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This invention relates to the upgrading by isomerization 
and/or hydrocracking of paraffinic hydrocarbons in the 
presence of a mixed alumino-silicate, platinum metal cata 
lyst, in particular the hydroisomerization of normal paraf 
fins to branched chain isomers in the presence of these 
mixed catalysts. In the absence of cracking these are 
essentially the same molecular weight as the charge. With 
cracking they yield a range of isoparaffins of lower mo 
lecular weight. 

Heretofore, it has been known that the isomerization of 
normal paraffins, particularly n-hexane, to their equilibri 
um mixtures of branched chain isomers, substantially in 
creases the octane rating of the paraffinic hydrocarbons. 
In general, the octane rating of the equilibrium mixture 
is affected by the temperature at which the conversion is 
effected; the lower temperatures usually producing the 
higher octane rating. In attempting to produce such 
equilibrium mixtures of isoparaffinic hydrocarbons, several 
catalytic processes have been developed. Of these, two 
major processes are presently employed for the isomeriza. 
tion of normal paraffins. The lower temperature process 
effects isomerization over an aluminum chloride cata 
lyst. This process is costly to operate because of exten 
sive corrosive effects caused by the acidic sludge formed 
from the aluminum chloride catalyst material, thereby re 
quiring expensive alloy equipment. Moreover, moisture 
and high molecular weight hydrocarbons usually present 
as contaminants in the charge stock cause deterioration 
of the catalyst and necessitate its frequent replacement. 
The higher temperature process utilizes a catalyst such as 
platinum on a silica-alumina base to promote hydroisom 
erization of normal paraffins in the presence of hydro 
gen at temperatures on the order of 700 to 800 F. At 
these high temperatures the equilibrium mixture of iso 
mers is such that substantial recycling of a portion of 
the paraffin feed is necessary to obtain the desired im 
provement in octane ratings. Advantageously, in ac 
cordance with the process of this invention, the problems 
attendant to these prior art processes are substantially 
eliminated or avoided by the use of a dual functional, 
mixed catalyst at low temperatures. 

This invention contemplates the upgrading of normal 
paraffinic hydrocarbons by hydroisomerization and/or hy 
drocracking same in the presence of hydrogen and a mixed 
alumino-silicate, platinum metal catalyst; the alumino 
silicate (natural or synthetic) having metal and/or hy 
drogen cations ionically bonded or chemisorbed within 
its ordered internal structure so as to produce a high 
concentration of acid sites (H+) uniformly throughout the 
catalyst. In addition, this invention concerns continuous 
hydroisomerization and/or hydrocracking of normal 
paraffins for extended periods in the presence of hydrogen 
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and the heretofore mentioned catalyst, so as to produce 
a mixture of branched chain isomers having a high octane 
rating without requiring recycle of a portion of the prod 
uct stream, the use of corrosion resistant alloy equip 
ment or frequent replacement of catalyst material. Fur 
thermore, this invention is directed to the hydroisomeriza 
tion of n-hexane in the presence of hydrogen and a mixed 
catalyst consisting essentially of a rare earth-hydrogen 
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exchanged alumino-silicate having a defined pore size of 
about 13 A., and platinum supported on an alumina car 
rier under certain reaction conditions. 

In accordance with this invention, it has been found 
that the hydroisomerization and/or hydrocracking of nor 
mal paraffins can be effected in the presence of a mixed 
catalyst consisting essentially of a highly acid alumino 
silicate portion and a hydrogenation component of a 
platinum metal supported on a thermally stable carrier 
at temperatures from about 200 to about 700° F., in 
either a liquid phase, a mixed liquid-vapor or a vapor 
phase. 

Advantageously, the highly acid alumino-silicate portion 
Suitable for the purposes of this invention may be pre 
pared from several naturally occurring or synthetic alu 
mino-silicates. In general, these alumino-silicates have ex 
changeable metal cations, i.e. alkali metals and alkaline 
earth metals, which may be completely or partially re 
placed by conventional base exchanging with other metal 
cations and/or hydrogen cations to produce the neces 
Sary high concentration of acid sites (created by bonding 
of a hydrogen cation) within their ordered internal struc 
tures. It will be appreciated that the acidic nature of an 
alumino-silicate as evidenced by its concentration of acid 
sites, increases proportionally to the extent that the ex 
changeable metal cations have been replaced with the ex 
changing cations. 

However, some alumino-silicates are not stable to direct 
eXchange with hydrogen cations or are not thermally 
stable after a portion of their exchangeable cations have 
been replaced with hydrogen cations. Thus, it is often 
necessary to exchange additional metal cations with an 
alumino-silicates causes the formation of acid sites (H+) 
within its ordered internal structure prior to the inclu 
sion of hydrogen cations. In effecting such stability, it 
has been found that certain polyvalent metal cations not 
only provide acid stability to the alumino-silicates but also 
increase their concentration of acid sites without subse 
quent addition of hydrogen cations. Thus, the presence 
of cations of these certain metals, especially those poly 
valent metal cations having higher valencies, within the 
alumino-silicate causes the formation of acid sites (H+) 
within their ordered internal structure. It is believed that 
these metals, especially those which have valences of three 
or more, produce acid sites within the alumino-silicate be 
cause of the spatial arrangement of the AlO4 and SiO, 
tetrahedra which make up the ordered internal structure 
of the alumino-silicates. Within certain alumino-sili 
cates, where nearly every other tetrahedron has an ex 
changeable cation site (usually an alkali metal or alkaline 
earth metal), a polyvalent cation (two valent and even 
some three valent cations) may be accommodated within 
chemical bond distance, by two or three, respectively, 
neighboring cation sites. However, if this accommodation 
is not spatially feasible, it is believed that the polyvalent 
metal cation is hydrolyzed thereby reducing its valence 
by the addition of one or more (depending on its valence), 
hydroxy groups (OH) and creating (from water mole 
cules present in the alumino-silicate structure) a hydro 
gen cation (for each (OH group) which then occupies 
one of the sites vacated by the exchangeable cation. 
Thus, those metals having higher valences generally pro 
vide a higher concentration of acid sites. It will be ap 
preciated that the formation of acid sites within an 
alumino-silicate may occur by base exchanging these 
metal cations with an existing alumino-silicate or during 
the formation of a synthetic alumino-silicate in an ioniza 
ble medium. In addition, it will also be appreciated that 
the degree to which an alumino-silicate has been base 
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exchanged with these metals will also determine its con 
centration of acid sites. Furthermore, it will also be ap 
preciated that the high concentration of acid sites (Ht) 
produced by these metals may be further increased by sub 
sequent base exchange with hydrogen cations or cations 
which are capable of being converted to hydrogen cations, 
such as the ammonium radical-(NH4+). 
The unique activity of the alumino-silicate catalyst for 

effecting conversion by isomerization and/or hydrocrack 
ing is also dependent on the availability of the active 
cation sites. Accordingly, the defined pore size of an 
alumino-silicate is to be considered when preparing the 
mixed catalyst of this invention. Generally, the alumino 
silicate should have a pore size above about 6 A. in 
diameter so that it can accept the normal parafiinic hydro 
carbon compounds within its ordered internal structure 
and also accommodate the branched chain isomers pro 
duced by the process of this invention. Preferably, in 
order to accommodate the multibranched isomers of the 
larger molecular weight hydrocarbons, the pore size is 
from about 10 A. to about 13 A. in diameter. It will 
be appreciated that the pore size desired for the alumino 
silicate portion of the mixed catalyst will depend on the 
normal paraffin to be converted as well as the mixture of 
branched chain isomers being produced. 

Typical of the alumino-silicates employed in accordance 
with this invention, are several alumino-silicates, both 
natural and synthetic, which have a defined pore size 
of from 6 A. to 15 A. within an ordered internal struc 
ture. These alumino-silicates can be described as a 
three dimensional framework of SiO4 and AlO4 tetra 
hedra in which the tetrahedra are cross-linked by the 
sharing of oxygen atoms whereby the ratio of the total 
aluminum and silicon atoms to oxygen atoms is 1:2. 
In their hydrated form, the alumino-silicates may be rep 
resented by the formula: 

wherein M is a cation which balances the electrovalence 
of the tetrahedra, in represents the valence of the cation, 
w the moles of SiO2, and y the moles of H2O. The ca 
tion can be any or more of a number of metal ions de 
pending on whether the alumino-silicate is synthesized or 
occurs naturally. Typical cations include sodium, lithium, 
potassium, calcium, and the like. Although the propor 
tions of inorganic oxides in the silicates and their spatial 
arrangement may vary, effecting distinct properties in the 
alumino silicates, the two main characteristics of these 
materials is the presence in their molecular structure of at 
least 0.5 equivalent of an ion of positive valence per gram 
atom of aluminum, and an ability to undergo dehydration 
without substantially affecting the SiO4 and AlO4 frame 
work. 
One of the crystalline alumino-silicates utilized by the 

present invention is the synthetic zeolite designated as 
zeolite X, and is represented in terms of mole ratios of 
oxides as follows: 

1.0+0.2MO: AlO3:2.5-0.5SiO2:yHO 
wherein M is a cation having a valence of not more than 
3, in represents the valence of M, and y is a value up to 
8, depending on the identity of M and the degree of hydra 
tion of the crystal. The sodium form may be represented 
in terms of mole ratios of oxides as follows: 

0.9NaO: AlOs: 2.5SiO:6.1H2O 
Zeolite X is commercially available in both the sodium 
and the calcuim forms; the former being preferred for 
the purposes of this invention. It will be appreciated that 
the crystalline structure of zeolite X is different from most 
zeolites in that it can adsorb molecules with molecular 
diameters up to about 10 A.; such molecules including 
branched chain hydrocarbons, cyclic hydrocarbons, and 
some alkylated cyclic hydrocarbons. 
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4. 
Other alumino-silicates are contemplated as also being 

effective catalytic materials for the invention. Of these 
other alumino-silicates, a synthetic zeolite, having the same 
crystalline structure as Zeolite X and designated as zeolite 
Y has been found to be active. Zeolite Y differs from 
Zeolite X in that it contains more silica and less alumina. 
Consequently, due to its higher silica content this Zeolite 
has more stability to the hydrogen ion than zeolite X. 

Zeolite Y is represented in terms of mole ratios of 
oxides as follows: 

0.9 0.2Na2O Al2O3 :WSiO, : XHO 

wherein W is a value greater than 3 up to about 5 and X 
may be a value up to about 9. 
The selectivity of zeolite Y for larger molecules is 

appreciably the same as zeolite X because its pore size 
extends from 10 A. to 13 A. 

Another alumino-silicate material found to be active in 
the present process is a naturally occurring zeolite known 
as mordenite. This zeolite has an ordered crystalline 
structure having a ratio of silicon atoms to aluminum 
atoms of about 5 to 1. In its natural state it usually 
appears as the sodium salt which is represented by the 
following formula: 

Nas (AlO) 8 (SiO2 ) 4024H2O 

Mordenite differs from other known Zeolites in that its 
ordered crystalline structure is made up of chains of 
5-membered rings of tetrahedra and its adsorbability 
Suggests a parallel system of channels having free diam 
eters on the roder of 4 A. to 6.6 A., interconnected 
by Smaller channels, parallel to another axis, on the order 
of 2.8 A. free diameters. As a result of this different 
crystalline framework, mordenite can adsorb simple cyclic 
hydrocarbons, but cannot accept the large molecules which 
will be adsorbed by zeolite X and zeolite Y. As a con 
Sequence of this smaller pore size, it has been found that 
mordenite will be more rapidly deactivated than either 
Zeolite X or Zeolite Y at the operating conditions of the 
present process. 

It will be appreciated that other alumino-silicates can 
be employed as catalysts for the processes of this in 
vention. A criterion for each catalyst is that its ordered 
internal structure must have defined pore sizes of suffi 
cient diameters to allow entry of the preselected reactants 
and the formation of the desired reaction products. Fur 
thermore, the almumino-silicate advantageously should 
have ordered internal structure capable of chemisorbing 
or ionically bonding additional metals and/or hydrogen 
ions within its pore structure so that its catalytic activity 
may be altered for a particular reaction. Among the 
naturally occurring crystalline alumino-silicates, which can 
be employed are faujasite, heulandite, clinoptilolite, 
chabazite, gmelinite, mordenite and dachiardite. These 
silicates have been found to have the ability to absorb 
hydrocarbons containing more than three carbon atoms 
Within their internal structure. 
One effective highly acid alumino-silicate contemplated 

herein is prepared from the sodium form of zeolite X 
as the result of a conventional treatment involving partial 
replacement of the sodium by contact with a fluid medium 
containing cations of at least one of the rare earth 
metals, followed by additional exchange with a fluid 
medium containing hydrogen cations or a compound 
convertible to the hydrogen cation such as ammonium 
chloride. Any medium which will ionize the cations 
without affecting the crystalline structure of the zeolite 
may be employed. (It will be understood that the am 
monium radicals are converted to hydrogen cations by 
a calcining treatment whereby ammonia is driven off 
from the exchanged zeolite material.) After such treat 
ment the resulting exchange product is water washed, 
dried and dehydrated. The dehydration thereby pro 
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duces the characteristic system of open pores, passages 
or cavities of crystalline alumino-silicates. 
As a result of the above treatment, the rare earth 

hydrogen exchanged alumino-silicate is an activated crys 
talline catalyst material in which the nuclear structure 
has been changed by having metallic rare earth cations 
and hydrogen cations chemisorbed or ionically bonded 
thereto. It will be understood that a portion of the 
hydrogen cations found within the alumino-silicate result 
from the hydrolysis of the rare earth cations in a manner 
heretofore described. 

Advantageously, the rare earths cations can be provided 
from the salt of a single metal or preferable mixture of 
metals such as a rare earth chloride or didymium chlo 
rides. Such mixtures are usually introduced as a rare 
earth chloride solution which, as used herein, has refer 
ence to a mixture of rare earth chlorides consisting 
essentially of the chlorides of lanthanum, cerium, prase 
odymium, and neodymium, with minor amounts of 
samarium, gadolinum, and yttrium. This solution is 
commercially available and contains the chlorides of a 
rare earth mixture having the relative composition cerium 
(as CeO2) 48% by weight, lanthanum (as La2O3) 24% 
by weight, praseodymium (as PrO11) 5% by weight, 
neodymium (as Nd2O3) 17% by weight, samarium (as 
SmO) 3% by weight, gadolinium (as GdO) 2% by 
weight, yttrium (as YO3) 0.2% by weight, and other rare 
earth oxides 0.8% by weight. Didymium chloride is also 
a mixture of rare earth chlorides, but having a low cerium 
content. It consists of the following rare earths deter 
mined as oxides: lanthanum, 45-46% by weight; cerium, 
1-2% by weight; praseodymium, 9-10% by weight; 
neodymium, 32-33% by weight; samarium, 5-6% by 
weight; gadolium, 3-4% by weight; yttrium, 0.4% by 
weight; other rare earths 1-2% by weight. It is to be 
understood that other mixtures of rare earths are equally 
applicable in the instant invention. 

It will be appreciated that zeolite X may also be base 
exchanged with the rare earth metal cations alone if so 
desired, and that the resulting rare earth exchanged 
zeolite X will serve as an effective catalyst material; the 
primary difference being that its concentration of acid 
sites will be lower than the above-described catalyst 
material. 

In accordance with this invention, a particularly effec 
tive alumino-silicate material for low temperature, vapor 
phase, hydroisomerization is the rare earth-hydrogen 
exchanged, crystalline, synthetic alumino-silicate Zeolite 
X, but other alumino-silicates such as Zeolite Y and 
mordenite may be treated to become effective catalytic 
materials for the process of this invention. 

Zeolite Y may be activated by the same base exchange 
techniques employed for the rare earth-acid exchanged 
zeolite X catalyst. In addition, it has been found that 
the exchange of rare earth metals for the sodium cation 
within zeolite Y produces a highly active catalyst. How 
ever, because of its high acid stability the preferred form 
of zeolite Y is prepared by partially replacing the sodium 
cation with a hydrogen cation. This replacement may 
be accomplished by treatment with a fluid medium con 
taining a hydrogen cation or a cation capable of conver 
sion to a hydrogen cation. Inorganic and organic acids 
represent the source of hydrogen cations, whereas am 
monium compounds are representative of the cations 
capable of conversion to hydrogen cations. It will be 
appreciated that the fluid medium may contain a hydrogen 
cation, an ammonium cation, or a mixture thereof, in 
a pH range from about 1 to about 12. 

Mordenite is activated to serve as a catalyst for the 
instant invention by replacement of the sodium cation 
with the hydrogen cation. The necessary treatment is 
essentially the same as that described above for the 
preparation of acid Zeolite Y. 

In general, the mordenite is reduced to a fine powder 

6 
passing 300 or 325-mesh sieves or finer) and then acid 
treated. 

It will be appreciated that cations of polyvalent metals 
other than the rare earths having a valence of three or 

5 more may be employed to replace the exchangeable 
cations from the alumino-silicates to provide effective 
catalysts for this isomerization process. Exemplary of 
Such metals are titanium, vanadium, chromium, manga 
nese, iron, and the like. However, the chemical properties 

10 of the metal, i.e. its atomic radius, degree of ionization 
hydrolysis constant, and the like, will determine its suit 
ability for exchange with a particular alumino-silicate. 

In general, the hydrogenation component for the mixed 
catalyst includes a thermally stable carrier and a platinum 

15 metal impregnated or otherwise bonded thereto. Such 
platinum metals as osmium, iridium, palladium, ruthenium, 
rhodium and platinum, or mixtures thereof, have been 
found to be particularly effective. Preferably, because 
of its high hydrogenation activity, platinum is employed 

20 alone. In addition, it will be appreciated that other metals 
having hydrogenation activity may be utilized within the 
hydrogenation component. Examplary of these metals 
are chromium, molybdenum, tungsten, iron, cobalt, nickel, 
and the like. 

25 The carrier for the platinum metal may be selected from 
any suitable material exhibiting thermal stability under 
the reaction conditions employed herein. Thus various 
refractory oxides, including alumina, silica, Zirconia, 
magnesia, thoria, titania and the like, and mixtures there 

30 of may be suitably employed herein. Typical of these 
oxide mixtures are silica-alumina, silica-alumina-magnesia, 
silica-zirconia, and the like. Of the foregoing, alumina 
is preferably utilized and in particular alumina which has 
a high surface area of from about 150 to 450 square 

35 meters per gram. As mentioned above, other hydrous 
inorganic oxides, binders, or similar catalytic supports 
may also be utilized as a carrier for the hydrogenation 
component, with carbon, activated charcoal, bauxite, 
kieselguhr, and the like being non-limiting examples of 

40 such alternates. One requirement for such carriers is that 
the carrier should have sufficient thermal stability to act 
as a support under the reaction conditions of this process. 
The platinum metal or other hydrogenation metal may 

be impregnated in or bonded to the catalyst carrier by 
45 several conventional methods. For example, a carrier 

such as alumina is first calcined or dried to a water content 
of from 5 to 60 percent by weight, preferably 15 to 50 
percent by weight. Then the carrier is treated with an 
aqueous solution containing platinum. Exemplary of such 

50 solutions are chloroplatinic acid, ammonium chloro 
platinate, platinum chloride, and the like. Also nitrates, 
acetates and other ammonium complexes of the platinum 
metal may be used. The platinum is then converted to its 
elemental form by decomposing and reducing the impreg 

55 nated compound with a reducing gas such as hydrogen at 
a temperature of about 750° to 975 F. 
Another method is to impregnate the calcined carrier 

with a platinum solution. A precipitate of a hydroxide 
or carbonate is then formed within the carrier by the 

60 addition of an appropriate alkaline solution. The carrier 
is then washed substantially free of solution residue and 
Subsequently dried, after which the precipitate is reduced 
by hydrogen gas, as previously described, to form the 
platinum metal. 

65 The percentage by weight of platinum on the carrier is 
generally very small in comparison with the proportion of 
other active ingredients found within the mixed catalyst. 
Thus, the amount of platinum may extend from about 
0.05 to 5.0 percent by weight of the mixed catalyst; 

70 preferably the amount of platinum metal is about 0.3 
to 1.0 percent by weight. 

It will be appreciated that these catalyst carriers have 
effective surface areas ranging from about 50 to 500 square 
meters per gram. The carriers, especially those having 

(approximately passing the 200 mesh sieve and preferably 75 the higher surface areas, support and distribute the rela 



3,301,917 
7 

tively small amount of platinum metal, so that it exhibits 
the hydrogenation activity necessary for the hydroisom 
erization and hydrocracking process of this invention. 
In addition, the carrier also performs another important 
function for the mixed catalyst. It is believed that the 
use of a separate carrier for the hydrogenation component 
permits the alumino-silicate portion of the mixed catalyst 
to have the high concentration of acid sites necessary for 
the isomerization reactions of this process. That is to 
say, the carrier makes the platinum metal available to the 
paraffinic hydrocarbons without causing replacement of 
the metal cations and/or hydrogen cations which produce 
the high concentration of acid sites within the alumino 
silicate. Furthermore, the availability of the acid sites for 
contact with the paraffinc hydrocarbons is also maintained 
because the platinum metal cannot accumulate within the 
ordered internal structure of the alumino-silicate and 
thereby block off or otherwise reduce the effective diam 
eters of its internal pore structures. 
One outstanding effective mixed catalyst used in the 

process of this invention consists of an intimate mixture of 
equal proportions by weight of a rare earth-hydrogen ex 
changed Zeolite X (having only 0.22 percent by weight of 
the sodium remaining) and a hydrogenation component 
of 0.6 percent by weight of platinum Supported on 
alumina. This catalyst is formed by ball milling each 
component separately and then mixing the alumino-silicate 
and platinum hydrogenation component together in a ball 
mill. In addition, the mixed catalyst may be prepared by 
ball milling each component separately and then mixing 
the two components in the proper proportions within a 
matrix binder material. 
The particular chemical composition of the latter is not 

critical; in fact it may be similar to the carrier used in the 
hydrogenation component. It is, however, necessary that 
the support or binder employed be thermally stable under 
the conditions at which the conversion reaction is carried 
out. Thus, it is contemplated that solid porous adsorb 
ents, carriers and supports of the type heretofore employed 
in catalytic operations may feasibly be used in combina 
tion with the mixed alumino-silicate, platinum metal cata 
lyst. Such materials may be catalytically inert or may 
possess an intrinsic catalytic activity or an activity attrib 
utable to close association or reaction with the crystalline 
alumino-silicate. Such materials include by way of exam 
ples, dried inorganic oxide gels and gelatinous precipi 
tates of alumino, silica, zirconia, magnesia, thoria, titania, 
boria and combinations of these oxides with one another 
and with other components. Other suitable supports in 
clude activated charcoal, mullite, kieselguhr, bauxite, sili 
con carbide, sintered alumina and various clays. Also, 
the mixed catalyst may be intimately composited with a 
suitable binder, such as inorganic oxide hydrogel or clay, 
for example by ball milling the prepared mixed catalyst 
and the binder together over an extended period of time, 
preferably in the presence of water, under conditions to 
reduce the particle size of the alumino-silicate portion of 
the mixed catalyst to a weight means particle diameter of 
less than 40 microns and preferably less than 15 microns. 
Also, the mixed catalyst may be combined with and dis 
tributed throughout a gel matrix by dispersing it in pow 
dered form in an inorganic oxide hydrosol. In accordance 
with this procedure, the finely divided catalyst may be 
dispersed in an already prepared hydrosol or, as is pref 
erable, where the hydrosol is characterized by a short 
time of gelation, the finely divided mixed catalyst may 
be added to one or more of the reactants used in forming 
the hydrosol or may be admixed in the form of a separate 
stream with streams of the hydrosol-forming reactants 
in a mixing nozzle or other means where the reactants 
are brought into intiate contact. The powder-containing 
inorganic oxide hydrosol sets to a hydrogel after lapse 
of a suitable period of time and the resulting hydrogel 
may thereafter, if desired, be exchanged to further intro 
duce selected ions into the alumino-silicate portion of 
the mixed catalyst and then dried and calcined. 
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The inorganic oxide gel employed, as described above 

as a matrix for the mixed catalyst, may be the same refrac 
tory oxide used as the carrier for the platinum metal, such 
as, for example, aluminous or siliceous gels. While 
alumina gel or silica gel may be utilized as a suitable 
matrix, it is preferred that the inorganic oxid gel employed 
be a cogel of silica and an oxide of at least one metal 
selected from the group consisting of metals of Groups 
II-A, III-B, and IV-A of the Periodic Table. Such 
components include for example, silica-alumina, silica 
magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica 
titania as well as ternary combinations such as silica 
alumina-thioria, silica-alumina-Zirconia, silica-alumina 
magnesia and silica-magnesia-zirconia. In the foregoing 
gels, silica is generally present as the major component 
and the other oxides of metals are present in minor 
proportion. Thus, the silica content of such gels is gen 
erally within the approximate range of 55 to 100 Weight 
percent with the metal oxide content ranging from Zero 
to 45 weight percent. The inorganic oxide hydrogels util 
ized herein and hydrogels obtained therefrom may be pre 
pared by any method well-known in the art, such as for 
example, hydrolysis of ethyl orthosilicate, acidification of 
an alkali metal silicate and a salt of a metal, the oxide 
of which it is desired to cogel with silica, etc. The rela 
tive proportion of finely divided mixed catalyst and in 
organic oxide gel matrix may very widely with the mixed 
catalyst content ranging from about 2 to about 90 percent 
by weight and more usually, particularly where the com: 
posite is prepared in the form of beads, in the range of 
about 5 to about 50 percent by weight of the composite. 
The mixed catalyst employed in the process of this 

invention may be used in the form of small fragments of a 
size best suited for operation under the specific conditions 
existing. Thus, the catalyst may be in the form of a finely 
divided powder or may be in the form of pellets of A6' 
to 4' size, for example, obtained upon pelleting the 
alumino-silicate and the hydrogenation component with a 
suitable binder such as clay. 

It will be appreciated that the platinum metal of the 
hydrogenation component may be directly incorporated 
as a powder into a matrix binder containing the proper 
proportions of the highly acid alumino-silicate. 

It will be further appreciated that the relative propor 
tions of the high acid alumino-silicate within the mixed 
catalyst may be varied from about 90 percent by weight 
to about 10 percent by weight based on the total Weight 
of the mixed catalyst. The specific proportion of acid 
alumino-silicate will depend on its effective acidity, that 
is, the concentration of acid sites found within its ordered 
internal structure and their availability for contact with 
the parafiinic hydrocarbons. Likewise, the amount of 
hydrogenation component will be governed by its effective 
hydrogenation activity. 
The paraffinic hydrocarbons which can be hydroisom 

erized in accordance with the process of this invention, 
may contain from 4 to 60 carbon atoms per molecule. In 
general, the straight chain saturated hydrocarbons with 4 
to 8 carbon atoms are converted to mixtures containing 
a major proportion of mono- and poly-branched chain 
isomers and only a minor proportion of lower molecular 
weight cracked products. For example, the hydroisomeri 
zation of n-hexane in the presence of hydrogen and the 
heretofore described mixed catalysts produces a mixture 
of isomers such as 2,2-dimethylbutane, 2,3-dimethylbu 
tane, 2-methylbutane and 3-methylpentane, together with 
lower molecular weight paraffins, i.e. propane, isobutane, 
n-butane, isopentane, and the like. In addition, other 
paraffinic hydrocarbons including those which have 
branched chains such as 2-methylbutane, 2-methylpentane, 
methylcyclopentane, methylcylcohexane, and the like, may 
be isomerized to compounds having a greater number 
of branched chains. As a result of the conversion from 
the straight chain configuration to a branched chain moi 
ety, the paraffinic hydrocarbons in the gasoline range, such 
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as the n-hexanes, may increase their octane rating from 
about a leaded octane number of 65 to a leaded octane 
number above 90. As a result of the conversion from 
the straight chain to a branch chain moiety, the resulting 
isoparaffinic hydrocarbons in the C7 to C20 range Subse 
quently find commercial use as special solvents as well as 
use in low pour-point diesel and jet fuels. Similarly, as 
a result of such conversion, the C16-C40 range isoparaffins 
have found utility as excellent synthetic lubricants. It will 
be appreciated that the extent of improvement in the prod 
lucts produced by the process of this invention, is de 
pendent on the paraffinic hydrocarbon being isomerized, 
as well as the particular operating conditions and specific 
mixed catalyst being employed. 

In accordance with the process of this invention, high 
conversion of normal parafiinic hydrocarbons to their cor 
responding mixture of isomers, can be obtained at rela 
tively low operating temperatures and non-corrosive con 
ditions. The temperatures of the process may extend from 
about 200 to about 700 F.; preferably the process op 
erates at a temperature from about 300 to 550 F. In 
general, the choice of temperature is dependent upon the 
paraffin being isomerized. The higher molecular weight 
paraffins containing more than 8 carbon atoms usually are 
isomerized at the lower range of temperatures with the 
hydrocracking reaction quickly replacing the hydroisom 
erization reaction as the temperature is increased. For 
example, cetane containing 16 carbon atoms per molecule 
can be isomerized attemperatures as low as 325 F. How 
ever, at the lower temperatures, the conversion rate of the 
normal paraffins is comparatively low; thus requiring ex 
tended periods of operation for producing the desired 
yields. 
As the temperature of the process is raised, the con 

version of normal hydrocarbons rapidly increases, i.e. 
from about one percent to about 99 percent by weight. 
However, at the higher temperatures isomerization and 
Cracking of the normal paraffins occurs yielding branched 
isomers of lower carbon numbers than are obtained at 
the lower temperatures. In addition, at the higher tem 
peratures, the significance of the hydrogenation component 

O 
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of the mixed catalyst becomes more important. Thus, it . 
has been found that a highly acidic alumino-silicate ma 
terial Such as rare earth-hydrogen exchanged zeolite X 
will effect isomerization of n-hexane at temperatures on 
the order of 500. F., but at these temperatures the rate 
of conversion rapidly drops off due to the aging of the 
catalyst. Apparently, this deactivation results from a 
rapid build up of cracked and degradation products pro 
duced by side reactions of the isomer at these elevated 
temperatures, thus reducing the availability of the acid 
sites for contact with the paraffinic hydrocarbons. 
When a hydrogenation component is added to the 

alumino-silicate in the proportions necessary to form the 
mixed catalyst of this invention, the deactivation of the 
catalyst, even at high temperatures, is comparatively elimi 
nated. As exemplified by the examples, a mixed catalyst, 
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prepared from a rare earth-hydrogen exchanged zeolite X 
and platinum supported on an alumina carrier, undergoes 
only slight deactivation at the temperatures of 500 F., 
and above. Apparently, the hydrogenation component 
prevents the reaction products from undergoing degrada 
tion and subsequent coking thereby clogging up and re 
ducing the activity of the mixed catalyst material. 

This process may operate at pressures from about atmos 
pheric to several atmospheres. Preferably, the pressure is 
sufficient to maintain the paraffinic hydrocarbons in the 
liquid phase at the lower operating temperatures. In 
addition, even at temperatures above the critical tempera 
tures of the parafiinic hydrocarbons, high pressure opera 
tion is desirable since the selectivity of the mixed catalyst 
for producing branched chain isomers is substantially im 
proved. Apparently, the higher pressures, e.g. 400 p.s.i.g., 
reduce the formation of cracked products by causing the 

60 

65 

70 

75 

Which functioned to condense the liquid products. 

10 
cracking reaction to favor formation of the higher md. 
lecular weight compounds. 
The amount of hydrogen present during formation of 

branched chain isomers in accordance with this process is 
governed by the nature of the paraffinic hydrocarbons be 
ing reacted as well as by the nature of the reaction per se. 
Usually, the molar ratio between hydrogen and the hydro 
carbon charge is slightly greater for the lower molecular 
weight hydrocarbons. In general, the molar ratio be 
tween hydrogen and the hydrocarbon may extend from 
about 1:1 to about 5:1. Accordingly, the more hydro 
cracking being done, the higher the hydrogen consumption 
and consequently the higher the hydrogen to hydrocarbon 
ratio employed. 
At the lower temperatures involved in this process, the 

residence time of the paraffins within the catalyst as ex 
pressed in terms of hourly space velocities, may be con 
siderably varied. Usually the liquid hourly space velocity 
of the paraffins extends from 0.01 to 2 volumes/volume 
of catalyst/hour. Preferably, the liquid hourly space ve 
locity is from about 0.25 to 0.50. 

It will be appreciated that the operating conditions em 
ployed by the present invention will be dependent on the 
specific reaction, i.e., hydroisomerization and/or hydro 
cracking being effected. Such conditions as temperature, 
pressure, liquid hourly space velocity, and the presence of 
hydrogen, will have important effects on the process. Ac 
cordingly, the manner in which these conditions affect 
not only the conversion and nature of the resulting 
branched chain isomer products but also the rate of de 
activation of the catalyst will be described below. 
The process of this invention and the results obtained 

thereby, may be more readily understood by reference to 
the following examples which are illustrative of the re 
actants operating conditions, and the catalyst employed 
herein. 
The runs described in the following examples were con 

ducted in either the vapor phase or liquid phase at at 
mospheric or superatmospheric pressures, respectively. 
Vapor phase operations were conducted in tubular reactors 
ranging from 50 cc. to 300 cc. in size, electrically heated 
and containing a fixed catalyst bed. A mixed catalyst con 
sisting of equal proportions of a rare earth-hydrogen ex 
changed Zeolite X (containing 0.22 percent by weight of 
Sodium) and a 0.6 percent by weight platinum on alumina, 
was used for the majority of the runs. This catalyst was 
prepared by ball milling the components separately and 
then mixing them together in a ball mill. In addition, 
Several runs were conducted with a catalyst prepared from 
the rare earth-hydrogen exchanged zeloite X alone, with 
out a hydrogenation component. 
The paraffinic charge was pumped into the top of the 

reactor from a syringe-type pump, so that the paraffin 
feed would flow downwardly through the reactor. Si 
multaneously, hydrogen gas was metered into the reactor 
from a charged cylinder. The products were collected 
in a cold trap fixed adjacent to the bottom of the reactor, 

Al 
products were analyzed on a temperature programmed 
gas chromatograph using a 12 inch column of polydecene 
on chromasorb. 

...EAMPLE I 

In this example one run was conducted continuously 
in the presence of hydrogen and the heretofore described 
mixed alumino-silicate, platinum catalyst for a period of 
71 hours. Normal hexane and hydrogen (hydrogen/n- 
hexane molar ratio of 1.5/1) were passed over the cata 
lyst at 400 p.s.i.g., 400 F., and a hexane LHSV of 0.25 
for 6 hours. Sainples of the product stream taken after 
4.5 and 5.5 hours showed that the conversion of n-hexane 
was about 5 percent. Then the temperature was raised 
to 500 F., and the conversion jumped to 68 percent, of 
which 94.2 percent by weight was hexane isomers; the 
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balance, 5.8 percent by weight being lower boiling point 
hydrocarbons. 
The run was continued at 500 F., for 18 hours. Dur 

ing this period continuous sampling of the products was 
taken at measured hourly intervals. After 24 hours on 
stream an upset in the hydrogen rate caused the catalyst 
to lose some of its activity. However, when the hydro 
gen rate was restored, the activity of the catalyst sub 
stantially returned to its previous level. Measured in 

2 
terms of conversion of the n-hexane, the activity dropped 
from a conversion rate of about 68 percent to about 54 
percent. After another 15 hours at this reduced conver 
sion rate, the temperature was raised to 550 F. Again 
the conversion increased, this time to about 73 percent. 
Inspection of Tables 1 and 2 below further amplifies the 
selectivity and high conversion obtained by the process 
of this invention, 

Table 1 
HYDROISOMERIZATION OF NORMAL, HEXANE OVER RARE EARTH-HYDRO GEN EXCHANGED ZEOLITE X, 

PLATINUM ON ALUMINAMIXED CATALYST1 
Conditions: 2 

Temperature, 400-500 F.3 
Pressure, 400 p.s.i.g. 
H2/Hexane Ratio, 1.5/1 (molar). 
Hexane Space Velocity, 0.25 LHSV (downflow). 

Charge 4 Time on Stream, hrs. 

3.5 4.5 10.5 14.5 15.5 18.5 20.5 22.55 24.5 

Analysis, percent wt.: 
Lights---------------------------------- 0.05 0.1 ---------- 0.2 0.2 0.7 0.1 0.1 1.0 2.1. 
Isobutane.--- - V - - - - - - - - - - 1.0 1.0 1.7 1.2 1.0 5.7 14.7 

Normal butane--------------------------------------------- 0.3 0.3 0, 6 0.3 0.3 1.0 3.2 
Isopentane------------------------------------------------- 1.7 1.5 2.7 ... 4 1.6 3, 6 13.5 
Normal pentane. 0.4 0.4 0.9 0.4 0.4 0, 6 3.7 
2,2-dimethylbutane------------------------------------ 10.4 9, 8 9.8 8.2 8.5 8.6 5.2 
2,3-dimethylbutane plus 2-me 
tano.--------------------------------- 0. 5.8---------- 40, 3 41.0 4.1. 40.1 40.2 38.3 16, 5 

(DMB) 
35.7 

(2MeCs) 
3-methylpentane 4.2 4, 2 5.3 18.7 18, 6 20.7 18.3 19.0 7.8 8.2 
Normal hexane.-- 94, 3 89.8 94.7 26, 2 26.5 23.1 29, 6 28.1 23.4 31.1 
Unidentified abov 1.3 0.6 ---------- 0.8 0.7 ---------- 0.4 0.8 ---------- 1.8 

Total.--------------------------------- 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 

Analysis, percent wt.: 
Lights--------------------------------------------- 0. 0.1 0.1 0.1 0.3 0.2 0. 0. 
Isobutane.---- - - - - 0.3 0.6 0.3 0.5 0.7 0.4 0.3 0. 
Normal butane------------------------------------ 0.1 0.2 0. 0.2 0.2|-------- 0. 0.1 
Isopentalle---------------------------------------- 0.7 0.7 0.4 0.8 0.7 0.5 0.2 0.5 0.3 
Normal pentane- 0.3 0.2 0. 0.1 0.3 0.1 0. 0.1 0.1 
2,2-dimethylbutane---------------------- 2.0 2.7 2.6 3. 4.7 4, 6 4.3 3.8 4.3 3.7 
2,3-dimethylbutane plus 2-methylpentane- 29.4 31.5 3.3 35.2 37.5 35.8 36.4 32.8 37.4 36.7 35. 
8-methylpentane.---------------------- 5.2 5.0 14.9 16.5 17.6 17.0 5.6 5.8 16.9 17.1 16.3 
Normal hexane---- 60.9 47.7 49.2 44.7 38. 6 40.4 42.5 48.3 41.5 40.0 43.5 
Unidentified above hexane------------------------ I. 0 1.3 1.0 ------------------------------------------------ 0.8 0.7 

Total.-------------------------------------------- 100.0 100.0 100.0 100, 0 100.0 100.0 100.0 100.0 100.0 100, 0 100.0 

Time on Stream, hrs. 

50.5 51.5 52.5 54, 5 58.5 62.5 66.5 71.0 

Analysis, percent. Wit.: 
Lights--------------------------------------- 0.3 0.5 0.6 0.6 0.7 1.2 0, 6 0.7 
Isobutane.---- 2.0 2. 3. 2.9 1.5 4, 9 1.6 3.9 
Normal butane 0.8 0.9 ... O 0, 9 0.4 .2 0,4 1.1 
Isopentane---------------------------------- 2.0 2.3 2.6 2.7 2.5 3.3 2.3 2.9 
Normal pentane----------------------------- 0, 6 0.7 0.8 0.8 0.9 0.9 0.8 0.9 
2,2-dimethylbutane.------------------------- 8.9 9.2 9.1 9.0 9, 1 8.9 8.8 8.7 
2,3-dimethylbutane plus 2-methylpentane--- 42.5 41.3 4.3 4.0 41.3 39, 4 41.9 40. 
3-methylpentane.----------------------- 20.4 19.9 19.3 19.0 2.0 18.7 19.7 19.9 
Normal hexaneg--------- 22.3 22.8 21.9 22.6 22.2 20.6 22.7 22 
Unidentified above hexane------------------ 0.2 0.3 0.3 0.5 0.4 0.9 1.2 0.6 

Total.-------------------------------------- 100.0 100.0 100.0 100.0 100.0 00.0 100.0 100.0 

The following references are referred to in Table 1: 
1 Catalyst a 50/50 (percent wt.) mixture of Baker 0.6% wt. Pt/Al2O3 and rare earth-hydrogen exchanged zeolite X (0.22% wt. Na). 
2 Run made in unit. 
3 Temperature-0–6 hours was 400 F.; 7-47 hours was 500. F.; 48-72 hours was 550 F. 
4 Octane of charge stock was R.--0 cc. and 65.7 R-3 cc. 
5At 22 hours hydrogen rate was unusually low. 

Octane of product at 550 F. was R--0 cc. and 90.5 R-3 cc. 
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Table 2 
SELECTIVITY IN THE HYDROISOMERIZATION OF n-HEXANE OVER. RARE EARTHY 
DRO GEN EXCHANGED ZEOLITE X, PLATINUM ON ALUMENA MIXED CATALYST 1 

Conditions: 
Pressure, 400 p.s.i.g. 
Space Velocity, 0.25 vol. Hexane/hr.?vol. Cat. 
Hydrogen to Hydrocarbon Ratio, 1.5/1 (molar). 

Analysis, wt. percent Charge 500°F.2 550 F.3 

Propane---------------------------------------------------- - - - - in mm - - - - - - 0.2 0.7 

Isobutane------ 0 1 1.0 3.9 
Normal butane-------------------------------------------------------------- 0.3 1. 
Isopentane------------------------------------------------------ 1.5 2.9 
Normal pentane.------ 0.4 0.9 
2,2-dimethylbutane----------------------- 9,8 8.7 
2,3-dimethylhutane plus 2-methylpentane 41.0 40, 
3-methylpentane.------------------------ 8, 6 9.9 
Normal hexane.-- 26.5 21.2 
Heavier than normal hexane.-- 0.7 0.6 

100.0 00.0 
Octane No., R-8 cc---------------------------------------- 4 (87.7) 590.5 
Conversion, percent wt. of charge------------------------------------------- 68.4 73.8 
Selectivity, percent wt.: 

To cracked products--------------------------------------m - - - r - r ------- 5.8 12.8 
To C6 isomers.---------------------------------------------------------- 94.2 87.2 

00.0 100.0 

Comparison of C8 Fractions Charge Equilibrium Product Equilibrium Product 

2,2-dimethylbutane------------------------------- 19.0 10, 4 17.7 9.7 
2,3-Dimethylbutane plus 2-methyl 
pentane-------------- 0. 39.5 42.7 39.8 44.7 

3-Methylpentane- - - - - 4.3 26.5 9.4 26.0 22. 
Normal Hexane--------------------- 95.6 5.0 27.5 16.5 23.5 

100.0 100.0 00.0 100.0 100.0 

1 Catalyst is an equal wt. Imix of Baker 0.6% wt. Pt/Al2O3 and exchanged zeolite X (0.22% wt. Na). 
2 Product after 8 hours operation at 500 F. 
3 Product after 24 hours operation at 550° F. 
4 Calculated octane no. 
Octane no. on composite of many samples taken at 550 F. 

The large percentage of branched chain haxanes found 
within the reaction products shows that the mixed cat 
alysts has high selectivity for promoting hydroisomeriza 
tion of hexanes over an extended period of operation un 
der the reaction conditions of the process without requir 
ing regeneration. During the 71 hour run after the tem 
perature was raised to 500 F., the amount of isoparaf 
fins was consistently above about 65 percent by weight of 
the products until the hydrogen rate was unexpectedly 
lowered (after about 22 hours on stream). Then, the 
amount of isoparaffins was reduced to about 29.9 percent 
by weight for a short period. However, when the hydro 
gen rate was corrected to its proper molar ratio with the 
hexane feed the regenerative ability of the mixed catalyst 
again restored the amount of isomer back to about 55 per 
cent of the product. It will be appreciated that this re 
generative ability of the catalyst to withstand fluctuations 
in reaction conditions without permanently losing its 
unique activity, as well as its ability to operate for pro 
longed periods, is a substantial improvement in the cat 
alytic hydroisomerization of parallins. 

Furthermore, it is of interest to note that the hyarugua 
required for the process has an inhibiting effect on tie 
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cracking reactions attendant to the isomerization pIuuts. 
Thus, when hydrogen was present in the proper molar 
proportions, the amount of cracked product, i.e. buttii, 
isobutane, pentane and the like may be only in trau 
amounts. Normally, these low boiling products vary 
from about 0.5 percent by weight to 8.0 percent by weight 
of the reaction products; the major proportion being at 
the lower end of this range of percentages. 

In addition, higher conversion at 500' F. or above, 
when the hexanes were in the vapor phase, indicates that 
such operation promotes the effective acidity of the cat 
alyst by dispersing the hexanes and hydrogen more uni 
formly through the catalyst. Apparently, the effects of 
hydrogenation on isomerization reactions are more pro 

65 

70 

75 

nounced when the hydrogen and hexanes are thoroughly 
intermixed. 
Another interesting feature of the present process is its 

product distribution of isoparaffins. A significant propor 
tion of the isomer mixture contains highly branched iso 
paraffins such as 2,2-dimethylbutane and 2,3-dimethyl 
butane. As a result, note Table 2, a substantial increase 
in the octane rating of the hexane feed stream is pro 
duced by the high selectivity of the mixed catalyst. At 
500 F., the resulting products have a high octane rating 
of about 88, while at 550, the octane number is about 
90; equilibrium conditions being closely approached. 

In addition, the product distribution throughout the en 
tire run remained substantially constant at each tempera 
ture thus eliminating frequent regulation of leaded addi 
tive in producing the desired octane numbers and facili 
tating easier process control. - 

Likewise, conversion of the hexanes, as illustrated by 
both Tables 1 and 2, also remained consistent for ex 
tended periods of operation at each temperature level. 
The selectivity of the mixed catalyst for promoting hy 

droisomerization, however, is higher at 500 F., than at 
550 F. It will also be seen that the selectivity of the 
catalyst (referring to Table 1) increases with use and 
that during prolonged periods of operation the increase of 
selectivity can be readily discerned. 

Accordingly, it will be appreciated that the preferred 
operating temperatures for producing branched chain 
hexanes in accordance with this process extends from 
about 400 to about 600 F. 

EXAMPLE II 

The significant effects produced by the hydrogenation 
component of the mixed catalyst are illustrated by this 
example. The operating conditions and procedures em 
ployed in Example I were used to isomerize n-hexane in 
the presence of hydrogen and a catalyst prepared from 
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the alumino-silicate portion of the mixed catalyst. (A 
rare earth-hydrogen exchanged zeolite X, having a sodium 
content of 0.22 percent by weight.) 
The first run was conducted at 400 F., for 12 hours, 

16 
portion of the more active acid sites within the alumino 
silicate; thereby substantially reducing its unique activity 
for isomerization of the n-hexane. In fact, the activity 
of the catalyst was so reduced that at the end of the 12 

with samples being taken at 2 hour intervals. Initially 5 hour period only about 7 percent of the n-hexane was 
the conversion of hexane was about 35 percent but after being converted to the branched chain hexane products. 
12 hours on stream, the conversion dropped to about 7 The second run again showed that the alumino-silicate 
percent. The second run at 500' F., also produced an rapidly loses its activity without a hydrogenation compo 
initial high conversion (68 percent), but after 13 hours nent. Higher conversion of the n-hexane was obtained 
on stream it was reduced to about 11 percent. As shown when the temperature of the process was above the critical 
by Tables 3 and 4 below, the active life of this catalyst temperature of the hexane. At 500 F., conversion of 
was substantially shorter than that of the mixed catalyst. n-hexane initially was about 68 percent which was sub 

Table 3 
HYDROISOMERIZATION OF NORMAL HEXANE OVER RARE EARTH-HYDRO GEN EXCHANGEDZEOLITEXCATALYST 

(LIQUID PHASE) 
Conditions: 1 

Temperature, 400°F. 
Pressure, 400 p.s.i.g. 
H/Hexane Ratio, 1.5/1 (molar). 
Hexane Space Velocity, 0.25 LHSV (downflow). 

Time on stream, hrs. Charge 

2 4. 6 8 O 2 

Analysis, percent wt.: 
Lights-------------------------------------- 0.04 0.5 0. 0. 0.1 ---------------------------- 
Isobutane------------------------------------------------ 3.7 1.2 0.6 0.2 0.1 0.1 
Normal butane----------------------------- 0.01 0.4 0.1 0.1 ------------------------------------------ 
Isopentane----------------------------------------------- 3.8 1.3 0.7 0.2 . 0.1 0.1 
Normal pentane.---------------------------- 0.04 0.4 0. 0.1 ------------------------------------------ 
2,2-dimethylbutane.-------------------------------------- 1, 2 0.5 0.4 0.1 0. 0. 
2,3-dimethylbutane plus 2-methylpentane---------------- 18.4 14.6 2.1 9.3 7.5 7.3 
3-methylpentane--------------------------- 3.65 8.7 6.9 5.5 4.0 3.3 3.2 
Normal hexane----------------------------- 94.9 60.7 73.5 79.0 84.6 87.3 88.1 
Unidentified--------------------------------------------- 0.2 0.1 0.1 ------------------------------------------ 

Do------------------------------------- 0.22 0.7 0.9 0.6 0.5 0.3 0.3 
D0------------------------------------- 1. 14 0.3 0.7 0.7 , 0 .0 0.8 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 

1 Run on I unit. 

Table 4 
HYDROISOMERIZATION OF, NORMAL, HEXANE OVER RARE EARTH.HYDRO GEN EXCHANGED ZEOLTEX CATALYST 

(VAPOR PHASE) 
Conditions: 1 

Temperature, 500 F. 
Pressure, 400 p.S.i.g. 
H/Hexane Ratio, i.5/1. (molar). 
Hexane Space Velocity, 0.25 LHSV (downflow). 

Charge 
Time on Stream, hrs. 

3. 5 7 9 11 13 

Analysis, percent wt.: Lights--------------------------------------- } 
Propane 
Isobutane---- 
Normal butane-- 
Sopentalleg-...--- 
Normal pentane--- 
2,2-dimethylbutane 
2,3-dimethylbutane plus 2-methylpentane--- 
3-methylpentane.----------------------------- w 
Normal hexane 
Unidentified. 

5 

1 Run in I unit. 

Inspection of the above tables reveals that during the 
first run, conducted at 400 F. when hexane was in a 
liquid phase, the presence of cracked products, i.e. lower 
boiling point hydrocarbons, was initially high, causing 
rapid formation of degradation products within and on the 
catalyst. Samples taken at measured intervais, indicate 
that the conversion rapidly decreased while selectivity for 
the branched chain paraffinic hydrocarbons increased over 
the 12 hour period. Apparently, the initial rapid accumu 
lation of degradation products prevented access to a large 75 

O 1. O 

70 

5 5 
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i 1. 1. 

O 1 O 1. 00. i 8. 03 1 00. O 1. O 0. 

stantially the same as that produced by the mixed cata 
lyst. However, during 3 hours on stream this conversion 
dropped rapidly to about 24 percent. Moreover, as the 
run continued, the conversion continued to drop until it, 
was only about 11 percent by weight of the charge after 
13 hours on stream. 

It will be appreciated that there is a significant differ. 
ence in conversion and yields produced by the mixed 
catalyst of this invention, in comparison to that produced 
by the rate earth-hydrogen exchanged Zeolite X catalyst 
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without a hydrogenation component. Apparently, the re 
generative ability exhibited by the mixed catalyst in the 
presence of hydrogen is due to the efficient use of the 
Supported platinum metal which is readily available for 
contact with the hydrogen gas. 

EXAMPLE III 

In this example, the unique activity of the alumino 
silicate, platinum metal mixed catalyst for both hydro 
isomerization and hydrocracking of hydrocarbons having O 
a relatively high molecular weight is further illustrated. 
A catalyst identical to that used in Example. I for the 
hydroisomerization of n-hexane was employed to promote 
the conversion of n-hexadecane, also known as cetane. 
Cetane and hydrogen were introduced into the top of a 
tubular reactor containing a fixed bed of the catalyst at 
400 p.s.i.g., at a cetane liquid hourly space velocity of 
0.25, and at a hydrogen to hydrocarbon molar ratio of 
1.2/1. Initially, the temperature of the reactor was raised 
to 400 F., and a conversion of 42 percent by weight of 
the charge was obtained. 

After three hours at this temperature, the reaction tem 
perature was lowered to 325 F., followed by successive 
increases to 350, 370, 400, 425 and 450 F. and a 
drop to 400 F. At this point the input was changed 
from the top to the bottom of the reactor and the run 
continued at temperatures of 325, 350, 400 and 425 
F. The run was conducted at each of these temperatures 
over several measured hourly intervals so as to determine 
the effect of temperature on the conversion of the cetane. 
As shown by Table 5, only slight aging (a deactivation of 
catalyst) occurred during the 103 hours on stream and a 
conversion of over 95 percent by weight of the charge 

chain. 
15 

18 
was obtained at 450 F. In addition, substantially con 
sistent levels of conversion were produced at each tem 
perature. At the lower temperatures the selectivity of 
the catalyst for hydroisomerization of cetane was high. 
As the temperature was increased the reaction gradually 
shifted to form cracked products. The selectivity of the 
catalyst for producing branched chain isomers as well as 
branched chain lower molecular weight hydrocarbons, is 
more fully shown in Tables 6 and 7 which give product 
analyses of samples taken at 425 F. and 450 F. 

Table 8 shows the distribution by carbon number among 
the cracked products, most of which are isoparaffins with 
one or more side methyl groups on a normal paraffin 

From n-hexadecane (C6) cracked products at 
400 F. range from C4 to C12. At higher temperatures the 
higher carbon numbers are gradually converted to the low 
er range so that at 450 F. the range is essentially C4 to 

20 

25 

30 

'Co. In general an n-paraffin charge of X carbon number 
will yield a range of cracked products from C4 to C-4, 
and the range can be brought closer to C4 by more severe 
conditions of time or temperature. The general cracking 
pattern with these catalysts may be described as center 
cracking. This means that each break comes 4 or more 
carbons from the end of the chain. Thus a C4 (C) . 
normal paraffin would initially yield C4 to Cao (C4 to 
C-4) fragments each largely as isoparaffin. Secondary 
cracking would remove a second fragment of 4 or more 
carbons, the C20 (C-4) yielding C4 to C16 (Cx-8), the 
C19 (C-5) yielding C4 to C15 (C-9), etc. 
A consequence of this mechanism is that it can apply 

only to n-paraffins of eight or more carbons. Those 
below C crack much more slowly and tend to accumulate 
under more severe cracking conditions. 

Table 5 
HYDROISOMERIZATION AND HYDROCRACKING OF CETANE (n-HEX 
ADECANE) OVER RARE EARTH-HYDRO GEN EXCHANGE ZEOLITE 
X, PLATINUM ON ALUMINA MIXED CATALYST 

Conditions: 
Pressure, 400 p.s.i.g. 
LHSV, 0.25. 
Hydrogen/Cetane Molar Ratio, 1.211.0. 
Temperature Range, 325-450 F. 

(Hydrogen and cetane were fed in top and out bottom of reactor (downflow) for 1st 71 hours, 
then the feed was reversed, in bottom and out top (upflow) for balance of run) 

Time on Stream, 
Hours, Total 

Conversion, Wt. Fercent Temperature, 
F. 

Total Branched C16 Cracked 
Isomers Products 

400 44.6 16.1 28.5 
325 4, 8 4.5 0.3 
325 3.5 3.4 0.1 
350 4.7 4.5 0.2 
350 4.4 4.2 0.2 
350 4.5 4, 2 0.3 
370 9.8 7.3 2.5 
370 1.7 9.3 2.4 
370 10.8 8.5 2.3 
370 10.8 8.7 2.1 
400 39.6 1.2 28.4 
400 4.3 12.7 28.6 
400 38. 6 12.8 25.8 
400 38.2 11.5 26.7 
425 73.3 18. 55, 2 
425 72.2 17.9 54.3 
425 77.2 9.5 67.7 
450 99.2---------------- 99.2 
450 98.9 0.3 98.6 
450 99.6 0. 99.5 
400 30.2 10.4 19.8 
400 33.5 3.2 20.3 
400 32.6 12.6 20,0 
3.25 2.7 2.7 Nil 
350 3.1 3. Nil 
350 4.0 4.0 Nil 
350 3, 5 3.5 Nil 
400 36, 4 16.0 20.4 
400 36.6 15, 4 2, 2 
425 77.2 12.9 64, 3 
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Table 6 
RODUCT ANALYSIS FOR CONVERSION OF CETANE OVER A MIXED 
CATALYST CONTAINING EQUAL PROPORTIONS OF 0.6% WT.PLAT 
INUM ON ALUMINA AND ARARE EARTH-HYDROGEN EXCHANGED 
ZEOLITE X AT 73.3% CONVERSION (4s HOURS) 

Conditions: 
Temperature, 425 F. 
Pressure, 400 p.s.i.g. 
Cetane Rate, 0.25 LHSV. 
Hydrogen/Cetaine Ratio (Molar) 1.271. 

Analysis, Mass Spectroscopy 
Analysis, Gas - 
Chroma 
tography Total Cetane-free 

Mixture Basis 

It is sel, Isomerized and Cracked 
rociucts: 
Ethane---------------------------- Trace Trace 
Ethylene---------------------------------- - Trace Trace 
Propale--- ... 1 0.06 0.08 
Isobutane - 2.7 1. 48 2.06 
n-Butalle.-- - 0.7 (). 19 0.26 
Isopentaine- 5.7 6, 64 9.25 
n-Petalle------. 1, 2 1.09 1, 52 
2,3-dimethylbutan } 5.7 { 0,55 0.77 
2-methylpentane. 7.25 0.10 
3-methylpentale- 2.7 3.18 4,43 
il-Flexa)le---------- l. 0.95 1. 32 
Methylcyclopelltane-------------------------------- 0.07 0.10 
Cyclohexane--------- 0.06 0.08 
2,2-dimethylpeintaine- 0.09 0.3 
2,4-dimentylpentane. 0.68 (3.95 
3,3-dimethylpentane- 0.01 0.0 
2,3-dimethylpentane. 1, 12 .56 
3-ethylpentane----- 0.63 0.8S 
2-methylhexane- 9.5 5.32 7, 40 
3-methylhexane--------------------- 3.19 4. 44 
l-Heptane-------------------------- 1.1 1.33 85 
1,3-dimethylcyclopelltane-...------- -------- - - 0.32 0.46 
Ethylcyclopentalle -------...------- O. O. 0.01 
Methylcyclohexane---------------- 0.09 0.13 
2,5-dimethylhexane---------------. (), 69 0.96 
2,4-dimethylhexane---------------- 0.84 .. 7 
2,3-dimethylhexane---------------- 0.09 0.13 
1,2,4-trimethylcycloperataile------------------------- 0.03 0.04 
6ther Cs paraffins, including in 
octane-------------------------------------------- 4.93 6.85 

n-Octale--------------------------- Cst-monocycloparaffins------------- 
Co-paraffins------------------------ 
Co through C1)---------------------- 
n-Nolane.--------------------------- 
al-Decane--------------------------- 
1-Undecane--------- . 
il-Dodecane------------------------- 
Isomerized, Not Cracked: - 
C15H3 (C15 paraffin, 1 branch! 
molecule).----------------------------------------- 1.17 .63 C18H3 (C16 paraffin, average of 1.5 
branchesimolecule).--------------- 6.45 8.99 

C1GH3i (C16 paraffin, average of 2.3 3.2 
branchesimolecule).-------------- 8.00 10 C16.E.3 (C. paraffil, average of 3 
brallchesiimolecule).--------------. 3.00 4.17 

Uinclhanged: - 

Cillao (probably ill-C1-)----------------------------- 0.18 0.25 
ll-Cetaile------ - - - - - - - - - - - - - - - - - - - - - 20.7 28, 20 ---------------- 

At least 39 components --------------------------- 100.0 100.0 

Cetane charge stock contains in-hexadecane (97.50%), probable C6 isomer (0.48%), 
1l-pellitadecalle (1.80%), probably C15 isoller (0.08%) and 1)-tetradecalle (0.23%). 

Table 7 
PRODUCT ANALYSIS FOR CRACKING OF CETANE OVER 50/50 MIX. OF BAKER 0.6% WT. 

Pt-AlOIREHX AT 99.3% CONVERSION (60 H.OURS). 

Analysis (wt. percent), Gas 
Analysis, - Chromatography 
Mass 

Hydrocarbon, Component Spectroscopy 
(wt. Percent) Cetane Silicon Gum 

Capillary Rubber 
Column Column 

C3---------- Propane--------------------------------------- 0.11 ---------------- 0.78 
C4---------- Isobutane - - 4.97 2.6 9.00 

n-Butane--- 1.13 1.0 2.5 
Cs---------- Isopentane- 18.21 1.0 7.70 

n-Pentane------------------------------------- 1.93 2.4 3.90 
Cyclopentane--------------------------------- 0.07 -------------------------------- 

C6---------- 2,2-dimethylbutane------------------------------------------- 0.3 trace 
2,3-dimethylbutane--------------------------- -35 1.3. 11.10 
2-methylpentane------------------------------ I.02 8.8 
3-methylpentane------------------------------ 6.27 5.4 6. 40 
Methylcyclopentane--------------------------- 
Cyclohexane--------- - - - - - - - - - - - - - - - - - - - - - - - 

n-Hexane.----------------- ------------------- 

20 
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Table 7-Continued 
PRODUCT ANALYSIS FOR CRACKING OF CETANE OVER 50/50 MIX OF BAKER 0.6% WT. 

Pt-Al,0s/REHX AT 99.3% CONVERSION (60 HOURS). 

Mass 
Hydrocarbon, Component 

2,2,3-trimethylbutane------------------------- 
2,2-dimethylpentane.--- 
2,3-dimethylpentane.-- 
2,4-dimethylpentane 
3,3-dimethylpentane.-- 
3-ethylpentane------------ 
1,3-dimethylcyclopentane 
2-methylhexane--------------- 
3-methylhexane. 
n-Hepta.I.e.----- 
n-Octane--------- 
2,2-dimethylhexane 
2,5-dimethylhexane 
2,4-dimethylhexane---- 
2,2,3-trimethylpentane-- 
3,3-dimethylhexane.-- 
2,3-dimethylhexane---- 
2-methyl-3-ethylpentane 
2-methylheptane.----- 
4-methylheptane.--. 
3,4-dimethylhexane.--- 
3-methyl-3-ethylpentane 
3-methylheptane------ 
Cs paraffins---- 
C9 paraffins 
n-Nonane.---- 
C10 paraffins-- 
n-Decane-...--- 
C11 parafins. 
Alkylbenzenes-- 
Dicycloparaffins 
Cyclic-olefins 
Diolefins.-- 

Analysis, 
Spectroscopy 
(wt. Percent) 

Analysis (wt. percent), Gas 
Chromatography 

Silicon Gulm 
Rubber 
Column 

Cetane 
Capillary 
Column 

Table 8 
CTRACKED PRODUCTS FROM CETANE RARE EARTH-IIYDRO GEN EXCHANGED ZEOLITE X, PLATINUM ON ALUMINA 

MIXED CATALYST. WARIATION IN CARBON NUMBER DISTRIBUTION WITI REACTION TEMPERATURE 

Temperature 

400°F. 4.25° F. 450 F. 

Total Hours-------------------------------- 2 41 68 96 48 50 102 58 60 62 
Total Conversion of Cetaine, wt. percent.-- 44.6 38.2 33.5 36.4 73.3 72.2 77.2 99.2 98.9 99.6 
Fraction of Cracked Material--------------- 28.5 26,7 20.3 20, 4 55.2. 54.3 64.3 99.2 98.6 99.5 
Cracked Material Distribution by Carboll 
Number, Wt. Percent: C 7.0 6.7 5.4 7.4 5.8 8.3 8.4 13.7 13.1 12.5 

0. 12.0 10.3 11.8 12. 2.5 3.9 23. 22, 1 20.1 
11.9 13.8 12.8 14.7 14.7 4.7 16.6 2.0 22. 20.8 
14.4 14.6 14.8 14.7 15.9 14.6 16.0 18.7 18.5 20.7 
14.7 15.0 5.2 14.7 14.8 15.1 15.3 13.7 13.5 13.2 
13.3 ... 6 1.8 1.8 2.5 12.7 10.7 6.8 7.0 7.7 
10.9 10.8 1.3 10.8 10.3 10.1 8.6 1.8 3.1 3.4 
10, 9.4 10.3 9,3 8.7 8.3 6.7 l, 1. ... 3 ... 1 
7.0 6.0 7. 9 4, 9 4, 5 4, 1 3.9 ---------- ... 4 0.2 

This data again shows the continuous conversion of 
normal paraffins to branched chain hydrocarbons in the 
presence of the mixed catalyst of this invention for an 
extended period of operation. After 103 hours on stream 
the catalyst still exhibited substantially all of its unique 
activity for promoting hydroisomerization and hydro 
cracking reactions. Moreover, the regenerative ability of 
the catalyst, that is, its ability to return to a given level 
of activity and conversion after being placed under less 
favorable conditions, is again evidenced by the data of 
Table 5. For instance, the percent conversion by weight 
obtained at 400 F., was about 39 percent after 39 hours 
on stream, 32 percent after 68 hours, and 36 percent 
after 96 hours on stream. Between these three periods 
of operation at 400 F., the reaction temperatures had 
been successively raised to 450 F., and lowered to 325 
F., respectively. 

In addition, the selectivity of the catalyst for produc 
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ing branched chain hydrocarbons, some of which are of 
lower molecular weight than cetane, is noteworthy in 
that the great majority of products are usable to provide 
hydrocarbons having an increased octane rating. In 
Table 6 the analysis of the hydrocarbon products pro 
duced at 425 F., showed about 7.5 percent by weight 
of branched chain isomers of cetane, while about 45 
percent by weight of the products were other lower 
molecular weight branched chain paraffinic hydrocarbons. 
Thus, the greater proportions of the reaction products 
were branched chain compounds which may be used to 
upgrade other paraffinic stocks. It is of further interest 
that no evidence of elofinic or aromatic hydrocarbons 
was found during analysis of the resulting products. It 
will be appreciated that the unique activity of the mixed 
catalyst of this invention produces a new, highly use 
ful, and convenient process for the hydroisomerization 
and hydrocracking of paraffinic hydrocarbons. 

It will also be appreciated that the examples set forth 
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above, as well as the foregoing specification, are merely 
illustrative of the different branched chain parafiinic 
hydrocarbons which may be isomerized in accordance 
with the present invention and that other such organic 
compounds can be hydroisomerized in accordance with 
the process of this invention. 

It will further be appreciated that the mixed alumino 
silicate, platinum metal catalyst, as exemplified by the 
above rare earth-hydrogen exchanged zeolite X, platinum 
metal catalyst, may be prepared from other highly acid 
exchanged alumino-silicates as heretofore described in the 
specification. 

It will additionally be appreciated that the operating 
conditions for the hydroisomerization and hydrocracking 
reactions in accordance with the process of this invention, 
as exemplified in the foregoing examples, may be varied 
so that the process can be conducted in gaseous phase, 
liquid phase, or mixed liquid-vapor phase, depending on 
product distribution, degree of hydroisomerization, and 
hydrocracking, rate of catalyst deactivation and operating 
pressures and temperatures, and that various modifica 
tions and alterations may be made in the process of this 
invention without departing from the spirit of the inven 
tion. 
What is claimed is: 
1. A process for the hydroisomerization of a Ca-Ca 

paraffin which comprises effecting isomerization of a 
C-C paraffin at a temperature from about 400 to 600 
F. and at a pressure from about atmospheric to about 600 
p.s.i.g. in the presence of hydrogen and in contact with a 
mixed catalyst consisting essentially of a rare earth-hydro 
gen exchanged crystalline zeolitic alumino-silicate having 
a defined pore size of from above about 6 A. to about 15 
A. and a hydrogenation component of platinum supported 
on a thermally stable carrier other than said alumino 
silicate, said mixed catalyst containing from about 0.05 to 
5.0% by weight of platinum and recovering a product 

O 
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mixture containing a major proportion of branched chain 
isomers of said C-C paraffin. 

2. A process for the hydroisomerization of n-hexane 
which comprises effecting isomerization of n-hexane at a 
temperature from about 400 to 600 F. and at a pres 
sure from about atmospheric to about 600 p.S.i.g. in the 
presence of hydrogen and in contact with a mixed catalyst 
consisting essentially of a rare earth-hydrogen exchanged 
crystalline zeolitic alumino-silicate having a defined pore 
size of from above about 6 A. to about 15 A. and a hydro 
genation component of platinum supported on a thermally 
stable carrier other than said alumino-silicate, said mixed 
catalyst containing from about 0.05 to 5.0% by weight 
of platinum and recovering a product mixture containing 
a major proportion of branched chain isomers of hexane. 

3. A process for upgrading of a Cat paraffin which 
comprises effecting isomerization of a C+ paraffin at a 
temperature from about 300 to about 600 F. in the pres 
ence of hydrogen and in contact with a mixed catalyst 
consisting essentially of a rare earth-hydrogen exchanged 
crystalline zeolitic alumino-silicate having a defined pore 
size of from above about 6 A. to about 15 A. and a hydro 
genation component of platinum supported on a thermally 
stable carrier other than said alumino-silicate, said mixed 
catalyst containing from about 0.05 to 5.0% by weight 
of platinum and recovering a product mixture containing 
a major proportion of branched chain isomers of said 
Cot paraffin when the reaction temperature is below 
about 400° F. and a minor proportion of said isomers 
when the reaction temperature is at 400 F. and above. 

4. A process for upgrading of cetane which comprises 
effecting isomerization of cetane at a temperature from 
about 300° to about 600 F. in the presence of hydrogen 
and in contact with a mixed catalyst consisting essentially 
of a rare earth-hydrogen exchanged crystalline zeolitic 
alumino-silicate having a defined pore size of from above 
about 6 A. to about 15 A. and a hydrogenation component 
of platinum supported on a thermally stable carrier other 
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24. 
than said alumino-silicate, said mixed catalyst containing 
from about 0.05 to 5.0% by weight of platinum and re 
covering a product mixture containing a major propor 
tion of branched chain isomers of said cetane when the 
reaction temperature is below about 400 F. and a minor 
proportion of said isomers when the reaction tempera 
ture is at 400 F. and above. 

5. A process for the hydroisomerization of a CA-Ce 
paraffin which comprises effecting isomerization of a 
C-C paraffin at a temperature from about 400 to 600 
F. and at a pressure from about atmospheric to about 
600 p.s.i.g. in the presence of hydrogen and in contact 
with a mixed catalyst consisting essentially of a rare 
earth-hydrogen exchanged zeolite X and a hydrogenation 
component of platinum supported on an alumina carrier, 
said mixed catalyst containing from about 0.05 to 5.0 
percent by weight of platinum, and recovering a product 
mixture containing a major proportion of branched chain 
isomers of said CA-Ca paraffin. ', 

6. The process of claim 5 in which the mixed catalyst 
is an intimate mixture of equal proportions by weight of 
the rare earth-hydrogen exchanged zeolite X and a hydro 
genation component containing 0.6 percent by weight 
platinum Supported on alumina. 

7. A process for hydroisomerization of n-hexane which 
comprises effecting isomerization of n-hexane at a tem 
perature from about 400 to 600 F. and at a pressure 
from about atmospheric to about 600 p.s.i.g. in the pres 
ence of hydrogen and in contact with a mixed catalyst 
consisting essentially of a rare earth-hydrogen exchanged 
zeolite X and a hydrogenation component of platinum 
supported on an alumina carrier, said mixed catalyst 
containing from about 0.05 to 5.0 percent by weight of 
platinum, and recovering a product mixture containing 
a major proportion of branched chain isomers of hexane. 

8. The process of claim 7 in which the mixed catalyst 
is an intimate mixture of equal proportions by weight of 
the rare earth-hydrogen exchanged zeolite X and a hydro 
genation component containing 0.6 percent by weight 
platinum supported on alumina. - 

9. A process for upgrading of a C+ paraffin which 
comprises effecting isomerization with a C+ paraffin at a 
temperature from about 300 to about 600 F. in the pres 
ence of hydrogen and in contact with a mixed catalyst 
consisting essentially of a rare earth-hydrogen exchanged 
zeolite X and a hydrogenation component of platinum 
Supported on an alumina carrier, said mixed catalyst con 
taining from about 0.05 to 5.0 percent by weight of 
platinum and recovering a product mixture containing 
a major proportion of branched chain isomers of said 
Cs paraffin when the reaction temperature is below about 
400 F. and a minor proportion of said isomers when the 
reaction temperature is at 400° F. and above. 

10. The process of claim 9 in which the mixed catalyst 
is an intimate mixture of equal proportions by weight of 
a rare earth-hydrogen exchanged zeolite X and a hydro 
genation component containing 0.6 percent by weight 
platinum supported on alumina. 

11. A process for upgrading of cetane which comprises 
effecting isomerization of cetane at a temperature from 
about 300 to about 600 F. in the presence of hydrogen 
and in contact with a mixed catalyst consisting essentially 
of a rare earth-hydrogen exchanged zeolite X and a hy 
drogenation component of platinum supported on an 
alumina carrier, said mixed catalyst containing from 
about 0.05 to 5.0 percent by weight of platinum and 
recovering a product mixture containing a major propor 
tion of branched chain isomers of cetane when the reac 
tion temperature is below about 400 F. and a minor 
proportion of said isomers when the reaction temperature 
is at 400 F. and above. 

12. The process of claim 1 in which the mixed catalyst 
is an intimate mixture of equal proportions by weight of a 
rare earth-hydrogen exchanged zeolite X and a hydrogena 
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tion component containing 0.6 percent by weight platinum 
supported on alumina. 

2,971,903 
3,033,778 
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