WD 2011/ 143306PCT/ US2011/ 036060 PROCESS FOR THE CONVERSI ON OF LOVNER ALKANES
TO AROVATI C HYDROCARBONS 5 Field of the Invention The present

i nvent i orwwoebat®s3obo a process for producing aromati ¢ hydrarsasbhos@eé r om

| ower al kanes. Background of the Invention There is a projected gl obal
shortage for benzene which 10 is needed in the manufacture of key
petrochem cals such as styrene henol , nyl on and pol yur et hanes, anong
bthers. Gener al I yROBERS CHERahAt o HRVERS Bt B Py BFBCALBBNSSarE obt ained by
separating a feedstock fracti®WMHii¢h B PRIEREN Sar omati ¢ conpounds, such
as reformates produced through a 15 catalytic reform ng process and

pyrol ysis gasolines produced through a naphtha cracking process, from

non- ab omatiied chydr gd@r Honsnisiong a sol vent extraction process. In an effort
to nmeet grow wor | d demand faqr, key petrochem cal s, various industrial and
acadeni c rese &S 50 thav e Ve WHKIHG T &° Sevdrsi® Sdedade £ 16 EVE op
cat al yst s, it tRI0¢esSeS dr® IMmK & ddnghtowairomatd 6% s benzene, tol uene, xyl enes
(BTX) from cost-advantaged, |ight paraffin (Cl-C4) feeds. Catal ysts devised
for this Ry ) ~ el |y ViEdntlgitn a crystal line alumnosilicate
(zeolitic) materjal :25.s r r tal uch. . Pt, G,
Zn, Mo, etc. It;%lelﬁ)[raeovll?sdéa1 %@%&ﬁ?ggﬁgﬁ%&%ﬁﬁ%ﬁﬁ.%ronegl'tzi%zlrl}tﬁgﬁo et hane
and dbOherid owerdeal kaneshd snarheramdyranifcaldy deavarcddratc dlisgls ucgimeer at ur e
and | ow pressure wi thout addition of hydrogen to the feed. Unfortunately,

these pro¢ed€Tso SOt ony & 281% & Favgran e Sor FUpicd CatH1Sy st

deact i vatdeQn rdue t,0 Jormid emofo tindesidabla suface ok depesits which
bl ock access to the active sites of the catalyst. One approach to

ci rcunverPHHined api ¢ deacttivat icorf qndstlosth ifs ad ideyide A [iewert cdl Kane
aronat'Z%&%%%tﬂkp%%%%ounds, such as reformates produced through a

15 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 key
petrochemicals, various industrial and academic researchers

20 have been working for several decades to develop catalysts
and processes to make light aromatics, benzene, toluene,
xylenes (BTX) from cost—-advantaged, light paraffin (Ci-Cy)
feeds. Catalysts devised for this application usually
contain a crystalline aluminosilicate (zeolitic) material

25 such as ZSM-5 and one or more metals such as Pt, Ga, Zn, Mo,
etc. to provide a dehydrogenation function. Aromatization of
ethane and other lower alkanes is thermodynamically favored
at high temperature and low pressure without addition of
hydrogen to the feed. Unfortunately, these process

30 conditions are also favorable for rapid catalyst deactivation
due to formation of undesirable surface coke deposits which
block access to the active sites of the catalyst.

One approach to circumvent this rapid deactivation
problem is to devise a lower alkane aromatization process

35 featuring one or more catalyst beds in which the catalyst



35 featuring one or nore catalyst beds in which the catalyst WO

2011/ 143306PCT/ US2011/ 036060 bed(s) are cycled rapidly and conti nuously

bet ween rwacbilom3mendi tions suitable for aromati zati on PoTisR@1pB@ee and
regeneration conditions suitable for renoving the accunul ated coke fromthe
catalyst to restore activity. 5Due to the highly endotherm c nature of the
al kane arogiati zation reaction,, S a need t intain a heat. bal ance

there |
bet ween t47¢ Fdadti YA & tia&‘?{ St8Ps O & Clsumrery 93F t he

I nventi ononldthe dnventi-on & elat es dnita fdxesh bed pnecess doramr omati zati on
of lower al kanes utilizing an al kane aronati zation catalyst diluted wth a

second, infeEnesElbii®mecadidlionFhe prtesdmt fiogy emnicon nealihs fasrcurpidiateg t he
need for Crgﬁ%t ft}%lmanc%ee, C%q%[cl%tte t@e%teﬁttro%%sfeclrt,iﬁr% satisfying 15 activity

requi renents, By I ncorporatirng a catalytically inactive solid with simlar
or inproved spee ficc treathiand yt kerdwlhegonductdtuirtey afeltatd wa damet he cat al yst
material in the catal yst bed. A process is provjded faor producing aronmatic

20 hydr ol&rB6is At EhT Coipriises: {Pa) oot ActiShg! &9 SR T Karve 'fedd with a

solid panrdiicial §anmt g NMYdRGAIRON LONVESSHON Galal o d B diiexed bed
reaction zone to produce aronmatic hydrocarbons and ot her products, whereby

the cat alopstle.s at | east partially deactivated by the formation of
undest ol 25 oo AePasli g () periodl cally regonerating the catal yst
the avher produe! s rarddidreactled dsower =alkanres beane(de Bpticgnal |y
recycling unreacted | ower al kanes to the reaction zone wherein the fixed
bed reactdtéWetgrrgtion of lower alkanes utilizing an alkane
aromatization catalyst diluted with a second, inert solid
material. The present invention calls for meeting the need
for heat balance, adequate heat transfer, and satisfying
15 activity requirements, by incorporating a catalytically
inactive so0lid with similar or improved specific heat and
thermal conductivity relative to the catalyst material in the
catalyst bed.
A process 1is provided for producing aromatic
20 hydrocarbons which comprises: (a) contacting a lower alkane
feed with a solid particulate aromatic hydrocarbon conversion
catalyst in a fixed bed reaction zone to produce aromatic
hydrocarbons and other products, whereby the catalyst is at
least partially deactivated by the formation of undesirable
25 coke deposits, (b) periodically regenerating the catalyst
under regeneration conditions, (c¢) separating aromatic
hydrocarbons from the other products and unreacted lower
alkanes, and (d) optionally recycling unreacted lower alkanes
to the reaction zone wherein the fixed bed reaction zone
30 additionally comprises a volume of a catalytically inactive
solid.
In one embodiment of the present invention, the specific

heat of the catalytically inactive solid is at least about



30 additionally conprises a volune of a catalytically inactive solid.

I n one enbodi nent of the present invention, the specific heat of the
catal yti cabI2g1/mma36i ve solid is at | east about WO PCT/US2011/036060

2011/ 143306PCT/ US2011/ 036060 0.2 Btu/(1b-R) (about 0.8 kJ/(kg-K)). In
anot her enbodi ment, the specific heat of the catalytically inactive solid

is from abaout O. 0.aboyt_ 0.4 Btu/(1h-R) (about 0.8 to about 1.7 kJ/(kg-K))
at the tngﬁerBé&”L{ﬁe1 (TngpgfaQPPBnE' " fi\P?t(E@—?éﬁgeréPu?EOB Sbperation" rel ates
to the changes that, My eeeW: ik speal fdc theat- wher dihe henperature i s

i ncreased fromanbient to the reaction tenperature (for exanple, the

speci fi ¢ Svdatd ofs DENSTENEOL 80 hdéc sdpspdr t0 rfedital /HelowR)s dlseputl. 0% at
anbi ent te ratur.e .an 18 N\t r f reacti t.enper at ure of
Eh S T Vet FoRe e Porpdta id ot o ae b e B G o200 1o
about 51000C, pizef emabltenfocomtabeuto 30 dratahout 850Cedmast trefedraaljas from
about 575 to about 750C., Brief description of the drawings 15Fig. 1 is a
f1ow di adgtdrh WRIYe R GAHuStY SRS 1 §68ds S e S S B5dicibTg & omat i cs

(benzene sand highers ONRLICS): fiomouer, alkanesndetailed Bescription of

the Invention The present invention is a process for producing 20 aromatic
hydr ocar lsaresnpdtsi, ¢ i heorpreicsids chiaadi g PEMNEAICOTEr Fon Hegle dsitraok tgenseiia | y

cont ai ni ng .at _l.east about 5510 ercent by wei ght .of |ower .al.kanes and a
catalyot o A a5 & G ot T BT A0t ol 1 Kanes

t 0 anomatrdaGdy drroGardhonrs SUCh asienzensd nifo teant aciveaait iad)enpemat ur e of
25 about 200 to about 1000C, preferably from about 300 to about 850C, nopst
pr ef er ablbPTGRAESUC B PP YrE tasdutl STRFe S&d 1o Fradssurd® Doft Calbdintito. 01 to

about 0. a,. The pri esire o] ts of . th gess of this
oventi o APeChes Sher P BT ubhE ar ORI ang. T30 TRE hy P dcar BBALE i n ¢ he
feedst ock, B A Nelude £INAN8: 575 to about 750°C.

Brief description of the drawings

15 Fig. 1 is a flow diagram which illustrates a process
scheme for producing aromatics (benzene and higher aromatics)
from lower alkanes.

Detailed Description of the Invention

The present invention is a process for producing
20 aromatic hydrocarbons which comprises bringing a hydrocarbon
feedstock generally containing at least about 50 percent by
weight of lower alkanes and a catalyst composition suitable
for promoting the reaction of lower alkanes to aromatic

hydrocarbons such as benzene into contact at a temperature of
25 about 200 to about 1000°C, preferably from about 300 to about

850°C, most preferably from about 575 to about 750°C and a
pressure of about 0.01 to about 0.5 MPa. The primary desired
products of the process of this invention are benzene,
toluene and xylene.

30 The hydrocarbons in the feedstock may include ethane,
propane, butane, and/or Cs, alkanes or any combination
thereof. Preferably, the majority of the feedstock is ethane

and propane. The feedstock may contain in addition other



propane, butane, and/or C5_, alkanes or any conbination thereof.
Preferably, the majority of the feedstock is ethane and propane. The

f eedst ockwoayiic@sioai n in addition other WD 2011/ 143306PCT/US3RADH3606B6060
open chai n hydrocarbons contai ning between 3 and 8 carbon atons as
coreactants. Specific exanples of such additional coreactants are

propyl ene, isobutane, n-butenes and |sobutene The droc rbon f eedst ock

pr ef er ablP ot s TS IERAD Sa bS50t 236! 5k &t By fC ERL

hydr ocar bans,s My e Preferably. atsdeeast: akounAQ dOQTfC%ndchb)édé\ﬁthanal

This invention relates to a processing schene for producing benzene (and

ot her ar GwESaEHRfIoMTE MOHEEY Jsower laidcart@nst,r damuMsnss ey cont al n C2, C3,
Ot and/ or; (Al kanesy, 1Q, [or. examl ¢.an shancl propans/ byl gne.rich stream
derived from natural gas, refl nery or p roc cal ans 1 nc ud| ng wast e

streafs. lexanples of SIDDtp%‘Itdeaiﬂ bysuidiaplte dfeed @&ry@amarmﬁnﬂje ndaet are not
limted to) residual ethane and propane from nat ur gas (et hane)

puri fi catiF it e e étthaifé S thrdiratte 215 PETE B & (al so known as

Natural Gas Liguidshcordirpducad s ad 'aqtﬂﬁfdc%%sll rahgas sjte, C2-05
streans from associ at ed gases co-produced with crude oil production,

unr eact edrethanad' W@sl@hest(rae@}mtffremnagtoe@mmsaclferosn aamrdXtehﬂe l©we@3

byproduct_.stream.from n: ht ha refor The r d IRy be
del i ber at ]1% A R T lCﬁhel ari vel' y 9 nerct2 ggée\? d/gs anroge"jnr1 [nd/ or

Wi t h1gar ifous d4aghtl hydr @QafabmqD@wr@r/bMttamdwdmw@a@ﬁ addivdav es-greeded
to inprove catal yst perfornmance. The al kane aronati zation reaction is
hi ghl y eRdStHermI® 25 Tatd Ye&quidre %4 Tt iafdu it teR e d C LA iR h

Lemper at s, W ALAM! igalion Lol fanid X deathivaledus dns

formati on of undesirable surface coké deposits which block access to the
active siitngd ugfe t(hmtcaatr@l ystt. l‘lihretreeﬂadiq Jorrezgmeid ln stthhergr coes o rofpartse

pr esent |g|vent| e ra 0 and onttl nuouslély cy Ied betvveen
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2011/ 143306PCT/ US2011/ 036060 process in the regeneration step is exothermc
and generdtcs’ideshtat |t Lilgyafieidt amtt Wivdt S@® &ddid i brirtm der extabffehed

betveen the gain and Joss of heat.Jdy the S eastion 8Y$heMuct s on,

unreacted ethane "waste" streams from steam crackers, and the
C1-C3 byproduct stream from naphtha reformers. The lower
20 alkane feed may be deliberately diluted with relatively inert
gases such as nitrogen and/or with various light hydrocarbons
and/or with low levels of additives needed to improve
catalyst performance.
The alkane aromatization reaction is highly endothermic
25 and requires a great amount of heat. At high temperatures,
the aromatization catalysts rapidly deactivate due to
formation of undesirable surface coke deposits which block
access to the active sites of the catalyst. The reaction
zone in the process of the present invention may be rapidly
30 and continuously cycled between reaction conditions and
regeneration conditions, to burn off or otherwise remove the

coke from the catalyst to restore its activity. Thus, the



5 i.e., a heat balance nust be established. In the present invention, this
is particularly inportant because of the endothermicity of the reaction
step, thewexotih@sivhcity of the regeneration step and thecCeasengios@ocheat
exchange systemthat would be required at both the reaction and
regeneration steps 10 if this heat bal ance is not established. A heat
bal ance coul d be established by maintaining a high inventory of solid

cat al yst P&AIGE &2 i T HEFREAT o s ydtTEin tﬁ@ﬁ%&ﬂ“& FECATSE SCa) the
excess ampunt. of catal yst solids may absorb the heat during coke burn in
the 15 regeneration section preventing the tenperature to rise to |levels
that coul d be Idetls remcaltarg tthe tc araleystl (1) ittye bex cedHatshssl | ds may

al so provi |1 .the t ssary r._the e therm.c re i.ons. However
the ar onéﬁeggqae%nor?h%at%%%stag%gﬁgS%;ﬁeffnglle\?tet gﬁldr{t%gekir}ﬁeﬁﬂthlog % ért%g[ldh woul d 20
dr amabi cal.ley. i recrease Hdiereestmoft tdee gutetdsished. InThéepresanint nventi on

provides a solution to the problem_of establishing heat bal ance in the

react i on SYSEmOAndtead 1of Aii g Ud A dige TRede S8 o PSSH Ay S pdrticl es, the

desired anpigihOnicalal ¥t fecessar Siolsddhe siee Ofodhe fieagtor, ang 25 the
anount of feed may be utilized. The catal yst particles may thén be diluted

by t he addigsremradfiopardtties enidofthe catrangiivealliopt mactiarges olvisd ewhitdtatwi | |
assist in transferring heat from.t regener.ation step to . the reaction step
o thout 0SS e AR aG & sy S o S0 2t GBS SO S o e mmas

of inert ipardhicd esato Hahenmss ohdthe seataligstecparticl es nmay be at | east
about 1:6 because less inert material than that would provide very little

val ue in terng OF¥EnRENCEF st I aifsfetaldemdred Y, e Patiig gy be WO
2011/ 1433?1(1%6%'\%%@011@/0%@0@%1%% r@éct%l%/%ta%‘iltti@ﬂes NQ, B{ L %}@’:itom S nmay

general ly be used because the amobunt of catal yst nay be i1 nadequate for the
react i on.syRrtefrer alilhyi,s twer Irdatvico kiméne dees sfer om)aliduet ekoksk taqcatnguto2. 5:1 to
achi eve goqd heat transfer and suffi (ﬁ'e}e/rﬁt reaction. est results

o

B
will be ifeved Wirern Théedaral St &l Ve 015 haddbait Tie same

or i nprovedirats tiransfit iRproReIdIes iR allev e dnpdrhe weat aloysti.seSpeci fic
heat capacity (also known sinply as specific heat) is an inportant 10

char act erlisstile fiorht ke dkbitse dsft nimerdatlaltat itdd 19 tiadactt vié)sdilied. | t
L5 PSS U8 SRR ) Al 0 ekl SR e v
(gr eat er thePregfdertatdrnynid heactions. However, the aromatization
catalysts are expensive and taking this approach would
20 dramatically increase the cost of the process.
The present invention provides a solution to the problem
of establishing heat balance in the reaction system. Instead
of using a large excess of catalyst particles, the desired
amount of catalyst necessary for the size of the reactor and
25 the amount of feed may be utilized. The catalyst particles
may then be diluted by the addition of particles of a
catalytically inactive solid which will assist in
transferring heat from the regeneration step to the reaction
step without using heat exchange systems for both steps.
30 The ratio of the mass of inert particles to the mass of
the catalyst particles may be at least about 1:6 because less
inert material than that would provide very little wvalue in

terms of enhanced heat transfer. Generally, the ratio may be



15 specific heat of the catalytically inactive solid particles nmay be at

| east about about 0.2 Btu/(1b-R) (0.8 kJ/(kg-K)) at the tenperature of
oper at i onworrig4pioef er ably from about 0.2 to about 0.4 BCW/US2HBI6066 r om
about 0.8 to about 1.7 kJ/(kg-K)), nost preferably from about 0.25 to about
0.35 20 Btu/lb/oR Btu/(1b-R) (from about 1.04 to about 1.5 kJ/(kgK) because

hi gher speci fuig& heat I’eSt;J.t in | ower anmpunt of, solids int system

ei ther cidcdl o Yvert-or y'°© A%E 1o 1¥&: erﬁgﬁ@e Care _
preferred ecause dheyar entdoge 4o dhatl oft hhe spperded catalast weed in
the 25 invention. | nproved results may be achieved 1f the thernal

char act errisstdtésrof  tHye featedl ytyi ddld y atigc tiave bsolfrgpmarcedumpriovied it

relation _to. th af .th t T atal yticall AY; lid may be
sel ected aTbroéltn% ?O%dﬂungongcq%%@i%}fooﬂ ?%r?&ar:t%c%laéyfge% aﬁ\{]l?falrél%&t)flxﬁc eesf)C al kal i ne
eart h5oxirdes;tilmakel ite, pyrex glass, linestone, gypsum silicon carbide,

and other refractory materials known to the practitioners of art and/or

conbi nat i ons tHeredtSS b d Wed LN DLV 3G PEH USSP PLY036G60 Ysuppor t

nedi a such, 25 iRENSTEONECH Led isupporde nedia JrYinhe Heed Hdr it he prasent
i nvention. For exanple, DENSTONEC) 80 bed support nedia has a specific heat

capaci t y rofor@®r28 Bt w/e(lHi-iREe (th. I&hek Ha(ted-v)b). atSriche ftigmperadt weeaofity
operati on.. AS tMo%%l S5 aron%ti zsatei an..cat al yst .ssucakllrl as, tohetﬁonce described in
US Pat ent' Al FESt o Blbi ¢4t iSor 20097 95 “discussed Hel'ow has a
specildi ¢ dreata gapacitiy aor0..28 BHi(cH - the katel(kaK)ly) iatadthee
tenperature of operation. These two materials would match up well for use
in the priédeént: invention. Qther 10 catalytically inactive solids which

shoul d al so wark jueld, ai6 shown, Jin Table .l el ow it b their spacidfjc heats
(Cr) at a tenperature of from600 Cto 700 C. Table 1 I5 Material Cp (Btu/
| b/ degR) G a(llkd/ikgildegKnactive solid be about the same as that of the
catalyst itself or improved (greater). Preferably, the
15 specific heat of the catalytically inactive solid particles
may be at least about about 0.2 Btu/(lb-"R) (0.8 kJ/(kg-°K))
at the temperature of operation, more preferably from about
0.2 to about 0.4 Btu/(1b-°R) (from about 0.8 to about 1.7
kJ/ (kg-°K)), most preferably from about 0.25 to about 0.35
20 Btu/lb/oR Btu/ (1b-°R) (from about 1.04 to about 1.5 kJ/ (kg-
°K) because higher specific heats result in lower amount of
solids in the system: either c¢irculation, or inventory.
Also, the specific heat ranges are preferred because they are
close to that of the supported catalyst used in the
25 invention.

Improved results may be achieved if the thermal
characteristics of the catalytically inactive solid are
improved in relation to those of the catalyst.

The catalytically inactive solid may be selected from

30 alumina, silica, titania, clays, alkali oxides, alkaline earth
oxides, bakelite, pyrex glass, limestone, gypsum, silicon
carbide, and other refractory materials known to the

practitioners of art and/or combinations thereof. Fixed bed



Denstone 80 0.283 1.18 Quartz 0.28 1.17 Concrete 0.22 0.92 Silicate d ass
0.26 1.09 Linestone 0.285 1.19 Silica 0.31 1.30 Alum na 0.285
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support media such as DENSTONE® bed support media may be used
in the present invention. For example, DENSTONE® 80 bed
support media has a specific heat capacity of 0.28 Btu/ (1lb-"R)
(1.18 kJ/(kg—-°K)) at the temperature of operation. A typical
aromatization catalyst such as the one described in US Patent
Application Publication 2009/0209795 discussed below has a
specific heat capacity of 0.28 Btu/(1lb-°"R) (1.17 kJ/(kg-°K) )
at the temperature of operation. These two materials would
match up well for use in the present invention. Other
catalytically inactive solids which should also work well are
shown in Table 1 below with their specific heats (C,) at a

temperature of from 600 °C to 700 °C.

Table 1
Material Cp (Btu/ 1lb/degR) [Cp (kJ/kg/degK)
Denstone 80 0.283 1.18
Quartz 0.28 1.17
Concrete 0.22 0.92
Silicate Glass 0.26 1.09
Limestone 0.285 1.19
Silica 0.31 1.30
Alumina 0.285 1.19
Gypsum 0.275 1.15
Cca0 0.225 0.94
Titania 0.223 0.93
MgO 0.31 1.30
K,0 0.275 1.15
Na,0 0.355 1.49

The particle size of the inert material may vary
depending upon the type of reactor used. Generally, the
particle size of the inert material may be in the same range
as the particle size of the catalyst particles.

Any one of a variety of catalysts may be used to promote
the reaction of lower alkanes to aromatic hydrocarbons. One
such catalyst is described in U.S. 4,899,006 which is herein

incorporated by reference in its entirety. The catalyst

7
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composition described therein comprises an aluminosilicate
having gallium deposited thereon and/or an aluminosilicate in
which cations have been exchanged with gallium ions. The
molar ratio of silica to alumina is at least 5:1.

5 Another catalyst which may be used in the process of the
present invention is described in EP 0 244 162. This
catalyst comprises the catalyst described in the preceding
paragraph and a Group VIII metal selected from rhodium and
platinum. The aluminosilicates are said to preferably be MFI

10 or MEL type structures and may be ZSM-5, ZSM-8, ZSM-11, ZSM-
12 or ZSM-35.

Other catalysts which may be used in the process of the
present invention are described in U.S. 7,186,871 and U.S.
7,186,872, both of which are herein incorporated by reference

15 in their entirety. The first of these patents describes a
platinum containing ZSM-5 crystalline zeolite synthesized by
preparing the zeolite containing the aluminum and silicon in
the framework, depositing platinum on the zeolite and
calcining the zeolite. The second patent describes such a

20 catalyst which contains gallium in the framework and is
egssentially aluminum-free.
Additional catalysts which may be used in the process of
the present invention include those described in U.S.
5,227,557, hereby incorporated by reference in its entirety.
25 These catalysts contain an MFI zeolite plus at least one
noble metal from the platinum family and at least one
additional metal chosen from the group consisting of tin,
germanium, lead, and indium.
One preferred catalyst for use in this invention is
30 described in U.S. Patent Application Publication No.
2009/0209795, which is hereby incorporated by reference in
its entirety. This publication describes a catalyst

comprising: (1) about 0.005 to about 0.1 %wt (% by weight)



The particle size of the inert material may vary dependi ng upon the type of
reactor used. Cenerally, the particle size of the inert material may be in
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5,227,557, hereby incorporated by reference in’its entirety. 25 These

cat al yst Sroontsdiln can MRlunzea iarnel plivs vated édstregrie nobl e netal fromthe
platinumfam ly and at | east one additional netal, chosen .fromthe group
Ponst st iy of M o HETARRCY GAr S Rt (RS Gio et i ed Cararyer f or
use B thiesdrivent iion dogr 3deserdibed N WdS.2 oRat/ants sAppl eatdron s

Publ i cati on No. 2009/0209795, which is hereby incorporated by reference in
its enti MEMEPYTHINE FiILadad 1Y deS@ties arcattal ysitigemri sitg (1) about

0. 005 t()ﬁﬁ%%ﬁcé%f%ﬁ%ge§é@f®éémg ngklyst comprising: (1) about 0.005

to about 0.1 %wt (% by weight) platinum, basis the metal,
preferably about 0.01 to about 0.06 %wt, most preferably

o\

20  about 0.01 to about 0.05 %wt, (2) an amount of iron which 1is
equal to or greater than the amount of the platinum but not
more than about 0.50 %$wt of the catalyst, preferably not more
than about 0.20 %wt of the catalyst, most preferably not more
than about 0.10 %wt of the catalyst, basis the metal; (3)

25 about 10 to about 99.9 %$wt of an aluminosilicate, preferably
a zeolite, basis the aluminosilicate, preferably about 30 to
about 99.9 %wt, preferably selected from the group consisting
of zSM-5, zSM-11, zSM-12, 7ZSM-23, or 7ZSM-35, preferably
converted to the H+ form, preferably having a $Si0O;/Al,0; molar

30 ratio of from about 20:1 to about 80:1, and (4) a binder,
preferably selected from silica, alumina and mixtures

thereof.



WO 2011/ 143306PCT/ US2011/ 036060 pl ati num basis the netal, preferably about
0.01 to about 0.05 %, (2) an anobunt of an attenuating netal selected from
t he groupwoansiygsiong of tin, |ead, and germani um whi chPC3/UsR01OB@64 han

0.02 % |ess than the anmount of platinum 5 preferably not nore than about
0.2 9%t of the catal yst, basis the metal; (3) about 10 to about 99.9 %w of

an al unm nosi |l i catt%bértpref abl tfﬁﬁnll te, basis the alum.nosili.cate,
preferably abdi® VSt fefe st v s él @S The Sgr oup

consi sti ng Qfr i£3M 3. 454, :lEQitlelflt 212 tAM %%blqrcaz’eﬁ%{i%o preferably
converted to the H+ form preferably having a Si 02/ Al 203 nolar ratio of

f r om abowt0020:02 4% %bouth 180 1s dved g4) iadsinmderatgst éfverratfiey eelcedtted from

silica, al XtLr. r.e e r ef yst for use in
this i nvgrﬁ%lmoeﬁ&l%% dergglrl eéﬂﬁ C%(t,'lloé %f récc;rﬁ%oeﬁs (I%Io e<1%&(3%%{}0%9/ 105447, which
i s hebfebydnpedrgierat ed )byeefrertenos ito idewntd.rnetys Tiwe b@uhﬂeﬁ@ﬁtﬂ' on

descri bes a cat al yst corrprl Si ngfé‘i (1) about 0Q.005 to about 0.1 %M (% by

wei ght) plabiiduy BEsS Bresrably bt ¢ 61 ttc? éﬁ?&ﬂt 0.06 %,
nost preferapl y,+20 n%@%u r%f%lfatkﬂya%%guto O Mo LR amRunf: of zjron

which is equal to or great er than the anmount of the platinum but not nor e
t han abown GnEMYMO fofgalhd vamatvel iyt lSpreeiU@rlattlw cr-rotgrtmrt@rt Wamralbdwt 0. 20

ot of the catal t, t preferabl m)re t han 0 of the
cat al yst ,*"5a8i sOyts e tp%1 e R out 'S aboudt OE tho,

al UFﬁlOOSIrddstatpﬁef@’r%tftﬂryabioy H&ereGQJHatrﬁ,akhﬁﬁ'J 9 tshevtal; ummoaﬂdtﬁ:atle), to
prefer ablﬁjé) about 30 to about 99.9 %, preferably selected fromt he group

consi st i 2% WEASIALL BN 2SR OSASNICES € /0 PLESNEFS L v Pe fAEioat _
convert eq, {0 & he Ht 1f grim, Hneferabl %blfl)%ef‘@r%%l %!b%%{tAl?a%o‘?tomélk%rut?’@E?r io of

from about 20:1 to about 80:1, and a binder, preferably selected from
silica, alttm e eded anlxt wreds dtver gofom tNG mmlmeeee’ﬁ/dgswllz/sm%oeo

Patent AGSTadvi o Bl Gt NS FOBbrE2067 5 E il oh G ity 0
i nconpor atred Hy fehgr %ﬁ%efér%bltys teatﬂﬂgetay-slﬁavglgpplmd;@tﬂ antdeserd bes a

catalyst 5 conprisin (1) about 0.005 to about 0.1 wt % (% by wei
pl at i numfipasiaPttie stlalto T abl iy -alegt @)oR t@%ut RO S05%AM Y m)st

pref erably jahquty G ts(h Q%ut 0.4 %%af nhd( %)]] A Iraergmy@1 -, gal l'ium whi ch is

equal to or greater an the "anount num pref erably no nore
t han about 1 \@t%yd]r@admﬂmmrae:fmam%dtamremﬂm iabalitve® Shat % (3) about

10 to about 99.9 w % of an alum_nosilica referably a zeolite, basis the
al Ui nos AN Srel Srabiy aBOHERE0 1 & RBAREGS TS e preteiabl y sel act od

fromphe GrpwR icansiisti g @fo 23MR ANl b1 14SMARupESW23 18l ZSM 35,
preferably converted tom% the H+ form preferably having a 5i 02/ Al 203

mol ar r atdrensft ifr gritgboua 2(pel itns catrouta t8Gt Lo e dWe adsilndenalpr ef erabl y
sel ect ed f A%Qﬁ%l Aaalfﬁﬂﬁﬂéﬁa '¥%dydgfﬁheﬁmﬁﬁgt%p%hd.ethane which are

separated from the benzene. This step substantially
increases the overall yield of benzene and thus is highly
25 advantageous.

Both thermal and catalytic hydrodealkylation processes
are known in the art. Thermal dealkylation may be carried
out as described in U.S. 4,806,700, which is herein
incorporated by reference in its entirety. Hydrodealkylation

30 operation temperatures in the described thermal process may

range from about 500 to about 800°C at the inlet to the
hydrodealkylation reactor. The pressure may range from about

2000 kPa to about 7000 kPa. A liquid hourly space velocity

10



A hydrodeal kyl ati on reaction, which involves the reaction of toluene,

xyl enes, ethyl benzene, and hi gher 20 aromatics with hydrogen to strip al kyl
groups frem2ohel4a33o6mati c ring, nmay be incorporated to pPoEISe01AME06¢ onal
benzene and |ight ends including nethane and et hane which are separated
fromthe benzene. This step substantially increases the overall yield of

benzene and thus is highly 25 advant ageous. Bot h t hermal, an
catal yti c'h O(Téaé]lqi?ylogli Y gcessst@s & movkn B97 Sh &P .a“ﬁﬁéﬁﬁgie
deal kyl atiign iRy ke 1cald ied o s desel keddin old,Spe806,:2Q0;. which is

herein incorporated by reference in its entirety. Hydrodeal kyl ati on 30
oper at i oPUucefyerdtcurce tihehie dedarriched tther mela Pricdess tays odiigd from

about 50Q to . 800 t .t inlet to t rode yl ati tor. The
pressur e(%r?a l%ta%%étof oe%%gglu{%%fogfﬁ%k%alotnoqg]b%% f%o%logﬁa%%&%sa&% hhourl y
space5veliogidryne MQ 20 £1/cd4 330 GRCHULS2MEH P IB0 G d rddre arange afwcalkaut 0.5
to about 5.0 based upon available internal volune of the reaction vessel

may be utiiiSFed®r B S & N ot S AU S S ITE actih, 1t is often

required 49 jper f ormd he J183¢t iR, e tWe, QDN StRYeS W th3 i nternediate
cooling or quenching of the reactants. Two or three or nore reaction
vessel s mmyrhararefar d ifenedd wosdriings. THercdold g avayt dye vactticdhvsed by

i ndi rect heat exchange or inth[er t age -¢coaling. Wen t r.eact i vessel s are
enpl oyed i FHE YD ddal BT ATIGH Feney A 18 Fafer red To At THe first
reactlgon tresselhd & iessentdaald iy rdengisé 10fbearys daiftaranaly stausidures and, t hat
the second vessel contain sufficient internal structure to pronote plug

flow of tifeSréact At AHGuGHCa Portt itoF ofeamel vessEall cAterimati vel y, the

hydr odeal ti J1RY. 1C j |, I uch as the
cat al yst esf?rdil%glgz iqglecu. S. lS%%%%%ﬁ%&\%hﬁb%%O?iOtﬁee%%dﬁd iffllé%g?p%f ;tt%d by

r ef er ence dartarg serithinrcetgy  sApatriiarorpassitilee veatsallyt i ¢ hydr odeal kyl ati on
process is described . in U S. ,6313, 792, ich i.s herein incorporated by
P or ence | n' PLd SRR THE RERR MaGr Bod Lo o dea ke on
Process Gl icgd OWo 10VeIc A 26 (RrCORIAITNNG Lal131tS hariGibeal S6 cont ai ns
platinumand tin or |lead. The process is preferentially perfornmed at

t enper at (&5 rPanilng Frombalsdut: 25 1C o @ISO BT0-°C, Hor essimrée Gandi ng
(,om 250 SR 4 a0k 2D AR 25 kL bl el e T om
hydr ogen/drydreacarilzonidfssedsteat ki rr at.isas or,asdi, v X, r omiabolits heretion about 10.
EXANPLESincorporated by reference in its entirety. This patent
20 describes a hydrodealkylation process carried out over a
zeolite-containing catalyst which also contains platinum and

tin or lead. The process is preferentially performed at

temperatures ranging from about 250 °C to about 600 °C,
pressures ranging from about 0.5 MPa to about 5.0 MPa, liquid
25 hydrocarbon feed rates from about 0.5 to about 10 hr-1 weight
hourly space velocity, and molar hydrogen/hydrocarbon
feedstock ratios ranging from about 0.5 to about 10.
EXAMPLES
The examples provided below are intended to illustrate
30 but not limit the scope of the invention.
Example 1
The details of the preparation methods, fixed-bed lab-

scale testing procedures, and comparative initial performance

11



The exanpl es provided below are intended to illustrate 30 but not limt the
scope of the invention. Exanple 1 The details of the preparation

nmet hods, woxed-/3exbe6l ab- scal e testing procedures, and comparEsRIn®3Go66ti al
performance WD 2011/ 143306PCT/ US2011/ 036060 results obtai ned under ethane
aromati zation conditions with a Pt/Ga catal yst nade on ZSM 5/ al um na

extrudate particles are described below In the reference runs, fresh Pt/ G
cat al yst *Eiarges Q%étraé“le&a ST & HREDe \GRWBUT: Zarty BolGoF it a8

addi ti on,pty hal3e 16eRS intlddn & 07 A% Ofurtihe B/ catalyst: i(specifdc heat
- 1.17 kJ/ (kg-K) (0.28 Btu/(1b-R)) and 60% of a commercial ly-avail able
sol i d i nefetsogiidega/s iomi -na Irattérs ale feDemstcore(ys), U eHBHUER sptterast

avai |l abl e, fr Saj nt - ' rPr.q, s £ - L. . g-K); (0. 28
Bt u/ (1b- Cf(?r%g)s \%}/aesr}et qu)%?&%uw%esr e giglcr%loélgcngl?&it osr?sl.jldl%ﬁye%mhe' caItnaI yst
used bn these itest 1 was: rgfee parred san rsard e w0ef o et rudate amtdrisal

contai ni ng 80%u, of CBV 3014E ZSM 5 zeolite %?/%([): 1 ry)l ar _Si 02: Al 203 rati o;
avai | abl €555 Z2é0NFSt Mtlernatidon&9"and Coomt S3f/dI T Ra) bPRdePOTHi s 15

cylindrical extyhdate had a . di;angher ©f1 L 6490 The isanplies,wer e cal ci ned
inair up to 425C for 1 hr to renove noisture prior to use in catalyst
pr epar at imgri.erNgtlal Qansrterd@ el tled om0 Grd esaplees igfaltlive fZ3M 5 agxttr-udat e

by Tirst conbining anor opiate punts of ot 9ok 29 sabuticons, sont At ng

t et r aanmi e pl atinam i t and "gal i um (| 1“0t ing ‘t'hi's

m xtuoe WRYh desonezeddwaheert ena ¥ehdmeohustisukficient to fill the pores
of the extrudate, and inpregnating the extrudate with the solution at room
t enper at ure anfdCatGPdSPRET &SR sSurtdie Snpregmatred LAMESDLR W PdGed at

room t enpgr abure 00543 i3 And then driied, averhl gt @y H0Gr The tar get
Pt and Ga levels on the catal yst were 0.025%w and 0. 15%wt, respectively.
The cat alzagstl iganpl3ds ldesdrarbed Cabav eOwerae itogs teeth 1'ladd lies . f'ram tZeauty sar ushi ng.

Performance tests A, S an . r%gBO conductebed wi th undiluted catal yst.
For each &ﬁetrﬁ]éastelcinr‘?rl eaf@gtzs%,x\”gc - & CHarg @0 Cat al y<t' Swas | oaded into a
quartz tuhe ihrAQomd:aneiddicaneler) @Enrthes tioned inh.a tiNeezgned urnace
connected to an automated gas flow system WD 2011/ 143306PCT/ US2011/ 036060

were calcined in air up to 425°C for 1 hr to remove moisture

prior to use in catalyst preparation.

Metals were deposited on 100-g samples of the ZSM-5
extrudate by first combining appropriate amounts of stock
20 solutions containing tetraammine platinum nitrate and gallium

(III) nitrate, diluting this mixture with deionized water to

a volume just sufficient to fill the pores of the extrudate,

and impregnating the extrudate with the solution at room

temperature and atmospheric pressure. Impregnated samples

25 were aged at room temperature for 2-3 hrs and then dried

overnight at 100°C. The target Pt and Ga levels on the
catalyst were 0.025%wt and 0.15%wt, respectively.
The catalyst samples described above were tested "as
is," without crushing. Performance tests A, B, and C were
30 conducted with undiluted catalyst. For each of these three
tests, a 15-cc charge of catalyst was loaded into a quartz
tube (1.40 cm inner diameter) and positioned in a three-zone

furnace connected to an automated gas flow system.

12



Performance test D was conducted with catal yst plus solid, inert diluent.
For performance test D, the charge consisted of a physical mxture of 6 cc
of cat al yw02plu3®»6cc of Denstone(r) 80 1/8-inch di anet @CTiusestt/0a406eri num
silicate 5 spheres, available from Saint-Gobai n NorPro. Prior to
performance testing, all catalyst charges were pretreated in situ at
at nospheri c pressure as fallows: a) .calcination with air at 60

i 15 %

P e T ot S e YRS L 35 6 o Fges 1Ea s, hel d

at 510C Lo, far A8 dMs, el faamotl e £300C ithel dMar@nddrhendiel d at
630C for 30 mn; (b) nitrogen purge at 60L/hr, 630C for 20 m n;

(c) reductii en PRt dldnogenrgt o0 oL/aw 0630C Hlorst3® lvisn.9 IBAOR he end of
th t t t 0% f i.ntrad - Q - ith
€ pretreg o&@)(/@st Q) a{ ﬁ—gl%%%ls oﬁ%qne%%f QY %ﬁﬁ%@}%ﬁn@ 200 ;GSY. (wi

respect to ca pheric pressure W e reactor wall
t enpefat wpharaiant aiviaed aatl 630Cm Fad ritotclbaieactcorraut | et stream was sanpl ed

and anal yzed by an online gas chromat ography system 20 two m nutes after

et hane feed additd ot BASEP I+ e [Eoipasirt ifdn dEtta lobtaiied Fomtdve gas

chromat ogyraphicG rangliysiss tihe d nidhd Al HIhane, conVersSien Mas Lanput ed
according to the follow ng fornmul a: et hane conversion (% = 100 x (100 -
ot et hane in (@ut | et2128 rsttrieamjWi(ava et lkané 0 i freed)l tThe seesugint gragfl
performance tests A, B, C and D, conducted as descri bed above

pr esent ed SR EFAHE 2 L AP adge Fales Cand standard Hé\?iapﬁéﬁsa#ogagﬁ% et hane

convepsi and product_ sel ecti viti btained i.n tests A B _and re al so
provﬁgedc%inoﬁf ab (::r-lrzg.’ f&n@oer%caaflﬁogbr?e@f Qtt%géibeguﬁpsﬁi rﬁeraB‘PCeJl Egleﬁdlgte:gfies t hat

40/ 60 (viy) qdidedticgp ef khg.catalyst with the Denstone(r) 80 inert
particles did not adversely affect initial activity, benzene yield, or

total aromatic®)yi elid rnger dieeetdhtan® L /anrgnetlorat iten teskieondi tions used
here. Thus, |ess catalyst produced simlar results intest DD HMf-- f--
HHHHH LO M LO (@Y OG eMON tAMrO00 tONHydoNgdn at 60 L/hr, 630°C for 30

min.
15 At the end of the pretreatment, 100% ethane feed was
introduced at 1000 GHSV (with respect to catalyst) and

atmospheric pressure with the reactor wall temperature

maintained at 630°C. The total reactor outlet stream was
sampled and analyzed by an online gas chromatography system

20 two minutes after ethane feed addition. Based on the
composition data obtained from the gas chromatographic
analysis the initial ethane conversion was computed according
to the following formula:
ethane conversion (%) = 100 x (100 - %wt ethane in outlet

25 stream)/(%wt ethane in feed). The results of performance
tests A, B, C and D, conducted as described above, are
presented in Table 2. Average values and standard deviations
for the ethane conversion and product selectivities obtained
in tests A, B and C are also provided in Table 2.

30 Comparison of the results in Table 2 indicates that 40/60
(v/v) dilution of the catalyst with the Denstone® 80 inert
particles did not adversely affect initial activity, benzene

yield, or total aromatics yield under the ethane

13
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aromatization test conditions used here. Thus, less catalyst

produced similar results in test D.
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a) a)a) ty)a)(1) ,-1cci >1 (00-? 0 >1-W-W71-, LOZF. 1 F-T.1124 G C

WO 2011/ 143306PCT/ US2011/ 036060 Exanple 2 In this exanple, ethane is
convert edwODaoar@s®si ¢ hydr ocar bons using the process comrCirgise@t ioasweshown i n
Figure 1. 25 tonnes/hr (tph) of stream (1), which primarily 5 constitutes
et hane feed (including mnor anmounts of nethane, propane and butane), is

m xed wth 37 tph of recycle stream (2) that consists primarily of ethane
and ot he@w&; bons whi ch may i nclude ethyl ene, propane, propylene,

net hane, butaneg and,some.fydsogen. cdhentot ak feed apmpunt i RG t Q02 dh 10
(Stream 3) is introduced to the ethane aromatization reactor (3A). The

unconver thedlnosgctcnmtss sl viel theasprpecps odaefsgheavéonhehpeactior HI3Mr«yi a

stream (4) ang ar e th aratio em (4A) . uncqnver.t.
react ant gl 'angpi i g]?eﬁl{rhys rkgrcar g%é@oar g%r egyt/%fg%%‘ be{é[k} ( stw;gelgcr% 2;9 t\énat%lgg
react 6r whirlse itthe kb separatiernd syshehud44Ay wiiebds aBouph sf wel rgash{rsd,r eam 8

- predom nantly net hane and hydrogen), 2 tph C , liquid products (stream
9), 9 t pRIEZENSNStPeEMID) | 158 fpRColidie {sttRanPI1FSaNE 1 t91H SaM enes

(stream 12),. (khe arompidzathonnseact orrsyshame( 38y mnde 18, dddidizad 20
bed, noving bed or a cyclic fixed bed design. Here in this specific exanple

t he cycl imhifdixedalyedidedirgn i sthzédnei n whordngar tidesl ofe t henaddtaleyst

used in nple 1,.cycle between reaction_conditi.ons where araomtj zation of
the f eod TaRES b dG PERERG : [ ER CRuf T Srst Aol PE Ra Ry arogen o5
cont adni NG tAgdnP @ )NoL Yasnf sédeadd 7ol shusedhahl ticsatlilAdstiroat inses @exanpl e,
the reactor bed system (3A) operates under reaction conditions of about 1

at nospher@presdif &R & (€% EfpeTatire 0T 6300 G5 ditf WA Gleyerfdtat i on
condi ti O%ea%e%&%@e(rﬁ)ur\ﬂapfstﬁ%%n@ and Jh Atmsphe! &, 30the gihans 4P

aromati c conversion process 1s endothermc
system (4A). The unconverted reactants and light hydrocarbons

are recycled Dback (stream 2) to the reactor while the
15 separation system (4A) vyields 8 tph fuel gas (stream 8 -
predominantly methane and hydrogen), 2 tph Co, liquid
products (stream 9), 9 tph benzene (stream 10), 5 tph toluene
(stream 11) and 1 tph xylenes (stream 12).
The aromatization reactor system (3A) may be a fluidized
20 bed, moving bed or a cyclic fixed bed design. Here in this
specific example the cyclic fixed bed design is wused, in
which particles of the catalyst, used in Example 1, cycle
between reaction conditions where aromatization of the feed
takes place and regeneration conditions where a hot hydrogen
25 containing stripping gas (stream 7) 1is wused. In this
illustrative example, the reactor bed system (3A) operates
under reaction conditions of about 1 atmosphere pressure and
at a temperature of 630 °C; and under regeneration conditions
at a temperature of 730 °C and 1 atmosphere.
30 The ethane to aromatic conversion process is endothermic
and reactor system (3A) requires 71,000 MJ/hr heat energy. In
addition, the spent catalyst is prone to deactivation due to

coke deposition and must be regenerated subsequently via hot

16



and reactor system (3A) requires 71,000 M)/ hr heat energy. In addition, the
spent catalyst is prone to deactivation due to coke deposition and nust be
regener atwo 20ubiesaent | y via hot WO 2011/ 143306PCT/ US2@CT/33@@680hy dr ogen
containing stripping gas in a regeneration step. The endotherm c heat of
71,000 MJ/ hr can be provided via interstage heat exchangers (not shown)
t hus naki r;%gt he system.very expensive. An alternative approach, would be to

use the ZYREAICapE Y 0% R i "$ol9%F At & yStENT Priovi de Heat For t he

reacti onerydifegrheat imchtt heocat @l yst6 tasanhi ghgh t eaperatyiigesuchyas 730
C which elimnates the need for interstage process heaters. The quantity of
t he sol i dd@tralbpste paratt dxaharepuiis ddoto shorwnhe usactakomg deterst sien by

t he gas rly. ce velogity,i n i is ) t hese hot
cat al yst Q%% tic eeglsalc\%/e 'ag&%e%]t{%%%é%g% %é?%?%%ﬁqét ggﬁg?gh%altlgge Sv?/eg%et he
regenér atieoit sisgpcang tdfe erdatier Mol reacti-ay stsep.o karotihesendwat foat al yst
particles to provide sufficient heat 15 during the endotherm c reaction

step, thélSol FGaCAA Y st PYnvBREGHGFATPhetPBactdr2syStem heeds o BT

i ncreased A dernes b thi ssexampt e nthins L ncreasedsselhid gatal ysir
inventory would now be able to provide all of the 71,000 MJ/ hr of
endot her mirg ehrsdta cutoy aae tshéraedaatsor (3A) operating 20at 630 C. I n

anot her nodification to.the system (whi.ch is the preferred i nprovenen
roposed Tn t AT | GUahT by X R SHTiGs (el BeRkieherr L oh Rinbor
mat enal )far e usedt as hegt datansfietePpart itd afes rand 1ar esgaoed st ddy dihe
catal yst 25 particles. Denstone(r)-80 bed support nedia is described above.
These i nért part FeregSar&sitghni¥ i CAmI3LS ess g?ﬁen@hﬁéetﬁ%ttk@t@aﬁtyaﬂtyst

particle t; e Lh i | gl nsfer RLeperdd a
speci fi c%r?gl;t %%%.%?B?E/ ((%le%:%g?c%r?%7&k\] %kg§§ l<]élj'él' eﬁgglt’eaﬁ;?gt qgsez)ﬂlvf%m

i nvent or ychies 3@ deeptattier samp t ondmihtaendbheesame ceatadont ismerbetfoeen t he

feed and th Lyst. Thi ds t talyst invent, f_ 39
tonnee. ad MG | G060 GAFFTErS TROSLCEhi SO dnpl o a Tt UT e br 36 Tonnes

of catal ysiriand 1@t oaREStRErmWWO 2014 1ASB06REYH,US204 1/ 636060 dnerty ol i ds,
totaling to 49 tonnes of the solid mxture, is |oaded in the fixed bed the

react or SySteYROrThelsothe parfiedl avetRxMASE!S stabbPe t6Ccrrafsferccaldd the
heat fromdhe Jeggneraton é&&ﬂ]loié’.th%hﬁsac%%e%tséa Wi ig 4 | ddng, &

tenperature rise and catal yst sintering. The heat transfer properties of
t he conbiimedtrcatral ysbduDeénstoonebe) -a80 ssotbd partiidzul at € mixt the &ilg 000

i denti cal that of the catal gst particul ates. This can be seen

or simlar_t
from t he "tHéM @E CHHPOsT T ons o7 & t ARt ¥oF Pd tpar EFéalate Sy¥t eMEL SHEW in
20 at 630 °C.

In another modification to the system (which 1is the
preferred improvement proposed 1in this invention), inert
solids (such as Denstone®-80 support material) are used as

heat transfer particulates and are mixed with the catalyst

25 particles. Denstone®-80 bed support media 1is described
above. These inert ©particles are significantly less
expensive than the catalyst particles but they have the same
or similar heat transfer properties, a specific heat of 0.28
Btu/ (1b-"R) (1.17 kJ/(kg-°K). The catalyst solid inventory is

30 kept the same to maintain the same contact time between the
feed and the catalyst. This corresponds to a catalyst
inventory of 39 tonnes as mentioned earlier. Thus, in this

example, a mixture of 39 tonnes of catalyst and 10 tonnes of

17



10 tables 3, 4 and 5 below (Fr. = fraction). Thi s node of operation
results in | ower catal yst | oading and hence reduction in catalyst inventory
and hencewbassle33o6abl e- 3 Typi cal chem cal conposition @CTiUse01cAB@bY St
system Catalyst W.Fr.% Si 02 75. 7% Al 203 24. 3% Tabl e-4 Typi cal chem cal
conposition of the Denstone(D-80 inerts Denstone 80 w.fr.% Si02 66.1
Al 203 26.85 Ti Q2 _ . , . : .
inert solids, totaling to 49 tonnes of the solid mixture, 1is
loaded 1in the fixed bed the reactor system. The solid
particulate mixture is able to transfer all the heat from the
regeneration step to the reaction step while limiting

5 temperature rise and catalyst sintering. The heat transfer

properties of the combined catalyst-Denstone®-80 solid
particulate mixture are identical or similar to that of the
catalyst particulates. This can be seen from the chemical
compositions of the solid particulate system as shown i1in

10 tables 3, 4 and 5 below (Fr. = fraction).
This mode of operation results in lower catalyst loading

and hence reduction in catalyst inventory and hence losses.

Table-3 Typical chemical composition of the catalyst system

15
Catalyst |Wt. Fr. %
Si0; 75.7%
Al1,05 24.3%
Table-4 Typical chemical composition of the Denstone®-80
inerts
20
Denstone 80 wt. fr. %
Si0; 66.1
Al1,05 26.85
T1i0; 1.25
K,0 2.43
Naz0 2.51
CaO 0.61
MgO 0.25

18



1.25 K20 2.43 Na20 2.51 CaO 0.61 MyO 0.25 Table-5 Typical chem cal
conposition of catalyst and Denstone(r)-80 inert m xture Catal yst-Inert
M xt ure wof2n11(e@306i 02 73.8 Al 203 24.8 Ti2 0.3 PCT/US2011/036060

Table-5 Typical chemical composition of catalyst and
Denstone®-80 inert mixture

Catalyst—-Inert Mixture wt. fr. (

o°
-

Si0; 73.8
AlgOg 24.8
Ti0, 0.3
K:0 0.5
Na:O0 0.5
CaO 0.1
MgO 0.1

19



K20 0.5 Na20 0.5 CaO0 0.1 MgO 0.1 WD 2011/ 143306PCT/ US2011/ 036060 CLAI V5
1. A process for producing aromati c hydrocarbons which conprises: 5(a)

cont act i nyoaoliomesoéal kane feed with a solid particul at e PaTAIsA41I1.036060

hydr ocar bon conversion catalyst in a fixed bed reaction zone to produce
aromati ¢ hydrocarbons and ot her products, whereby the catalyst is at |east
partially deactivated by the formation of undesirable coke deposits, 10(b)

periodically regenerating the cat regeneration conditions,
(c) separating aromatic hydrocarbons fromthe other products and unreacted
| ower al kanes, and (d) optionally recycling unreacted | ower

al kanes to thd .15 Fedatda®s sz Produdcimer eineiaid of el dsed e tihgir iz one
addition%gﬁ@fgggstes a volunme of a catalytically inactive solid.

5 (a) contacting a lower alkane feed with a solid
particulate aromatic hydrocarbon conversion catalyst in a
fixed bed reaction zone to produce aromatic hydrocarbons and
other products, whereby the catalyst is at least partially
deactivated by the formation of undesirable coke deposits,

10 (b) periodically regenerating the catalyst under
regeneration conditions,

(c) separating aromatic hydrocarbons from the other
products and unreacted lower alkanes, and
(d) optionally recycling unreacted lower alkanes to the
15 reaction zone
wherein the fixed bed reaction zone additionally

comprises a volume of a catalytically inactive solid.

2. The process of claim 1 wherein the ratio of the
20  volume or the weight of the catalytically inactive solid to
the volume or the weight of the catalyst particles is from

1:6 to 6:1.

3. The process of claim 2 wherein the ratio of the
25 wvolume or the weight of the catalytically inactive solid to
the volume or the weight of the catalyst particles is from

0.4:1 to 2.5:1.
4, The process of claim 1 wherein the specific heat of

30 the catalytically inactive solid is at least 0.2 Btu/(1lb-°R)

(0.8 kJ/ (kg-°K)) at the temperature of operation.

20



2. The process of claim1l wherein the ratio of the 20 volunme or the weight
of the catalytically inactive solid to the volune or the weight of the
cat al yst wanpiwil4s®eis from1l:6 to 6:1. 3. The process of PCIraiSno12/094ved ei n t he
ratio of the 25 volune or the weight of the catalytically inactive solid to
the volune or the weight of the catalyst particles is from0.4:1 to 2.5:1.
4. The process of claim 1l wherein the specific heat of 30 the catalytically
hacti ve ol s B GHSLTE S B AL Ry (61 M0/ (R TP e R of
tenperat ure ofarepefiation.y WA201Y L43306RCT/AIS204 14 0360604 SpThe  phocess of
claim4 wherein the specific heat of the catalytically inactive solid is
fronD. 2 t°B) 0048Bto/ (1BRxJI(Qk8-8) 1. Ztk3hekgekppraturheofenperatupe . of
operation. 56. The process of claim5 wherein the specific heat of the
catalytically inactive solidis from1.04 to 1.5 kJ/(kgK). 7.The process of
clai ngl whereign t hereataloddsealdsy dinaet isversaldid ithd nfrisparsed W tJx t he
catal yst particles. 108. The process of claim1 wherein the catalytically
active sdllicd God adeitdcredd 7 rigrmthHe gresup corist 5o nl & &t Lﬂm%dﬁJ/s%/}Wta,
titania, «gliays, alkali oxides, alkaline earth oxides, Bakelite, pyrex
gl ass, linmestone, gypsum silicon carbide, and conbinations thereof. 15

7. The process of claim 1 wherein the catalytically

inactive so0lid is interspersed with the catalyst particles.

10 8. The process of claim 1 wherein the catalytically
active solid is selected from the group consisting of
alumina, silica, titania, clays, alkali oxides, alkaline
earth oxides, Bakelite, pyrex glass, limestone, gypsum,
silicon carbide, and combinations thereof.

15
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