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-1- PROCESS FOR THE CONVERSI ON OF HYDROCARBONS TO OLEFI NS AND ARQVATI.CS

FI ELD OF THWO 288896l ON Thi s i-nvention relates to a conpositi GCEESIBEOT0M0r
converting a hydrocarbon 5 toa (err] to (Jerr] .aromatic hydrocarbon and
an olefin, to a process for producing the i:c_)rrposition, and to a process for
using the conposition for converting a hydrocarbon to a-(Jerr] to (err]

aromati ¢ hydrocarb - eﬁltm : &Q«%@N})ﬁﬁﬂﬁ ANVRND is well
known to those ski %@@ﬁgﬁgkar that aromati c hydr OC(?:II‘ bons ]\g%laﬁlo

ol efins are each.a class of ver\OLBEFINS AND ARDMATIES cheni cal s which find.
a variety of uses in petrochemical industry. |t is also well known to those
skilled in the art ‘that catal yt iﬂﬁ%ﬁi—@&@l@ne-range hydr ocar bons

duces | | ot -. oL e .
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(herei naf Ser tod Cged Cy etomatif keydrechrbon asl & Xefin)td b erdcess forqredwingthe
catal ysts which coptain zeolite. The, product of,  this catal ytic cracking
process cont ORRPOSItOR, AR (‘RiéP69°¢P§/ﬁ¥d@§1ﬁb@ﬁ§°@8?‘ﬁﬂ?lf@"%&%%ed Clerr]+

al kanes; lo 3598315 S, &%&&eh 0206 ane; | ower al kenes
such as et h\;/\ﬁ{aqugtj’an ptroo%y é‘?\lé&f%‘n e¥d?r§)+ ar oanﬁ]%:gge%ounds whi ch -
contain 9 or nore carbons peBAGKGROUND BEJHE BNVENTION convert gasoline
to nore val uabl e petrochem cal 2 pr,odu,(;‘fep?l hav&ﬁ_t her ef.ore focused on
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hydr ocar bons can be useful feedstocks for producing vayious organic
conmpounds 25 thatgatplpticalbrgracking, gesplipe-range hydrogarbons produses lower olefinssuch

aromatic co u VIS ' ' eralliy | ess
than 506  TheRef 2Rl Hitpithe Uiy SUMAICTRAERRS ol 12 I6PERBAIL, U271 g
hydr ocar bons Henzénes tolaeree, wad tglehes (Hesdinafter wolleatively wfertegintiof 4sCBTK) in the
~contribution to the art and tq the e,conon]i,. S\L}JJ!\?/I\/ARY OF THE | NVENTI ON_ 30
Accor di nd5t o Presenee ol galplysts which rentainea zeqlits.  f baprosict of tunpyalytic srackine: h

can process contains a multitude of hydrocarbons including unconverted Cy+ alkanes;

lower alkanes such as methane, ethane, and propane; lower alkenes such as ethylene
- and propylene; and Cy+ aromatic compounds which contain 9 or more carbons per
molecule. Recent efforts to convert gasoline to more valuable petrochemical
20 products have therefore focused on improving the conversion of gasoline to olefins
. and aromatic hydro_carboﬁs by catalytic cracking in the presence of zeolite catalysts.
F<->r example, a gallium-promoted zeolite ZSM-5 has been used in the so-called
Cyclar Process to convert a hydrocarbdn to BTX. The olefins and aromatic
hydrocarbons can be useful feedstocks for producing various organic compounds
25  and polymers. However, the weight ratio of olefins to aromatic compounds
produced by the conversion process is generally less than 50%. Therefore,
development of a catalysf and a process for converting hydrocarbons to the more
valuable olefins would be a significant contribution to the art and to the economy.
SUMMARY OF THE INVENTION |
30 According to a first aspect of the present invention, a composition which can .
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-2- be used as a catalyst for converting a hydrocarbon or a hydrocarbon -
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boron is present in the conposition in the range of fromabout 0.01 to
about 10 wei ght percent (%. 5 Ae@ording to a second aspect of the
present invention, a process which can be used for producing a catalyst
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catal yst co ition qf fhe fi odi nent  of present invention can
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zeol i te-binder mxture. According _to the present invention the weight of

el enent bor olsadyfor igenyertiag @; hyidroosrbon s hydrecasbor: mixtyee toran olefin pd@ G from

about 0.01 t - : . Q5
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ol low ng phyrSuRAREF td Alefih G « WnfiNh WeBhi BB Ao e per
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molecule wherein the weight ratio of the olefin to aromatic compound is enhanced.

A}

20 ' DETAILED DESCRIPTION OF THE INVENTION

The catalyst composition of the first embodiment of the present invention
can comprise, consist essentially of, or consist of a zéolite, a binder, and boron.
Boron is preferably impregnated or coated on the zeolite or zeolite-binder mixture.
According to the present invention the weight of element boron in the invention

25 composition can be in the range of from about 0.01 to about 10, preferably about
0.05 to about 8, and most preferably 0.1 to 5 grams per 100 grams of the
composition. The weight of the binder generally can be in the range of from about
1 to about 50, preferably about 5 to about 40, and most preferably 10 to 30 grams
per 100 grams of the composition. Zeolite generally makes up the rest of the

30 cdmposition. The composition can also be characterized by having the following
physical characteristics: a surface area as determined by the BET method using

"nitrogen in the range of from about 300 to about 600, preferably 350 to' 500 m¥g; a



mtrogen in the range of from about 300 to about 600, preferably 350 to 500
mMerr]/g; a WO 98/ 50496

PCT/US98/ 0 M@ B88/50396 pore vol ume in the range of from about O.BCTHSIG6 0. 8,
preferably about 0.5 to about 0.75, and nost preferably 0.6 to 0.75 ni/g;
an average pore dianeter in the range of _from about 70 to about 300,
preferably about 100 to about 250, and npSt preferably 125 to 200 A, and -a
porosity of @%wfanQQ%fﬁ%m about 0.4 AMLER U GrefRbdbly A6t BDke
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[ err] - al um npeeferrdd mmesadrel mhosahav;hgonedxmhtpura urzwhmpgndteeph}sioam num

chl orohydrate; and conbl n ns of noy e, thereof . Because these

bi nders are TRATACtETIRigS d HS algq&e} |%§&r§a{14]§u%}}qr zeglites thap havmbesn whi ch i s

omtted herejq agﬁx%&?ﬁh&‘ﬁﬁ ol HarREWSiR s Pﬁ&iﬁgﬁ fdlatifibd a0 MEOHE eitis
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enbodi nent o

clays such as for example, kaolinite, halloysite, vermiculite, chlorite, attapulgite,
~ smectite, montmorillonite, illite, saconite, sepiolite, palygorskite, diatomaceous
earth, and combinations of any two or more thereof; aluminas such as for example
20 a-alumina and y-alumina; silicas; alumina-silica; aluminum phosphate; aluminum
' chlorohydrate; and combinations of two or more thereof. Because these biriders are
well known to one skilled in the art, description of which is omitted herein. The
presently preferred binder is bentonite because it is readily available.

The composition of the present invention can be prepared by combining a

25  =zeolite, a binder, and boron in the weight.percent disclosed above under any
conditions sufficient to effect the production of such a composition.

However, it is presently preferred that the comp_ositjon of the present
invention be produced by the process disclosed in the second embodiment of the
invention. In the first step of the second embodiment of the invention, a zeolite is

30  combined with a binder disclosed above under a condition sufficient to produce a
zeolite-binder mixture.

- According to. the present invention, a zeolite, preferably a ZSM-5 zeolite,



invention. In the first step of the second enbodi nent of the invention, a
zeolite is 30 conbined with a binder disclosed above under a condition"
suf ficient W@ ofisqagsce a zeolite-binder mxture. According topdPssi@sRNt
invention, a zeolite, preferably a ZSM5 zeolite, WD 98/ 50496

PCT/ US98/ 07046 -4 - and the binder can be well m xed by any nmeans known to
one skilled in the art such as stirring,-4#Fendi ng, kneadi ng, or extrusion,
follow ng which the zeolite-binder mxture can be dried in air at a

t enper at ur e 4nd thadindengen be wolbmixgddey amomeanslmavm Boonecskilied inf e ashout 0. 5
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Conbi nod nt 1 FERCSEBES RRLRLLY BadleMERoG TSNS biesRil heredBRLiee BBHICE" I T o)
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zéolite. A zeolite, .a calcined zeolite, .or a calcined zeolite-binder

m xture can the rengszefcliomi abeut3Qd ey RNNICe prefernbly rajouin3 HWitonzhoye 460, ardoni um

.ion'to prepa n i e d.zepli : t.her. a -z i.te | ci ned
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descri bed herei nbel ow. Exanpl es of suitabl e amoni um cont ai ni ng conpounds

i ncl ude,10putcalginedhender isimilascconditionsrip rmoesAnyf contaminanis if prasent) by prepare
anmmoni um ni tr at Lum brom de, anmonium fl uoride, and conbi nati ons of
any two or. n%?aéapﬁ‘g%g@ﬂ?' Treatnment of the zeolite 20 ~replaces the original -
I-ons such as, forAexslii e cakided deolife, 8f k@hlciiRd QR6litS-bilRler mikaite cad be he
zeolite with predopm nantly ammoni um i1 ons. Techniques for such treatnent are
wel | known tWeatadewithia ¢asepquadicpataining gn exchangeably amasapim ion WrpreRERAige of
the original_]j - . 8 i i he | sQl ution
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interest of brevity, only a zeolite is described hereinbelow. Examples of suitable

ammonium-containing compounds include, but are not limited to, ammonium
sulfate, ammonium chloride, ammonium nitrate, ammonium bromide, ammonium
fluoride, and ‘cqmbinations of any two or more thereof. Treatment of the zeolite

20 : replacés the—ori—g'inal ions such as, for example, alkali or alkaline earth metal ions of

- the zeolite with medoMﬂy ammonium ions. Techniques for such treatment are
well known to one skilled in the art such as, for example, ion exchange of the
original ions. For example, a zeolite can be contacted with a solution containing a
salt of the desired replacing ion or ions.

25 Generally, a zeolite can be suspehded in an aqueous solution of an
ammonium-containing compound. The concentration of the zeolite in the aqueous
solutioh can be in the range of from about 0.01 to about 800, preferably about 0.1

" to about 500, more preferably about 1 to about 400, and most preferably 5 to 100
grams per liter. The amount of the ammonium-containing compound required

30  depends on the amount of the original ion(s) to be exchanged. Upon the

* preparation of the solution, the solution can be subject to a temperature in the range
of from about 30°C to about 200°C, preferably about 40°C to about 150°C, and



ammnl um cont ai ni ng conpound. The concentration of the zeolite in the
aqueous solution can be in the range of from about 0.01 to about 800,
preferabl y ¥®0%/50496 1 t o about 500, nore preferably about 1 tBCEHUSWOTAE0,
and nost preferably 5 to 100 granms per liter. The anount of .t he

ammoni um cont ai ni ng conpound required 30_ . depends on the anmount of the
original ion(s) to be exchanged. Upon the“preparation of the solution, the
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and - VO 98tdbalstf SO hours, and most preferably 2 to 25 hours depending on desired degrees

PCT/ US98/ 07046, - 5- nost preferably 50[ rr]Cto 1 err]C for_ ahout 1 tg
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calcining to t ;ﬁffn

cal ci ni ng pr%%éggg%céahg%en%g?ﬁggép g ﬁLrH% %éal ’F’he géxn%g%s %)se
di scl osed- abpmees‘ses cahbe bmdroat substaaitially e sanl&eﬁk the@é tliselosed above for the
zeol i t e-bi nder. ogl ly, the apmoni um exchanged zeolite

becones hydr%ﬂ%&%l@gﬁg“é@f"%ﬁﬁoﬁ t8 oF Fealithnger- hi gh t enperat ure treat ment
such thaiy a predo P2 Rh 0 rogen
i ons. Thfe above- dgseggtgt)%’d I on. eé@%n%xe&t?g exc g{r%g%a gs %&ﬁggﬁ %Jhg'tel Ite is
wel | known tapenealcikatioreor hlghtthapenature Seatmeno suchixthaph predUnﬁaad?eyropdrﬁon

5, 516, 956, di scl osure of which is orporat e?mgerel n é reference
Because t he Ploits exchragepble,cations ogl} Jong.n diG abpyrsderctibed jan exchangsani ch
is omtted hgf af;%e]rab I ot mgdi gpnt of
the inventi on a ze %JH%BA nfﬁdgrzﬁérllitg?%?%[llqﬁiog%dtgsﬁe égﬁ'}%ﬁiﬁgﬂggﬁm regar dl ess
whet her. cal cex:mblquJS)tPat |No 51 G2I6; dissldshreaofbhwhish is inprporated ek ba

condition kno to those skilled in the art, to i ncorporate . boron
conpound nt’f?%l’e%‘w'é’ol gcause-therign cxeRangp progedure IEHYFE‘U‘G'RH‘"! ﬁfﬁ%@ﬂ onto
the zeolite %ci’ﬁ?'ohhﬂe&’h&@ﬁffd?‘tgé WitErestBSOG ISRy t he net hods for

i ncorporating or Inpregnatin oron conpound into a zeolite or
zeol i te-binder m ﬂ:eesesm@embodlfmnt of the invention, a zeolite-binder mixture in a

desired ionic form, regardless whether calcined or not, is contacted with a boron
compound, under a condition known to those skilled in the art to incorporate a

20  boron oompeuhd into a zeolite. Preferably the boron compound is impregnated onto

. the zeolite or zeolite-binder mixture. Because the methods for incorporating or _
in{pregnaﬁng a boron compound into a zeolite or zeolite-binder mixture such as, for
example, impregnation by incipient wetness ﬁethod, are well known to those skilled ‘
in the art, the description <;f which is also omitted herein for the interest of brevity.

25 . According to the present invention, any boron-containing compound, which
upon being incorporated into, or impregnated or coated onto, a zeolite or
zeolite-binder mixture can be converted into a boron oxide upon calcining can be
used in the present invention. A boron compound having a formula of BR, W,
(R’B0O),, BW,, B(OR),, or combinations of two or mor: thereof can be used in the

30  present invention in which R can be hydrogen, an alkyl radical, an alkenyl radical,
an aryl radical, an aryl alkyl radical, alkyl arayl radical, and combinations of two or

more thereof in which each radical can have 1 to about 20 carbon atoms, R’ can be -



exanpl e, inpregnation by incipient wetness nethod, are well known to those
skilled in the art, the description of which is also omtted herein for the
i nt erest - ofwdoesoady. 25 - According to the present i nvediSss7648y

bor on- cont ai ni ng conpound, whi ch upon being incorporated. into, or

I npregnated or .coated onto, a zeolite or-éeolite-binder m xture can be
converted into a boron oxide upon calcinfithf can be used in the present
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have 1. to ahout ar.bon.,at ons 98/.5
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two or m)ret Z 1S anlnteger of to 3. Exanpl'es of suitable
boron corrpmind:ethylchomte,,tnbﬂwl horatey dtipropyl qudtex mmethylcbcv:oxm;e, mthyrle anmmoni um
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bOI‘OXI ne, and conbi nations of two or hore thereof Upon the incorporation or
i npr egnat i orzeolitetdrezeplitesbindernmixture to praducta bpem-mcerpuatzéor rimeprognatiet

por on  ACor [HEPEFo RechoroR HOSONAER g SuRFiatec, R i BHech 1 ArciRtod on

under a CO”%&PE cbﬂﬁhoﬁ%t'caﬁhﬁt@&ieaa {epipedtalelinGhé Pargl f fASHE AbBAt 3‘663@‘ about
300[err] C to about 1000C, preferably about 350C to about 750C, and nost

pref er abl y “40Gboutol GIHOC, preferably aboets30°E torrbput2x8Eandimest preferablyper at ur e,

| f . f b bo h
orererably HOBEE 14 B30 Pady SPeAREY b atinipiithos e SHpEROR RRntln
about 30, prigé esmaelof fAdiR4bodt 1 & @bl 0 mosphered{atim)P pfaabl aboht | @uAS hours

to produce the conposition of the invention. The conposition of the

i nvent i df t ifenagsrioddn ﬂ'm‘ 1'9419% of &iom ghavt lctarabautBQ, tpreferably aboiy latgeahoubef or e

agent 15 a Aurad BBl s RSRES Brodh o EREMmorlif g iheuloR ™! O

The composmon of the invention then can be, if desired, pretreated with a

reducing agent before being used in a hydrodealkylation process. The presently
preferred reducing agent is a hydrogen-containing fluid which comprises molecular

20 hydrogen (Hl) 1n the range of from 1 to about 100, preferabiy about 5 to about 100,

o and most preferably 10 to 100 volume %. The reduction can be carried out at a
texﬂperat\n'e, in the rahge éf from about 250°C to about 800°C for about 0.1 to
about 10 hours preferably about 300°C to about 700°C for about 0.5 to about 7
hours, and most preferably 350°C to 650°C for 1 to 5 hours.

25 According to the third embodiment of the present invention, a process useful
for converting a hydrocarbon or a hydrocarbon mixture to a mixture rich in olefins
and C; to C; aromatic hydrocarbons comprises, consists essentially of, or consists of
contacting a fluid stream comprising a hydrocarbon or hydrocarbon mixture which
can comprise paraffins, olefins, naphthenes, and aromatic compounds with a catalyst

30 ° composition under a condition _sufﬁciént to- effect the conversion of a hydrocarbon

~ mixture to a mixture rich in olefins and C; to C, aromatic hydrocarbons or to
enhance the weight ratio of olefins (éthylene and propylene) to the C, to C,



20, hydroken (H2) in the range of from1l to about 100, preferably about 5
to about 100, and nost preferably 10 to 100 volunme % The reduction can be
car i ed ouWChﬂls’%ﬂﬁenperature i'n the range of from about 253EP§F6about
800C for about 0.1 te about 10 hours preferably about 300C to about 700C

for about 0.5 to about 7 hours, and nost_preferably 350[err]C to 650C for 1

to 5 hours. 25 According to the third enbodi nent of the present
| nventi on, auBhRAGETmpoEhdY. TR caRyYesdn taanmdn@g@ﬁé)mh@f disclo¥éll Bravebon
mxture to a mxture rich in olefins and (err] Clerr] aromatic

-hydr ocar bonsﬁtsbnqnboém:nt@ﬁrﬁb& inventioss e the @rmy"fbﬂd" isruse@hslrem to dénote gasact i ng

a fluid str 0 r|S|n dro ydr, rbo xture |ch can
conpri se pa(ralg‘l‘*"? ﬁgq’l’éab %/F}Pﬁ’ﬁt ‘é@ féfﬁ B 88an9 ith a
~catalyst 30 ref&fé?lpt%s hh]e@é‘oth@ﬁlﬁ%e thdicutel, fak @fie %anidrﬁ Ih9a£ocmoﬁ§ heghg e

conversion of a hydfocarbon mxture to'a mxture rich in ol eflns and C[err]
to derr]5 arabost 4c:aﬂ;mratomsttoraboutr3ﬁ carborh atoms, mee!‘ablwgﬁbput ét’ﬂb @boutZQ efins

hyl d propyl | o
e 3 oapeborm B ahd hibst BREGHANLS o P ShBbh btnces B AUt oThede e same
as that di Soleaﬁﬁﬁeaﬂréﬂﬁ tB'arnSﬁmﬁ%a raf@ib JfitfefilAU8 ' HTR Rm Tdsyang e

"fluid" i's used herein to denote g I'qui d, vapor, or. conblnatlons :
t her eof . Thecataiyshdbmmmmardsmompagdgermmb}'mg raezeehteesllch@s comineszeially her wi se

Lo ot 50 Sallagn Lok Snd e 3 SR80 if e85l ot Rebrebri B L. "o
most  pr giger ayampled 6f &%: ?dcla%n%aﬁae,nﬁﬁ afh&lithited 0 Buthi, Robaagced”

refers to an I ncreased vvel ratio of olefins to BTX errpl oyi ng t he
catal yst congemédne; sopertans, mosansg isobexamp) cs;dahy,xanq; boptans mhcptaas, octane

commercially, avail abl e ZS 5an ener | Ly th I O |s ater t han -
1: 1, pref er 25P3Fianes DORE, ApCaNL,, § %P 35&%%% tﬁ% ?‘@nﬁ’ot |
limted to bydadcant S@Réﬁe@“ﬁﬁbut&%“p@ﬁ@ned BRGNS, afeazeﬂaemﬁ@n bﬁ@hﬁiﬁﬂéiﬁ;
cycl ohexane, hept ane, |soheptane oct ane, isoocCtane, nonane, decane,

undecane, doddenescand consbinatiens Qfarwdd@cmorm’@nteeﬂecane hexadecane,

but enes,, . sobut en h xene benzene uepe t hyl.benzen
xyl enes, 15and conb Yarptf%%?q’é@ %?{g*‘“ F‘I%B‘F Q2 (#jsé% &d gox% ca?ﬁ be }5:'??? ”’r%l uid -
whi ch cont ai the feedFoirthe prdiess aSthil mobmfond Geseraly ake Beidufeed seearh ken ed f or

t he process of this invention. Generally, the fluid feed streamcan al so
contain olefins, naphthenes (cycloalkanes), or some aromatic compounds. Examples

of suitable, available fluid feeds include, but are not limited to, gasolines from
catalytic oil cracking processes, pyrolysis gasolines from thermal cracking of

20  saturated hj';arf)carbons, naphthas, 'gas" oils, reformates, and combinations of any two

' or more thereof, The origin of this fluid feed is not critical. Though particular .
cbfnposi_tion of a feed. is not critical, a preferred fluid feed is derived from gasolines
~which generally contain more paraffins (alkanes) than combined content of olefins ,
and aromatic compounds (if present). |

25 - The contacting of a fluid feed stream containing a hydrocarbon with the
catalyst composition can be carried out in any technically suitable manner, in a
batch or semicontinuous or continuous process, under a condition effective to
convert a hydrocarbon to a C, to C; aromatic hydrocarbon. Generally, a fluid
stream as disclosed above, preferably being in the vaporized state, is introduced into

30  an aromatization reactor having a fixed catalyst bed,. or a moving catalyst bed, or a
fluidized catalyst bed, or. combinations of any two or more thereof by any means

known to one skilled in the art such as, for example, pressure, meter pump, and



contain ol efins, naphthenes (cycl oal kanes), or sone aromatic conpounds.
Exanpl es of suitable, available fluid feeds include, but are not limted
to, gasol i wexeshsoes® cat al ytic oil cracking processes, pyroly®cTngdsntesses
fromthermal cracking of 20 saturated hydrocarbons, naphthas, gas oils,
reformates, and conbi nati ons of any twoog nore thereof The origin of this
fluid feed is not critical. Though partittlar corrposition of a feed I S not

critical, eferred fluid.feed is-deriyve fro Ilnes |ch rall
contai n nore tbgrrgmpllaﬁgle@gq; kgﬁ'é%‘fetaﬂﬂ g tar%rfxat&a ﬁ y

aromat i ¢ CONpRuRte, bid sINES B hk-ar The descnptlonTBf"vsﬁ%tﬁ%hﬂgd Béreﬁa fdrlthé’ feed

stream containing a hydrocarbon wth the catal yst conposition can
carried out mteresny)f toeexhityl. cBhd wllzhmamtdnemnhldnen hourly sspacet velowty of the ﬂmd

omvert a hyeaRLinigR eabe ot DT goanant fod sifEisbly AR DI kel S0

- General | % 3arld bt sp°rf @31%'5@?%&9 %bars@t/h&fref@éﬁeﬁm R Asdufe E&Ebe
I ntrod

vapori zed state, uced in an aromatizati on reactor having a
“fixed catal ymtthbeahgeoof frommabouty0 ¢a kbdut 000 giig, preferablyudtwint @ do ahoutl 300 bed,

.or .conbi nations. of, a t her eof, any neans {0

oKi T eq in RREm RRpreratly, 0 30 pste, 500, B ehierabis AOBRARO G AP o
98/ 50496 000°C referably about 350 to about 750°C, and most preferably 450 145854° @7046
-8- other .simlar heans. Because an aronmati_Zation reactor and aromati zation

are wel | known t Tl praskss ¢fauentrgenmllwcpntamsa light gais ftaction bemwlsmg is
om tted nfor the i teres breV|t .The dition [ | ude ,an
hourly Q’{é %‘F{}]’Fﬂ F#If Qﬁ’iﬁé POFPY2 e 3 %lanflo
about 100 8;51‘3 ﬁ{eaahxnaﬁﬁwm@ ﬂb’éubﬂl@é}&mﬁ% 86n- a?omatﬁ:f%rﬁ@ﬁlh Phipher alah)z 0. 1

to 30 g feed/ g cafal yst/hour. Generally, the pressure can be in the range
of from aboutarlpn aioabnamd aaﬂ(pmrgatwdn)eh@qaahmﬁ frastion (benzeneaholuene200 psi g,

and nost pr r abl and_t.he.t erat ure | out 250 to about
1000[ err] C,. ?fﬁ@( é‘ﬁ’ 6‘&'{ § d para ’98?&6)765‘(%%)’15351;" Eha‘?f@u 0 PEet er abl y
450 to 650] lx@tedTlhﬁ: ﬂxl’e.%? igdl ffaeB0hs Sﬁaﬁi athbvon @euthicdsMack ab,| fab ex4ifple,
fraction co r| sing dro en and n€t hane; C3 fraction contai ni ng

et hyl enelS pr oemon éxshlal#eon alaepapm@&rseparahon me‘émdé@mwellkmwmtgwne

el 10, DO e S SRS O Rhich 1B B hag, T ueriatiek O |
and par a- xy| fasion ¢eBtRrRtyded tosh ohlatigionCRActoe described above, methane,

ethane, and propane can be used as fuel gas or as a feed for other reactions such as,

for exarnple? in a thermal cracking process to produce ethylene and propylene. The
20  olefins can ge }ecovered and further separated into individual ble_fins by any method
. known to one skilled in the art. The individual olefins can then be recovered and
| ma.rketed. The BTX fraction can be further separated into individual C; to C;
aromatic hydrocarbon fractions. Alternatively, the BTX f;'ac’fion can undergo one or
more reactions either before or after separation to individual C; to C,; hydrocarbons
25  so as to increase the content of the most desired BTX aromatic hydrocarbon.

'. Suitable examples of such subsequent C, to C; aromatic hydrocérbon conversions
are disproportionation of toluene (to form benzene énd Xylenes), t:'ansalkyiation of
benzene and xylenes (to form toluene), and isomerization of meta-xylene and/or
ortho-xylene to para-xylene.

30 : After the catalyst coinposiﬁon has been deactivated by, for example, coke
deposition or feed poiéons, to an extent that the feed conversion and/or the
selectivity to the desired ratios of olefins to BTX have become unsatisfactory, the



separat ed into these pr| nci pal fractions by any known nmet hods such as, for
exanpl e; 15 fractionation distillation. Because the separation net hods are
wel I. known wo 98/'se#96ki | led in the art, the description of whi BOTIUSISIeN086 ed
herein. The internediate fraction can be recycled to an aromati zation
react or described above, nethane, ethane, 9and propane can be used as fuel
gas or as a feed for other reactions such”as, for exanple, in a thernmal

?reggbiepgdp;gggﬁﬁ é'lp(gsg%bg‘ra elgy | ndlﬁ%ﬂeﬁﬂfk& ns %gneg%@hh@?%ﬁgyknOM'

to one skill eﬂsu&lhbefoa%kmnﬁlbgcalﬁdinglﬂtmi toobwrhi of8 depusited) eokdognd etherer ed and
‘mar ket éd.- The BTX fraction.can be further separated into_individual “CJerr]

to Cferr] -ar gﬁbpwenwmtemboﬁuqhmhmrs or p@b'ms,m prabbynet Btemperatyre on

R T on 00 BE R AP BERFRRCS Thd BbmBSARE elhacll B ARRARE ERAEC .
of the nst gdesrilbloBThe fipesasd ambimts of dehaivatiSy desdsits o thepatalysof such

‘subsequent to (Jerr] aromatic hydrocarbon conver5|ons are '
di spr opor t i opempesitien ahd pndhecileipation temneratuies Jhgsexgptapal dime periods can

rensel kol g Ba0ARNE 87 SOBRAL S 45 e A o BB 207

cat al yst connggiﬂf@nh@m&m&eﬁgtlvat ed by, for exarrpl e, coke deposition
or feed poisons, to an extent that the feed conver si on and/ or .t he

‘sel ecti ;n t. y t o thdhadellewingrexemples e prasentad to Suthex ilinstraterfhisoinwention and
t
pCT) Usosithy ofR 18 e, cofeyed iy fimiting gheisgope, of e presst BY“RHSP eans

known to one skilled in the art such BXAMPBLEgxanple, calcining in air to
burn of f deposited coke and_other carbonaceous materials,.such as .oligomers
or polyners, pref dhiforxampde i IWW%F}!?(EPEHIGFOIHBS&Q‘&‘JWWO&MO dbe[err] C.
The optimal {] i ri ods of the calcining depend 5 generally on the types
and anounts oOf deactivating deposits on the catal yst conposition and on the

cal ci nati on t enpepazsolits ZSM6 obtaidd froin CUNChansie i Wsiikon 4G £BBIikoh, be
determ ned by those possessing ordinary skills in the art and are om_tted

‘herein b t t Awitzerlandclaving a pradyct desi eloZeestt R X0 (oldaingd as posiient ed t o
further 11 ughcaley %ﬁ%ﬁmégﬁé?ﬁohoc{fﬁgg &Brst %ﬁp&%o& & B8 iEORRHbh Y elvaiy grdul ¥

limting the scope present 1 nven
of the zeolite was well mixed with 5 g of bentomte in a beaker followed by adding

just enough water to make a paste. The paste was then extruded at room
temperature .(25 °C) to furthér'thoroughly mix the zeolite-bentonite mixture.
20  Thereafter, "tixé zeolite-bentonite extrudate was dried at 125°C in an oven. The dried
' zeolite-bentonite extrudate was then subject to 'caléining at 500°C for 3 hours to
p,réduced a calcined zeolite-bentonite extrudate (control catalyst).
In a separate run, 40 g of the Zeocat zeolite was mixed with 10 g of
bentonite to produce a second calcined zeohte-bentomte mixture. Thereafter,
25  solution containing 5 g of boric acid in 100 ml of water was prepared. A portion
(9 g) of the solution was added to 10 g of the second calcined zeolite-bentonite
mixture to impregnated the second calcined zeolite-bentonite mixture with boric acid
to produce a boric acid-impregnated zeolite-bentonite. Following addition of just |
enough water to thoroughly wet the boric acid-impregnated zeolite-bentonite to form
30 a paste, the paste was dried and calcined as described above to produce a
| boron-promoted (impregnated) zeolite (invention catalyst) which contained 0. 775
weight % boron by calculation.



EXAMPLE | This exanple illustrates the preparation of catalyst conposition
of the invention. A zeolite ZSM5 obtained from CU Chem e Ueti kon- AG :
Ueti kon, 1 ouizkzerl and having a product designate of Zeo H
(obt ai ned 3%0'8%2%) was used in the preparation of the cat Cféwﬁg”%m
conposition of the invention. Twenty g of the zeolite was weII mxed with 5
g of bentonite in a beaker followed by ad#®rg just. enough water to nake a
paste. The paste was then extruded at roomtenperature (25[err]C) to
‘further thoroughl yn @icompagativeahins @ companative eatalyst waseprogaced tghtheaurbeasiure t he

ool i te. pont SperBeE AbOTRIEE Proding tuE conbPEERATY Rt it o, 2F DoribRGid TR T or
3 hours to porrgduaae, acoﬁgéngoeﬁﬂoaﬁ @ i HEHR AR ST tktdnite 2oSthé %aﬁtegiowder

catalyst). In a separat of the Zeocat zeolite was m xe

g of bentoni ﬂ‘heu'esuﬂnngjmmpaammdyﬂadommmd 321 veighb & boront by calsuiation.
Thereafte a-25 . solution containing.5 of _horic acid in 100 m. of water
was ‘pfep ed. " A portion (9 g) of the =& F—was. added .to 10 g of the
second cal ci ned z ,&nﬂg edtap

.cal cined. zeolite- ggélgt%m te@%ﬁ%%rh?se%?#rﬁfo@ec sfé to %?%%xﬁ?g%ﬂ%gﬁ?c

aci d- i npr egnExamplecloés czealyﬂaumﬂxetmnv&sidmmﬁh}glrmd)dnsm oleffins @ad BFX¥ugh wat er -

to thoroughly wet .the boric acid- na zeJlte- ent.opite to f rm30
2 paste. The’ pact & Austrendief Hifg (ol 4 st SR B0 cemirie s

bor on- pronot gfled WiTY EQD%&@&W&?%&&% 1&5:&\@0&1\13&\1@5&%5 lin¥fR) R)k)v ﬁ.ﬁﬁc@' ned
0.775 wei ght % boron by cal cul ati.on. 50496

PCT/ US981®7 Odiea-ahifina), | hgrmscofieneanfi the catalystsandbemndéle i20ecentimatey of theas

d db d bed abgv d t ' |
el ver oxcibe BibE 28 deRnmeRe ton Tvef 6f Alundaina aBipien " tog Hamfe el s
Wi th the addgidofific 8biUal Bbta' hillid FelBISsROChiBaRe Bittesyilize Okhiohs 2

conparati ve catalyst contained 37219 wei boron by calculation. 5

EXAMPLE | | Tmrgme@dahpd@canbbns shqamem Tahle Js dhsfliquid fesdtshbyntin Aiableokist | ons
descri bed in Exa’iﬁ'zéd -33 £ AL kY plidentoh) RartO QS 24 VoY1 998 TeRSRE P98, L ©

ol efins and B
15  toluene; 8.1% C; aromatics; 38.9% nonaromatics in BTX boiling range; and 25.9%

heavies (Cgt). The feed was introduced into the reactor at a rate of 14 ml/hour
(1044 g/hour). The reaction temperature was 600°C. The reactor effluent was
cooled and separated into a gaseous phase and a liquid phase. Both phases were
~ analyzed by gas chromatographs at intervals of about 1 hour. About 2 hours after

20 the feed was started; reactor effluent was again sampled and analyzed by gas
chromatography for oleﬁns and BTX content. The results of the runs at about 6
hours were shown in Table II below which illustrates the production of olefins and
BTX from the Table I feed and md1v1dual catalyst composmons produced in
Example 1.



A quartz reactor tube (inner dianeter 1 centineter; |ength 60 cehtirreter)
was filted with a 20 centinmeter bottom | ayer of Al undunierr] alum na

(inert, |owveuwskewe 10 area alunmna), 5 grans of one of the eairAisysHR4ME N
the middle 20 centineter of the tube, and a 20 centinmeter top |ayer of

Alundunferr] alumna. The liquid feed was i gasol i ne obtained fromPhillips
Pet r ol eum Conpany, ‘Bartlesville, I ahomalhnd cont ai ned hydrocarbons shown
in Table |. The liquid feed shown in Tahle | is summrized as® 38 7 wejgh .
percent (% |ghts (C[err] s and CGs) 1. 3l%belnzene 5.4% 15 toluene; 8.1%
Cerr] aroma fw; 38—Srorarofates—t+r—BHhotti e t—25—95%6- :
heavi es “( C8+]. The feed v@@?%fh%dﬁ@é@ﬁloﬁ@tﬂw}yeaéﬂ@ﬁ olmer ate of 14 |
m / hour (10. OUT T . - W [er T cTor -
ef fl uent was : - pates Sﬂ%@?@s and de{Itﬁsqui d t a's
Bot h phases rrat@g(maph agoomte val@oa,f aljoug_odo
hour. About 20 ) q of £1 udnt was
agai'n san@l'ejCand anad.goted by g&eodhr f| rﬂ;O(ﬂ)nd EiT)OOOO
cont ent .. TheprestHs—of—trerrons—at—aPc Sromr-+n—taite—i-
bel ow whi ch {Csustl at®80% hel pr ol i OQOQQ eff nsoﬁ%l BTX -0 t hq TR0
feed and i nd{yau C ysF" CONRQST T | a
98/ 50496 . i : "B o gk
- 11 - Table|g, Hy rocpﬁgon Anal § 475 owf- €T ytlcablwg Cr ackgih4pasol |ma343 '
n-paraffins. —Arora oot —Ns fins—Total
0. 000 G, 00 - 0.7490. dOO - 7.164 0. P00L.266 01.870 ’013500 9 18 28122
0. 000 000 01000 —000, 000 —006—CS
0.000. 10 {67000 9740 0.oo0 4376 o 0oB34 %)7%0 5‘6‘3000 dp-899
0. 000 . 000 0.]000 o0 0T81Cx 4-
1. 292 144 %750 000 334 g 12%’20 #90 | ofs| s
0.749 1€,164  0.187 1.]266 2,070 J1. WIB7 (7701285 01&5287 101278 4/
0. 740 - f—b¥e 5354 e 6—4-33 19899158
0. 760 €234 0.163 g {120 1.193 2 53155 “Q0E30 0188475 | C.631
0.187 w1 0as3 T [F°7 0307 Tt "Feos F19™> | olobo> 0| 4257
15 {Cy 0115 .| 0974 | 0768 0.088 0.000 | 1.946
Cys 0.048 0.000 .| 0.000 0.000 0.000 0.048
C. 0.000 0.000 © 0.000 0.000 - 0.000 0.000
Total 4.208 27.664 32.457 8.478 23381 | 98.188
T - Total C,s+ 0.108
' Total 1 1704
Unknowns:

20 )



C10
Cl1 - 0.
15 C12
1.946 C13
0.048 C14
0. 000 Tot al
98. 188 Tot al

PCT/ US98/ 07046 - 12 - Table Il[err] O efdppspand BTX Production (wei ght

Lovention Catal ysit,

(weight percent 13 pBoduct)

per cent
Cat al yst
8.8 5
BTX

1.2

of the react

inp
Pro

with a therm

n| Peapylene|

| nstrunent s,
presentedi
significantl
15 -.i ncreasefl
production of
which was: pr+
ZSM5 zeolith

0. 163

wogg]

1.193
153 0. 307
0. 000
0.-000
27. 664
0. 108 Tot al

0. 000
4.208
Cl5+

0.974

5. 155
3. 606

0.768:
0. 000
. 0.000
321257 .
1. 704 Unknowns:

0.072

0.191
- 0.088
0. 000
0. 000
8.478

2

0. 048
0. 000

renefe

0. 000
23. 381
0

oduct) Control

(‘nrmarar Lve

Cat al yolefis fh‘nﬂm Productlon

A

1’-

L1\Jl| ene——
42, 0
NDO[ err]

an h\_l ronmasino.t b

" Control
Cafalyser r ]

alvaot.oof e d
C AT

2. Gomparatlve
Cok eCataigstdet 6

t ha roaot o

Bm\&nﬁmke[
rm r@alalgsét t he

anad dA~t r\rm -

4.

T rorTovr Ty

aEﬂyﬂencl metric anal yz

LI ASNER

Ot
e Yot o 1y
38

(T, 14

T ChTe T oaaUTUT,

mRif act u

(%I B A® IEn v ) oy oy |

red b$.8TA

wdl ©
dermnst rate

e ldJNu

tha? ntrea

ited z

ol
ite (

determTeq:

The Tesutty
cont rléiz) pr og

/R € BIX than ol er1
B&ﬁé rati o _of produc

b 4P ne

nt1on,cat aly
0 BTXZCS31

QTF,S|

nor a0t he

|nst
th yhe

i k@fins However, W

uced: hv contenporan

bousl \. m xi

ar atNDbe cat aI

yst cgmposi ti

g horic.acid

hent onite 4

p2

6. 631
4. 257

VO 98/ 50496

5
2

er]

end
ed

uced
Iy

on
nd

*Cokeowas @dteisninéd ol ikicnd offible FERMINEDY ranoving mﬁdtﬂl#tﬁ\ﬁorﬂ' hg
NtheYehdtBr AP YSeAiRED Wath & tRANAD pdOHiRSt hdifzer TRGADNE
manufactured by TA Instruments, New Castle, Delaware.

®ND, not determined.

results show
10

The results presenfed in Table II demonstrate that untreated zeolite (control)
produced significantly more BTX than olefins. The invention catalyst significantly

15 . increased the ratio of prod_uc_:ed olefins to BTX, i.e'., increased the production of
olefins. However, with the comparative catalyst composition which was produced
by contemporaneously mixing boric acid, bentonite, and ZSM-5 zeolite, the yields
of olefins and BTX were surpnsmgly low

. Thc results shown in the above examples clearly demonstrate that the
20 preseﬁt inventxon is well adapted to carry out the objects and attain the ends and
advantages mentioned as well as those inherent therein. While modifications may
be made by those skilled in fhe art, such modiﬁcaﬁons are encompassed within the

spirit of the present invention as defined by the disclosure and the claims.



20 ~ present invention is well adapted to carry out the objects and attain
the ends and advant ag,%%hggemsimw&%dmll as those inherent therein. Wile

nodi fi cat i qipegmarosde kKilled in the art, such PEEU§I8030460NnS
are enconpassed vvlthlB' HH MJ i t he present invéntion as defined by__
the disclosure and-th e Al VB 1, A process for the '
conversion of a hydrocarbon to an olefin-ddd a C6 to m\mm‘l I “lmu“‘ |
hydr ocarbon, said process conprising m a fluid

hydrocarbon with a catal yst conpositi ondi ti ons *suf‘fi i e

effect said gonve rtht Borerd %ﬂ}o | ool

the steps cogprl sﬁms%}ﬁg tﬁ%l?ﬂ ng gﬁ%g eo |tgt%véntﬂggﬁ%fl§gg€g g@
condi tion ef fammhy&ombducsmdapmeedsmommmomung raeﬂmd Zpmprisingcsaichg
said zeolite-binder mxture with a coke-redyc t a bo on coppound
under a condibyisaghonawith geatalysh compewtian vg amq%ﬁmpﬁ Q?ﬁfngt ed
zeolite; nd 5 t | te,
and sai-d or(?%ﬁ%:egnp%hhﬁ&:&gl %Jg%@%gﬂ@:ﬁm tﬁﬁgrﬁgﬁ%n i st %&g ﬁ (;ﬁrgiln

aci d, bor ane{2)yreambiningcad ZISM-S, zebliteowithra akieaeduting aaomt ofstbmda; unider af hy|
borane trimethyl, bor e, tripropyl bograne,. trinethyl borate,

borate, tri prcepdifion ve 10 produss & zeRlitesbinder mixtugs;i{2) °%?"33§gn@1 ?‘T'qqﬁ‘opyl

boroxine aPr OCcess
accor di ng to%efmﬁh%@@e?#%%%ﬁé?g‘%%%f R ¥ororfcompoynd wndef ol 0
. catal ytic oi lconditiokiefifgctivorepmduce ®porunymicorporatal omimpregmtddesolind; andaBXi ng

of saturated hydrocarbons, .a naphtha, .a gas oil, a reformate or a
conbi nat A8n erIcinye theoberenrintazperated ot dmpregngted zgolite. A process

according tony Bl Sesdls ecohdthito YRS, WAt SRINNAABRREPR paloRRe Hom

| east 4 carbonh at oéess according.to any pfe
clai m wher eiancasalytic bﬂd:tmkmmocmnawnﬂyﬁbgwohﬂeﬁ@nam&&addn@@ﬁ at orrs.

5. A process_acc rdlngt any pre edln claim whereip s

hydr ocar bon é@fﬁf*ﬁ?‘i?}’@w 9%@61‘%%’8%?(&%0 llga re fgrmate or a,cqm %%:%‘B’r di ng
to any prece%gg) r$hétleBr MhERRiae sai d hydrocarbon is a gasoline. :
A process according to. any preceding claim wherein said

15 3. A process according to claim 1, wherein said hydrocarbon contains at least 4
carbon atoms.

4, A process according to claim 3, wherein said hydrocarbon contains about 4
to about 30 carbon atoms.
__ 5. A process according to claim 4, wherein said hydrocarbon contams 5 to 16

20  carbon atoms. _

' 6. A process accordihg to claim 1, wherein sﬁd hydrocarbon is a gaso-line.
7.. A process according to claim 1, wherein said hydrocarbon is butane,
. isobutanes, pentane, isopentane, hexane, isohexane, cy_clohexane, heptane,
isoheptane, octane, isooctane, nonane, decane, undecane, dodecane, tridecane,

25  tetradecane, pentadecane, hexadecane, butenes, isob_utene, pentenes, hexenes,
benzene, toluene, ethylbenzene, Xylenes or a combination of any two or more of
said hydrocarbons. |
8. A process according to any one of the claims 1, 2, 3, 4, 5, 6 or 7, wherein

~ the weight of boron present in said catalyst composition is in the range of from

30 about 0.01 to about 10 weight %. '

9. A process according to claim 8, wherein the weight of boron pres_en:t in said

catalyst composition is in the range of from 0.1 to 5 weight %.
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hydrocarbon I's buta

cycl ohexane, hept ane, Thlsﬁ?ﬁ&% Reﬁﬁé ﬁngne \mnmmrmmmangecgﬁghexa”e | oo

undecane, WoFREBR l ecane, *peft ddecané, NexalAsese7046

but enes, i sobutene, peU E u Hs, benzene, tol uene, ethyl benzene,

xyl enes or a conbinati L 4 two or nore of said hydrocarbons. 8.
A process according to any one of -the clal4s 1, 2, 3, 4, 5 6 or 7, wherein
t he wei ght of boron present in said cat ale/st conmposition is in_the range of
from about 0101 t & piasess mo:dmggmm%or@o the clalms 1A2pBoteb 6 ar Zowlierein t o
claim8, wherei,n the ht 0 ent C nposi tion .
is in the raﬁ@g%’f‘”} P%ﬁ?@’"ff%‘g &?—f 3-40. Z &hg)?agwpi[;’%@h%caordl ng
to any precedbﬂgmﬁhaa@sfan&l@weloam%fbﬁa%rxﬁmmfbuhmsm&gehﬁmau&R[err]
Werr], (R'BO)3 BV\[err] é OR) 3 or a conbination of any two or nore of _

sai d for mul agadigady als aweryl radical, Rymﬂa&wéaadlcainataalkehytayl adi cal |

n -aryl di AV d I

corbi natidn %&%“%@%ﬁa °§egg§wa o Hi it RN buifinRet i i
is R RO RSwhEai\is 18220 RSPR,ND Rgsbldaedcaﬂbﬁau@mféﬂwwoﬂﬁfoﬁe sad
substituents, Wis ubst i t gent h i s hal ogen, NO3 , S04, or a

conbi nat i.on subm;entsMVos a spbstitusht which gmenuHQgsNQg;@%,lPQ@nr Bnt eger of
1to 3. 11. di t di
sai d bi nder Pembingrioof 887 R of e o o pRiiierl S5 HiprinRe o1 (.

snmectite, nogynorig pRideisCaccording ® claias 20) ivEereﬁlesawbmtoﬁ coRPoMAd iSkbrie,
di at omaceous earth, a-alum na and y-al um na; silicas; alumna-silica;

al unmi num®hostidaberane-ammoniem complexh }de '@xchbrlde, basen phesphate, beraaryitride or

| f d, bi d 11, wh
221 d mont mor FRHERYh aans SemethyL, borent PRIV Dofthé, e gty Mg potipl "
to any precegipigpgll Girite, ﬁﬁﬁétﬁylrbo‘iamﬁe,zmmywordmﬂed&ipr dyﬂbﬂi@nﬁé@ﬁlaced in

step (1) is calcl ned pr| or to being contacted with said boron conpound. 14.
- A process a@mbmtmgot’enﬁﬁ‘yommqmgwdlwm comMpeWIda. t he zeolite- binder

mxture TS greonated t 41oah ARUES el b oBnS s, 375 % N0'€B: SOHRENAL

15  said binder is kaolinite, halloysite, vermiculite, chlorite, attapulgite, smectite,

%

montmorillonite, illite, saconite, sepiolite, palygorskite, diatomaceous earth, a-
alumina and y-alumina; silicas; alumina-silica; aluminum phosphate; aluminum
chlorohydrate; or a combination of any two or more of said binders. |
13. A process according to claim 12, wherein said montmorillonite bmder is
20  bentonite. . |
| 14. A process according to any one of theclaims 1,2,3,4,5,6 0or 7, vs;hereiﬁ
said zeolite-binder mixture produced in step (1) is calcined prior to being contacted -
. with said boron compound.
15. A process according to anyone of the clairqish 1,2,3,4,5, 6 or 7, wherein
25 the zeolite-binder mixture is impreénated with an aqueous solution of said boron
compound.
16. A process accordmg to any one of the claims 1, 2, 3, 4, 5, 6 or 7, wherein
said condition comprises a weight hourly space velocity of said fluid in the range of
. about 0.01 g/g catalyst/hour to about 100 g/g catalyst/hour, a pressure in the range
30 of about 0 psig to about 200 psig, and a temperature in the range of about 250°C. to
~ about 1,000°C. '

17. A process for producmg a catalyst composition which comprises (1)
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15. A process—asee+d+ﬂg—%e—aﬁy—preced|ng claim mhereln said
condltlon conpri ses ace velocity of said fluid .in the
range of aW&ﬁ8/5042§1 B“I ! ﬂu to about 100 g/ g cat alBEYIP807046 5

pressure in the rang to about 200 psig, and a tenperature

in the range of ‘about 250C. to about 1, ooqg. 16. - A process for
producing a catalyst conposition which conprises (1) conblnlng a ZSM5 -
zeol ite w th ogmiiilideh ZEMPS EHHRE val S Bldders ﬁeée 143%} lfm}é
~calcining said zeo ?te bi nder m xture to produce a ca C|ne zeolité (% nder ;

"(3) contacti mglcanngismdlmohbebm@nlmnmubltuqudmearcahmedcpaehtnsbmdémﬂ)on of a

boron conpound under dltlon S roduce .a b rqn
conpound- i np°8y ﬁﬁ‘?’&l c{ngdzgﬂla E{ZS“H s olytipn @ @(}?Pé%nd

i'nmpr egnat ed @% uﬁ&% ERAP q@g it @% 24P
consi sting o?s rrc acl asﬁ%draa%g{%m u% dﬁ‘l% £66 or‘%%“{orl?:nflil%l Fg%, bor on
nitride, 5ri aedljtt; m&)@almmngmalﬂ)borMDmpoundmpregnatedamohm trinmethyl
borate, triethyl borate, tripropyl borate, trimethyl boroxine, triethyl:

bor oxi ne,- tripropyl boroxine, and conbinations of two or nore thereof. 17.
A process according to claim16, wherein said binder is selected fromthe
group consisting of. kaolinite, halloysite, vermiculite, chlorite,

attapul gite, smectite, nontnorillonite, illite, saconite, sepiolite,

pal ygor skite, diatonaceous earth, a-alumina and y-alunina; silicas;

al um na-silica; alum num phosphate; al unm num chl orohydrate; and

conbi nations of two or nore thereof and said boron conpound is sel ected
fromthe group consisting of boric acid, borane-ammoni um conpl ex, boron
trichloride, boron nitride, triethyl borane, trinethyl borane, tripropyl
borane, trinethyl borate, triethyl borate, tripropyl borate, trinethyl
boroxine, triethyl boroxine, tripropyl boroxine, and conbinations of two or
nore thereof. 18. A process according to claim 16, wherein said

bi nder is bentonite and said boron compound is boric acid.
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