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[S7] ABSTRACT 

A metal catalyst preferably comprised of a platinum/
rhenium metal combination, supported on alumina is 
activated for the reforming of hydrocarbon feedstock. 
by being contacted with an oxygen-containing gas at a 
temperature sufficient to oxidize the metal catalyst and 
then being reduced sequentially by contacting the cata
lyst with a stream of hydrogen at about 650· to about 
750· F. for a first period of time and then at about 9(Xt 
to about 1000" F. for a second period of time. followed 
by sulfiding of the sequentially reduced catalyst. The 
sequential reduction procedure increases the selectivity 
of the reforming catalyst and results in increased Cs + 
liquid product yields. 

10 Oaims. 3 Drawing Figures 
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ACfIVATIO:-; OF PLATI~U:\f COr-.TAINING 
REFORMING CATALYSTS 

tolerance. The mechanism which makes the catalyst 
more tolerant of the:: deactivating coke is not known 
with any degree or certainty, but it is believed that the 
formation of intermetallic catalytic alloys. or bimetaJJic 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
This invention relates. in general. to the catalytic 

reforming of a gasoline boiling range petroleum feed
stock to improve the octane rating thereof, and more, 
particularly, to an activation treatment of the reforming 
catalyst. 

5 dusters. is the principal factor and that the formation of 
these species is dependent on the existence thereof of 
rhenium and platinum in the zero valent state. Note in 
this regard, a series of artides and Letters to the Editor 
in the Journal of Catalysi" 35, 434-440 (1974); 39, 

2. The Prior Art 

10 485-486 (1975); 43,18-33 ( 1976); 46. 438-440 (1977); 52, 
444-456 (1978); 56, 468-471 (1979) and 59, 434-445 
(1979). In some of these articles. the difficulties associ 
ated with reducing rhenium to the zero valent state are 
discussed and many studies have been conducted with 

15 the objective of achieving as complete a reduction of 
rhenium to the zero valent state as possible. This inven
tion offers an efficient procedure for achieving this 
objective. It is believed that the principal benefit of the 
catalyst activation process of the present invention is 

Catalytic reforming is a process weB known in the 
petroleum refining industry for improving the octane 
quality of naphthas and straight run gasolines. In a typi
cal process, a series of reactors afe provided with fixed 
beds of catalyst which receive upflow or downflow 
feed of naphtha and hydrogen concurrently passed 
through a reheat reactor, and then, in sequence, through 
subsequent heaters and reactors of the series. The vapor 
effluent from the last reactor of the series. a gas rich in 
hydrogen. is separated from the C!i + liquid product and 
small amounts of gaseous hydrocarbons and recycled to 
the process to minimize coke formation; coke invariably 
forming and depositing on the catalyst during the reac- 25 
lion. 

20 the attainment of zero valent platinum which in tum 
catalyzes the reduction or rhenium to the zero valent 

Because of the demand for high octane for use as 
motor fuel. extensive research is being devoted to the 
development of improved reforming catalysts. Cata
lysts for successful reforming processes must possess 30 
good selectivity, i.e .. be able to produce high yields of 
high octane number C!i+ liquid products and, accord
ingly, low yields of light gaseous hydrocarbons and 
carbonaceous by-products. A small increase, e.g. 1-2% 
increase. in the Cs + liquid product yield can represent a 35 
la rge increase in the productivity of the catalytic pro
cess. For example. a 1.25% volume increase in C5'" 
liquid product yield is equivalent to an additional 
S600.(X)() earning gain per year for a JO,(X)() barrels per 
~t ream day (BSAD) catalytic refo rmer unit. To be com- ..a.o 
mercially acceptable. the reforming catalysts must also 
possess good activity in order that the temperature 
requin:d to produce 3. high C5" liquid yield not be toO 
high. Apart from good selectivity and activity. it is also 
nec~ssa ry that catalysts possess good stability in order ",5 
that the activity and selectivity characteristics be re
tamed fo r prolonged use." e.g. 365 days. 

Rerorming catalysts are recognized as being dual 
functional. The catalyst is generally a composite includ
ing a metal. o r metals. providing a hydrogenation- de- 50 
hydrogenation (hydrogen transfer) function and an 
acidic compon~nt provides an isomerization function. 
The pl:ltinum group metals (ruthenium. osmium. rho
dium. iridium. palladium and platinum). particularly 
platinum, have bec::n widely used in commercial reform- 55 
ing operations. these metals being composited with an 
inorganic oxide base. particularly alumina. In recent 
yt'ars. promoters 1iuch as iridium. rhenium. germanium 
and tin, have been addc::d. particularly to platinum, to 
enhance one o r more of certain of the characteristics 60 
which a good rerorming catalyst must possess, namely. 
:.u.:tivity, ~lc<:t ivity and yield stability. Rhenium has 
h.,.·c::n round parti!..·uJarly useful in providing excellent 
c~· liquid product yields and stability. Halogen. e.g. 
.:h lllriIH.'. i, gc::nerally adde::d to provide the requ:red acid b~ 

(Uru.:tlllU. 

II i~ helicved that the L'hief benefit imparted by rhe
nium 1("1 the platinum cataly .. t i:-- that of greater coke 

state. 
In the conventional process of activating reforming 

catalysts. such as platinum composited on alumina with 
rhenium. the catalyst is first oxidized with a flowing gas 
stream of an oxygen-containing gas such as air in combi
nation with a halogen containing compound such as 
chlorine or hydrogen chloride at temperatures ranging 
from 850· to about 110Y F. and generally at tempera
tures ranging from 9(XY to about 980· F. for a period of 
time ranging from about 1 to about 25 hours and gener
ally about 2 to about 10 hours. Thereafter, the oxidized 
metallic components of the catalyst are reduced by 
contact with a flowing stream of hydrogen at a single 
selected temperature ranging from about 7()(). to about 
950· F . and generally about 850· to about 9()(Y F. for a 
period or time ranging from about 0.5 to about 40 hours 
and generally for about I to about 10 hours. 

During startup of a reforming operation, e:(cessive 
amounts of light gases, e.g. methane and ethane, are 
normally produced unless proper pretreatment proce
dures are utilized. The light hydrocarbon gases, pro
duced as a result of high hydrocracking activity of the 
catalyst. are particularly to be avoided during reform· 
ing since they decrease the yield of gasoline boiling 
products. Hydrocracking activity can be diminished if 
the catalyst is sulfided prior to contact with the feed
stock. The presulfiding can be accomplished. for exam
ple, by passing a sulfur-containing gas, e.g. H2S, 
through the catalyst bed. Other presulfiding treatments 
are known in the art. 

In spite of the wide success of reforming catalyst, 
there continues to be a desire in the art, stimulated in 
part by the withdrawal from gasoline of alkyl lead com
pounds for ecoiogical reasons, to further improve the 
octane quality of naphtha and gasolines without the aid 
of additives. While the above described catalyst systems 
and catalyst activation procedures are quite effective 
ror rerorming. further improvement in the performance 
or such catalyst is quite desirable. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided a process for the activation of a platinum 
containing reforming catalyst wherein the catalyst is 
contacted with an oxidizing gas at a temp~rature of 
abou t 900- to about 1050· F. and the oxidized catalyst is 



4,539,307 
3 

then sequentially reduced with a stream of hydrogen at 
a first temperature of about 650· to about 750· F. fol~ 
lowed in sequence by a second higher temperature of 
about 900- to about l(XXY F. The sequentially reduced 
catalyst is then presulfided at a temperature of about 5 
700· to about 900· F. 

As will hereinafter be demonstrated, the platinum 
refonning catalyst, oxidized. sequentially reduced. and 
presulfided in accordance with the present invention, is 
found to exhibit increased selectivity in the reforming of 10 
naphtha and gasoline boiling range hydrocarbons. It is 
found that a Cs+ liquid product yield increase of about 
1-2 liquid volume percent can be provided by the plati
num refonning catalysts activated in accordance with 
the present invention along with a concurrent lowering 15 
of the C)-C4 gaseous yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be better understood and 
will herein after be explained with reference to the 20 
graphs in FIGS. 1 to 3, the curves of which show data 
plotted from simulated life tests indicating the reform
ing activity and stability of an alumina supported plati
num-rhenium reforming catalyst activated in accor
dance with the process of the present invention. and for ·2' 
comparison purposes. the same catalyst activated in 
accordance with conventional procedures. 

The graph in FIG. 1 shows the average catalyst tem
peratures as a function of length on test or hours on
stream required to maintain a 98-octane rating for each 30 
of the two activated catalysts. 

4 
the process of the present invention is one which com
prises about 0.05 to about 3.0 percent by weight plati
num. preferably from about 0.1 to about 1.0 percent by 
weight platinum, and from about 0.05 to about 3.0 per
cent by weight rhenium. and preferably about 0.1 to 
about 1.0 percent by weight rhenium based on the 
weight of the catalyst composition. The process of the 
present invention can be used with bimetallic catalysts 
containing more rhenium than platinum such as those 
having a ratio of rhenium to platinum of about 2.0 as 
well as those catalysts wherein the ratio of rhenium to 
platinum is about LO. 

The catalysts suitable for use in the process of the 
present invention also can initially contail' minor 
amounts. e.g. about 0.1 to about 5.0 percent by weight 
halogen and preferably from about 0.5 to about 2.5 
percent by weight halogen incorporated in the compos
ite catalyst during preparation of the catalyst. chlorine 
being the halogen most commonly used. 

The catalyst composite, as a result of the presulfiding 
treatment also contains sulfur suitably from about 0.001 
to about 2.0 percent by weight, preferably about 0.005 
to about 0.05 percent by weight sulfur, based on the 
total weight of the catalyst composition. 

The refonning catalysts activated in accordance with 
the present invention can also contain about 0.1 to about 
3.0 percent by weight and preferably about 0.1 to about 
1.0 percent by weight of a promoter metal. such as 
germanium or tin. 

As already indicated. in preparing the catalyst used in 
the present invention. the platinum and rhenium metals 
as \\-ell as the promoter metal and halogen are disposed 
on a porous solid carrier or support. The porous solid 
carrier can include a large number of materials includ-

The graph in FIG. 2 shows as a function of the time 
on-stream, the yield of Cs + liquid product. or gasoline 
having a 98-octane rating produced during reforming 
with each of the two catalysts. 35 ing, for example, silicon carbide. charcoal, or carbon. 

The graph in FIG. 3 shows as a function of the time 
on-stream, the yield of CI-C4 product in gasoline hav
ing a 98-octane rating produced during reforming with 
each of the two catalysts. 

From FIG. I, it is seen that by activating the plat i- 40 
num-rhenium catalyst in accordance with the present 
invention. 98-octane gasoline can generally be pro
duced at lower temperatu res when compared to the 
same catalyst activated in accordance with a conven
tional prior art procedure. From FIGS. 2 and 3. it is 45 
seen that activating the platinum-rhenium catalyst in 
accordance with the present invention yields signifi
cantly higher amounts of Cs + liquid product and lesser 
amounts of CI - C" gaseous product. when compared to 
the same catalyst activated in accordance with a con- 50 
ventional prior an procedure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The catalysts, which are activated in accordance '5 
with the present invention. are basically a composite of 
a selected Group VIII metal supported on an active 
alumina base. The applicable Group VIII metals are at 
least one of platinum, iridium. osmium, palladium, rho
dium and ruthenium. The preferred metal is platinum. 60 
This class of catalyst is well known in the art and gener
ally contains from om to 10 and preferably 0.1 to 1.0 
weight percent platinum group metals based on the 
total catalyst weight including the alumina base. 

In the reforming of certain hydrocarbon feedstocks 6' 
such as naphtha. multimetallic catalysts of platinum and 
rhenium are preferred for usc. A catalyst composition 
particularly suitable for activation in accordance with 

Preferably, the porous solid carrier is an inorganic ox
ide. A high surface area inorganic oxide carrier is par
ticularly preferred. e.g .• an inorganic oxide having a 
surface area of 50-700 m2/ gm. The carrier can be a 
natural or a synthetically produced inorganic oxide or 
combination of inorganic oxides. Typical acidic inor-
ganic oxide supports which can be used are the natu
rally occurring aluminum silicates. panicularly when 
acid treated to increase the activity. and the synthetical
ly-produced cracking supports. such as silica-alumina. 
silicazirconia, silica-alumina-zirconia, silica-magnesia, 
silica-alumina-magnesia. and crystalline zeolitic alumi
nosilicates. Generally. however, reforming processes 
are preferably · conducted in the presence of catalysts 
having low cracking activity. i.e. catalysts of limited 
acidity. Hence a preferred carrier is an inorganic oxide 
such as alumina. . 

Any of the forms of alumina suitable as a suppon for 
reforming catalyst, can be used. Furthermore, 3lumina 
can be prepared by a variety of methods satisfactory for 
the purposes of this invention. The preparation of alu-
mina for use in reforming catalysts is well known in the 
prior art. 

Although the catalytic metals can be intimately ass0-

ciated with the porous solid carrier by suitable tech
niques such as by ion exchange, coprecipitation. etc., 
the metals are usually associated with the porous solid 
carrier by impregnation. Funhermore, one of the metals 
can be associated with the carrier by one procedure. 
e.g. ion-exchange. and the other metal associated with 
the carrier by another procedure, e.g. impregnation. As 
indicated, however, the metals are preferably associated 
with the carrier by impregnation. The catalyst can be 
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prepared either by coimpregnation of the two metals or 
by sequential impregnation. In general, the carrier ma
terial is impregnated with an aqueous solution of a de
composable compound of the metal in sufficient con
centration to provide the desired quantity of metal in 
the finished catalyst; the resulting mixture is then heated 
to remove water. Chloroplatinic acid is generally the 
preferred source of platinum. Other feasible platinum
containing compounds, e.g. ammonium chloroplati
nates and polyaminoplatinum salts, can also be used. 
Rhenium compounds suitable for incorporation onto 
the carrier include among others. perrhenic acid and 
ammonium or potassium perrhenates. Incorporation of 
the metals on the carrier can be accomplished at any 
particular stage of the catalyst preparation. For exam
ple. if the metals are to be incorporated onto an alumina 
support. the incorporation may take place while the 
alumina is in the sol or gel form followed by precipita
tion of the alumina. Alternatively, a previously pre
pared alumina carrier can be impregnated with a water 
solution of the metal compounds. Regardless of the 
method of preparation of the supported platinum
rhenium catalyst, it is desired that the platinum and 
rhenium be in initmate association with and dispersed 
throughout the porous solid catalyst support. 

Following incorporation of the carrier material with 
platinum and rhenium. the resulting composite is usu
ally dried by heating at about 80· to about 400° F. and 
preferably about 120· to about 300· F. Once dried the 
catalyst prepared as described above, or regenerated 
catalyst. is activated by oxidizing the catalyst at about 
850· to about llO(Y F. and preferably about 900" to 
about 980· F. in the presence of an oxygen containing 
gas such as air for about 1 to about 25 hours and prefera
bly about 2 to about 10 hours. In heating the catalyst to 
temperature, the catalyst is heated incrementally at 10(Y 

hydrogen, preferably about 95 to 100 volume percent. 
with any remaining components being up to about 30 
volume percent of an inert gas such as nitrogen. 

After the second step of the sequential reduction 
5 procedure is completed, the reforming catalyst is ready 

for use, but before such use, the catalysts are advanta
geously contacted with a gas containing sulfur-provid
ing component in vaporous fonn. This sulfiding treat
ment can be conveniently accomplished immediately 

10 subsequent to the second of the sequential reduction 
steps by lowering the temperature of the reactor to 
about 750· to about 850· F. and contacting the reduced 
catalyst with a suitable sulfur-providing gaseous mate
rial such as S02 or HzS, preferably the laner. The 

15 amount of sulfiding agent employed is at least 25% or 
even at least 50% of the stoichiometric amount needed 
to give one atomic weight of sulfur for each atomic 
weight of total platinum group metal and if presen~ the 
second metal such as rhenium in the catalyst composite, 

20 preferably the amount ranges up to about 50%. 
The sulfiding operation can be done most conve

niently after the sequential reduction sequence by ad
mixing about 0.2 to about 1.0 volume percent HzS with 
the hydrogen gas being admitted to the pressurized 

25 reactor in which the catalyst is sequentially reduced and 
lowering the temperature of the reactor to about 750· to 
about 850· F ., the temperatures at which the maximum. 
efficacy of the sulfide treatment has been observed. 
When the sulfiding is conducted subsequent to the $C-

30 quential reduction procedure, the catalyst is in sulfided 
form when first contacted with the hydrocarbon stream 
being reformed thereby avoiding excessive hydrocrack.
ing with its attendant yield and selectivity losses. 

Hydrocarbon reforming using the catalyst of the 
35 present invention is conducted at an elevated tempera

ture of up to about 1000· F. and under a reducing atmo
sphere provided by the presence of a molecular hydro
gen-containing gas. The feedstocks include gasoline 
boiling range hydrocarbons whether they boil over a 

F. per hour with an air flow at about 2 standard cubic 
feet (SCF) per hour under atmospheric pressure. When 
the desired temperature is reached. e.g. 975· F .• a super
atmospheric pressure is imposed. e.g. 30 to 200 pounds 
per square inch guage (psig), the air flow is raised to 
about 6 SCF and the catalyst is heated under these 
conditions for 10 to 20 hours. Thereafter the air flow is 
stopped and the sequential reduction step ofthe activa
tion process of the present invention is performed. To 
perform the sequential reduction step, the reactor is 
purged with nitrogen and the temperature lowered to 
about 650· to about 750· F. to reduce the platinum to 
the metallic or zero valent state. Preferably. the reduc
tion is performed in the presence of hydrogen, and most SO 
preferably in dry hydrogen, i.e. hydrogen that contains 
less than 1000 ppm moisture. This first reduction heat
ing is continued for 1 to 3 hours using about 2 to about 

40 broad or narrow temperature range. In such operations, 
a naphtha, a fraction thereof or other similar boiling 
range hydrocarbons whose aliphatic and cycloaJiphatic 
constituents are for the most part saturated and which 
may contain some aromatics, is converted to a product 

45 having greater aromaticity and higher octane rating, 
e.g. from a feedstock having an octane rating in the 
range of 30 to 60 to a product having an octane rating of 
98-100. 

The reforming reactions are usually conducted at 
processing conditions which include reactor inlet tem
peratures of about 82S· to 97S· or 1000· F. and total 
pressures of about 50 to 6(X) psig, preferably about 100 
to 350 psig. During the reforming operation, hydrogen
containing effluent gas is recycled to the reaction sys-6 SCF/ Hr hydrogen flow. 
tem, the recycle gas is usually such to provide about 3 to 
30 moles of hydrogen gas per mole of gasoline boiling 
range hydrocarbon feedstock.. Also, the hydrogen 
charge is often passed to the reactor system at a rate 
such that the ov~rall space velocity is about 0.5 to 15 
WHSV (weight of hydrocarbon per weight of catalyst 
per hour) preferably about 1 to 6 WHSV. The reaction 
conditions are such that the normally liquid reformate 
from the reactor has a RON (Research Octane Number) 
of at least about 90 and generally in the range of 95 to 

After the catalyst has been first heated in the reduc· 55 
ing atmosphere for the above stated period of time, the 
temperature of the reactor is raised to about 900· to 
about 1000· F. and the catalyst is heated at this second 
temperature for about 3 to about 10 hours and prefera
bly 4 to 8 hours using the same hydrogen containing gas 60 
stream flow conditions, i.e. 2 to 6 SCF I Hr. At this 
temperature, the elemental platinum fonned in the first 
reduction step is believed to catalyze the reduction of 
the rhenium or other multimetal component of the cata
lyst to the elemental or zero valent state. 61 100. 

The gas stream employed during the sequential re
duction procedure of the present invention is generally 
composed of about 70 to about 100 volume percent 

Carbonaceous deposits accumulate on the catalysts as 
reforming proceeds and, as a resuh. the catalysts lose 
activity which can be counteracted by increasing the 

,-
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re:u.:lion temperature. Eventually, however. when the 
reactor inlet temper~lures reac:h a desired maximum. for 
instance in the range of about 950- F. to I(XXY F .• espe
cially at about 910- F. and above. it becomes inadvisable 
to increase the temperature further; otherwise undue 5 
aging of the catalyst may result. The catalyst can then 
be regenerated by carbon burn-off which restores the 
catalytic characteristics sufficiently for the catalysts to 
be reused on an economic basis. 

Carbon bum-off is accomplished by contact of the 10 
catalyst with an oxygen-containing gas and generally 
the amount of oxygen is controlled to maint3in the 
temperature of the catalyst from about 70(Y to about 
JOClO· F. preferably in the temperature range of about 
7D(Y to 850· F. The pressure maintained during burning IS 
is preferably elevated for instance. about SO to 500 psig. 
The controlled burning is usually initiated with an inert 
gas. e.g. nitrogen, carbon dioxide or their mixtures. 
containing a sm~jl amount of oxygen, for instance. up to 
about I mole percent and preferably with an oxygen 20 
partial pressure of at least about 0.2 psig. 

After the carbon bum-off treatment is completed, Le. 
after the carbon content of the spent catalyst is less than 
about 0.5 weight percent and preferably below 0.2 
weight percent. the catalyst is subjected to the activa- 25 
tion procedure of the present invention. i.e. by contact
ing the catalyst with an oxygen containing gas at a 
temperature of 8eXY to IOOCr F. and then sequential 
reduction in a hydrogen containing gas as previously 
disclosed. 30 

The folJowing specific Examples are intended to 
further illustrate the invention and should not be con
st rued as limiting its scope. 

8 
hydrogen. The catalyst was then sulfided in a recycle 
mode for 6 hours. 

The above prepared catalyst was then employed for 
the reforming of a hydrocarbon feedstock. consisting 
mainly of paraffins. naphthenes and aromatics which 
were passed downflow through the catalyst bed fed at a 
space velocity (WHSV) of 4 Hr- I at a pressure of 200 
pc;ig. a hydrogen/hydrocarbon molar ratio of 3.0 and a 
temperature sufficient to produce a CS T liquid product 
with a Research Octane Number (RON) of 98 octane. 
Thus. the temperature in the reaction zone, as measured 
by the average catalyst bed temperature, was changed 
with time in order to maintain a liquid product having 
98 octane. The hydrocarbon feedstock had the follow· 
ing physical properties and composition: 

Phvslcal Pro~nles 

Gravity .• API @ 10' C. 52.6 
ASTM Distillal1on. 'F 

IBP 218 
10% lJ.I 
10% 280 
9O'k JIO 
9S%- ]70 

FBP J04 

ComposlllC'ln Vol. t"r 

Paraffins 46.9 
Naphlhencs 37.0 
Aromatics 16.1 
Sulfur III wppm 
~ilTCIgen < 1.0 wppm 

At specified times during the refo rming reaction. a EXAMPLE [ 

A 0.3% Pt/O.3% Re gamma alumina supported cata
lyst was prepared by impregnating a dry commercial 
alumina support having a surface area of 220 m2/g, in 
the form of 1116 inch pellets, with sufficient hydrochlo-

3S portion of the reformate stream was withdrawn. 
weighed and analyzed to determine the conversion of 
t~e hydrocarbon feed to Cs+ liquid product as well as 
gaseous by-products. The amount of Cs';" liquid product 

ric acid. chloroplalinic acid and perrhenic acid in aque· oW 
ous solution to give a catalyst with platinum, rhenium 
and chloride contents respectively 0.3%. 0.3% and 1% 
on the support based on the weight of the alumina sup
port. Following the impregnation of the alumina mate
rial. the resulting composite was dried by healing at ",S 
about 20(Y F. A one hundred gram sample of the dried 
catalyst was loaded into stainless steel reactor for acti
vation prior to use. The catalyst was then activated by 
passing air through the reactor at 2 SCF/Hr. the reactor 
temperature being raised from 80· to 975- F. at the rate SO 
of 100- F./Hr. When the temperature of 975- F. was 
reached. the pressure in the reactor was raised from 
atmospheric to 60 psig and the air flow rate was raised 
6 SCF/Hr and maintained for I hour. At the end of the 
I hour period the air oxidation treatment of the catalyst SS 
was completed and sequential reduction of the oxidized 
catalyst was initiated by lowering the temperature of 
the reactor to 7(XY F., purging the reactor of air with a 
nitrogen gas stream. A gas stream containing 100% by 
volume dry hydrogen was flowed through the reactor 60 
at the rate of6 SCF/ Hr. The catalyst was maintained in 
the reducing atmosphere for I hour whereupon the 
temperal ure of the reactor was raised to 950- F. and the 
dry ga .. Mream continued to be flowed through the 
,-'atah .. 1 hl:l1 at the temperature for 6 houn. After 6 b~ 
hour .. , the: lemperature of the c2taJyst bed was lowered 
10 1'(00· F. Thereafter the gas stream was !<.witched to a 
, : ream cllnraining 0.10 hy volume hydwgen ~ulfide in 

and gaseous by-products in the reformate was deter· 
mined by chromatography and e~pressed as a weight 
percentage of the reformate sample at the time the sam· 
pIe was taken. The averaged composition of product 
samples taken at 6 hour intervals over a 300 hour period 
are summarized in Table I. 

For purposes of comparison. the procedure of Exam· 
pie I was repeated with exception that sequential reduc· 
tion of the catalyst was not practiced and instead the 
catalyst was reduced at 950· F. for 10 hours. The aver
aged composition of samples taken from this compara
tive run are also summarized in Table I under the head· 
ing "Control". 

TABLE [ 
CYCLE AVERAGED SELECTIVITY DATA 

ell.3mple I Control 

Hydrogen. wt. '7. 2.52 2." 
MeEhane. ".il. % 1.18 1.27 
Ethane:. wt. % l.6S 1.81 
Propane ... Buune. WI. '" 5.63 6.87 
C$ - yield. vol. "1: 83.77 82.,.. 

The data in Table [ show that by using the sequential 
reduction procedure of the present invention. there has 
been a 1.23% by volume increase in the yield of C~ + 
liquid product in the refonnate as compared to the 
Control as well as a concurrent increase in hydrogen 
and decrease m CI-~ by-products. 
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EXAMPLE II 

The procedure of Example 1 was repeated using the 
same cataJyst material. The dried cataJyst was activated. 

10 
reactor for 10 hours at a reactor temperature of 900- F. 
Thereafter, the catalyst was sulfided at 800· F. Analysis 
of the catalyst indicated that the activated comparative 
cata1yst contained 0.92% by weight chloride, 0.05% 

, sulfur and 0.08% coke. by passing air through the catalyst at 2 SCF /Hr and 
heating the reactor to 975· F. at the rate of l(xt 
E/Hour. When the temperature of 975· F. was 
reached. the pressure in the reactor was raised from 
atmospheric to 60 psig and the air flow continued at 6 
SCF /Hr for 11 hours. At the end of this time period. the to 
air oxidation treatment was completed and sequential 
reduction of the oxidized catalyst initiated by lowering 
the temperature of the reactor to 700· E. purging the 
reactor of air with a dry nitrogen gas before introducing 
a dry hydrogen gas stream with a moisture content less 15 
than 1000 ppm which flowed through the catalyst bed 
for 1 hour at a flow rate of 6 SCF !Hr. Thereafter the 
temperature of the reactor was raised to 950- F. and the 
hydrogen gas stream continued to be flowed throught 
the catalyst bed at this temperature for an additional 6 
hours. Thereafter. the temperature was lowered to 80Y 

20 

F. and the gas stream was switched to a stream of 0.7% 
by volume hydrogen sulfide in hydrogen. The catalyst 
wa'i sulfided using a recycle mode for 6 hours. The 
catalyst wa'i then analyzed and determined to contain. 
based on the weight of the ca!aJyst. 1.01 % chloride. 
0.05% sulfur and 0.06% coke. 

The above prepared catalyst was then employed for 
the reforming of a hydrocarbon feedstock having the 
following composition: 

PhYSlc:!1 Pro[)('nlo 

API Gravuy 
ASTM O;~tlllation. 'F. 

~2.6 

IBP 213 
10"1- ~)8 

~"'c- 280 
Q()'C 350 

2S 

30 

)S 

The change in temperature needed in order to main
tain the desired 98 octane product, the yield of Cs + 
liquid product and CI-C4 by-product using catalyst 
prepared by the comparative single step reduction pro
cedure is also shown in FIGS. 1-3. the curves for the 
comparative reforming run being designated by the 
term "Control" . The averaged product distribution in 
reformate product samples taken over a 138 hour period 
in 98 RON liquid product is maintained is also summa
rized in Table II below, these results recorded under the 
heading "Control". 

TABLE II 
CYCLE A VERAGEO SELECTIVITY OAT A 

Eumple II Conlrol 

Hydrogen. Wt. % 2.62 2 .... 
Methane. WI. % 1.22 1.36 
Elhilne. WI. '7c 1.53 2.12 
Propane. WI. ~ 2.7' 3.13 
Butane. Wt. 'it- ) .34 ]A) 

T olal Gas Make. WI. '" 8.83 10.04 
CVC, . Molar Ralio 0.82 0.86 
C,- Yield. Vol. % 82.93 32.25 
Cycle Lenglh. Hours 1~6.0 138.0 

TABLE III 
Anah·sis o r Used C1lal ... st 

E:\amplc 11 Contro l 

ChlOride. WI. '" 0.64 0.~7 

Sulfur. WI. ~ 0.Q3 0.02 
Coke. W, '" 1110 16.1 
-EQR Temp. ' F . Q6UO 1.013 
EOR T ime. Hr.;. 276 270 

95'1- 320 rBP JQ4 'EOR ',~n-d~ ror o:nd of the: run mel rO:Jlrl:"\O:"fll~ the po1nl '" ... 11'1:1"1 ,he n.ln ",e;" 

---('-.'-'-------------'-.'-0'-'-'"- - --- ~ tcrmll\;.l'w. 
,'mrn'UI(ln ., 

I':H.tmn~ 

"'OIrhl hen~ 
AromilliC 
Br('mme :'Ilo. 
Sulrur 
1'I,/11rl"lgen 

46.9 
37.0 
16.1 
0.22 

0.18 wppm 
< \ .0 wppm 

By reference to FIG. 1. it is seen that although the 
temperature increase necessary to maintain a 98 RON 
reformate was substantially the same for the first 150 

~5 hours of the run. for the remaining 125 hours. it was 
necessary to incrl!ase the temperature of the "Control" 
catalyst catalyzed reforming run to a substantially 
greater deg~ee when compared to that of the catalyst 
sequentiaJly reduced in accordance with Example II. 

The feedstock was passed downflow through the 
caulysl bed fC!ed at a space velocity (WHSV) of 4 
Hr- I , a pressure of 200 psig. 3 hydrogenlhydrocarbon 50 
molar ratie- of 3.0 and a temperature sufficient to pro
dUl:e a C~.;. liquid product with a RON of 98. As in 
Example I. the temperature in the reaction zone was 
changed wi th time in order to maintain the production 

By reference to FIGS. 2 and 3, it is seen that over the 
275 hour reforming run. the yield of C~ + liquid product 
having the desired 98 octane rating decreased signifi
cantly in the "Control" catalyzed reforming reaction as 
compared with the reforming reaction catalyzed with 

S5 the sequentially reduced catalyst prepared in accor
dance with E xample II. while concurrently the yield of 
C t-C.gas increased significantly in the reforming reac
tion catalyzed by the "Contro)" catalyst as compared 
with the catalyst of Example II thereby indicating the 

of a product having a 98 octane rat ing. The change in 
temperature needed in order to maintain the desired 98 
octane product is shown in FIG. 1. The yield of C~ " 
liquid product having an octane rating of 98 is shown in 
FIG . 2 and the yield of C,-C4 gas is shown in FIG. 3 . 
The averaged composition of product samples taken 
over a I S6 hour period in which 98 RON liquid product 
i" maintained arC! surnmarized in Table II below. 

For purpo~ of comparison, the procedure of Exam
ple II was repeated with the exception that after oxida
I alii of lhe t.:ataIY,,1 in a,r, the tl!mperature of the reactor 
\\ ·;1 ... rc::ducc::d to 90()" E, the reactor purged of air and 
then ... lIbjC::CIc::d to a singular reduction step with hydro
~l'l1 ~J,s at 6 SCFl Hr whil:h was flowed through the 

. ' 

60 improved sensitivity impaned to the Pt/Re catalyst by 
the cataly~t reduction procedure of Example II. 

Reference to Table II confirms the results recorded in 
FIGS. 2 and 3. namely, that when a sequentially re
duced Pt/ Re catalyst prepared in accordance with Ex-

115 ample II. is employed in reforming of hydrocarbons, the 
yield C5 '" liquid product having the desired octane 
rating increases with a concurrent decrease in the yield 
of undesirabl~ light C I-Cc hydrocarbon gases . 
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900- to about U:XXt F. and continuing the reduction 
in hydrogen for a second period of time; and 

(c) sulfiding the reduced catalyst. 

Reference to Table III indicates that there is a less
ened colee build-up of the catalyst prepared in accor
dance with Example II as compared with the "Con
trol. " 

While specific components of the present system are 
defined above, many other variables may be introduced 
which may in any way affect, enhance or otherwise 
improve the system of the present invention. These are 
intended to be included herein. 

2. The process of claim 1 wherein the oxidation step 
.s is conducted by contacting the catalyst with air at about 

900" to about 980" F. for about 2 to about 10 hours. 
3. The process of claim 1 wherein the first period of 

contact of the oxidized catalyst with the hydrogen con· 
tacting gas is from about O.S to about 2.0 hours. 

Although variations are shown in the present applica
tion. many modifications and ramifications will occur to 
those skilled in the art upon a reading of the present 
disclosure. These, too, are intended to be included 
herein. 

10 4. The process of claim 1 wherein the second period 
of contact of the oxidized catalyst with the hydrogen 
containing gas is from about S.O to about IS.0 hours. 

5. The process of claim 1 wherein the suI tiding step is 
conducted by contacting the catalyst with a suJfur...con· 

IS taining gas at a temperature below about 900· F. 
I claim: 
1. A process for activating a metal catalyst. com· 

prised of platinum and rhenium supported on a porous 
solid carrier. for reforming a hydrocarbon feedstock by 
contact of the feedstock with the activated catalyst at 20 
refonning conditions. the steps of activation compris· 
ing: 

(a) contacting the catalyst with an oxygen--containing 
gas at a temperature sufficient to oxidize the metal ·2S 
catalyst; 

(b) reducing the oxidized catalyst, sequentially, by 
first contacting the catalyst with a hydrogen con· 
taining gas at about 650· to about 750· F. for a first 
period of time. raising the temperature to about 30 

II 

40 

4l 

so 

II 

60 

6l 

6. The process of claim 5 wherein the suJfiding step is 
conducted at about 750" to about 8S0" F. 

7. The process of claim 1 wherein the catalyst con· 
tains from about 0.1 to about 1.0 weight percent plati· 
num and from about 0.1 to about 1.0 weight percent 
rhenium. 

8. The process of claim 1 wherein the porous solid 
carrier is alumina. 

9. The process of claim 1 wherein the catalyst is suI· 
tided to contain from about O.(X)1 to about 2.0 percent 
by weight sulfur based on the total weight of the cata
lyst composition. 

10. The process of claim 1 wherein the ratio of rhe· 
nium to platinum ranges from about 1.0 to about 2.0. 

• • • • • 
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