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Th• present invention concerns a pretreatment method 
useful for increasing the conversion and lowe~ing the 
f oulin~ rate of a reforminq Qatalyst. 

S Catalytic reto::cninq is a well-known process that is used 
tor raising the octane ratinq of a naphtha for CJa•oline. 
The reactions thai: occur ClurinCJ re:f ominq include: 
dehydroqanation or cyclohaxanes, dehydroisomerization of 
alkylcyclopentanes, dehydrocycli:ation ot acyclic 

10 hydrooaztl:M)ns, cleallcy1ation of allcyll>enaenes, 
isomerization of paraffins, an4 hydrocracltillCJ of 
paraffins. The hydroc:racking reaction sboulCl be 

suppressed l:>ecause that reaction lowers the yield at 
bydroqen and lowers the yield of liquid products. · 

15 

Refor.minq catalysts must· !>a selective tor · 
clehydrooyclization, in order to produae hiqh yields of 
1iquid product and low yie1ds of 1iqht gases. These 
catalysts should po&sess good activity, so that low 

20 temperatures c:an be used in tbe reformer.. Also, they 
should possess qood stability, so that they can maintain 
a hi;h activity and a hiqh selectivity for 
4ehydt'ocyclization over a lon; period of time. 

25 While most ref or.minq catalysts contain platinum on an 
alumina support, larc;e-pore seolites have bean proposed 
as supports. These large-pore zeolites have pores larg-a 
en~ for :nydrocaraons in the gasoline boil.inc; :ran9e to 
pa~8-•thro~h. comae2!'cial appl.i.ca~ion of zeol.itic 

A• • • ,.. 

30. lF&farming catalysts· have thus tar ,JDeen very 1imited, 
altbough cert.ain catalysts comprising a l~ge-pore 
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zeolite containinq at least one Group VIrI •etal have a 
very hiqh selectivity for dehydrocyclization. 

lt is known that reforming catalysts require pretreatment 
s prior to utiliz~ these catalysts for re~orming naphtha 

feedstoeks. For example, U.S. Patent Ho. 4,517,306 
issued to Waldeen Buss an May 14, 1985 claims a 
composition comprising: (a) a type L zeolite; (b) at 
least one Group VIII metal; and (c) in alkaline earth 

10 metal selected from the group consistinq of barium., 
at:rontium and calcium, wherein said composition is 
reduced in a h~ogen atmosphere at a temperature of from 
4ao•c to s2o•c (896 to 114B°F). It is pr~erred that tbe 
composition be reduced at a temperature from sso to 620•c 

15 (1022 to l148°F). 

u.s. Patent No. 4,539,304 issued on September 3, 1985 to 
Field discloses a two-step pretreatment px-ocess ~ar 
inc.raasiDCJ the conversion or retorming catalysts wherein 

20 the catalya~ is first treated at a temperature of ~rom 
12o•c (248•F) to 2so•c csoo•F) 1n a reducinq gas. :xn tbe 
second step, the temperature of the catalyst is 
maintained at 370°C (698°F) to 600°C (1112°F) in a 
reducinq·atmosphere. 

25 
u.s. Patent No. 4,539,305 issued on September 3, 1985 to 
Wi.lson et al. Clisoloses a pretreatment process for 
enhancing tbe aalectivity.an4 increasing the sta~i.lity ot 
a reforminq catalyst comprising a larqe-pore zeolite 

JO cantaininq at least one Group VIXI metal. The catalyst 
is reduced in a reducing atmosphere at a temperature of 
from 250•c (482°) to 850• (1202•F). The reduced catalyst .., 
is subsequently eXposed to an oxygoen-containinq qas and 
th'a~""·traated in a reducinq a'bnosphere at a temperature of· 

35 • from 12o•c (24B•F) .. to _26o•c (5Q0°P)... Finally, the _ 
............... -lb 

catalyst is maintained at a temperature of from 370°C 
{698•F) to 600°C (1112°F) in a reducing atmosphere. 

>j;J""! 
----- ------------
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Preferably, th~ first reduction step is ca%l:'ied out in 
the presence of hydroqen. 

u.s. Patent No. 5,15S,075 issued to Innes et ai. shows an 
5 initial catalyst reduction at 30o•F·to 1oo•F, followed by 

a telnperature ramp up to a final hydrogen treatlllent 
temperature between 900•7 and 1ooo•r. 

u.s. Patent No. 5,066,632 issued on November 19, 1991 to 
10 Baird et al. disclose~ a process for pratreatinq a 

catalyst useful for retorminq a naphtha wherein t:he 
catal.yst is calcined at temperatures in excess of soo•F, 
prefaral)ly at temperatures ran41inq from-soo•F to about 

•, 

750°F in air or in atmosphares containinq low partial 
15 pressures of oxyqen er in a non-reaative or inert·qas 

such as nitrogen. The cata;i.yst is then contacted. with a 
dry hydrogen-containing 9as at a temperature rang"inq :from 
a))out 600°!' to aJ:>ou"t 1000°F, preferably from about 1so•r 
to about 950°F, at a hydr09en partial pressure ranging-

20 from about 1 atmosphere to abaut 40 atmospheres, 
preferably from 5 atm~spheres to about 30 atmospheres. 

25 

30 

35 

European Patent Application Pu~lication Number 243,129 
4iac1oses a cat~lyst activation treatment with hydre>eien 
at tamparatures froa 400°C {752°1') to aoo•c {1472•F), 
preferably from 4oo•c (752°F) to 7oo•c (1292°F)~ tor a 
cata1yst ~sed for cracking a hydrocarbon feedstock. The 
treatment pressure :may vary from 100 to 5,000 MPa but is 
preferably.from 100 to 2,000 XPa. A carrier qas which 
c::onta.ins 1-100% v/v, preferably from 30-lOOt v/v, of 
hydroqen is us eel. 

U~A~ Patent He. 4 1 717,700 issued to Venkatram et al 
· discloses a •athod_ !o.,: drying _a zeolite cata1yst by 

"•-=6 .... "' ~.I 
heatinq whi1e in contact with a 9as. The rate of 
catalyst temperature increase is controlled so as to 
limit the ra.te of water evolution from the cat~7.fst and. 

•f:" 
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the water vapor concentration in the gas. The qas used 
to heat the catalyst is gradually increased in 

temperature at a:bout 2a•c per hour. The moisture level 
of the •~fluent.gas is preferably between 500 and 1500 

5 ppm during "the dryinq step. The catalyst drying method 
with a subsequent reduction with hydro9en wherein t:ha 
temperature is raised to a aaximum temperature of 45o•c 
is exemplified in !Xam~le 1. 

10 Austrian Patent Specification No. 268,210 relates ta a 
metal-charged zeo1ite molecular sieve, which is sui~able 
as a catalyst tor the conversion of hydrocarbons. 
Katbods for preparinq tbe catalyst-are described. It is 
disciose.d that i:he catalyst prapa~e4 'by auob mei;hods 

lS usually has a hi~h water content and that it is desirable 
to activate the catalyst before use since the eata1yst is 
aensitiva to wator. 'l'h• recommended activation procesa 
com.prises: 1) slaw heatinCJ of the catalyst in air at 300 
to 600°c, preferably soo•c; followed by 2) slow heatinq 

20 of the cata1yst from room temperature ta appro¥imately 
soo•c in a CUZ'%'eft't of hydrogen gas under atmospheric 
pressure. 

A pretreatment process of P't-AlA catalysts in hydrogen 
25 in the temperature range of 4So•c (842•F) to 6oo 0 c 

(1112°F) is disclosed in Journal of catalysis (1979); 

Vol. 59, p. 138 (P.G. Menon and G.F. :rroment). The 
effect cf catalyat reduc:tion temperature on the 
conversion of n-pentane and n-bexane using Pt-AlA 

30 .. catalysts ia dia~osed. Por the pt-AlA catalyst reduced 
at 400°C (752°P). hydroqenolysis is the main reac:tion; 
whereas far the Pt-Al~ catalyst reduced at 6oo•c 
(~*~2°), t:he hydr09enolysis and total aetivity are 
considerably suppressed. This reference specifically 

35 ·...C.iscloses the er:fect ct a hydi'oqQ#-pretreatment process 
on Pt-Al~ catalysts and does net disclose the effect of 
hydrogen pretreat~ent on zeolitic cat~lys~. 

- ---------
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Additionally, the effects cf hyd.r09en pretreatment of the 
Pt-~ catalyst with respect to i~ome:"iZation is 
disclosed. The activity for dehydrocyelization was not 
increased. 

Prior art processes have observed both a reduced 
catalytic activity and raducecl hy~qen chemisorption for 
~atalysts Which have been reduced at temperatures in 
excess of soo•c. l'Urthermore, there has J:>een no clear 

10 understanding ct the phenomena wbich oocur during- high 
temperatura catalyst reduction. Thus, reduction at hi9h 
temperatures may result in strongly chemisorbed hydrogen, 
may·cause loss of spillover hydrogen alterinq the local 
oharge t.toana£ar :from the •upport to the metal at_ the 

lS particle boundary, may induce changes in morphology of 
the metal crystallite, or may af:fec1: reduction of the 
suppon result:ing in the :fm:JDatian of an al1ay with atoms 
'from the support .. 

20 SmplUT 01 !A ll!MJQlf 

The present invention is a process for increasinq the 
Conversion and lowerinq the f oulinq rate Of large-pore 
zeolitic retorminq catalysts using a pretreatment 

25 process. ~e catalyst is treated in a reducinq. qas at a 
temperature of from 1025•F to 1275•F. 

Preferably, 'the pre~eatment process in tbe ranqe of 
102s•F to 1275°F occ:::urs in the presence of hydroqen at.a 

30 pressure of from o to 300 psi~ tor from 1 hour to 120 

hours. Generally, the hiqher the treatment temperature 
employed, the shorter the treatment ti;ae needed to 

•~t!ve the desired effect • .. . -. 
3!5. Mf¢e preferably, the catalyst ·is :z;-~uced with dry -

hydraqen via t.amperature-programmed steps·, with the 
treatment of the present invention occurring at the.final 

ti"'! 
------- -- ---- ----·----- ----·· .. 

This Sheet Has Been Replaced 

I \ll\111 \Ill\\ \~I WI \Im 
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temperature cf from io2s•P to l275•F. The procedure cf 
the present invention which occurs in the temperature 
ranqe of from l025°F to 1275°F is considered and referred 
to as a "treatment" of tha catalyst as opposed-ta a 

s •reduction", because the catalyst bas already generally 
. .been reduced at the lower temperatures prior to reaching 
the treatment temperature of the present invention. 

Among other tactors, we have found that large ... pore 
10 zeolitic catalysts which have been pretreated in a 

reduoinq 9as :ln the high temperature range of "from about 
102s•F to 1275•F is found to have a lower foulinq rate 
and illproved activity, and have a lonqer run life. In 
particular, this catalyst exhibits a lonqer run life with 

15 heavier feed.stocks than with similar catalysts ueing 
other pretreatment processes. For exampl·e, if a L 

· zeoli.te .cata.lyat is pretreated by conventional methodS, 
run length& with. feeds containing C,+ hydrocarbons are 
generally short. The pretreatment procedure of this 

20 invention, however, makes it practical to process 
f eedstocJts containing as much as 5-15 wt \ c,+ 
hy4rocarbons. 

Thus, in spite of the disadvantages that the prior art 
25 recogni%es with respect to high temperature catalyst 

reduction, tbe present inventors bave discovered. an 
advantageous high temperature catalyst treatment method. 

' :tn particular, the present invention has surprisingly 
'found t:hat a high temperature treat111en~ (i.e., at 102s•F 

30 .to 1275°F) will result in a catalyst with a reduced. 
%oui1.ng rate and sufficient catalytic activity to yield a 
l~~r %"UD life, part.icululy if the t-;mperature increase 
durin; redu~ion is performed in a gradual rampin9 or· 

. "'"'" stepwise :tasbion, and if thca water ~ontent of the 
35 • ~!F.;t.uent fjJas is kept as low as_po~iibl• during 'the b.iiJh 

tempera-eure tree:baent range. Even catalysts that ara on 
balance non-acidic still contain a few residual acidic 

.--------­--------
:;/ 
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sites. This high temperature treatment reqilaen is 
believed to reduce the number of acid sites on the 
catalyst, and thereby reduce side reactions which lead to 
t:be·fonaation of cake. Tbe improved taulinq rate and 

s conversion activity of the catalyst also allow for more 
.beneficial use with a heavier feedstock. 

10 Pig. 1 of the Drawing is a ;raphic:al representation 
of hydroqen uptake onto catalyst as a function of 
temperature. 

Fiq. 2 of the Dravinq is a graphical representation 
of the f oulinq rates observed for different temperature 

15 t:reatments. 

In its broadest aspect, the present invention is a 
20 process for increasinq the conversion and/or lowerinq the 

f ouJ.inq rate of large-pore zeolitic ref0%DlinCJ .catalysts 
usinq a pretreatment process. This catalyst is tr~ted 
in a reducing gas at a temperature ot from 102!•F to 
1275•F. · 

25 

Preferably, t:h.a pretreatment process occurs in the 
presence of' byc2rogen at a pressure of from O to 300 psiq 
an~ a temperature cf from 102s•F to 1275°P ~ar from 1 
hour to 120 hours, more preferably for at least 2 hours, 

30 and. most preferably at ieast 4-48 hours. More 
preferably, the temperature is frcm 1oso•F to 12so•F. Zn 
9enera1, the length of time :for the prttreatment wJ.ll be 

somewhat"" dependent upan the :t1nal treatment temperature, . ~"'-
wiel.'the higher the fi:lal temperature the shorter the 

35 ~ 't;;:!p.tment time that. is- needed. - · "-
1 

_________ .....----
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For a commercial size plant, it is necessary to limit the 
moisture content af the environment during tbe hi~h 
temperature treatment in order to prevent aignif icant 
catalyst d.u.ctivation. In the temperature range of 'from 

5 102s•F to 1275•F, the presence of moisture is believed to 
have a severely detrimental effect on the catalysrt 
activity, and it has therefore been found necessary to 
limit the aoisture content of the environment to u 
little water as possible during sai4 treatment per~od, to 

10 •t least less than 200 ppm. 

In one embodblent, in order to limit exposure of the 
catalyst to water vapor at high temperatures. it is 
preferred that tha caulyst be reduced initially at a 

15 temperature between 300•F and 70o•F. liter moat o'f the 
water generated during cata~yst recluctian has evolved 
from. the catalyst, the temperature is raised slowly in 
rampinq or stepwise fashion to a maximum temperature 
batwaen 102s•F and 12so•F. 

20 

The temperature program and gas flow rates should be 

selected to limit water vapor levels in 'the reactor 
ettluent to less than 200 ppm and, preferably, less 'than 

100 ppm when the catalyst bed temperature exceeds 1025°F. 
25 ne. rate of tui.perature increase to the final activation 

tempm:ature w11i typically average ):)etween 5 and 50°F par 
hour. Genarally, the catalyst vill be heated at a rate 
between 10 and 21'°F/h. lt .i.s pre~erred that the 9as flow 
throuqh the catalyst bed (GHSV) during this process 

30 exceed !500 volumes per volume of catalyst per hour, where 
the qas volume is measured at standat'd conditions of one 
atmosphere and 60°F. GBSV's in excess of sooo b.91 will 

~ 

non&ally exceed the c:ompressar capacity. GHSV' s between 
fiOC)..,.~nd 2000 h-1 are 211.ost preferred. 

35 

.•. ---------·--- -· ··-·-
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The pretraatntent process of the present invention occ:urs 
prior to contactinq tha reforming catalyst with a 

hydrocarbon feed. 

5 The large-pore zeolitic catalyst is qenerally treated in 
a reducing atmosphere in the temperature ranqe of from 
io2s•F to l.275•F. Although other re&iucinq gass.es can be 
usecl, dry hy~ogen is preferred as a reducing gas. 111• 
hydrogen is generally mixed with an inert gas such as 

10 nitrogen, with the amount of hydrogen in the·mixture 
qenerally ranging fram. 1%-99t by volume. Kore typicaily. 
however, the amount of hydrogen in the.11.ixture ranqes 
from about 10t-5o% by volWD.e. 

is ~e reducing gas entering the reactor should contain less 
than 100 ppm water. It is preferred that it contain less 
than 10 ppm water. In a commercia1 operation. the 
reactor eff 1uent may be passed through a drier containing 
a desiccant or sorbent sueh as 4 1 molecular aieves. The 

20 dried qa11 containing less than 100 ppm watar or, 
Feferably. less than 10 ppm water may then be recyclacl 
to the reactor. 

The teed to the ref orminq process is typically a naphtha 
25 that contains at least some acyclic hydrocarbons or 

alkyleyclopentanes. 'rhis :fead sho\114 tie sul:>atantial.ly 
f%'ee of sul~, nitrogen, metals and other knqwn poisons. 
These poisons can be removed by :first usin9 conventiona1 
b.ydrofiniftg techniques, then usinq sorr>ents 'CO remove the 

30 remaininq sulfur compounds and water. 

As mentioned above, the catalyst of thf present invention 
axhi~its a longer run life with heavier faadstockS, e.g., 

' A.to.. 
containing at lea5t: 5 wt t c,+ hydrocarbons, than silllilar 

3$ c.at-lysts having bean-subjecte4·t~~a dirfarent t%"eatment. 
For example, if a L zeolite catalyst is reduced and/or 
pretreated by conventional method$, run lengths w~th 

ji""! 
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feeds containinq at least 5 wt t Ct+ hydrocarbons, and 
typically from 5-15 wt % Ct+ hydrocarbons, are . · 

comparativaly shart. ~he catalyst obtained via the 
traa:taent o~ th• present invention, however, makes it 

s quite practical to process such reedstocks containil;iq the 
c,+ hydrocarbons. 

'!he feed can J:>e contacted with the catalyst in either a 
fixed bed system, a movinc; bed system, a fluidized 

10 ays1:eJ1L, or • latch system. Either a ~ixecS bed system or 
a aovinq bed system is preferred. I.n a fixed bed system, 
the preheated feed is passed into at least one reactor 
that. contains a ~ixed bed ot the catalyst. Tha flow of 
the feed can be either upvara, downward., or radial. The 

15 pressure is :trom about 1 atmosphere to about 500 iisig, 
with the preferred pressure being from abut 50 psig to 
about. 
lOO psig. The preferred. temperature is fro~ aJ:iout 800°F 
to about 102s 0 P. t?he liquid bourly space velocity (LBSV) 

20 is from about o .1 hr"1 to about 

10 hrs-1
, with a preferred LHSV of from about o. 3 hr"l to 

al>out s !Jrs·1 • Enouqh bydroqen is used to ·insure an Rz./HC 
ratio of up to about 20 11. !l'he preterred Bi/He r~tio is 
from about 1:1 to aJ::Jout 6::1. Reforming produces 

25 hydroqen. Thus, additional hydrogen is not needed except 
When tbe catalyst is reduced and When the feed is first 
introduc:ed.. once reforming is underway, part of the 
hydrogen that i.s pro4uced is recycled over the catalyst. 

30 The catalyst is a larqa-pore zeolite cbarqad with at 
least one Group VII~ Detal. The preferred Group VIII 
matal is platinum, Which is more salect4.ve for 
dcahydroeyclizatian and which is more stable under 

. """" 
35 

reforming reaction conditions than other Group VIII 
.. 1114'\i,&ls. The cata1yst should conta~ between o.1% arid 5% 
p1atinum ct the weight of the catalyst, preferably trom 
O.lt to 1.5t. 

. --···--·· - ----··. ---- -------· 
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~he term "large-pore zeolite" is defined as a zeolite 
havinq an effective pore dia•eter ct from 6 to'l5 
Angstroms. The preferred pore diameter is £ram 7 to 9 
Anqstroms~ Type L zeolite, zeolite X, and zeolite Y, 

5 zeolite beta and synthetic zeclites with the mazzita 
structure are thought to J:>e the best large-pore zeolites 
·~or this operation. Type L zeolite is ducribed in u.s. 
Patent Ho. 3,216,789. Zeolite X is described in u.s. 
Patent Ho. 2 1 882,244. Zeolite beta is described in U.S. 

10 Patent No. 3,308,069. ZSH-4, described in u.s. Patent 
Ha. 4,021,447, is an exaJDple er a zeolite.with the 
J11azzite structure. Zeo1ite ~ is described in t1~s. :Patent 
No. 31 130,007. -u.s. Patent Nos. 3 1 216 1 789; 2 1 882,244; 
3,130,007; 3,308,069; and 4,021,447 are hereby 

is incorporated by re:terence to show zaolites useful in the 
present invention. 'l'he preferred zeolit• is type L 
zeolite. 

Type L zeolitas are synthesized largely in the potassium. 
20 form. 'l'hesa potassi'Qll c:atians are exchangeable, so that 

other type L zeolites can be o])tained by ion exchanqing 
the type L zeolite in appropriat• solutions. It is · 
difficult to exchange all of the original cations, since 
acme of these cations are in sites whicb are difficult to 

25 reaah.. '!'ha potassium aay be ion exchanqed with an alkali 
or alkaline earth metal, such as sodium, potassium, 
cea1U11l, rubidium, ba%ium, strcntium, or oalciwa. 
Pre:tera:bly, the total amount of alkali or alkaline earth 
metal ions should be enouqh to satisfy the-cation 

30 exchange sites ot the ~eolite or be sliqhtly in excess. 

An inorganic oxide can be used as a carrier to bind the 
~ 

lar9e-pore zeolite. This carrier ~an .be natural, 
syn~etically producad.1 or a combination of the two. 

35 • Preferred loadings of ino%~anic_oxide are from si ~o 50' --•·e."" . . ~ • I~ 
of the weight of the catalyst. U•aful oarriers inclucle 
silica, alWDin~, aluminosilicates, and clays. 
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Figure l is a plot of hydroqen uptake onto catalyst as a 
function of pretreatment temperature. As can be seen 
trom this Figure, as the pretreatment temperature is 
increased, the traction of hydrogen bound to catalyst 

5 tends to decrease.. If t:he hydrogen up~e onto catalyst 
is reflective or the fraction of exposed Pt atoms, then 
one would typically expect a decrease in activity-with an 
increase in temperature. The extent to which ~treating 
a larqe-pore zeolitic reforming catalyst in a reclucinq 

l.O environment at various· temperatures affects 'the activity 
of t:he caulyst wi.ll be demonstrated in Examples 1-a. 
The extent to which pretreating • large-pore zeolitic 
r~o:ming catalyst in a reducing environment at various 
temperatures atfects the f oU2inq rate of tbe catalyst 

15 wi1l i. demonstrated in Examples 9, 10, 11 and 12. 

20 

QAMPLE§ 

Example 1 

A catalyst, consisting of o.65' Pt on barium exchanqed X­
L .zeolite, was pretreated by beatin~ the catalyst in 
hydr09en (P-50 psiq, GHSV•9000) from ambient temperature 
to 900•F·at a ramp of 1o•F/hr and held at 900•F ~ar 24 

25 hours. The temperature was adjusted to the desired 
reaction temperature and n-he.xane was introduced. Th.a 
hydro9en to hydrocarbon ratio was 5:1. Afi:er ste~dy 
state wa.- achieved, the temperature was z:ais-1 to the new 
desired reaction temperature. 1'be benzene production is 

30 · summuizec:l in the first line in 'Table 1. At 900•F, t:he 
catalyst activity declined. from aot to 75%. 
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TAD~I l 
1euzen• Xiel~, !§. ~ 

Bedye1jiiQA/ IOO•F llQ.2 ll9.!l .2Q2!E 
'!'reaeent 
%llDQ 
900•I' 22\" 37\ 51, 80-75\ 
lOSO•J' 22\ 59, 82, 
1100•1" 34, 54, "' an 
11so•r JH 68' 87' 
12QO•F 30\ 49' 10, 90\ 
12so•F 24, 57' Sl• 
13oo•r 7\ 30\ 69\ 
13SO•F 12t 27- 45' '73, 

1Xa11mi1 2 

In 'this case, tb.a smne catalyst as used in Example 1 was 
pretreated by heatinq the catalyst in hydrogen (P=SO 
psi~, GBSV•9000) from mal:>ient temperature to 1oso•7· at a 

20 ramp of io•F/hr and held at ioso•F for 3 hours. 1'be 
~e:mperature was tben adjusted to the desired reaction 

25 

. 
temperature and n-hexa.ne was introclucecl to achieve a 
hydroqen to hexane ratio of 5:1. ii'be benzene prOduction 
is swmDarized in.line 2 in Table i. 

At 860•F and 9oo•p reac::tion temperatures, the catalyst 
treated at 1oso•F was more active, producing more 
lHm.zene, than the catalyst reduced at 900•F. Xn 
addition, the catalyst treated at 1050•7 did not exhibit 

30 deac:Civa~ion a1:. goo 0 :r. Thus, p:eueating at a hiqh 
~emperature of 1oso•p increased the activity and lowered 
the f oulinq rate of the catalyst. 

35 

40 

Example..J 

In.~is case, the same catalyst as used in Example 1 was ... -. 
pretreated by heatinc; tha catal~st ~n hydrogen (P-5_0 
pa~, GHSV-9000) rrcm ambient temperature to'll00°F at a 
ramp of 1o•F/hr and held at 11oo•F for 3 hours. The 
temperature ~as then adjuste4 to tho desired raa~ion 

.jl 
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temperature and n-hexane was introduced to achieve a 
hydroCJen to hexane ratio ot 5:1. The benzene product.ion 
is summarized in line 3 in Table l. 

5 At all reaction temperatures, the catalyst treated at 
llOO•F was more active, ~educing 2a0re benzene, than the 
catalyst treated at too•:r. In addition, the catalyst 
reduced at llOO•F did not exhibit deactivation at too•F. 
~us, pretreatinq at a high temperature af 11oo•F 

10 increased the activity and lowered th• toulinc; rate of 
the catalyst. 

Epmp1e 4 

l.5 :tn this case, the s•m• catalyst as used in Example l was 
pretreated hy heating the catalyst .in hydro9en (P-50 
psig, CHSV•9000) from a.m):)ient temperature to 1150•F at a 
ramp or 10°F/hr and held at 1150°7 for 3 hours~ 'l'he 
temperature was then adjusted to the desired reaction 

20 temperature and n-hexane wa~ introduced to achieve a 
hydr09en to hexane ratio of 5:1.. 'l'be ).)enzene J;lroductian 
ia summarized in line 4 in Table l. 

At the reaction temperatures of soo°F, 860°P and goo•F, 
25 the catalyst treated. at 1.150°!' was more active, producing 

aazse l:>enzene, th~ the catalyst treated at 9oo•J'. In 
ad4it1on, tha catalyst treated at ~l50°F did not exhibit 
deaetiva't:ion at 900•F. Thua, pretreating at a hiqh 
temperature of 11so•F increased the activity and 1owered 

30 the toul1ng rate ot tha catalyst. 

Example 5 

In 't\lta case, the'same catalyst as used in Example l was 
.3~ ~pretreated by heat~g "t;he cataly$t in bydroqen (P-5~ 

·~...: .... "' :¥~ 

psiq, GHSV•9000) from. ambient temperature to 12oo•F at a 
ramp of 1~•F/hr and held at 1200°F tor 3 hours. Th• 

liiiil 
.. / 

11~--
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temperature was then adjusted to the desired reaction 
temperature and n-hexane was introduced to achieve a 
hydroqen to hexane ratio of 5:1. The benzene production 
is sUlmlla.rized in 1ine 5 in Table 1. 

At all reaction temperatures, the catalyst treated at 
.1200°F was more active, prOducing 111ore hen2~e, .than the 
catalyst redueed at 900°F. ln addition, the cat~lyst 
treated at 1200°F did not exhibit deactivation at 900°F. 

10 Thus, pretreatinq at a high ~emperature of iaoo°F 
increased the activity and lowered the fouling rate o~ 
the catalyst. 

l.5 

Exalnple 6 

Ih this case, the same catalyst as used in Examp1e 1 was 
pretreated by heating the catalyst in hydrogen (P=SO 
psiq, GH5V=9000) from ambient temperature to 1250°.F at a 
ramp of 10°F/hr and he1d at 12so•F for 3 hours. The 

20 temperature wa.s then adjusted to the desired reaction 
temperature and n-hexane was introduced to achieve a 
hydrogen to hexane ratio of s:i. The benzene production 

is summarized in line 6 in Table 1. 

25 At the reaction temperatures of soo•F, 860°F and 90o•F, 

the catalyst treated at l2S0°F was more active, prod~cin9 
more :benzene, than the catalyst reduced at 900°F. In 
addition, the catalyst treated at 1250°F did not exhibit 
deactivation at 900°F. Thus, pretre.atinq at a hiqh 

30 temperature o~ 1250°F increased the activity and lovered 
the fouling rate of the catalyst. 

Example 7 

JS The catalyst used in Example 1 was pretreated by heating 
the catalyst in hydrogen (P=SO psiq, GHSV-9000) from 
ambient temperature to 1300°F at a ramp of 10°F/hr and 
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held at 1300°F for J hours. The temperature was then 
adjusted to the desired reaction temperature and n-hQxane 
was introduced to achiave a bydroqen to hexane ratio of 
5;1. The benzene production is sumxnarized in line 7 in 

5 TaJ:>le 1. 

10 

At all reaction temperatures, the catalyst treated at 
1300°F was less active, producinq less benzene, than the 
catalyst reduced at 900•F. 

Exalnple 8 

~he catalyst used in Exa~ple 1 was pretreated by heatinq 
the catalyst in hydrogen (P=SO psig, GHSV=9000) from 

15 ambient temperature to 135oaF at a ramp of 10°F/hr and 
held at 1350°F for 8 hours. The temperat\ll:'e was then 
adjusted to the desired reaction temperature and n-hexane 
was introduced to achieve a hydrogen to hexane ratio of 
5:1. The benzene production is summarized in line 8 in 

20 Table 1. 

25 

At a11 reaction temperatures, the catalyst treated at 
1350°F was less active, producinq less benzene, than the 
eata1yst reduced at 900•1. 

Example .. 9 

A comparison of catalyst activity and fouling rate after 
reduction at soo-9oo•F and soo-105o•F was lllade as 

30 follows. 

In the first case, eiqhty cubic centimeters of catalyst 
consisting or 0.65 wt. % platinUlll on ~arium exchanged, L 
zeolite, 1/16 inch extrudates were charged to a one-inch 

35 diameter reactor. The catalyst was dried by heatinq to 
soo•F in dry nitroqen flowing at a rate of 12 cubic feet 
pex- hour. catalyst reauction was then initiated at sooaF 

--- ------·----- ·-··· 

1ii[iir 
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by replacinq the nitrogen with dry hydrogen (pr~f erably 
containing < ppm ~atar) flowinq at the same rate. After 

an hour at 500°F, the temperature ~as raised in stepwise 

fashion to 500°F and maintained at 900°F for 12 hours to 

5 complete the catalyst reduction and dryout. ~he catalyst 

was then cooled to 800°F for feed introduction. 

In the second ease, the sanie procedure was used:exeept 

that after the initial reduction at soo°F for one hour, 
10 t:ha temperaturQ was raised l0°F/h to ioso•F. The 

catalyst was then maintained.for two days at 1oso°F in 
tlowinq hydrogen before cooling to reaction temper~ture. 
The gas flow rate was 12 ft3/bl: throughout. 

15 The feed for the catalyst perf o:rmance test was a 

hydrotreated raffinate from an aromatics extraction unit 
consisting gf 8.5% c5 , 59.5% C6 , 26.3,% c,, and· 5.8% c.~ 

compounds on a "lllaight basis. This feed was also 

characterized as 85.8% paraffins, G.8% naphthenes, 6.7% 
20 aromatics, ahd o. 7% unknowns by weight. The test ~as 

carried out at a ~eed rate of 1.6 liquid hourly space 

velocity, 100 psiq, and a hydl;oqen to feed molar ratio of 
3.o. The catalyst bed teJnperature was adjusted as the 

run progressed to maintain 42 wt. % aromatics in the c/ 

25 product. The c::ombined hydrogen and naphth~ feedstream 

was treated to reduce its sulfur content to less than 5 

ppb. 

The results of the test runs are shown in Fiqure 2 .. The 

30 c:ata1yst foulinq ra~es were calculated by a least squ.ares 

fit of the data obtained after 200 hours on-stream. The 

catalyst reduced/treated at soo-1oso•1 had about one­
£ourth the f oulinq rate of the catalyst reduced at 500-
9000 F (0.005 versus o.02o•F/h). The-start-of-run 

35 'temperatures obtained by extrapolating the ieast squares 

line back to start-of-run were SS2°F and 847°F, 
respectively. The yield of c5• p:rod-uc:t was 85 LV% of 
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feed in both cases. Assuming the foulinq rate is 
constant and the end-of-run averaqe catalyst temperature 
is 935°F, the projected run length is about two:years for 

the catalyst treated at 1050°F compared to about six 
S months for the catalyst treated at 900°F. 

Example 10 

This exalnple sbows'tbat the decreased cokinq tendencies 
10 of the hiqh temperature reduced cata1yst make it possible 

to carry out a ref orminq process lUlder previously 
impractica1 conditions. Compared to .Example 9, "the 

liquid hourly space velocity was increasad to 1.7, the 
hydrogen/hydrocarbon ratio was reduced to 2.0, the 

15 pressure vas increased to 130 psiq, the aromatics content 
of the Cs? p~od.uct was increased to 72 wt. %, and a 

heavier feed was e111pl.oye<i. Each of these changes would 
be expected to increase foulinq • 

.20 A feed containinq 2.7% c, and lighter, s.S% c;, 49.4' c,, 
3 o .. 8% C11 and s. 7% C, + components was reformed over tha 
500-1050°F reduced catalyst from Example 9. The feed was 
further characterized as containing 66.6% paraffins, 
22.6% naphthenes, 10.St aromatics, and 0.25% unknowns. 

2s over a period of atiout 400 hours, the fouling rate under 
these conditions was o.01s•f /h which corresponds to more 
than six months run length. 

30 

Example 11 

In order to limit catalyst deactivation aurinq the hiqh 

temperature treatment, it is important to control water 
vapor concentrations. 'l'his is especially important in a 
commercia1 unit where qas-hourly-space-veloc~ties a.;:-e 

35 limited by compressor size. It is possible to limit the 
exposure of the catalyst to water Yapor at hiqh 
temperatures by usinq dry hydrogen, =easurinq the 

• 
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moisture levels in the reactor effluent, settinq tarqet 
values £or each temperature range, and lilnitinq.the rate 
of heatup to stay within the tarqet moisture level 
ranqes. A commercial high temperature treatment was 

sim~lated in a s~all pilot plant as follows. 

Eighty CU]:.)ic centimeters of l/16-inch catalyst ~ates 
were charged to a one-inch diameter tUbular reactor. The 
catalyst comprised o.65 wt% platinum, barium exchanged L-

10 zeolite, and a binder. The reactor was heated by a 
three-zone electric furnace. catalyst bed temperatures 

were measured by six thermocouples located in an axial 
thermowell. The reaction system comprised: the reactor1 
a chi1led liquid-gas separator, a moisture analyzer 

15 probe, a compressor, a recycle-gas drier, and a reoycle 
qas flowmete:i:.. 'l'he l!loisture analyzer 1Deasured th• 

moist\U'• content in the recycle gas betore or after the 
drier. The drier was charged with 4 A molecular sieves. 

20 The unit was pressurized to 70 psiq with dry nitroqen 

containing less than 10 ppm water. The compressor was 
$tarted. Nitrogen addition was continuad in order to 
produce an off-gas stream and purge the system o~ oxyqen. 
Aftrar two hours, the nitroqen addition rate was reduced 

.25 until there was only a mnall off-9as stream. The qas 
circulation rate was adjusted to maintain a qas flgw over 
the catalyst bed corresponding to a CHSV of about iooo h. 
1 The catalyst was further dried by heat~ng the reactor 
to soo•F. Water in the reaetor effluent was removed by a 

30 drier, so that the recycle qas contained less than 10 ppm 
WClter. The temperature was held at S00°F until the 
moisture content of the reactor ef !luent qas dropped 
.below J.00 pplll. 

35 The make-up qas was then switched fro~ nitroqen to dry 

hydroqen and the unit was pressurized to 100 psig. After 
reaching ioo psig, the hydrogen addition rate was 
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adjusted to maintain a small qas bleed. The qas 
circulation rate was adjusted to obtain a GHSV of abOut 
1000 h"1

• Following hydrogen addition, there was an 
increase in the water contant of the reactor effluent due 
to ca.tal.yst reduc:tion. This water was removed from the 
::r:ecycla hydrogen stream by the recycle-gas dri8l:'s. The 

reactor-inlet gas contained less than 10 ppm water. '?he 

reactor temperature was held at 500°F until the water in 
the reactor ef .fluent aqain dropped below 100 pplll. The 

10 reactor temperature was then raised 1o•F/h to 900°F. 
Tell\perature was held at 900°F until the moisture level in 
the reactor effluent dropped to 20 ppm.. The reactor was 
then heated to iioo•F at a rate o:r 10 111F/h. After a 3-hour 
hold at 1100°F, the te:mperature was dropped to soo•F ~d 

15 the naphtha feed was introduced. 

The hi~h temperature treated catalyst was tested with 
several teeds at several diffarent conditions. When 
tested at the conditions used in Example 9 1 but with a 

20 heavier feed, the foulinq rate was o.oo7•F/h compared to 
o.02s°F/h for the Sallle catalyst reduced in the 
temperature ranqe of from 500 to 900°F. 

25 

Example 12 

A potassium L-zeolite catalyst also surprisinqly benefits 
from a high temperature hydrogen tt-eatment. Platinum was 
loaded onto a bound, 20-40 mesh, K-L zeolita support 
using the incipient wetness impreqnation method and an 

30 aqueous pt(NHJ)Cl:z-HzO solution. The impreqnated material 

was oven-dried at 12o•F °'7ernight and caicined at soo°F 
£or four hours. 

~n three separate experiments, one-gram of the calcined 
35 material was loaded into a 3/16" I.D. tubular 

~icro~eactor. ln each case, the catalyst was dried by 

beating to scoop in nitl:'cgen flowing at a rate of 550 
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cc/min. I:n the first experiment, the cata1yst was 
reduced in 550 cc/min of hydrogen wh~le the reactor 
temperature was heated from s~o to 900°F at a rate of 
l.O•F/h.. l'.n the second and third axperilDents, the 

5 activation procedure was the same except that the final 
temperatures were 1100 and 1150°F, respectively, The 
catalyst samples were held at their peak temperature for 
three hours, then cooled to 875•F for testing. 

10 A ~-C1 raffinate stream from an aromatics extraction unit 
was reacted in the presence of hydrogen over each 
catalyst sample. Reactor effluent analyses were obtained 
by qas chromatography. Conversion and selectivity were 
calculated from the teed and product analyses. Tab+e 2 

15 shows that the stability of the Pt-K-L zeolite catalyst 
was significantly illlproved by hi9h temperature reduction. 
conversion after about six days on-stream was 
significantly higher for the catalysts treated at 1100 or 
1150°F than when the reduction temperature was li~ited to 

20 900°F. "Conversion" refers to the conversion of c.• feed 
components and "selectivity" is the selectivity for 
aromatics and hydrogen production. Both are calculated 
en a weight basis. 

25 TABLE 2 

catAlpt lteduc:t.i.on Hours on conversion Selectivity 
orenraar•ture Stream Wt\ Wtt 

soo-goo•F 3 62.3 87.3 

us 36.1 89.0 

30 soo-1100°F 6 61.8 88.& 

146 50.5 90.9 

soo-nso•., 5 53.7 99.0 

147 44.8 90.6 

35 
Run Conditions: 

WHSV=4.4, Hz/HC=S.O, TE!lllp.•875°F, Pres.=50 psi9 
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WHAT IS CLAIM:ED IS: 111111111111111111111111111111 
* C L M S * 

l. A method of pretreating a retorminq catalyst 
comprising a larqe-pore zeolite containing at least one 

S Group VIII metal, wherein said catalyst is treated with 
hydrogen qas in the temperature range of fr0111 102s to 
1275°F while maintaininq the watar level of the'.effluent 
qas below 200 ppm. 

10 2. The method according to claim 1, wherein the 
moisture level of the effluent gas is maintainad below 
100 ppm in the temperature range of 102s-+275°F. 

3. The lnethod according to claim 1, wherein the 
15 tQlll.perature is increased at a rate bet~een s and 50°F pe~ 

hour. 

4. The method accordinq to claim 1, wherein the 
te=perature. is increased at a rate between 10 and 25°F 

ao per hour. 

5. 'l'he method according to clailll 1, wherein the 
temperaturQ is slowly increased in a stepwise fashion. 

25 6. 'l'he method accordinq to claim l, wherein the 
telllperature is slowly increased in a ramping fashion. 

1. The method accordinq to claim l, wherein, before 
a temperature of 1025°F is readied, said catalyst is 

30 trQated with hydroqen gas while slow1y increasinq the 
temperature from goo to l.02.5°F, and Wherein the water 
le~el of the effluant gas is maintained below 200 .Ppm. 

s. ~he method according to claim 1, wherein, before 
a temperature cf 1025°F is re~che4, said catalyst is 

35 treated with hydrogen qas while slowly increasinq the 
temperature from 900 to 1025°F, and wherein the w~ter 
level of the effluant qas is maintained below ioo ppm. 
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9. The method of pretreatinq a reforming catalyst 
according to claim 1, wherein the catalyst comprises 

platinum Group VIII metal is platinum. 

5 10. The method according to claim 9, wherein the 
amount of platinUDl is in the range of from 0.1 to 1.5 wt 

%. 

11. The method of pretreatinq a retorminq catalyst 
10 according to claim 1, wherein said ~atalyst comprises a 

larqe-pcre zeolite is salectad from the group consisting 
ot zeolite X, zeolite Y, and type L zeolite, beta 
zeolite, or zeolites having the mazzite s~cture. 

15 12. The method of pretreatinq a reforming c;:at~lyst 
according to c1ai~ 1, wherein said catalyst comprises a 
type L zeolite containinq platinum. 

13. ~he method of pretreatinq a reforming catalyst 
20 according to claim 1 wherein said catalyst comprises a 

larqe-pore zeolite and an inorqanic binder. 

14. 'l'he method of pretreating a reforminq catalyst 
according to claim 13, wherein said inorqanic binder is 

25 selected from.the qroup consisting of silica, alumina, 
aluminosilicates 1 and clays. 

15. The method of pretreating a reforminq catalyst 
according to clail!l l, wherein said catalyst comprises a 

30 large-pore zeolite containing at least one Group V~II 
metal and an alkali or alkaline earth metal selected from 
the group consisting of potassiwn, barium, strontium, 
calcium, eodiWll, rubidium, and cesium. 

35 16. The method of pret7eating a reforminq catalyst 
accordinq to claim 1S, wherein said aJ.kaline earth metal 
is barium and wherein said Group VIII ~etal is platinum. 

111111111111111111111111111111 
·* C L M S * 
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17. The method of pretreatinq a reforminq= catalyst 
accordinq to claim 15, wherein said catalyst has from 
o.i% to 35% DY weight of alkali or alkaline earth •etal 
and from 0.1% to 5% by weight platinum. 

18. 'l'ha method of pretreatinq a reforming catalyst 
accordinq to clailn 20, wherein said catalyst ~s from 
0.1% to 35% by weight barium and from 0.1% to st by 

weiqht platin111D. 

19. The method of pretreatinq a reforming catalyst 
accordinq to claim 1, wherein said catalyst comprises: 

(a} a type L zeolite containinq from 0.1% to 5% by 

weight platinum; and 

(b} an inorganic binder selected from the group 
consistinq of silica, alumina, 
aluminosilicates, and clays. 

20. The method of pretreatinq a ~eformi.n9 catalyst 
according to elai~ 1, whe~eih said catalyst comprises: 

(a) a type L zeolite containinq from 0.1% to 35% by 

25 weight alka1i or alkaline earth metal and from 
0.1% to 5% by weight platinum; and 

(b) an inorganic binder selected from 'the group 
consisting of silica, al'Ulllina, 

30 alumihosilicates, and clays. 

35 

21. The •ethod of pretreatinq a reforming catalyst 
according to clailn lr wherein said catalyst comprises: 

(a) a type L zeolite containing from 0.1~ to 35~ by 

weight bariwn and from 0.1% to 5% by ~eiqht 

platinum; a.nd 

11111111111111 11111 1111111 1111 
* C L M S * 
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(b) an inorganic hinder selected from the group 

consisting of silica, alumina~ 
aluniinosilicates, and clays. 

5 22. The mathod of pretreatinq a reforming catalyst 
accordinq to claim l, wherein said catalyst comprises: 

(a) a type L zeolite containing from 0.1~ to 35% by 
weiqht bariUD and fro~ 0.1% to St by weiqht 

lO platinum; and 

15 

20 

(b) an inorganic binder selected from the group 
consistinq of silica, alumina, 

aluminosilicates, and clays. 

23. ~he method according to clai~ 1, wherein the 

catalyst is subsequently used to reform a hyd:roc:arbon 
feedstock containinq from about 5 to 15 wt % of c,+ 
hydrocarbon. 

24. A :method of pretreatinq a reforminq catalyst 
comprising a large-pore zeolite, wherein said catalyst is 
treatAd·with hydrogen while slowly increasing the 

25 temperature to a temperature between 1025 and 1275°F such 
that th• moisture level in tha reactor ef~luent is 
~aintainad at a low enouqh level to permit the nwnl:>er of 
acid sites on the catalyst to be adequately reduced so as 
to achieve a catalyst exhibitinq lonqer run lengths. 

30 

25. A reforming process comprised of contacting a 
hydrocarbon feed with a larqa pore zeolite catalyst 
containinq at least one Gro~p VIII metal, wherein the 
catalyst has been treated by the method accordinq to 

35 cla:.ba. 1. 

l llllHl ll\ll\ Ill\\ lllll ll \Ill 
* C L M S * 


