conmpounds from
ei{hane-1Gesbas b ngbfaed aupirBge as Gao € YRR Ag ZeahddiL
catal yst which may be of the ZSM5 type. This latter
AIRHN It AE RBsE HPEtE THv8 t@A N e Bt BFt Y oF° e 2c SF af Y&ta y'd
¥ad 1y thet waen1 0s O5rant A%Wbe prefies afhy sbetpeen Bhs

and 5%v . Aromatization of ethane and other | ower

H W dfePaenF herFoRhahictaltly Favereddt Ohi ghe catalyst may
&e@%p%fe%%%ﬁ angls | ow proessur graed hout, addibbanoof and 52wt.
hydrogen to the feed. Unfortunately, these process
condiAfio8Rs L ar el At sof fe&'@éipébﬁédf%?h?radioét’eéaﬁil{%?s 1S
deacidabin@nadue to,d:mati angef c dnplesicall gngurdace

coke deposits ich block access to the active sites .
PoTS Sty "Ry BPBE ad B 190 Oés SY AECEpl ic aPohgedone

@PRIQRCNA 0T ediic NG, CRIaLY sbn@er { QIdmance 486! Fg ran1e
rates due to coking is to increase the catalyst netals

foadiang di RaApl e$ T craaatd vpiréadt @ue dst dormation of

hysdrogepati oplpr eakunOotchat ges COKEIPRACULSQEcess to the
nol ecul es on the surface. Another approach involves

d¢iclorperiaeron of additives such as phosphate or rare
ear t hg, %aH?dﬁﬁ}é‘Ec?casﬁlﬂofna%_%oé&éQiﬂ%{ 494 s.edyges coking

rates under reaction conditions. hese appr oaches are
approphi abterednc processdystenenfdgprfdexegdcoine rates due

§$0 Qﬁh@Dangocfﬂéﬁéggé Q%gscgggf§g{]ﬁ%$%l§v§6§8§n in an
catal yst particle residence tine in the reactor Jone
detamertor egenetrat faris i dgkeopemmofdn/fireps)ypi sf large coke

éjgéecf%}és‘é%' YohoPd @t east s5everal daysher Eh-EXANP! e,

involves incorporation of additives such as phosphate or rare
earths to moderate surface acidity and reduce coking rates
under reaction conditions. These approaches are appropriate
for processes featuring fixed or slowly-moving catalyst beds
wherein the average catalyst particle residence time in the
reactor zone between regenerations (coke burnoff steps) is
relatively long (at least several days). For example, see
U.S. Patents 4,855,522 and 5,026,937, which describe Z3SM-5-
type lower-alkane aromatization catalysts promoted with Ga
and additionally containing either a rare earth metal or a
phosporus-containing alumina, respectively.

Yet another approach to circumvent this problem is to
devise a lower alkane aromatization process in which the
catalyst spends a relatively short time (less than a day)
under reaction conditions before being subjected to coke

burnoff and/or other treatment(s) aimed at restoring all or
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U S. Patents 4,855,522 and 5,026,937, which describe
ZSM 5- type | ower-al kane aromati zati on catal ysts

wW@e@anos® wi th Ga and additional |y contai ni ng BCT/H8200%034178

rare earth netal or a phosporus-containing alum na,
respectively. Yet another approach to circunvent this
problemis to devise a | ower al kane aronati zation
process in which the catal yst spends a relatively

shed tost iche Ckegsndhantalday) sodefideachinoBzeeptd téOnsich
bef ore being subjected to coke burnoff and/or other
1 rleatarent tesyhai P $PBr PAGAATY RorSonglofedhiePrs

&iditahgcat abytde Actdivinkyy AEXAWIRRS SUER & least
process is one featuring two or nore parallel reactors

%t%aﬁltﬁﬁ pfietrortst %Féﬁé?? Jé%%’%ﬂefﬁtlﬁédét WY Haten

teast wenecr epst Orhof fldaReot-0k) cad al ustoleaenenat i1 @wer
any given tine, while the other reactor (s) is/are

prEcEs Siefd Pﬁ%e¥0%%?“%ﬂl%éﬁéoﬁe%%P@Hﬁﬁﬂ“sa etk at F@RRtics.

Londidd @RambPe MK e ANPNRLI68e s s AL el sexamplh eapfeguch
a process features a fluidized catal yst bed, in which

cattadi NPt Dpdr t i1 88l @y Ced et 8t dPyT wird <ot iPABotaPidly and

LeIvEeR 311 e, Z0NR WAeLE 25 QMBlZRl LeRnLAKES: ion
pl ace and a regeneration zone where the accunul at ed

evies irsabar Aed of feqame Teat arysent o'lrest 6he aeenuRtared
FOle ©XAmPlGeql S Al €Nk 29,003, 570 de3CS LBeS vy,  For

fluid-bed process for converting lower paraffin
ratces Ut 6 - aFaheitt ¢s 053REdUI denente s gr foptiinaed process

£t %&ﬁ%r@%é%&%&c%é f%lHrl‘RE@ dvQl ULAgAR; s,

relativel y short perio cat al yst exposure to .
r eactieomicendnt $ ofrsr b@tt\weﬁa eathly’%@mrf@ﬁfm@nce in a

.l ui e S i f.fer
e s e e o racesgss apr oh
¢¥Hﬂﬂuﬂ§ tongeaCEHmaMy@wieiposub%tWeqnaaa@hreagth@wation

é%em n%”SFBSE"‘?S”a rrel%%%%&' BO IS RAEM 3an qiffer from

I N process
those of flxed— or moving- bed processes which require longer

catalyst exposure time to reaction conditions between
regeneration treatments. Specifically, in processes
involving short catalyst exposure times, it is important that
the catalyst not exhibit excessive initial cracking or
hydrogenolysis activity which could convert too much of the
feedstock to undesirable, less-valuable byproducts such as
methane.

Certain metals such as Pt which are very suitable for
catalyzing the dehydrogenation reactions needed for
aromatization can also, under certain circumstances, display
undesirable hydrogenolysis activity that leads to excessive
production of methane from higher hydrocarbons. The
inclusion of a second, inert or less-active metal in a
catalyst composition to help suppress the hydrogenolysis

activity of the first, more-active metal is used in
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i nvol ving short catal yst exposure tines, it is
i nportant that the catal yst not exhibit excessive

WO pi0ovi1ed39zr acki ng or hydrogenol ysis activity w@ThS2009/034178

could convert too nuch of the feedstock to

undesirabl e, | ess-val uabl e byproducts such as net hane
Certain netals such as Pt which are very suitable

for catalyzing the dehydrogenation reactions needed

EQimearAt szalé oA talcs8apHiEer r&®tnding in which C.-Cy»

ci rcunst ances, displ ay undesirabl e hydrogenol ysis

Retq Wity ?Hﬁtn?@%RE?Q%§ é%@e%%?v%rﬁ%%dﬂb@FBHancrﬁﬁ@ﬂﬂﬂ?ds

&m{ndaﬂtgﬂ?gtsymp@far&@n@reabﬁmm&wI&&e@elaléegmdare
inert or [ess-active netal in_a catal yst conposition

T PIEIE Is P prelsE HORePRYE? e RIS RE - a&?ﬁ&@@ﬁcéFeQFﬂ? a
EdSityt 1 BDF £p1RG1d %fﬂ%ﬁlﬁﬂlg']&%\ﬂi\%@rdakﬂﬁ@l éccal ASCBl&ini in
catalytic naphtha reformng in |ch C5 2 paraffins
Hid afht hedes laré ednvils tidigvcs SsApotks(T- T
N%Edéﬂ%at@&y5d§ﬂﬂhb%€daﬁ§.ﬁﬂﬁﬂWHH89n£|de§ W@h@"'ﬁbﬁﬂk&n,
are supported on chlorlde-pronnted alumna. A's

Netdideated: i Wi CAVA) yt FeesrapiiRaYF et dring levi@wain Bt

Bt G thYr GrotA suEMEEL e | AnVQLUFEIS) £RAYESr 1sP6 Ghiong
t he Encycl opedi a of Cataly3|s (I. T . Horvath, ed.

PUBIL Sheachy JEmFWPeyn® 'So1id S FAR. l”Wﬁﬁ@%ewlt¢kﬁﬁe Pt to
ﬂ&ﬁﬁﬁyh ertBQ3) 5. sthese catabysts déﬂ%e%%&h% contail of
plus anot her ‘netal such™as Re (inh sulfided form or

Qﬁwaﬂﬁﬁﬁn@ebﬁ¢ﬁﬁ ferfiagten - these second netal s can
'nteﬁﬁﬁgem@ Ykéfg%dpﬁt9§nré5%éi s@¥dr§ﬁ$55y€@@ ®n chloride-
activity, thereby decreasing the rate of unwanted
wettivdee Bovmatd o reThedel PteRacsind Pt /Brxedabatly stegni-

r r t d
Ry o b en s (2o FopTiilat, el sl R dormers,
rﬂﬁpaqylbeﬁy(c&nﬂ|Uha@us¢omﬁﬂﬁuﬁhanﬁeﬁxﬁrnﬂt;mlzed for

FESRQCLL Vel ¥ng AN L DEL T SOOI L1 QDS A §.Q0LL B 28 Q% ons

between regeneration treatments. The average catalyst

particle residence time in the reaction zone between
regeneration treatments ranges from a few days in moving bed
reactors and up to 1 or 2 years in fixed bed reactors.
According to the article by Querini mentioned above, typical
Pt and Sn levels in Pt/Sn naphtha reforming catalysts are
0.3%wt each. Such catalysts, which usually lack a strongly
acidic zeolite component, do not work well for lower alkane
aromatization.

It would be advantageous to provide a light hydrocarbon
dehydroaromatization process which can be performed under
conditions thermodynamically favorable for light alkane
aromatization as described above, which provides for
relatively short catalyst exposure time to reaction
conditions, wherein the average catalyst particle residence

time in the reaction zone between regeneration treatments may
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relatively long catal yst exposure tinmes to reaction

condi ti ons between regeneration treatnents. The
war@pagsIrat al yst particle residence tinme in tPEr/US2009/034178

reacti on zone between regeneration treatnents ranges

froma few days in noving bed reactors and up to 1 or

2 years in fixed bed reactors . According to the

article by Querini nentioned above, typical Pt and Sn

beviedas ion 1PEéSendaphtitanietee sl ng Latialiystsdaped Or3 o
each. Such catal ysts, which usually |lack a strongly
H iTC"z 80 FY e T otietC, 2dBEAbt Tt 1wl Pefof{ ofwered Ped

24 Xang sar arBt i Zakioh thkt cwedl gsbecahrantagaous d®rimized
provide a |ight hydrocarbon dehydroaromati zation
ot SRS CWRFERS BRI b ferfoPRBAN tintdt ordgisFirgpgirable

pherdmdyragierl by davemabl e for 1ight al kane
aronatiz%tkon as descri bed above, which provides for

VE'AY st exposure tine to reaction

condittiicons e sWhEr S etN@nayeradge at Al sRakbkchfducing
residence time in the reaction zone between
egertercativVeROE? Bt Hent’s ChayBEPF+UMH 0. 1 second to 30

m nutes i Boathduigh zad hed,k eact ae Ok 21 &M on
hours up to a week in noving bed and fixed bed
¢EECYEITs FRERELT ntighiR afke Cent af iy st conposi BVoRA IS

aptiquzed  t Qe r eAUCE; 8%6e88hYBe | b Td Al PHAdugEi 08, Of i o

| ess-desirabl e byproducts such as nethane. Summary of

19 [undent repcThe! praasentonay ehs i wre fsrevildesramp? ocess
é&;orpfso%cmi@&@ Bhigt dydeecanbans, wy hscegpal ses:

(a) contacting ethane with a dehydroaromati zati on

et 3 el ywher b0 tdhe7 EChamed dortitlach i feMP4 hesaveragelyst
residence tinme of a given ethane nolecule in the
TE%Cti°0n9Zone under reaction conditions) is preferably
fromO.1 (1) 0.005 to 0.1 wt% (% by weight) platinum, basis

the metal, preferably 0.01 to 0.05% wt, most
preferably 0.02 to 0.05% wt,

(2) an amount of gallium which is equal to or
greater than the amount of the platinum,
preferably no more than 1 wt%, most preferably
no more than 0.5 wt%;

(3) 10 to 99.9 wt% of an aluminosilicate,
preferably a zeolite, basis the
aluminosilicate, preferably 30 to 99.9 wt%,
preferably selected from the group consisting
of ZSM-5, ZSM-11, 7ZSM-12, ZSM-23, or ZSM-35,
preferably converted to the H+ form,
preferably having a Si0,/Al1,05; molar ratio of
from 20:1 to 80:1, and

(4) a binder, preferably selected from silica,

alumina and mixtures thereof;
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seconds to 1 mnute, nost preferably 1 to 5 seconds,
preferably at 550 to 730 OC and 0.01 to 1.0 MPa, said

W@ 20001193392 conprising: (1) 0.005 to 0.1 wt % ( % BYT/US2009/034178

wei ght) platinum basis the netal, preferably 0.01 to
0.05% wt, nost preferably 0.02 to 0.05% wt, (2) an

anount of galliumwhich is equal to or greater than

the amount of the platinum preferably no nore than 1

W % @St cpreterah) o presact an- & S amt Und( 8¢pdPaitig and
99.9 wt% of an alum nosilicate, preferably a zeolite,
HGEHRE SFuRiFABEFHF dRfECFrePEPably 30 to 99.9 wt %

pr ef ergbl ypsebest B fdQRt-RBg Of O 1GONSIES hiyAgo§En; and
ZSM5, ZSM 1|, ZSM 12, ZSM 23, or.  ZSM 35, preferably
convei® edoPsi PhRl Hr T L pPefer dbIGF HaVPRGSatSi G 127 A

203 mlearcbatbd OfsdddMag0:dnb i 80:che dRAMOAY Beaction
bi nder, preferably selected fromsilica, alum na and
¥ S&UrSes CRABPRBY , (D) ZO8FPecPFrRgNIHe pr ddtetdet rom{h)

and sepanathngh arsh ¢ LGOVRE B8N Cote I AL particles and
hydr ocarbons; (c) optionally recovering nethane and

RRIrGgene-aaat{ H) I rsptiesaPryuF eey cling ce2isr vessel(s),

hydracarhonsg -t QOI(@bs)- m'E@/e fEERGEOr 5 Sﬁ’i%ie%mc@%¥199méc§e
one or nore reaction vessels, chanbers, or zones,

& rang@d thnPpaz &l ¢ lelPesis ) i nas et peky Ry Wilgi €Rtebdrttacied, or

betmeen thepeat al ¥sty paktbches aptbdihent, a fluidizeq-bed
et hane-contai ni ng feed occurs. The reactor vessel (S)

ehrafiser 16sysedr ZBme (I cray featrirenieed %@dméatlairg%ttﬁe

age catalyst particle residence time while maintaining
selectivity and conversion rate. The average catalyst
particle residence time is the average amount of time that a
catalyst particle is in the active reaction zone with ethane
between regenerations.

Catalysts of the present invention -- featuring lower
levels of a strong dehydrogenation metal (preferably Pt) with
a potentially strong cracking activity, complemented with
gallium, which has lesser dehydrogenation activity than Pt
but can also suppress undesired cracking reactions -- are
designed to limit initial cracking activity without
sacrificing the overall activity and aromatics selectivity
required for commercially-viable production rates of benzene
and other aromatics.

Detailed Description of the Invention

The present invention is a process for producing
aromatic hydrocarbons which comprises bringing a hydrocarbon
feedstock containing at least 50 percent by weight of ethane
or other C, hydrocarbons into contact with a
dehydroaromatization catalyst composition suitable for

promoting the reaction of ethane to aromatic hydrocarbons
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(i.e., with parallel beds), a slow y-noving catal yst
bed, or a fluidized bed, In a preferred enbodi nent, a

WO bawbdisel- bed reactor is used. The process i SPCT/US2009/034178

optim zed to mnimze the average catal yst particle
resi dence tinme while maintaining selectivity and
conversion rate. The average catal yst particle
residence tinme is the average anount of tine that a

Satiplstepachicle d S dpetAeuact by esdeact hapezang W th
et hane between regenerations. Catal ysts of the present

prrericon - 0. p eatarli g MPewer Theviel snasfy dlestrefgproducts of
dehydrogenati-opy, netal, (Rrefer ably. B, ttlallﬁene an

potentially strong cracking activity, conplenente
¥ tdnegal | i um whi ch has | esser dehydrogenati on

acti v Ly h&B?Q%ﬂb&% iy %8e§¥@c§!1f§r§aly%ge§££§9e,

cracking reactions -- are designe imt rnitial
eriackineg cachivityesitthiroeb fsacPréfeiaig whehovepradtity of
éﬁé'é@é&%tﬁ”g ?go e§%§a§%|?%gﬁvbt orfﬁy#eﬁggtf ércen of
commerci a Fy-V|a e production rates of benzené an
ot efecgisomaki osy . bdetcaidredeDesCrepiylemeof prhéerably 5 to

Ihvention The presept inventiop is a process for. ... .
%?ﬁ?h percent . e, feedsioc %@% ntain in addition up
produci ng-aromati C ydrocar ons cn conprises

tr 141giweg gat hydr ozar kon oteedstpek dontraihyidagcatbdeast

50 percent b¥ wel gglt %f 8et hane or. ot her C2 .

Ry 0CAr BoRS T RES tEitacdt SR PR™ & deHy ditoaPSRAE T34t on
St @l fist eeanpdss to O bableidoxl praoreicitagts here propane,
react.i on of etgane t.o %r %g%ti (o dr ocar bonssuc

h as

Betee at “a t enber diie Of “550 16 730 0¢candoaione  The
Yy @ssiar®oal f0e®itddak br@ fWPabl Fheoprdinar yptdesks€d60 percent
groduc%‘ of éh%ép ocesa of this inv%nti on are benzegg,

bI'eE tafid Xy e S TRET hy dPOEamB6ns P Y hg” f'éedst ok
et ehaseght. The reaction feed is often referred to
herein as ethane for convenience but it is meant to include
all of the other hydrocarbon materials referred to above if
it is necessary or desired for them to be present.

In a preferred embodiment, the reactor comprises a zone,
vessel, or chamber containing catalyst particles through
which the ethane-containing feed flows and the reaction takes
place. The reactor system may involve a fixed, moving, or
fluidized catalyst bed. The reaction products then flow out
of the bed and are collected. The reaction products are then
separated and Cg+ aromatic hydrocarbons are recovered.
Optionally, methane and hydrogen are recovered and optionally
the C,_5 hydrocarbons are recycled to step (a).

A fixed bed reactor is a reactor in which the catalyst
remains stationary in the reactor and the catalyst particles
are arranged in a vessel, generally a vertical cylinder, with
the reactants and products passing through the stationary

bed. In a fixed bed reactor the catalyst particles are held



10

15

20

25

30

ethyl ene or m xtures thereof. Preferably, the mgjority
of the feedstock is ethane and fromO to 20 wei ght

W@ereaem3Inf the feedstock nmay be conprised of PCHYSMN®()34178

preferably 5 to 10 wei ght percent. The feedstock may
contain in addition up to 40 wei ght percent of other
open chai n hydrocarbons containi ng between 3 and 8
carbon atons as coreactants . Specific exanpl es of

s addishional n€omeact ants aEgodrtopane, rPrePYHeNerence
n- but ane |sobutane n- but enes and i sobut ene, The
hAlocarben  f 28Ust Bt K SFerer BBY yPT ot e Paf 1 F edstalgp Ped

@eﬁ@eﬁt—tl@)éew@tgmumeopzuwdhegar&%ng@oE@u@aeéf;eraabl y
at |least 70 Eercent té% 5 ght. The reaction feed is
AD4S

HHadr tler BRFed e Her rBe haltfRA 't GEGRIBNI BT but

bind S meankehiopdaclidide Rkl 208 L1, otdrer Bydrgcas bonkea
materials referred to above if it is necessary or

RS HEG TPEP - t hehrtd N5¢! presents e dsr exepteant gas

eybodi Rk act ey I eanlors ;&@APHE §e5c A ZANRONYESSEL i may
chanber contalnlng catal yst particles throu whi ch

e Wehatel eoht ai M grPegeder Fowrd diffist hé Féageremt zones

éém%tpla%@eagbeoﬂeeaé‘eto%a%y@g em My 1V Qlyeaa: bh Xgthe r
movi ng, or fluidized catal yst bed. The reaction

MBHUSs CPRERTF Pt Butl cofthehea bebly Bnd-her eteer| ked 69, 1s

ﬂ@ﬁquggghggapégducts are then separated and C6+
aromati ¢ hydrocarbons are recovered. Optionally,

net harie 2anfdvhydrioterradied viceeover @b andreptronafise s Hée
e udnacarbons & eargoughed 40 BLaRiCE) cnofr TideMhive

IS a reactor e catal yst remal ns
& Httiionar \1}0| An¢ hangtgeat.or Taﬁdbeﬁen@msalwéh paspect e the

]ﬁ Q; %ﬂgegeﬁgeﬁ %@%ﬁﬁlh 9%n§£a%$§t ﬂ%%rtl%ﬁé reactants
cy e ng

reactants and products passi
m&yough ttheostlat flomamededthl poaufiocrdd lbednreactorenther

éé%{?ﬁfyw pa%ﬁ%%lﬁﬁ%lx% Q%ldgpegégﬁgi%Q%edo @9& ﬁgQg%g bed

respect (éd T ef er ence
offers the ability to withdraw catalyst particles

continuously or intermittently so they can be regenerated
outside the reactor and reintroduced into the circuit later
on. Thus, there is an advantage to using a moving bed when
the catalyst has a short active life and can be continuously
regenerated. A moving bed reactor may consist of at least
one tray as well as supporting means for one or more catalyst
beds. The supporting means may be permeable to gas and
impermeable to catalyst particles.

A fluidized bed reactor is a type of reactor that may be
used to carry out a variety of multiphase chemical reactions.
In this type of a reactor, a gas is passed through the
particulate catalyst at high enough velocities to suspend the
solid and cause it to behave as though it were a fluid. The
catalyst particles may be supported by a porous plate. The
gas may be forced through the porous plate up through the
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frame. The fixed bed reactor may be an adi abatic
single bed, a nulti-tube surrounded with heat exchange

WO kaopdoBp2 an adi abatic multi-bed w th internal PCBES2009/034178

exchange, anong others. Fixed bed reactors are al so
referred to as packed bed reactors . Fi xed bed

reactors provi de excellent gas solids contacting. The

fi xed bed reactor configuration nmay include at | east

s sepacate1fi xed keds pasdiréiesentezones ssoidfate@in in
| east one bed can be in_active operation under

REHE i°6n FEENdAF T i S SthitNE VAR Bt al/tS thetBEhBRterial.

hed(rs) das beipditegenanatedscd) ehddigobedegatad WrL
reactor, gravity causes the catalyst particles to flow
W 9% "PEFRt APA] %@“{%éifr thel At Pve Posilta 6RLED dheenough to

e cnkhge begh v es,Wisbh i fegpect 410 tbeawelt ofid he
vessel in which it is contained. The reactants may

WS T ShghcPrie e ®@fnittR EB2tireermed dsGrfefeurfieaitd and

&1 ar esshihaWauBh ugh fd QW g ithecprefar redpapdeny The: or
nmovi ng bed offers the ability to wthdraw catal yst

TRl ol @s TaBRtE FRAOUEY T6RCEAE ef fri RERILPIs §OF hese cigh the

pe-degenerahed,ouisidedt he peacifds and Aehnbkpduced
into the circuit later on. Thus, there is an advant age

poisi ngraf v PRt twien It pdiert alarst thasahi sher tto

asdiMe lkinbe and can be conti puous! v Siegenerat edv o At
novi ng bed reactor may consist of at |east one tray as

Iediesadhsupperting rreens 1fbr Coner orcore peatarystabeds
sedd1B SUPRAELL PO TBANS, IRY bE @ff@gae%l%a?tgidgeéf%é% being

I nperneabl e to catal yst particles. ‘A fluidized
reactled ite aheyperdfionegoner that may be used to carry

ot Appast s o sseghom el gachl nseonld co -
minute. The ethane contact time is the average amount of
time that one molecule of the ethane feed is in the reaction
zone. The preferred ethane contact time is from 1 to 5
seconds. Longer ethane contact times are less desirable
because they tend to allow for secondary reactions that lead
to less-desirable byproducts such as methane and reduce
selectivity to benzene and/or total aromatics.

The catalyst comprises from 0.005 to 0.1 wt® platinum,
basis the metal. The platinum is highly active in terms of
catalyzing the dehydrocaromatization reaction and it is best
if its concentration in the catalyst not be more than 0.1 wt3
because otherwise too much methane will be produced. 1In one
embodiment from 0.01 to 0.05 wt% platinum is used, preferably
from 0.02 to 0.05 wt® of platinum is used. High performance
is thus obtained with relatively low amounts of metals in the
catalyst.

A second metal, namely gallium (Ga), is an essential

component of the catalyst of the present invention. The Ga
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particul ate catal yst at high enough velocities to

suspend the solid and cause it to behave as though it
wowere/166392 ui d. The catal yst particles nay be se@EpU£1002034178

by a porous plate. The gas may be forced through the

porous plate up through thesolid material. At |ower

gas velocities the solids remain in place as the gas

passes through the voids in the material. A s the gas

velcitloy suppik8€s easedi rbhecr eacd Dft feachesithewst @ge eads

where the force of the fluid on the solids is _enough .

O B BACEUERECIT ghite ot VERBARbE i TBF e er Pdpraﬂﬂc%’og\?@dlng

tdhisn veleehtiethei coptientsvot yt he vaaeer sheditbegi n to
expand and sw rl around much Flke an %%étated tank or

PO HG SpoEt CoPU et I SSAVELY] HPPRY el Hheabrbrli sevel of

orrefrr edvh ki sed A tREgSERbal AR, I ORcbecRiSSrddent
provides uniformparticle mxing, uniformtenperature

HrEditénts ARE PRRIHEDIAS OF t BY opetdtie tiffe theaebR YT a

EABdNHaUs shatse dpricababysyrdgaveshe cheaghb@ or pt,
zone wWith the reaction products and is separated

b fPenTER2 br dek (W hETPegeRer atetl TseFolt8aBet ngt® of

seoyGhedhal,Ont hesseactd Qe zaney Jhensthangncontagts e
may range from 0.1 second to m nute. The et hane

Rigtteacl i Ae PR He ey &r-agetanobmtussidti ne that one

ol eaylee gt 4§ per eélr@]%oﬁn?§QS.é§ Fhod e rt%a@bi.tgnwg%)r@f one

The preferred ethane contact tine is from1l to 5

SlecBITds A 1uBhge? 1 etdrdite "e6ATaet St i st @ livedsom 30 to 99.9
desi nahl;g @ﬁgaéllflﬁnitr!}?s)ﬁlti%gget(g) al l aw 1.9t,,$86000AL Y e

reactions that lead to | ess-desirable byproducts such
rise fipstalpdve hand ¢ eduiclecseldéoki g t L urp ryen zepex afel/rorlar

: I 65.. The, cataly i f.r.o .
T Tar R Bt o TRe mef AT e R T g 2oLy
be greol igesi evimg t8ramdlEaf ocatldl yizywey stthr@cture and may be

slghvdr oagogat zat] On JeAchi gp and 44 1 §ReSkorite or
zeolite mixture is preferably converted to H® form to provide
sufficient acidity to help catalyze the dehydroaromatization
reaction. This can be accomplished by calcining the ammonium
form of the zeolite in air at a temperature of at least
400°C.

The binder material serves the purpose of holding
invidivual zeolite crystal particles together to maintain an
overall catalyst particle size in the optimal range for
fluidized-bed operation or to prevent excessive pressure drop
in fixed or moving bed operation. The binder may be selected
from the group consisting of alumina, silica, silica/alumina,
various clay materials such as kaolin, or mixtures thereof.
Preferably, amorphous inorganic oxides of gamma alumina,
silica, silica/alumina or a mixture thereof may be included.
Most preferably, alumina and/or silica are used as the binder

material.
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if its concentration in the catalyst not be nore than
0.1 wt % because ot herw se too nuch nethane wll be

wee@daess2 I n one enbodi ment from 0.01 to 0. O5PEE/¥82009/034178

platinumis used, preferably fromO0.02 to 0.05 wt % of
platinumis used. Hi gh performance is thus obtained

wth relatively | ow anobunts of netals in the catal yst

. A second netal, nanely gallium (&) , is an

essent ipabteaponeMtaiofi nigher¢at al ysie efluki@opl es€dite, such

i nvention. The Gahel ps to suppress undesirabl e
%Satzaﬁb@ﬁ'cmﬁbft Pei %%P’Wﬂs&ﬁeﬁe%sﬁ??%%%r%&uéi?%%ﬁ%?lllcate

t@ssrivalnyabhe aetdiang bypr educton | BadINRY fh-@malork,
i nprovenent in selectivity to benzene and tot al

WRATATES Wi ROUT Xe&dSi eIy Batpeifiatg #RE fopalcaloining

tevel1afinethanes convemnsi a1k uArMRLIIGS PEOdHEEH Oy the
For the present invention, the anmount of by

Ga,
RGO CPAUERe SHEHY SIE108nPBos] ﬁwt@v%éléqwatht PTor

great ehot Banit hen ammtLehuRl, Basigede meYabe dduoney
enbodi nent no nore than 1 wt% of gallium my be used.

PrefETEBRY Y n b ot d19HEs! @05 Mg ngroxat ageefer abFy no

fore-han Qn@lM@ﬁﬁg f%dé%g@raghgnC§hﬁJM§k ah8Qinosilicate
conprises from 10 wt % of one or nore

Hranaeed Preate w%ﬁlalssmtb@@%%mm VUEERI8DT t 5019, 9
@ﬁc@aﬁ%@sh%tghgnaéiggéayﬂs&hgﬁ5§1£éa Crigy%l framework, or

al um nosilicates preferably have a si'licon dioxide
vl ludsndm VEFexi el nisleagnataeh onefhddomn2@nt 0 80hothe

@lﬂ'ﬂe%oﬁw Leat &5 mayrr eherably Zg%‘i'liihﬁsm'&g%é‘%&&é% by
VFI MEL type structure and may be ZSM 5, ZSM 8,
tZTSMSame 21 pforergSe350dFhe zeolite or zeolite

m Xt ure | rBEéiﬁé@bér&bo‘a‘lF&éﬁEt §d Ek?e "p”ﬁqes%@ t QoL fe

suf fici en acidity to he catal y
denyrar d&edﬁatezratlsomrrte—r@dvp@ﬂ lrm sthranlebgdroaromatization

zeéﬁ%ﬁllsggg P¥e§§gf%£% @%ekhgoﬁggnqnégﬂé%g%gkgfwE@@ the

inair a erature of "at
catalyst particles for the prescribed period of time. The

reaction products leave the reactor and are transferred into
a separator. The separator removes the aromatic products and
the principal byproducts, methane and hydrogen, which
preferably may be recovered, and also removes C,_5 byproducts
and unreacted ethane which optionally may be recycled to the

dehydroaromatization reactor.

EXAMPLES

The following example is illustrative only and is not
intended to limit the scope of the invention.
Example 1

Catalysts A through H were prepared on samples of an
extrudate material containing 80%wt of CBV 3014E ZSM-5 zeolite
(30:1 molar Si0,:Al1,0;3 ratio, available from Zeolyst

International) and 20%wt of alumina binder. The extrudate

11
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400 0OC . The binder material serves the purpose of
hol di ng i nvidivual zeolite crystal particles together

W@ 20008033920 n an overall catalyst particle sizeP@HUS1989/034178

opti mal range for fluidized-bed operation or to
prevent excessive pressure drop in fixed or noving bed
operation. The binder nmay be selected fromthe group
consisting of alumina, silica, silicalalumna, various

sdrgyl cxatrert at sl Swel as kaoldpoon2 mMoktdr esméhereefidual
Pref erably, anorphous inorganic oxides of gamma
B} FAUTE, PEHPT @ USPI iR af A AMShaPeRPE i b ur e t her eof

my betiangl weed.adast + paederablsy, gabdndAa1@8d6erthe above
silica_are used as the binder material .A platinum

COMAiPAPRGN & rYFStaIoPF APl Uinisto SPIPERE R 2ORERPESA ZSMmEUnt S

&@%ﬁﬂ%k5¥81@@§h%8@fbyeﬁfégﬁﬂﬂnﬁgplQﬁhﬁﬂﬂ“ﬂlﬁgﬁté|&@ie
contalnln the al um numand silicon in the franmework,

HFePOSTHTRG) phetiatem Shl ¢ el P BT Hikeatd tande terFed

wRl Gl Riong {heur@l unisRosh ki cater Thergrl ldHemopays al sarhe
added by the same procedure, either prior to,

i neaReodd ylmrﬁﬁnaé%n%fft@r ekhEUARER tiigh 6Ris solution
éﬂ,QRkﬂP@bmﬂ@%&ﬂﬂ?@ahﬁdngymégiﬁ@équpga%éﬂEé CORPAEYnated

known nethod for adding netals to such structures
$HEGE HETF mIADGratPeOR TeiRereReral ted osi hpeas eand then

drampwork,d ﬂqg:qbbaﬁal synthesis, or subsequent ion
exchange in an al ready-synt hesi zed crystal

fr aw@xmﬁﬁte@ml%emhewl@yiw icvds IR hpr ey ranitent et hothsh
&ﬁ% o th iolel egdai ri | ati

gal | Wgﬁ%1n%y9%ﬁﬂ§k £d€ 3 ?ﬂghggﬁe %? %ﬁuﬂé%gngyg% ods
dmnive pféf eesethadnivodeent tof rehéeprasers ionveatitorpran LOI)

%%ﬂ%%ﬁggg?dsifﬁﬁ%ﬁniﬁaEQtéﬁqﬂﬁﬁ$HgP% ég%round atalyst

romati zati on reactor. treamt
comeEstiedt by cleht actrcant vt heras digested using closed vessel

microwave acid digestion involving nitric, hydrochloric, and
hydrofluoric acids. The solution was diluted to a known
volume with deionized water and then analyzed for the
indicated metals by directly coupled plasma emission analysis.
Results are reported as ppmw or weight percent based on the
weight of the 550°C-calcined catalyst sample.

Catalysts made on the ZSM-5/alumina extrudate were tested

7

“as is,” without crushing. For each performance test, a 15-cc
charge of catalyst was loaded into a guartz tube (1.40 cm
i.d.) and positioned in a three-zone furnace connected to an
automated gas flow system.

Prior to performance testing, all catalyst charges were
pretreated in situ at atmospheric pressure as follows:

(a) calcination with air at 60 liters per hour (L/hr),

during which the reactor wall temperature was

increased from 25 to 510°C in 12 hrs, held at 510°C

12
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catal yst particles for the prescribed period of tine.
The reaction products | eave the reactor and are

wo e@pl6B9red into a separator. The separator rRODUSRN09/034178

the aromatic products and the principal byproducts,
nmet hane and hydrogen, which preferably may be
recovered, and al so renoves C2-5 byproducts and
unreact ed et hane which optionally may be recycled to

the dehydrear pratiz3t ikaanr eaciier. i EXAMALS fThe 510 to
following exanple is illustrative on}% and i s not

|
i nt ended ©8915 it 1t e’ sidipe 619t Ak iV ENEPONY B &I €

1 Cat@)yshstAoddd pHghecHanes® mrepacedor.sampl s, 0f an
extrudate material containing 80%u of CBV 3014E ZSM 5

zeol i 48 (3694CHEIAMISqRYIPIPCSE PaL 1O avall @bl 30
from Zeol yst,_ I nternational) and 20%w of al um na
bi nder. The extrudatesanples were calcined in air up

to 428Cthe PedmVe fresPaRRFeadIeStur £00T i9Phape 887 s
cat st apsepay at/inen. M s welhel deposid ed19R; Zp-alv) ,
y

gram sanpl es of the above ZSM 5/ al um na extrudate b
FincFehesnbi TR SAFEr opt Hat'@caksant 3T dfalst 6errsHt titicons

Rfi drelinaammi nesokat i pumnichi ake; and- galkh bimddddy) was
nitrate, diluting this mxture wth deionized water to

sarpgiegnenf usta lsire Bedt Qo ifiel Pas heh pRsdeJepPE hesystem

& ridates and, MRLegpakidg Je  8xfr udale Wbk Nod i ition
solution at room tenperature and atnospheric pressure.

datpr sfhatedd stmyl eSewere dyediaaboreomd empéraiar elifidial
@E}%A%"%ﬁv?ﬁgiéd“%%ddﬁwgo Vr%rol%' ghtgats 1Q9QC: s IO cc were

det erm ne e platinumand gallTumcontents of eac

catraltesit aceosdimyl éoothe heoldawahystomaslasdl ci ned at 550
0C t %t%h%ﬁa‘?f;v‘feﬁs‘i%&a?“%' —MiSturgoho_render. 3,08 Yheiet

i gnition
stream)/ (3wt ethane in feed)

selectivity to hydrocarbon product Y (other than ethane)
= 100 x (moles of carbon in amount of product Y
generated)/ (moles of carbon in amount of ethane reacted)

For purposes of the selectivity calculation, Co, aromatics were
assumed to have an average molecular formula of CjpHg
(naphthalene) .

The analyzed platinum and gallium levels and initial
aromatization performance data for Catalysts A-H, prepared and
tested as described above, are presented in Table 1. The data
in Table 1 indicate that the low-Pt/Ga/ZSM-5 catalysts B
through F of the present invention provide better initial
suppression of methane production and higher selectivity to
benzene and total aromatics under ethane aromatization
conditions than catalysts A, G, and H, in which the Pt and/or

Ga levels fall outside the ranges of the present invention.

13



percentage. A known nass of the untreated ground

catal yst, corrected by LO percentage, was di gested
waigimgoshnsed vessel mcrowave aci d di gesti on PCWUB20091084178

nitric, hydrochloric, and hydrofluoric acids . The

solution was diluted to a known vol une with deioni zed

wat er and then anal yzed for the indicated netals by

di rectly coupled plas em ssign analysis. Results are
reported aﬁhppm or webght  pelr cent Jaaug, 2dlgn the wei ght
of the,550¢s¢cal<| ned ¢&ta rys?_ cgaiplie)w | ysts made
on the [ZSM|5al®mi na eXtsudpt|e weitete "as is,"
wi t hout| dr ushi ngl |For |each per flormancg t, a 15-cc
charge |of|_g¢atal yst| wag | oaded iinto|alq z tube (1.40
cmi.d,)) |&nd|pos| tii oned | & e po teke zBen ur nace
conneCt|ed 10| am aut onatied gps| S|l ow|sY.S Prior to
per f of mar|Ce~t est) ng, al'l caf al yst “¢har wer e
pretreatgd(in sifu at |af mpSpher(i¢ pr e as follows:
(a) calci|fatiiofzwith eu{rﬁﬁ ﬁ@algiﬁeg%\o hour (L/hr)
, durifng [®Pch|the reaet ar™Wal'l| temerptlurle was
i ncr easedf|Pom2b (to FTOOC | H A2 |ts| held at 5100CF or
4- 8 hfs,—then—iurtherrinetepased—f+rom-5t0—+o 6300C in 1
hr, then b?ehd ab | 6300¢ Zoofg@?{g)qnu% &gq; Slict|r ogen pur ge
at 60|y HE|<6300C [f or | 207w |o(|©) “n8dactian with
hydr ogen |at{S60|&f hr, 6308C- fore|80mmhm | S8 | the end of
the pretrleatment| [100% et hapel fleed |was| ilntir oduced at
15 L/ r 000 s |hour spacle (vel.ogl ty-|GHS ,
A )Orp 0| (C)mow
at nospher|f¢opr essur e, Wil [ LSS | Fesct ap Al
t enper at yrg_majat ai ned—at rGSQIQCc; OO'I'ﬁan'tué | reactor
out | et |stir eam was sanprea ahd anaﬂ ed| by |an onli ne
gas chromatgqr aphy system two m nut es af ter et hane
feed add|§2r1. ‘Basied o0& | cEpPOEl|El|eno |2 2|o
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data obtained fromthe gas chromat ographi c anal ysi s,
initial ethane conversion and hydrocarbon product

W@ 2000003393 t i es were conputed according to the PCI/USU0910E4178

formul as: ethane conversion, %= 100 x (100 - % w
ethane in outlet stream) / (% ethane in feed)

sel ectivity to hydrocarbon product Y (other than

et hane) = 100 x (noles of carbon in anmount of product
Y generated) / (noles ofc capbonvisy anount of ethane
react ed) For purposes of the selectivity calcul ation,
CO9+ aromatics were assuned to have an average

10l eeulab Bl MEb A Ofodadi@H8atoapht hal eNRe)karbdhe which

anal yzed platinumand galliumlevels and initial
HGHESCZat i on performance data for Catal ysts A-H,

pr epar8d apd:-Lest eae%aql%s%ﬁ'ti@eg 200 0a@bRa Pl £sented
in Table 1 . The data in Table 1 indicate that the

t OIS CGHPZSM SOt IdI9PSt s B through F of the present

i nventi on (py ov deppatd er. 1i piti gl 2 SURPT,e$898 Ofic metal,
met hane production and hi gher selectivity to benzene
and total (&onafi¥FCWdEE efhahe" HDirdt itPaPFogreater, by

condi tions thap. tatal ¥$k$ Ane SGroudN® Hinel B1 3P| Sl t he
Pt and/or Ga levels fall outside the ranges of the

present inventPeRicrzblle I Lope|thay § wti, bAsp odess

for producing gromgtic hydrocarbons which conprises :

(a) contacting ethane with a dehydroaromati zati on

cat al yst VA chl@ompri%sésvis(ef @& oo8migogiliapts, and
platinum Bbasis gthe;etal, (2) an amount of gallium

equal to or greater, by weight, than the anount of the

pl ati@um cpitéterabl ycheo prrodect hafirdn wiadg abdspspaheiing and

recovering Cg¢ aromatic hydrocarbons,
(c) optionally recovering methane and hydrogen; and

(d) optionally recycling C;.s hydrocarbons to (a).
2. The process of claim 1 wherein the reactor comprises a
bed of catalyst particles and the ethane flows through the

bed.

3. The process of claim 2 wherein the reactor is selected

from fixed bed, moving bed, and fluidized bed reactors.

4. The process of claim 1 wherein the ethane contact time

is from 0.1 seconds to 1 minute.

5. The process of claim 1 wherein the reaction is carried

out at from 550 to 730°C and from 0.01 to 1.0 MPa.

6. The process of claim 1 wherein the amount of platinum is

from 0.01 to 0.05 wt%, basis the metal.
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metal; (3) 10 to 99.9 wt% of an alum nosilicate, and
(4) a binder; (b) collecting the products from (a) and

waepanetsdng and recovering C6+ aromati ¢ hydr ocBeTUR09/034178

(c) optionally recovering nmethane and hydrogen; and
(d) optionally recycling C2-5 hydrocarbons to (a) . 2
The process of claim1 wherein the reactor conprises
a bed of catalyst particles and the ethane fl ows
through the bed. 3 . The process of claim2 wherein

the reactor is selected fromfixed bed, noving bed,
and fIGi 8F2e8S Hedft reactionts ﬂrelﬁﬂgmbﬁﬁ€é§§56fC%WQﬁ%ﬁ?P no

el eimant besefhangr cpntiaeh, t ba®i d st @@@11 seconds to
1 mnute. 5. The process of claim1 wherein the

reaction is carried out at from550 to 7300C and from

9. 01 1R 1rB8cAPR. o6 c1akhe 1pREESSH OfnLlicihl whered n
the ambunt of platinumis from0.01 to 0.05 m% basis

thHevipesatl ivate The prdceds tof 921 aiii ™ wherein the

catal yst conprises no nore than 0.5 wt% of gal lium

basis the nmetal. 8 . The process of claim1l wherein

Yhe dWSURECEESE Hef AllaHmdsihPEate T frlgminest blono has a

¥!L@con9le%BQep&fﬁﬁﬁﬁ%np%rgbﬁhﬁé]m3WH¥'%b%l%hgf from 20 to
alum nosilicate has a silicon dioxide :alumnum

§¢ioxide molar ratio of from20 to 80. 10. The process
of claim1l wherein the alumnosilicate is a zeolite,
preferably converted to the H+ form 11. The process

ot - clldienprocaperef reltdia Zeghpreln sthseledemédofrbhsdlire 1s a

QLOUR LORSLSLENG PTc AMPealBWH e £SM 12, ZSM 23,

11. The process of claim 10 wherein the zeolite is selected
from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-23,
and ZSM-35.

12. A catalyst comprising:

(a) 0.005 to 0.1 wt® platinum, basis the metal,

(b) an amount of gallium equal to or greater, by
weight, than the amount of the platinum, preferably
no more than 1 wt%;

(c) 10 to 99.9wt% of an aluminosilicate, and

(d) a binder.

13. The catalyst of claim 12 wherein the amount of platinum

is from 0.01 to 0.05 wt$%.

14. The catalyst of claim 12 wherein the catalyst comprises

an amount of gallium of no more than 0.5 wt%.
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and ZSM 35. 12. A catalyst conprising: (a) 0.005 to

0.1 wt% platinum basis the netal, (b) an anobunt of
w@adoviresspequal to or greater, by weight, than PEEUS2009/034178

amount of the platinum preferably no nore than 1 wt%

(c) 10 to 99. 9wt % of an alum nosilicate, and (d) a

bi nder. 13. The catal yst of claim 12 wherein the

amount of platinumis from0.01 to 0.05 wt% . 14. The

Tat alyst cataclat M2 1eher ebnwhdee Cataley stoGaAPs T SEse an

amount of galliumof no nmore than 0.5 wt % .15, The .

THHAPSE LOFAER at Tn TPWREr éPnP he WnoumtedfreRey having a

& U R0SI bk€at €21 Enfl@Me300k 0399 M %atpbeber apby 20 to

havi ng a silicon dioxide :alumnumtrioxide nolar

§&t M9 SGf PERERT VLY PBEI RpSECPtEFerably being a

zeolite.
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