HYDROCARBON CRACKI NG HYDROCRACKI NG AND | SOVERI ZATI ON W TH CATALYST

ACH VATH.ON This invention relates to a method for cracking, dlchgﬁ_‘_uﬁ
or isomerizing a hydrocarbon feed over a zeolite catal yst and

~8i nul t afieously treating the catal yst so as to prolong its effective life or@
to rejruvenate or reactivate |t Catal ytic processes are well known in the
petrol eumrefining industry, for exanpl e, cracki ng, hydr ocr acki ng,
hydrofining, isonerization and dewaxi ng. The effective life of the

catal yst in operations such as these depends on the nature of the
feedstock, the severity of the conditions and upon other factors. Oten,
the activity of the catalyst decreases with tine but it.is usually possible
to conpensate for thglOBOGARBOMIORACKING, TYDROGRACKING . Al 1SONFRIZATIONer at ur e.
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The activity of certain amorphous and crystalline catalysts
depends in part upon the degree of hydration of the catalytic surface.
" The effect of water on the hydrocracking activity of a palladium— '

: _imi)regnated rare-earth exchanged zeolite X (Pd/REX) and a platinum~
impregnated hydrogen zeolite Y (Pt/HY) is described in J. Catalysts 25,
204211 (1972). 1If a controlled amount of water or a water precursor
such as 2-pentanol 1is added to the feed, the activity of the Pd/REX
catalyst increases, as shown by a diminution in the equilibrium
temperatufe for a given conversion. If, however, an excessive amount
of water 1is used, the activation may be lost, possibly because of
competition between the water and the hydrocarbon for active sites or
because of protonic hydration to diminish acidic stremgth; the effect

]

is; in any event, caused by the water and not by other products of
: dehydration of the water precursor, On the other hand, water tends to
-'tjv : su’pp‘ress. the activity of the Pt/HY catalyst and it is of minimal
' ' effectiveness in the hydrocracking of a comerc:l.al low nitrogen
feedstock over the Pd/REX catalyst.

The ' cationic form of the zeolite may require to be
appropr:lately .selected for activation to be observed since it has been

shown that water,may have no effect on the alkali metal forms of the



-2- zeolite: J. Catalysis 11, 238-250 (1968) Sovi et Scientific Reviews,
Section_ B, Chem stry Reviews, 2, 1-6 (1980).- The us€ of watér to -enhance -

th cf|V|ty of catalysts conprising a nmetal on an oxide support in

peifddl-eum refini ng processes has been proposed, for exanple, in US. N
Patent” Nos -2,642,383 and 3,649,524 (refornming), US. Patent No. :
3,720, 602 (hydrodesulfurlzatlon) U S. Patent No. 3,907,921 .
(dehydrogenation) and U. S. Patent No. 4, 897, 364 (hydrocracklng) Wat er ;‘;@'
has also been reported to be useful for pronoting the activity of ™
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.used in a \A/Kél@laxéns)ety of conversion processes of cracking, hydrocrack| ng '
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processes than w th ot her zeol iites . whjch are pos be
treated by2<tiyiEy mfoﬁe%ﬁ?rlétear‘:é“f]ﬁé‘tz% bevajotaingd; T"e§°h%%°ﬁéc? IfFﬁdiz'SM 5
itsel f. both water and a water precursor.such-as an alcohol to the reaction

Zone, The use of the water together with the water precursor is found
to provide results which are superior to those obtained with water or
its preéursor alone.

The present invention therefore provides a method for converting
-a hydrocarbon feed into a product .bf a procedure that involves a
cracking, hydrocracking or isomerization reaction carried out in the

'~ presence of a catalyst comprising a crystalline zeolite under
conditions that  include elevated temperature  and pressure,
characterized in that the zeolite catalyst 1is contacted with the

- hydrocarbon feed in the presence 6f a mixture of both water and a
ptecursor'whichfférms.wa:er=under-the.prevailingureaction,conditions,.

The procedure of the: invention may be used in a wide. variety of -
conversion processes of. cracking, hydrocracking and isomerization type' R
although greater benefits may be otained with some proéesses than with o
others. The =zeolites which are most apt to be treated by this .
procedure are the ZSM-5 type zeoliteé, especially ZSM-5 -itself. o



-3-°The procedure for maintaining the activity of a zeolite or for

ehhanci'ng i'ts acti'vity according to the invention will, for convenience, be,

referred;to as an activation process. It may be used with the crystal
~zeol i fe~catal ysts, of which many are known. Sone occur in nature,for .

exanpl.e,, nordenite, erionite and ferrierite and others at |least so far, are

obt di nabl e only by synthesis, for exanple, zeolites X and Y. The zeolites

“ggg characterized by orderéed porous strugtures of varying pore sizes.

Oolites such as faujasite, zeolite X amtl zeolite Y with pore sizes over 6.

A are generally.regarded as |arge pore zeolites; these zeolites permt '

relatively unrestrained access by nol ecul es of various-sizes to their

i nternal structure. The small pore zeolites, on the other hand,_ such as

“erionite and zeol it dhe, pracedupsfot naiotaining the agtivityof,aReokitmiop for
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present activation p%égésg éiep%ﬁggéawﬁiéa pro&%de constraxned access

for larger molecules to their.internal structure. This access is
conveﬁiently.measured'by_the Constraint Index of the zeolite. The
. method by which the Constraint Index is measured is described in U.S.
- Patent No. 4,016,218 and J. Catalysis 67 218-222 (1981), to which
reference is made for details of the method and for examples of the
- values of the Constraint Index for typical zeolites. The zeolites
which are preferably used in the present process have a Constraint
Index of 1 to 12 and, in addition, a silica:alumina ratio of at least
12.  Zeolites of this type include ZSM-5, ZSM-ll, ZSM-12, ZSM-35 and
ZSM-38. - These zeolites are described, respectively, in U.S. Patent

° ' Nos. 3,702,886, 3,709,979, 3,832,449, 4,016,246 and 4,046,859 and
reference is made to these patents for details of these zeolites and
” ' their preparation. Highly silicecus forms of ZSM-5 are described in

U.S. Patent No. Re 29,948 and highly siliceous forms of ZSM-1l1 and
ZSM-12 in published European Patent Applications 14059 and 13630.

. COther zeolites may also be treated by the present activation
procedure, especially the large pore zeolites such as zeolite Y,
especially in its: ultrastable form USY, zedlite beta and ZSM-20. Small
pore zeolites may also be treated but it should be remembered that



pore\zeolites may al so be treated but it ‘should be renenbéred that - 4-
ver Zeolite is selected should be resistant to the effects of. water

u ghe reaction conditions used.. Thus, if water is known to cause.t
colTapse of a zeolite, this zeol i te should not be used. Zeolite beta is

described in U.S. Patent Nos. 3i308,069 and Re 28,341, ZSM20 in U.S. )

Pat ent Nos.

3,972,983 and 4,0121,331 and USY in U.S. Patent Nos. 3,293,

©and 3,402,996. For these zeolites, siligca:- alumna ratios of at |east.
~and preferably higher,. are also prefefted. The effect of the activatio
procedure i s nost notable when the zeolite is wholly or substantially in
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rare earth form although this will be less preferred than the alkali -
metal form. - The cationic form of the zeolite may be changed by -
conventional exchange techniques including base :exchange to the
ammonium form followed by calcination to give the hydrogen form of the
zeolite. - - : ; -

. The zeolite is preferably used in a’ low: acidity form having an

. alpha value of less than 10, preferably less than 5. The method by
~which alpha is determined is described in U.S. Patent No. 4,016,218 and

J. Catalysis, VI, 278287 (1966). The zeolite may be converted from
high acidity forms to the desired low acidity form by the various
techniques well known in the art. Briefly, the Zeolite which usually
has an' alpha value of 20 or more, is steamed to reduce-the-initial -
acidity after which the;steamed-ieoliteyiSTbase.exchanged with alkali -
metal cations to reduce its acidity still further. During the. steaming-
the. alpha value will be reduced and normally the steaming should be
continued until alpha is reduced by at least about 10 units, normally
to a value of at least 10. Base exchange with the alkali metal catlons
will then reduce alpha to the desired final value of less than 10.
Steaming is conveniently carried out at temperatures from 200°C to
700°C, more usually 300°C to: 600°C, and for a period of time from about
2 to 48 hours. The=atmesphere:may'be4Wholly*or partly of"steam and if
another gas is present in addition to the water vapor it should -



Steaning.is convenienthy carried out at tenperatures from 2000C to [err],
more: usual I'y-[err] to [err], and for a period of time fromabout 2 to 48
‘hours. The atnosphere may be wholly or partly of steam and if another -
~4is present in addition to the-water vapor it should preferably be arn=

i nertixgas such as nitrogen, especially at the higher steaning tenperatures. ™
The- subsequent base exchange with alkali metal cations such as sodium

'%{asm umor lithiumwill substantiall y-s-educe the activity of the zeolite
f n- hexane cracking, Although catalysts with al pha val ues bel ow 0.5 may
still exhibit some n-hexane cracking activity, this residual activity wll
be so small that the zeolite can be regarded as inactive. The desired | ow
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These di Sparbqlqyssar dypical silica alumina ratios t ghly ‘

. zeolites are from 50:1 and higher, especially fromm 70:1 and higher.
Ratios may be very high, for example,. above 1000.1, for example 1600:1
or'e\)en higher for example 50,000:1. The 'silica:alumina ratios
referred to in this context are the structural or framework ratios,
that is, the ratio for the Sig, 4 to the AlO tetrahedra which
together constitute the structure of which the zeolite is composed.

This ratio may vary.from the silica:alumina ratio determined by various.

. physical and. chemical methods. - For e:&ample, a gross chemical analysis |
may include aluminum which is-prese_ni:- in the form of cations associated
with the acidic sites on the zeolite, thereby giving a low
silica:alumina ratio. Similarly, if the ratio is determined by

. : thermogravimetric ahalysis (TGA) of ammonia desorption, a low ammonia
titration may be obtained if cationic aluminum prevents exchange of the
ammonium ions onto the acidic sites. These disparities are -
particularly troublesome when certain treatments such as the
dealuminization methods described below which result in the presence of

~ ionic aluminum free of the zeolite structure are employed. Due care
should therefore be taken to ensure that the framework silica:alumina
ratio is correctly determined.

The alkali metal contet of the zeolité will vary inversely
with the structural silica:alumina ratio because it is the aluminum
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".used in a varie

- particularly troublesone when certain treatnents such as the -

deal umi ni zati on net hods described bel ow which résult’in the presence of

k oni um numfree of the zeolite structure are enployed. Due care shoul d
therh;’«e be taken to ensure that the framework silica:alumna ratio is N
~correctly determned. The alkali netal content of the zeolite will vary
inversely with the structural silica:alumna ratio because it is.the P
al um num atoms in the framework which g.ovide anionic sites which accept\Jg'
the alkali metal cations. If the zeolite has been steanmed and base _
exchanged to reduce its acidity, the structural alum numcontent will be
nodified to a certain degree and the final alkali nmetal content :
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dewaxi ng pr ocSch @50 onia and hydrogen sulf:.des) The process is particularly -

~useful in catalyt;c dewaxing processes which are normally.carried out
in the preSence“of-hydrogen?andvare therefore correctly referred to as
hydrodewaxing processes. In processes of this kind, the waxy

~ constituents of the feedstock, which are long chain, for example
Ciz+, normal-paraffins are converted to shorter chain fragments which
‘do not make so great a contribution to high pour points in the
product. The hydrogen, besides its function of hydrogenating some
-unsaturated bopds in the feedstock contributes to this reaction mainly
by preventing the catalyst from aging prematurely although if the
conditions are appropriate, cracking:and hydrogenation of polycyclic
aromatics in the feedstock may occur. Catalytic dewaxing processes of
this. kind: which may employ the present activation process as.an adJunct -~ -
are described,  for example, in U.S. Patent Nos. 3,668,113, 3, 894,938,
4,176,050, 4,181,598, 4,222,855, 4,229,484 and 4,247 ,388 and- reference

~ is made to these patents for deta;ls of the operating conditions
employed in procesSes.of-this kind. Dewaxing processes using the
present activation procedure may be carried out in the presence or
absence of hydrogeh and. in the presence or absence of"added‘gas other
than hydrogen. It is generally preferred, however, that such processes |
are carried out with added gas, either hydrogen or cl-c3
hydrocarbons such as methane. - -
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this kind which may enploy the present activation process as an adjunct are =

.described, for exanple, in U S Pdatent Nos. 3,668,113, 3,894, 938,
4,176, 050, 4,181,598, 4,222,855, 4,229,484 and 4,247,388 and reference i
~—tade {-o~these patents for details of the operating conditions enployed: i
processes of this kind. Dewaxing processes using the present activation
rgcedure may be carried out in the presenge_or absence of hydrogen and in

.t.@_g presence or absence of added gas other than hydrogen. It is generally
preferred, however, that such processes are carried out with added gas,
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catal yst. ese ni er u , n I en c oundas w I C
Che 700l i te CBRSENT 5 B8R AT PLD Feattbgr b 10h ForRas, b SmaEanor
remain to reduce cathel y¢tivaaidn pirogess will awdi gérempliyhder zeq@iokd cokd the
formation at &&ﬁ%ﬁﬂhﬂi‘%ﬁg%@&;ﬂﬁé@dﬁtﬁ% r@8da L{Q_%ﬁ?@ht &Q&k?ﬂ@ pecause

regeneration i s necessary , case, coreti ca
possibility Bhesegfepstiongeardiureimedly hetsided Sukcatshish r egpeREstrPHnSoT s

of no noMent . example above 450°C with continuous regeneration of the catalyst. At
' tl_lese high temheratufeé, any '_nitroge:n compounds with which the zeolite
comes into'c_o'_nt‘act will be desorbed and therefore will not remain to
red;;lce éatalytic _é_ctivit:y. ' Iﬁ addition, the rate of coke formatiom at
these ‘higher temperatures 1is so fasf that continuous regenération is
necessary and, in which case, the theoretical possibility of an
extended duration between.successi\.ré' regenerations is of no moment.
wae'ver, the activation prbcess will ‘be of use with low temperature
cracking and other reaction ﬁhich are carried but at lower temperatures
and where some 'crackiﬁg reactions do take place, for example, in
hydrocracking where extended duratioﬁ between regenefatidn would be
seful. g _ | . : _ _ )
T e ' Hydrot:rac__kiitg nb'm‘ally eplbyé temperatures below 450°C because
the - thefmodyﬁamics of ﬁhe "pr.oé:ess '.bec0me unfavourable at .'higher
" temperatures; temperatures of 35'0°C. to 400°C are common at pressures
above 10,000 kPa with hydrogen circulation rates of 200 to 1000
n.l.1. -l'df hydrocarbon feed at a: space velocity of 0.1 to 20, more



However, the activation process will be of use with |owtenperature .
cracki.ng and other reaction which are carried out at |ower tenperatures ahd
wher gecsone cracki ng reactions do take place, for exanple, in hydrocracking
ﬁ?ixtended duration between regeneration would be useful

ocCracking normal |y enpl oys tenperatures below [err] because the

t hermodynam cs of the process becone unfavourable at higher - -
_tenperatures; tenperatures of [err]=8v 400C are conmon at pressures abon~j$3
10,000 kPa wth hydrogen circulation rates of 200 to 1000 n.l.I. '
of hydrocarbon feed at a space velocity of 0.1 to 20, nore usually 0.2
to. 5. In all processes, conditions may be varied in order to conpensate for
cat al yst -agsuailgno. 2tbes. vinialili processes, sonditions imagabe vafied fincoidencks
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[err], for exanpl emevhedditocy] whict Ade AnddCart YRode’ apprtpraatk Forogeric), - ¢
heavy gas oils, cﬁ%er S O&hi"Fgg éqéﬁ@“bottq ~and ol ls derived from .
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manner, as i Houiate i - O ogenat T on “&olpo TE ired in.the
of ' eB Wy o, b6{iPy e R R fro ke 3
cat al yst, crudes), | reguced Zirudes  vatusse and rakmospheric), beawt gas ailscrenkervi 11 A
or- t he nong |- (AYs '%%fb- - Rer ¢ odi ) o
Pl ati num aﬁ%é)?gfh i u.m&g;r% t ﬂe&ﬁ?e er rg}dﬁgﬁ\}e@ﬁn@{o&'{ gﬁ%lr?g {r:éigksg?a?%lggal t,
‘vanadi um ﬁ%ﬂ&hdenunlrchroniunmand_tungsten.the preferred base netals.

Conbi nations of thmebprovesBtfy 2asrivd oot dab&Inann®l WbpedptTateitokets t ungsten’
oo ke AR L AR B0 B SPYPE iR o
downflow trickle type reactor and dewaxing in a similar manner, as is =~ -
- conventional. - . . T .,_ ' :

. Ifa hydrdgenafidn'éompoﬁéﬁtfis required in the catalyst, it
will generally be chosen from the noble metals of Group VILIA or the
‘non-noble metals of Groups VIA and VIIIA of the Periodic Table.

Platinum and palladium are the preferred noble metals and nickel,
cobalt,'vanadium;_mblybdghum, chromium‘ahd tungsteh the preferred base
metals. - Combinations of the base metals such as cobalt-molybdenum, N
~ nickel-tungsten and nickel-tungsten-titanium have been found to give
good performance as hydrogénatiqn components; -Base metal components
may be subjected to pre-sulfidation by a sulfur-containing gas, usually
hydrogen sulfide in the presence of hydrogen at an elevated.
temperature, as is conventional. The metal may be introduced into the
catalyst (zeolite, matrix or both) by impregnation, cation éxchangevor
anion'exchange_usihg:iqns_such as ‘the gpmpiéx cations e.g. .
Pt(NH3)6-2* or the complex anions such as vanadate, ortho-
tungstate or molybdate, as is conventional. _ _
- The zeolite_may_be 1ncorporatéd into a binder such as silica,
falumina, silica-alumina or silica-magnesia or a matrix such as a clay
'in order to confer adequate mechanical properties such as attrition and
" crushing resistance. U.S. Patent No.. 4,016,218 describes details of
other binders and matrix materials. '




may be subjected to pre-sulfidation by a sul fur-containing gas, usually
hy.dr ogen sul fsiide in the presence of hydrogen at an el evated tenperature, as
i.s conventional. The netal may be introduced into the catal yst (zeolit@y
‘~ﬁatr|xfor bot h) by inpregnation, cation exchange or ani on exchange us{n®
ions such as the conplex cations e.g. [err] or the conplex anions such™as
'vapadate, ortho- tungstate or nolybdate, as is conventional. The zeolite
y /be incorporated into a binder suchsas silica, alumna, silica-alumna
orSilica-magnesig or a matrix such as a clay in order to confer adequate
mechani cal properties such as attrition-and crushing resistance. U. S
Patent No.. 4,016, 218 descri bes details of other binders and natri x

materials. -9- The impPsvineAeNin barA9tHd %Eti?vﬁ?t 1¥/iabNidvegasdtiosd sy to
accordi ng. bﬁ‘ {hﬁg nyent | on bz I n ectln water and a water precursor |nto

-the reacti tiaf, by )i MatfTo 8004e%, & WaLEF (RFECHTISh §Rnh as .
" et hanol , efeetidn zgrenpasyitabbe/ivabet pracutsoyscincalige Adtsholpaguchcag arly the

& kanol s, capRglal| yuRpRenLanalnathl Gltoher SN L MERAEL, | 8 ASNGERAS and

wat er . The er &nc cursér can be In rqu
gaseous forﬁhﬁamaaals,bssmqépusecz-aenf@aol wrtightilrseea%id\ye@mvsntedeagt or or

Conti nuouslenetsie LaF datdiic, MEWaLon shdled SneRCUsR i BETBEOINOT
ot o1 ongedie SaGoR BF gasealls Torm ang e HBLfbrhisd SLHEMY 08 BRE  he
reaction t egopesrsion ereaetaess sargonbdnedhiwlitiaithet feedd e STheeadditbore candre made

d -
condi 1 on an Ui 08 gy bt ISP Thbe SoRGENSRE Hhah 4460 B8 O
about 0.01the v@séategaormrgn@smfavmémgn&tmripae@mrtw say, fart8-i8 une of

catal yst a'f&:ﬁé fwhgid ‘t%@ni@:rriﬁ? Cﬂb@”ﬁéﬂ&ibﬁ‘&eﬁﬁéﬁtﬁﬁé rebéssary N AEPWANOf
wat er as S%ﬁ sc&sgether mﬁg 0 ter yleldq%xﬂg th3 gLecu or sh Ig be so
adj usted. FAB TRA CPBYRE °88 t FnueTB f oy why Y 8 The
anount of waumtipnen-urta@rreact:lnn témpeesture. whefieperidaid acuitioespsret i cul ar
employed, it has been found that about 0.0l to about 30 volumes of
- water-water precursor per unit volume of catalyst are effective for
" prolonging the catalyst life.’ The amount of water as such together
with the water yielded by the precursor should be so adjusted. These
‘additions may be continued for 6-24 hours or longer. The amount of
water precursor will, of course, be dependent on the particular
material employed and the amount of water the selected precursor
produces. It is possible to add'the'watert.water Precursor ef=mintude
to the feed or the reactor continuously in a manner which will maintain
" the desired operating conditions but this will normally not be
preferred because the conversion will often decréase during the time
that the addition is being made. Normally, the addition of the water
‘andsee water precursor will be used to reduce the operating temperature
of the process for example to maintain the operating temperature at the
value used at the start of the operating cycle. :
The use of water together with the water precursor generally
produces notable advantages over the use of either material on its
own. The degree of activation produced by the mixture is generally
greater than that produced by the water or water‘précurSor alone in
corresponding amounts and accordingly, it is possible to obtain
relatively greater improvements in operating conditions for example

-



- COo

mater"r al enployed and the anount of water the sel ected preécursor produces.”

r

It 4 possrble to add the water and water precursor to the feed or the

@o‘r continuously {in amnner which will maintain the desired operating .
Itions but this will normally not be preferred because the conversion e

wrll'often decrease during the tine that the addition is being nade.

Normal |y, the addition of the water and water precursor will be used to o
reduce .the operating tenperature of the 9roecess for exanple to maintain the™
.operating tenperature at the value used at the start of the operating \.J
cycle. The use of water together with the water precursor generally
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" par anmet ers. ter and precursor are use
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to 75:. a orti wei g ve bgen shown to giv =
results. Th‘é'giai uﬁ?ﬁg ? thflﬁaﬂﬁt 8% (g‘ eEUrSorronifiec ge ﬁﬁﬂ“fg‘ Bé %@eﬁeﬁ o |

" normal Iy beprefierably 1aheellofvobune t)er@tyodalnulqteﬂcehateo&pﬁdoprfaedas the.
~preferably &omné@ V&W&Eope&&%t and gtk ab gk i LROT EALE 33ed &

o Syt AR ks :
conbi ned vol ume _of water wat er precursor W t at1 o between

bei ng vari ekhem beins rY&ﬁiH’é‘r iBrE‘!ﬂ gaerer geevionphy des%’ﬁé’ﬁdcorﬁ'thiehumiamst i on .
of water andddsried owrm&sm lwacesq:dectﬁtidttwrhsei | saase fonabf S1esel thEn 5

percent has en faoun e es eg q:ll useft%.,L fioned above_ the
procedur e or"plte 8 I?eﬁ\?%q't een e apﬁl PPty sg? *dewaxi ng.. In fact, .
the invention is eﬁe@ﬂwﬂoyeépphvsabltbe.t praredbrer of etlme sinvantiond mawt bat t he
wel | head Siﬂﬁﬁiigbetq crude oil dewaxing. . In fact, the invention is especially
applicable to such processes carried out at . the wellhead since the
catalyst may contain no hydrogenation metal and the lack of
availability of hydrogen in the field for use in the dewaxing process
is therefore.of no great conéequence; waxy crudes are generall& low in
sulfur and metal contaminants; and the hydrocarbon gases associated
with the crude oil can be used to_ﬁressﬁrize_the dewaxing system. .
In a whole crude dewaxingxlprocess,. the temperature_.ef the
reaction 1is suitably from 316 to 460°C, .dependihg. on the feed.
However, with the preferred catalyst utilized herein which is prepated'
-'by'sﬁeaming to an alpha value of not less than 10 followed by base
exchange with alkali, satisfactory activity has been achieved at-
temperatures less- than 370°C.. -Many cha?ge stocks will undergo . some.
thermal c:acking_'atf temperatures above about 430°C with resultant
production of 'undesi:eq gaseous . hydrocarbons thereby = losing one
advantage of the invention io the extent that thermal cracking takes v

place.



cat al yst -may contain no hydrogenation netal and the |ack of availabilit
hydrdgen’in t-he field for use i'n the dewaxi ng process is therefore of ' n
great consequence; waxy crudes are generally low in sulfur and netal’
~~¢ont amtmants; and the hydrocarbon gases associated with the crude oil. can

be used to pressurize the dewaxing system In a whole crude dewaxi ng
process, the tenperature of the reaction,,is suitably from 316 to

0C, depending on the feed. However, with the preferred catal yst
ut™’i zed herein which is prepared by steaming to an al pha val we of not |ess

than 10 fol | owsdsbyrddastpoyedaRaq ity Nicedbdidbi to s@etlétcaﬁiq%ybeﬁ@t iugkd Y
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hydrogen or an e system 1t erre
‘operaté bel ovf nqa%aqievenawbﬁ méé’éﬁ?ém%afiefd’%r& to 2790 gile éul-at i on may be

. {Tﬁ' n: ai nedf at f from Os§&e27mo£&tlyhlviﬁpaﬁﬁrwe£%hf\% intlh ey t%?éTEWBathM\dt h ]
e e o ee er ing a higher. space, vel oc edst oc ic
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‘fromabout 0.3 to abou PO ng
‘i nvention. 9, abeyfe 5.0 LHSV. For most charge stocks pteferable LSV will range

from about 0.3 to about 1.0.
‘The following Examples 111ustrate the invention. In the
Examples, all percentages are by weight unless otherwise stated..

. EXAMPLE I

A catalyst was prepared-by_steaﬁing the ammonium form of ZSM-5

(silica:aluminq ratio of 70:1, alpha of 170) with 100 percent steam at

450°C for 16 hours. The steamed ‘zeolite was then added to a 1IN

ammonium nitrate solution, pH about 4, and maintained in this solution

at 93°C for .4 hours. The liquid was then decanted and the catalyst

: washed with deionized watet. The ammonium form ZSM-5 so produced was
€ then calcined in nitrogen at temperatures increasing from 25°C to 538°C
at a rate of 1°C min.fl
hours. The resulting hydrogen form zeolite (alpha of 65) was then

and- held at the final temperature for 5

e

sodium exchanged using 0.25N aqueous sodium bicarbonate soldtion to an
alpha value of about 1. , 3

The above catalyst was used to hydrocrack hexadecane at 370°C,
5340 kPa, LHSV 1.0 -hr-l, in the opresence of hydrogen. The

hydrocracking proceeded readily with an equilibrium conversion of about




Exgepl es, al | percent ages are by wei ght 'unl ess ot herw se ‘st ated. EXAIVPLE I
?‘ yst was prepared by steani ng the ammuoni um form of ZSM5. -
ca:alumina ratio of 70:1, al pha of 170) with 100 percent steam at 5
[err}—for 16 hours. The steanmed zeolite was then added to a I N ammoni um
nitrate solution, pH about 4, and maintained in this solution at.[err] for
4 hours. The I|qU| d was then decanted and the catal yst washed with

dei oni zed water. The amonium form 758 So produced was then cal cined in’ ""('

ni trogen at terrperatures increasing fromJ[err] to [err] at- a rate of [err]™
m n. and er r A fi
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readi |y with arPU65esaLF f’f Lﬁﬁe&‘B 8 i aﬁ?Bﬁ?q‘}i Lingy eq'ifg'%? §avn in
Figure 1. - §he 4&dskhd SO ppin Of ﬁrilueomqueneoladdua ko the aeemmftequa&nnmt o 4
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hexadecane conversron as shown 1 n E uccessi vely greater
amount's of m;!e'éﬂﬂsnblqtnéhe éﬁﬁﬁfé%rﬁ“?o 8, 47 ' 48 ‘and 500 ppm of nitrogen

wer e added to the waest atatserthsa cduied531|.€lﬁ¢h54f€'é’dé%om & r@RMraeé bpdscated

Fi 1. d f. t th
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conver si on OB Yhad 306 i 86 taRAbed A0R! dlee1a! pidiged 35! ehd 26200 ppm

of benzoqui nol i ne was sti | resent-int feed S on stream
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Cyclohexylamine is a more basic: nitrogen poison than the benzoquinoline
and therefore 1s more deleterious to ~catalyst activity. The
equilibrium conversion under these conditions was about 10 percent, as -
shown in Figure 2. ' o
Add:lt:lon of water for 24 hours at 86 days on stream (0.35 cc.
hr-.l_, 7 volume percent of. feed) produce_d an Iincrease 1in catalyst
activity, resulting in an equilibrium conversion of about 19 percent,
. ‘as indicated by the symbol "100/0" in Figure 2. After the conversion
" had -decreased' to about 11 percent at 90 days addition of 0.25 cec.
hr-'1 water for about 24 hours brought the conversion back up to about
14 percent. ' ' : S
Mixturee{ of_ water and methanol were then added to the feed
starting with an 80/20 water/methanol mixture at 0.25 cc.’ hr'_-lg 5
' volume percent of feed after about 97 days on stream.. The activity
" increased after addition of- the mixture terminated, to about 30 percent
' before decreasing gradually to about 19 percent at about 105 days on
stream, : ' C
A 60/40 water/methanol mixture was added to the feedstock for
about 24 hours at  the rate' of 0.25 ml. 'hr-l, - 5. volume percent of
feed, to restore the activity, "resol_t::l.hg in a maximum equilibrium

conversion of about 24.4 percent at 108 days on stream. '

S
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and therefore ‘s "rmre~ deleterious to catalyst activity. The
equi | idbrium conversi on under these conditions was about 10 percent, as @

shown in Figure 2. -Addition of water for 24 hours at 86 days on stream

~(0.3%w. hr 1, 7 volune percent of feed) produced an increase in catalyst
acti-vi @, resul ting in an equilibriumconversion of about 19 percent, as
--_i.n'di Xof by the synbol "100/0" in Figurg 2. After the conversion had

ecreased to about 11 percent at 90 days addition of 0.25 cc. hr 1 water
r about 24 hours brought the conversion back up to about 14 percent.

M xtures -of water' A:arad/zﬂewamhemasﬂm;au@édde@l JdQeih.% Es@ckeaa@crot:kngom th
~“an 80/20 vvat r/ me nol m xtuye at 0 cg {r 'i)— ? ercent of
feed after Bfft & 8h §°re€ﬁﬁe e i ncPed8 ‘ﬁ“ affe&FeHdd?t i on
. of the m xt feed} etori nitete the abcnﬂvie_ﬂ, peysndtingbefore decimeas ieqgilgbaiiual | y
- to about 19 u y S 40 wat.er/ et hanol :
m Xt ure was ggﬁg{’%% ?&'?e%]ai"tgg% f%tr qur&ra?'gaiﬂoﬁt&%/ hours .at the rate of
€0:25 m. hr , 5 vdihemethreceryrrsien fhad(deqrgapedsitor abauted el thlepeany, akel3df ting

in a maxi mea?QLBnI isBFdadn ﬂﬂﬂ\éﬁ&ﬂﬂbﬂ of abwno 2datbr PRICEERY1 Blixch}@ dayﬁreon
"stream 0/2 2gr/m&*t hanol ., m xture vvg f?’?&ed tp t e edstock
¥t £ Jot

of or about .2 eﬁ?ﬁfr"‘s’ ot & JPutF A fkhe Fgcte o pBF cen ‘f“lfed
to restore phtmennctolfwfteyd, resolred nghe Nactivhsy mainh equnixihmuzqﬁmuetm on

of aout 31 gﬁﬁ&ﬂloékftg@gg""%ﬁa Rt ' 2 Tbouth ¢ tdﬂ%%ﬂnyz%ﬁ on had decreased

to about 9.0 percent a on stream t ition of a 90/10
wat er / met hanol ni xtThege txesphs Fb@ﬁﬁ'ﬁ'&:l&hﬁoﬁ’ﬁ%ﬁtﬁﬂa‘rﬁuﬂd Fethanelrzg @ of

0.25 m . hr ghterd prekewBdrPEE CRbte @ffamde thas e aldhe ast EHéﬁo&i# t4hda
maxi mum equi ll bri um conyersi on  of 140 days on

ab 26 percent_ _at a ﬁé&‘
stream - TheBB 1550{RE SAEABIRLE AT ITAY ni gﬁ"ﬁﬂ"é‘ggf B EFeeh PEmtfhafitilvakion
is. showm here in the change in equilibrium conversion, the process -
. could be operated at constant conversion with the operating parameters
being altered to achieve this. - If this ‘were done, the operating

temperature could be lowered as the catalyst became activated.
EXAMPLE I1

The hexadecane cracking described in Example I was continued

at a temperature of 370°C, 5340 kPa, LHSV 1.0 hr_l

hydrogen, using n—hexadecane containing 500 ppm nitrogen in the form of

in the presence of

cyclohexylamine as the feed
When the conversion of hexadecane had fallen to about 9
'pércent at 159 days on stream, methanol was added to the feed at the
- rate of 0.25 ml. hr.-l, 5 volume' percent of feed, for one day. . The
addition of the methanol resulted in a maximum equilibrium conversion
T - S " of “about 20 percent at 164 days on stream. The conversion thereafter
declined. to 9.7 percent at 172 days om stream; Figure 3 shows the
. conversions obtained frdm about. 110 to 180 days on stream. Comparison |
of Figures 1, 2 and 3 shows that the use of a. mixture of water and
methanol as a water precursor is more effective at restoring activity

than the use of water or methamol alone. .



vvatrecursor is nore effective than _wat—er—al—ene—l—a—eeet—orl ng and

mai ng catal ytic activity. Although t actlvatlon.is ’ -'
c1 E § ocess coul d -be
ers being altered N

sho ere in the change in equilibrium

oper at ed at constant conversion with the

to achi eve this. If this were done, the operatlng t enperature coul d be

| onered as the catal yst becane activated. EXAMPLE || The hexadecane .
cracking described in Exanple | was conti héed at a tenperature of 370'C, \../‘
5340 kPa, LHSV 1.0 [err] in the presence of hydrogen, using n-hexadecane |

.cont ai ni ng 5 Egm nitrogen in the form of cycl ohexyl.am ne as the feed.

VWen the of hexadecane had faIIen_ to about -9 percent at
+ 159 days on stream ‘et hanol was added to the feed at the - rate of 0.25
m. hr 5 volume ner C%ﬂ Pltodf %gg onggrtq. drocarl‘%og‘dpl tSI oOf t@oduct
met hanol resulted |n a maxr nmum eq ui FUBr Ul n ersion of'- T 28 Sercent
at 164 days: owgpm#urérwéaedmvetmsm qutm‘»t bydrgersdling qro igomerpestient s
at 172 days Oftaettaantanlfeauaet?»ishqws tﬂ}esaeeveafswnaa@myet NedmfF1QMAADQUL
110 to 180 da%%sy on stream ar i soniof Fi gur es shows that the
~ use of a ni xtTPEH iﬁﬁt%?laﬁ%l Bharsittong teri“f)jr‘ié’@ure%%‘fatieg Fpgrature
“effective at #mstpoessuge acitiavatterihah inhehats ahef zealtice oatmshatwicoatmed *
o LA CLAING, the nyafodfEbBRCded! 1f OMCRELIGE Eygg SEALRAD fe%tttt e
; ,product by a proce ur @ I'nvol ves acr I ng, ocrac :
‘i'somer i zat i orendeatt iPEecUraeY | Fhidhut fomest h‘eatﬁregeﬁee &hea PGaY%illl)iB& EeRpipai ng
a crystalli ne.g@0tidn8. Under conditions that include el evated tenperature '
and pressure,. characterized in that the zeolite catalyst is contacted with
. the hydrocarbon feed in the presence of a mxture of both water and a
~ precursor . which flrnsa wetbod “acededingt te cpabwal) i iy whiehcthenwater and :
Cconditions. Zgper frdBREL AA6CLAT Y chk0 LA datalh Bt WHetN ch CniRbEL 18R
- feed. : . . B S . : _
_ 3. A method according to claim'.Z, in thch. the water and
water brecutsor_are fed with the hydrocarbon feed at periodic intervals.
4. A method according to any ome of claims 1 to 3, in which
the water precursor is an- alcohol, '
5. A method according to claim 4, in which the water
precursor is methanol, ethamol, propanoi, butanol or pentanol.
6. A method according to any ome of claims 1 to 5, in which
the weight ratio of the water to the water precursor is from 10:90 to
90:10. | '
7. A method according to'any one of claims 1 to 6, in which +

CAN

the zeolite has a silica:alumina ratio of at least 12 and a Constraint
Index of 1 to 12,



wat"‘er precursor ‘are fed to the zeolite ¢ _ rocarbon fged.

.3 “A method according to claim?2, in whj water p sor
~ ,are fedwith the hydrocarbon feed at peri oH c!!w ﬁmj’ ' A nme
~ according to any one of clains 1 to 3, in whi ’ Wrecursor is an

al cohol . 5. A method according to claim 4, in which the water
s precursor is nethanol, ethanol, propa_no& but anol or pentanol. 6. A
hod according to any one of clains 1 ?o 5, in which the weight ratio of

the water te the water precursor is from 10:90 to 90:10. 7. A net hod

according to any ope Of fekRbdRcdotd@nd td RnPhideN ok N14RQ11 t® BAS1A which
silica:alumna ratio of at |east _ 12 and a Conﬁlgnrsal nt_Jlndex of 1 to 12.

~ -15- 8. A B8 rettisectt &Py Py AR Eens ZBMTRs70T idMWAch the

- zeolite is ZSM5, ZSM 11, ZSM 12, ZSM 23, ZSM- 35, or- ZSM38. 9. A net hod

according to any oge o I red RaWNigeh ok NE12801 48, S I
.. beta. 10. A net hog'ac%ggh%ggféoéd%ﬁotrﬁequhé:"%a??m ?% jE%,t-%i'qu’V\AEflle_c hi%ﬁe
T zeol i te hasthscepoldteirogeeldtechfee its al pha value to not |less than 10 and

. then cation-exchanged with an alkali metal cation to reduce its al pha val ue
- to less than 10. 1 A nmethoqd according to claim_10, in ich the steamed
“zeolite has been ciPr o Eﬁgﬁgnﬁ‘gﬁre\f"(zhg&rf% R9g i°fneladms. t'i°09’tb° r"(i.‘&&'be its
al pha val uettieo zbaldse tiuanbéen §Peamdd net ireducac tos cilpla tvalwd xbmdkO less thim ch
the steamed;goghi {iga"as BECHAaldeaN R HANIAG 1Y ddlaf e RltbR! o TokR: §8)1 ON
pha va e . .

to reduce its a ue to SS than
alpha value to less than 10.

11. A method according to claim 10, in which the steamed
zeolite has been cation exchanged with an alkali metal cation to reduce- .
its alpha value to less than 5.

12, A method according to claim 10, in which the steamed
zeolite has been cation exchanged with an alkali metal cation to reduce
its alpha value to less than 1.
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