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This invention relates to a process for the hydroisom 
erization of an isomerizable organic compound, and 
more particularly relates to a process for the hydroisom 
erization of an isomerizable saturated hydrocarbon. 
Still more particularly, this invention relates to a process 
for the hydroisomerization of a less highly branched 
chain para?’in hydrocarbon to a more highly branched 
chain para?in hydrocarbon at hydroisomerization condi 
tions in the presence of hydrogen and a hydroisomeriza 
tion catalyst comprising a hydrogenation component de 
posited on an acid-acting support. Along with said hydro 
isomerization process, the present invention relates to a 
method for controlling hydrocracking which occurs due 
to the use of hydrogen in this process along with the hy 
drogenation component. This hydro-cracking is con 
trolled by the addition of a sulfur compound to the isom 
erizable organic compound being subjected to hydroisom 
erization. At the same time maximum hydroisomeri 
zation is achieved by the addition of a halogen compound 
to control hydroisomerization. This dual addition of a 
sulfur compound and a halogen compound will be de 
scribed in detail as part of the following speci?cation. 

In recent years with the advances in the automotive 
industry, fuels of relatively high octane ratings have been 
found to be necessary. Many petroleum re?ning proc 
esses have been provided for the production of such 
high anti-knock fuels. These processes include alkyla 
tion, reforming, catalytic cracking, and high temperature 
thermal cracking and thermal reforming operations. 
Other processes which may in one sense be considered 
auxiliary were developed, for example, isomen'zation, 
which was employed to produce isoparai?ns which sub 
sequently were reacted with ole?ns to form a high octane 
number motor fuel fraction, commonly termed alkylate. 
In addition to the production of one of the reactants for 
alkylation, isomerization was also utilized to increase the 
anti-knock quality of saturated hydrocarbons such as 
para?ins and naphthenes found in selected fractions of 
gasolines and naphthas. An example of the latter type of 
operation is a process in which pentane and/or hexane 
fractions are isomerized to produce isopentane and/or 
isomeric hexanes which subsequently may be employed 
as blending agents in automotive and aviation fuels. 

In most of the above mentioned isomerization proc 
esses, catalytic agents have been employed to e?ect the 
desired molecular rearrangement. These prior art cata 
lytic agents have been employed in what may be termed 
low temperature processes. Ordinarily the catalytic 
agents utilized in such processes consist of metal halides, 
such as aluminum chloride, aluminum bromide, etc., 
which are activated by the addition of the corresponding 
hydrogen halide. These catalytic agents are initially very 
active and eifect high conversion per pass at relatively 
low temperature. However, the activity of these catalysts 
is so high that the catalysts accelerate decomposition re 
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actions as well as isomerization reactions with the result 
that the ultimate yield of isomerized product is reduced 
considerably. These decomposition or catalytic cracking 
reactions also considerably increase catalyst consumption 
by reaction of fragmental material with the catalytic 
agent to form sludge-like material. In spite of what 
might have been predicted, these decomposition and/or 
catalytic cracking reactions cannot be reduced by simply 
lowering the reaction zone temperature. At temperatures 
at which satisfactory isomerization reactions are obtained 
with these prior art catalytic agents, these cracking re 
actions are pronounced. One means which has been 
utilized in an attempt to decrease or overcome these 
cracking reactions is the concurrent utilization of hydro 
gen along with the isomerizable organic compound being 
processed. While some improvement in conventional 
processes has been observed, these prior art processes 
have not been improved to the extent that they have been 
widely accepted for use in the petroleum re?ning indus 

ated with continuous hydrogen addition or in the presence 
of hydrogen can be termed hydroisomerization processes. 
In hydroisomerization processes the main reaction which 
takes place is that of molecular rearrangement of the 
organic compound being subjected to hydroisomerization. 
As is the case with prior art catalytic agents, this hydro 
isomerization reaction is accompanied by certain unde 
sirable decomposition or hydrocracking reactions. We 
have discovered that these decomposition or hydrocrack 
ing reactions can be substantially diminished while at the 
same time maintaining catalytic activity for hydroisom 
erization by the concurrent addition to the hydroisomer 
izationv process of a sulfur compound and a halogen 
compound. This discovery in conjunction with the utili 
zation of a more recently’ developed hydroisomerization 
catalyst comprising a hydrogenation component deposited 
on an acid-acting support now makes commercial utiliza 
tion of hydroisomerization a practical reality. 

These more recently developed hydroisomerization 
catalysts all require somewhat higher temperatures to 
attain catalyst activity than have been utilized hereto 
fore in similar type reactions. The use of such higher 
temperatures apparently accelerates decomposition reac 
tions at a greater rate than the molecular rearrangements 
are accelerated. Thus, in the absence of controls, catalyt 
ic hydrocracking becomes the predominant reaction thus 
consuming substantial quantities of feed stock in the 
hydrocracking process. Modi?cation of such processes 
by reduction of catalyst activity through the addition of 
a compound of sulfur not only results in decrease in 
hydrocracking reactions but also results in substantial 
or complete loss of hydroisomerization activity by the 
catalyst. If a different approach to these catalysts is 
taken, for example, by the addition of a halogen com 
pound (in the absence of a sulfur compound), the lower 
operating temperatures required to reduce side reactions 
to an acceptable e?iciency are such that conversion per 
pass at normal space velocities is too low for economical 
operation, or conversely, space velocities required for ac 
ceptable conversions are too low for economical opera 
tion. By the use of the process of the present‘ invention, 
including addition of both a compound of sulfur and a 
compound of halogen, along with more recently de 
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veloped hydroisomerization catalysts, results are ob 
tained which have not been considered possible hereto 
fore. 
One embodiment of the present invention relates to a 

process for the hydroisomerization of an isomerizable 
organic compound which comprises contacting said or 
ganic compound with hydrogen at hydroisomerization 
conditions in the presence of a hydroisomerization cata 
lyst comprising a hydrogenation component deposited on 
an acid-acting support, adding during said contacting a 
sulfur compound to control hydrocracking and a halogen 
compound to control hydroisomerization, and recovering 
the resultant product. 
Another embodiment of the present invention relates 

to a process for the hydroisomerization of an isomeriza 
ble saturated hydrocarbon which comprises contacting said 
saturated hydrocarbon with hydrogen at hydroisomeriza 
tion conditions in the presence of a ‘hydroisomerization 
catalyst comprising a hydrogenation component deposited 
on an acid-acting support, adding during said contacting 
a sulfur compound to control hydrocracking and a halo 
gen compound to control hydroisomerization, and recov 
ering the resultant product. 
Another embodiment of the present invention relates 

to a process for the hydroisomerization of a less highly 
branched chain paraffin hydrocarbon to a more highly 
branched chain paraf?n hydrocarbon which comprises 
contacting said less highly branched chain paraffin hydro 
carbon with hydrogen at hydroisomerization conditions in 
the'presence of a hydroisomerization catalyst comprising 
a hydrogenation component deposited on an acid-acting 
support, adding during said contacting a sulfur com 
pound to control hydrocracking and a halogen com 
pound to control hydroisomerization, and recovering the 
resultant product. 
A more speci?c embodiment of the present invention 

relates to a process for the hydroisomerization of a less 
highly branched chain paraf?n hydrocarbon to a more 
highly branched chain para?in hydrocarbon which com 
prises contacting said less highly branched chain para?in 
hydrocarbon with hydrogen at hydroisomerization condi 
tions in the presence of a hydroisomerization catalyst 
comprising platinum deposited on alumina containing 
combined halogen, adding during said contacting a sulfur 
compound to control hydrocracking and a halogen com 
pound to control hydroisomerization, and recovering the 
resultant product. 
One speci?c embodiment of the present invention re 

lates to a process for the hydroisomerization of n-butane 
which comprises contacting said n-butane with hydrogen 
at hydroisomerization conditions in the presence of a 
hydroisomerization catalyst comprising platinum deposited 
on alumina containing combined fluorine, adding during 
said contacting a sulfur compound to control hydrocrack 
ing and a halogen compound to control hydroisomeriza 
tion, and recovering the resultant product. 
Another speci?c embodiment of the present invention 

relates to a process for the hydroisomerization of n-pen 
tane which comprises contacting said n-pentane with hy 
drogen at hydroisomerization conditions in the presence 
of a hydroisomerization catalyst comprising platinum de 
posited on alumina containing combined ?uorine, adding 
during said contacting a sulfur compound'to control by 
drocracking and a halogen compound to control hydro 
isomerization, and recovering the resultant product. 
A further speci?c embodiment of the present invention 

relates to a process for the hydroisomerization of n-hexane 
which comprises contacting said n-hexane with hydrogen 
at hydroisomerization conditions in the presence of a 
hydroisomerization catalyst comprising platinum depos 
ited on alumina containing combined fluorine, adding 
during said contacting a sulfur compound to control hy 
drocracking and a halogen compound to control hydro 
isomerization, and recovering the resultant product. 
The process of‘our invention is particularly applicable 
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4 
to the hydroisomerization of saturated hydrocarbons in 
cluding acyclic paraf?ns and cyclic naphthenes and is par 
ticularly suitable for the hydroisomerization of straight 
chain or less highly branched chain para?ins containing 
four or more carbon atoms per molecule including nor 
mal butane, normal pentane, normal hexane, Z-rnethyl 
pentane, B-methylpentane, normal heptane, Z-methylhex 
ane, 3-rnethylhexane, normal octane, Z-methylheptane, 3 
methylheptane, 4-methylheptane, etc. Cyclopara?ins or 
naphthenes which may be utilized in our hydroisomeriza 
tion process should contain at least 5 carbon atoms in the 
ring such as alkylcyclopentanes and cyclohexanes and in 
clude methylcyclopentane, cyclohexane, 1,1-dimethylcy 
clopentane, 1,2-dimethylcyclopentane, 1,3-dimethylcyclo 
pentane, methylcyclohexane, l,l~dimethylcyclohexane, 
l,Z-dimethylcyclohexane, 1,3-dimethylcyclohexane, 1,4 
dimethylcyclohexane, etc. This process is also applicable 
to the conversion of mixtures of parat?ns and/or naph 
thenes such as those derived by selective fractionation of 
straight run or natural gasolines and naphthas. Such 
mixtures of para?ins and/ or naphthenes include so-called 
pentane fractions, hexane fractions, heptane fractions, 
etc., and mixtures thereof. The process of our invention 
is also applicable to the hydroisomerization of ole?ns, for 
example, the isomerization of l-butene to Z-butene, the 
isomerization of 3-methyl-l-butene to Z-methyl-Z-butene, 
etc., although obviously not necessarily under the same 
conditions of operation since the tendency of these ole 
?ns to be hydrogenated or polymerized in the presence 
of hydrogen and the catalyst must be overcome. The 
process may also be used for the hydroisomerization of 
alkylaromatic hydrocarbons, for example, the hydro 
isomerization of ethylbenzene to xylenes, the hydro< 
isomerization of propylbenzene to methylethylbenzenc, 
etc. 

Various hydroisomerization catalysts are utilizable 
within the generally broad scope of the process of the 
present invention. These catalysts may be de?ned as 
comprising a hydrogenation component deposited on an 
acid-acting support. The acid-acting support may inher 
ently have this property or its acid—acting characteristics 
may be added thereto either before or after deposition 
of the hydrogenation component thereon. Suitable sup 
ports may be selected from among the different "refrac 
tory oxides including silica, alumina, silica-alumina, silica 
alumina-magnesia, silica-alumina-zirconia, silica-zirconia, 
etc. These supports may be naturally occurring or may 
be prepared synthetically. Other suitable naturally oc 
curring refractory oxides include acid-acting clays such 
as Filtrol, Tonsil, etc., diatomaceous earths, montmoril 
lonites, etc. Depending upon Whether or not the refrac 
tory oxide support is naturally occurring or prepared 
synthetically, and depending upon the method of prepa 
ration, and upon the treatment of the support thereafter, 
these various supports will have surface areas ranging 
from about 25 to about 500 square meters per gram. 
In some of these supports the acid-acting function is in 
herently present, as stated hereinabove, for example, 
when silica-alumina or silica-alumina-zirconia is used as 
the support. The effectiveness of this acid-acting func 
tion in such a support is controlled by the quantities of 
the respective components, and by the treatment of the 
composites, particularly by calcination, prior vto or after 
compositing the hydrogenation component therewith. 
The preferred catalysts used in the hydroisomerization 
zone'in the process of the present invention comprise a 
hydrogenation component deposited on an acid-acting 
support. 
The hydrogenation component will normally be selected 

from groups VI(B) and VIII of the periodic table or 
mixtures thereof. Such hydrogenation components in 
clude chromium, molybdenum, tungsten, iron, cobalt, 
nickel, and the so-called platinum group metals. By a 
platinum group metal is meant a noble metal,,exclu'ding 
silver and gold, and selected from platinum, palladium‘I 
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ruthenium, rhodium, osmium, and iridium. These metals 
are not necessarily equivalent in activity in the catalysts 
utilized in the hydroisomerization process of the present 
invention and of these metals, platinum and palladium 
are preferred, and particularly, platinum is preferred. 
The preferred catalyst composition for use in this proc 

ess comprises platinum deposited on alumina containing 
combined halogen, and preferably combined ?uorine. 
The alumina is preferably synthetically prepared substan 
tially anhydrous gamma-alumina of a high degree of 
purity. The methods of preparation of such synthetic 
gamma-aluminas are well known. For example, they 
may be prepared by calcination of alumina gels which 
are commonly formed by adding a suitable reagent, such 
as ammonium hydroxide, ammonium carbonate, etc., to 
a salt of aluminum such as aluminum chloride, aluminum 
sulfate, aluminum nitrate, etc., in an amount to form 
aluminum hydroxide which upon drying and calcination 
is converted to gamma-alumina. It has been found that 
aluminum chloride is generally preferred as the aluminum 
salt, not only for convenience in subsequent washing 
and ?ltering procedures, but also because it appears to 
result in the most active catalytic composite. Alumina 
gels may also be prepared by the reaction of sodium 
aluminate with a suitable acidic reagent to cause precipi 
tation thereof with the resultant ‘formation of aluminum 
hydroxide gel. Synthetic aluminas may also be prepared 
by the formation of alumina sols, for example, by the 
reaction of metallic aluminum with hydrochloric acid, 
which sols can be gelled with suitable precipitation agents 
such as ammonium hydroxide, followed by drying and 
calcination. In the preferred embodiment, these syn 
thetically prepared aluminas will contain from about 
0.01% to about 8% combined halogen based on the 
weight of the dry alumina, the combined halogen pref 
erably being ?uorine. These halogenated aluminas may 
be prepared in various manners, for example, by the addi 
tion of a suitable quantity of hydro?uoric acid to the 
alumina gel prior to drying and calcination thereof. In 
another manner, ammonium ?uoride can be added to 
alumina gels thus yielding an alumina having the desired 
quantity of ?uorine combined therewith. When the syn 
thetically prepared alumina is prepared from aluminum 
chloride, it is sometimes advantageous and/or desirable 
to minimize the washing thereof to retain a desired 
amount of chlorine combined with the alumina. In many 
of the above instances when the alumina is prepared from 
an alumina sol or an alumina gel, the resultant product 
is calcined at a su?icient temperature to convert the prod 
uct into gamma-alumina. While the resultant aluminas 
may contain relatively small amounts of water of hydra 
tion, less than one mol of water per mol of alumina, 
gamma-alumina containing combined halogen is the pre 
ferred synthetically prepared alumina for use as the sup 
port for the preferred catalysts in the process of the pres 
ent invention. 
The preferred synthetically prepared gamma-alumina, 

as hereinabove set forth, then has a hydrogenation com 
ponent, particularly a platinum group metal, combined 
therewith. The hydrogenation component, particularly 
a platinum group metal, and still more particularly plati 
num, may be composited with the alumina in any of 
many Well known methods. For example, an ammonia 
cal solution of chloroplatinic acid may be admixed with 
the alumina followed by drying. In another method, the 
chloroplatinic acid in the desired quantity can be added 
to an alumina gel slurry followed by precipitation of 
the platinum on the alumina by means of hydrogen sul 
?de or other sul?ding agents. While the quantity of 
platinum composited with the alumina is not critical, for 
economic reasons the amount of platinum is kept at a 
minimum. Thus larger amounts of platinum do not 
cause detrimentral effects. While the quantity of plati 
num composited with the alumina is not critical it is gen 

' erally preferred to utilize from about 0.01% to about 2% 
'by weight of platinum based on the dry alumina. In 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

.tremely temperature sensitive. 

6 
another embodiment, the alumina and platinum can be 
composited by co-precipitation techniques. In such‘ a 
case, an aqueous solution of a platinum salt is admixed 
with a solution of an aluminum salt followed by the addi 
tion thereto of a precipitation agent which will cause co 
precipitation. The resultant gel can then be dried and 
calcined to form an alumina-platinum composite which 
can be formed into the desired size particles. 
While the form of the catalyst comprising a hydrogena 

tion component deposited on an acid-acting support is 
not critical, generally it is preferred to utilize macro par 
ticles so that the total composite may be used as a ?xed 
bed in a reaction zone‘. Thus it is desirable to form the 
synthetic alumina containing combined halogen, either 
before or after the platinum is composited therewith into, 
pellets, for example of 1A6 inch by 1756 inch size or % inch 
by 14; inch size, etc. This is accomplished readily by 
grinding the dried alumina gel to a powder followed by 
pilling thereof by known methods. Alternatively the par 
ticles may be utilized in the form of dried gel, or they 
may be irregularly shaped particles such as result from 
extrusion. The composites of hydrogenation components 
deposited on acid-acting supports, for example, platinum 
deposited on alumina containing combined halogen, are 
somewhat hygroscopic and if it is necessary to store them 
it is generally preferred to do so in an atmosphere of re 
duced humidity. 
The process of this invention is directed to the hydro 

isomerization ‘of organic ‘compounds in which molecular 
rearrangements are accomplished at hydroisomerization 
conditions. While the use of hydrogen in prior art isom 
erization processes has been disclosed as a cracking 
suppressor it is felt that the hydrogen pressure or partial 
pressure is a much more important variable in the process 
of this invention. This use of hydrogen is based on the 
?nding that hydrogen apparently plays an important role 
in the mechanism of the hydroisomerization reaction and 
its utilization in the hydroisomerization reaction is more 
than simply as a cracking suppressor. In this hydroisom 
erization process sufficient hydrogen should be utilized 
so that the hydrogen to hydrocarbon molar ratio of the 
reaction zone feed will be within the range of from about 
0.2 to about 10. When smaller quantities of hydrogen 
are utilized, and even when quantities of hydrogen within 
the above range are utilized in the absence of added sulfur 
compounds, the catalyst rapidly deactivates and cracking 
reactions become prominent. This obviously illustrates 
that the hydrogen is not a cracking suppressor with these 
catalysts. Furthermore, the use of quantities of hydrogen 
in excess of the 10:1 molar ratio hereinabove set forth 
are detrimental since the hydroisomerization reaction can 
be stopped completely by this means. This last men 
tioned effect illustrates the fact that the hydrogen plays 
a more important role in these hydroisomerization re 
actions than that merely of a cracking suppressor. The 
hydrogen may be supplied from any convenient source 
and will generally be recycled within the process so that 
hydrogen consumption will be for all practical purposes 
negligible. The hydrogen utilized may be puri?ed or 
may be diluted With various inert materials such as nitro 
gen, methane, ethane, propane, etc. 
The catalyst utilized in the process of this invention has 

high hydroisomerization activity and is capable of rear 
ranging saturated hydrocarbons at relatively mild condi 
tions. Processes have recently been proposed for the 
isomerization of pentane and/or hexane utilizing certain 
noble metal containing catalysts. These processes are all 
carried out at relatively high temperatures and are ex~ 

In contrast, processes for 
the isomerization of saturated hydrocarbons utilizing 
Friedel-Crafts metal halides promoted by hydrogen ha 
lides have been proposed for operation at relatively low 
temperature, for example, from about 50° to about 150° 
C. Decomposition reactions in such processes, as here 
inabove set forth, are very pronounced. Catalyst con 
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sumption is high and catalyst life is low. While the cata 
lyst ‘utilized in the process of the present invention re 
quires temperatures intermediate between those which 
have previously been proposed for operation, the eco 
nomic balance between the additional heat requirement 
and ‘catalyst life is very favorable for the process of the 
present invention. 
The operating conditions to be employed will depend 

upon the particular compound :being subjected to hydro 
i'sor'nerization and ‘generally the temperatures will range 
from about ‘250° C. to ‘about 450° C. although tempera 
tures within the more limited range of from about 325° 
C. to about 425° C. are preferred. The pressure utilized 
will range from about 50 pounds per square inch to about 
1500 pounds per square inch. Pressures within the range 
of from about 300 pounds per square inch to about 800 
pounds per square inch appear to be most favorable for 
the hydroisomerization of saturated hydrocarbons in the 
process of the present invention. 
As set forth hereinabove, the process of the present 

invention utilizing the above described catalyst is par 
ticularly adapted for a so-called ?xed bed type process. 
In such a process, the compound or compounds to be 
hydroisomerized are passed in either an upward or down 
ward ?ow over the catalyst along with hydrogen. The 
reaction products are then separated from the hydrogen, 
which may be recycled, and subjected to fractionation 
and separation of the desired reaction products. Re 
covered starting material is recycled so that the overall 
process conversion is high. In such processes'the hourly 
liquid‘space velocities which are de?ned as the volume of 
reactants per hour per volume of catalyst will be main 
tained 'within the general range of from about 0.25 to 
about 10 and preferably within the range of from about 
0.5 to about 5. Another means of elfecting the hydro 
isoinerization reaction of the process of the present inven 
tion ‘is to employ a ?uidized bed of catalyst wherein the 
reactant or reactants are passed upwardly through a bed 
of the catalytic material at a sui?cient rate to maintain 
the indiivdual particles of catalyst in a state of hindered 
settling. However, the rate of passage of reactants 
through the bed is not so great as to suspend the catalytic 
material in the stream of compound being subjected to 
hydroisomerization ‘and carry the catalyst out of the re 
action zone. As is readily apparent somewhat smaller 
size particles than hereinabove described are suitable for 
such a modi?ed operation. If desired, the catalyst will 
be utilized in the form of so-called micro particles and 
the process may be e?ected in a two zone ?uidized trans 
fer process. In such a process when it is desired to re 
generate the catalyst or to reactivate it by other means, 
the ‘catalytic material may be suspended in a gas stream 
and conveyed to a second zone wherein it is contacted 
with reactivating material, after which the reactivated 
catalyst is returned to the reaction zone wherein it is uti 
lized to effect further conversion reactions. Another suit 
able ‘two zone system may be the use of a moving bed 
wherein a desired bed of catalytic material slowly de 
scends through the reaction zone, is discharged from the 
‘lower portion thereof into a reactivation zone from which 
it is again transported to the top of the moving bed in the 
reaction zone to descend through the zone effecting fur 
ther reactions in transit. Regardless of the particular 
operation employed, the products are fractionated or 
otherwise separated to recover the desired product and 
‘to separate unconverted material which may be recycled. 
Hydrogen in the e?luent product likewise is separated and 
preferably is recycled. 

As‘set forth hereinabove the hydroisomerization proc 
ess of the present invention is controlled by the simul 
taneous addition to and with the feed to the process of a 

Vari 
ous compounds of sulfur are utilizable as additives to 
"control the hydrocracking which takes place without such 
‘addition. ‘Preferably, these co'mpoundsof sulfur‘should :11 
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boil within the approximate range of the organic com 
pound being subjected to hydroisomerization. Further 
more, various classes of sulfur compounds are utilizable 
as a means of furnishing the sulfur including hydrogen 
sul?de, mercaptans, thioethers, disul?des, thiophene and 
its derivatives, thioacids, etc. Typical suitable and utiliz 
able compounds of sulfur within the above classes include 
methyl ‘mercapt'an, ethyl mercaptan, normal propyl mer~ 
captan, isopropyl mercaptan, normal butyl mercaptan, 
isobutyl mercaptan, secondary butyl mercaptan, tertiary 
butyl mercaptan, amyl mercaptans, hexyl mercaptans, 
etc., dimethyl sul?de, methyl ethyl sul?de, diethyl sul?de, 
ethyl propyl sul?de, dipropyl sul?de, etc., dimethyl disul 
?de, ethyl methyl disul?de, diethyl disul?de, ethyl propyl 
disul?de, dipropyl disul?de, etc., thiophene, methylthio 
phene, ethylthiophene, dimethylthiophenes, sulfur chlo 
ride, sulfur dichloride, etc. As set forth hereinabove, hy 
drogen sul?de may be utilized. In addition, and in a like 
manner, carbon disul?de may be utilized. All of these 
compounds of sulfur, and thus the preferred compounds 
of sulfur for use in the process of this invention, are 
characterized by the sulfur having a formal charge of 
zero. These compounds of sulfur are added in an amount 
sufficient to control hydrocracking, which amount is usu 
ally within the range of from about 0.0001% by weight 
of the feed to about 0.1% by weight of the feed, or from 
about one to about 1000 p.p.m. based on the feed. 

Addition of a compound of sulfur, as set forth herein 
above, reduces the hydrocracking activity of the catalysts 
utilized in this process. However, this hydrocracking is 
not the only catalyst activity which is reduced. Hydro 
isomerization activity is likewise reduced substantally. 
Thus, when utilizing a compound of sulfur to control hy 
drocracking, it has been found necessary to utilize con 
currently therewith a halogen compound to control hy 
droisomerization activity. With the utilization of both a 
compound of‘sulfur and a halogen compound, results are 
attained which cannot be obtained by the utilization of 
either compound alone. Various compounds of halogen 
may be utilized to control the hydroisomerization reaction 
as set forth above. Typical suitable and utilizable com 
pounds include C12, Brz, I2, hydrogen halides such as 
hydrogen ?uoride, hydrogen chloride, hydrogen bromide, 
alkyl halides such as methyl ?uoride, methyl chloride, 
methyl bromide, ethyl ?uoride, ethyl chloride, ethyl bro 
mide, ethyl iodide, normal propyl ?uoride, normal propyl 
chloride, normal propyl bromide, isopropyl ?uoride, iso 
propyl chloride, isopropyl bromide, normal butyl ?uoride, 
normal butyl chloride, normal butyl bromide, isobutyl 
?uoride, isobutyl chloride, isobutyl bromide, secondary 
butyl ?uoride, secondary butyl chloride, secondary butyl 
bromide, tertiary butyl ?uoride, tertiary butyl chloride, 
tertiary butyl bromide, amyl ?uorides, amyl chlorides, 
amyl bromides, etc., dihaloalkanes such as dichloro 
methane, ethylene dichloride, etc., polyhaloalkanes ‘such 
as trichloromethane, carbon tetrachloride, dichlorobro 
momethane, di?uorodichloromethane, etc. Other com 
pounds of halogen which may be utilized include halo 
aromatic compounds, acyl halides, sulfur halides, etc. 
These compounds of halogen which are added concur 
rently with the compound of sulfur are added so that they 
are present in the reaction zone in an amount of from 
about 0.000l% by weight of the feed to about 0.1% by 
weight of the feed, or in other words in an amount of 
from abount one to about 1,000 p.p.m. based on the feed. 
As will be set forth further in the examples, the exact 
quantity of added compound of sulfur and compound of 
halogen is not as important as is the fact that both com 
pounds are present thus yielding halogen and sulfur which 
are present in the reaction zone along with the feed. The 
compound of sulfur apparently has an immediate and 
drastic effect upon catalyst activity and in this manner 
can be'utilized ‘as a directcontrol of hydrocracking activ 
ity of the catalyst. In the, presence of the compoundof 
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sulfur, the compound of halogen increases only hydro‘ 
isomerization activity. The combination e?ect of these two 
additives is then to obtain high conversions per pass 
coupled with high ultimate yields. Furthermore, al— 
though the compound of sulfur must be added continu 
ously, the compound of halogen may be added continu 
ously or intermittently. 

This invention is illustrated by the following examples 
which are introduced for the purpose of illustration with 
no intention of unduly limiting the generally broad scope 
of this invention. These examples were carried out in a 
bench scale apparatus. The reactor used consisted of a 
stainless steel tube of about one inch inside diameter and 
about 50 inches long placed in an electrically heated 
aluminum bronze block furnace. The reactor was 
equipped with a 14 inch outside diameter thermowell for 
measurement of reaction temperature. The upper section 
of the reactor contained a spirally grooved stainless steel 
preheat section while the space. below the catalyst bed 
was ?lled with stainless steel spacers. The hydrocarbon 
was fed to the reactor using a plunger type charge pump 
at rates as shown in the examples. The hydrogen charge 
to the reactor was from a high pressure hydrogen cylin 
der. The reaction products were condensed, cooled to 

10 
in oil, and then in an aqueous solution of ammonia; The 
washed spheres were then transferred to a drier, dried 
at about 250° C. and calcined at about 600° C. The 
synthetically prepared alumina spheres containing 4.0% 
?uorine were impregnated with a ‘dilute ammoniacal 
solution of chloroplatinic acid. The amount of platinum 
in this solution was adjusted so that the ?nal composite 
contained 0.375% platinum by weight based on the dry 
alumina. The thus impregnated composite was calcined 

10 in air at a temperature of about 500° C. A su?icient 
quantity of this catalyst was prepared for use in the 
examples as set forth hereinafter. 
A 150 cc. quantity (88.0 grams) of the above pre 

pared composite was placed as a ?xed bed in a reaction 
15 tube and tested for activity for the hydroisomerization 

of normal butane to isobutane. The normal butane 
utilized was that available commercially as chemically 
pure n-butane and prior to use it was dried over Drierite. 
Conditions utilized in this example included a pressure 

20 of 500 p.s.-i.g., a hydrogen to hydrocarbon mol ratio of 
about 2.0, hourly liquid space velocities of about 2.0 
and about 4, and various temperatures. The results of 
nine spaced two hour periods utilizing the above catalyst 
are presented in the following Table I: 

Period N o ____________________ __ 

Charge Stock ..... -_' __________ -_ 

Catalyst _____________________ _-__ 

On Stream, Hrs _______________ ._ 
Conditions: 

Pressure, p.s.i.g ___________ __ 
Temperature, ° 0 

Block ____ __ 

Catalyst, 2 
SV 

Ratio, 112/ Charge. _ 
Rates: 

Charge, cc./Hr. at 60° F..." 
Recycle Gas, s.c.f./Hr._____. 
H2 Addition, s.c.t./Hr _____ __ 

Products, mols/lOO mols 04H“; 
charged: 
C1 and C3 _________________ __ 

Total Hydrocracking. _ - 

1—C—4H1o __________________ _ _ 

D—Q——4Hrn _________________ _ _ 

Total _________________ __ 

Recovery, Wt. Percent ____ __ 

Pe‘rcent Iso C4 in Total 04, 

Table I 
HYDROISOMERIZATION 0F O.P. n-BUTANE IN THE ABSENCE OF SULFUR OR HALOGEN 

1 2 3 4 5 6 7 8 9 

CF. n-Butane (Drierite dried) 
0.375% Pt, 4% F, remainder A110; 

3-5 7-9 11-13 15-17 19-21 24-26 30-32 36-38 42-44 

500 500 500 500 500 500 500 500 ‘ 500 

350 370 390 410 430 430 410 390 370 
353 373 394 413 434 431 411 390 371 

1. 96 1. 96 1. 92 1. 94 1. 96 4. l6 4. 02 3. 90 3. 88 
2. 51 1.88 1.89 2.01 2.05 1. 88 1.93 1. 98 2. 07 

98 98 96 97 98 208 201 195 194 
1. 96 1. 47 1. 43 1. 56 1. 59 3.10 3.08 3.08 3. 20 
(1) (9 0) (1) (l) (1) (1) 0) (1) 

23. 3 16.0 13. 8 11.3 9. 2 5. 4 3. 9 3.0 1. 3 
7.2 4.5 3.6 3.1 2.7 1.6 1.3 1.1 0.6 
1.9 1.7 1.7 2.6 2.6 2.2 0.9 0.4 1.9 

32. 4 22.2 19. 1 17. 0 14. 5 9.2 6. 1 4. 5 3. 8 
, 7. 7 12. 5 21. 2 26. 2 27. 8 20. 8 12. 6 6. 8 5. 2 
59. 9 65.3 59. 7 56. 8 57. 7 70 81. 3 88. 7 93.0 

100 100 100 100 100 100 100 100 100 

97. 4 95. 9 99. 8 99. 4 100. 6 98. 1 4 98. 2 102. 2 

11.4 16.1 26. 2 31. 6 32. 5 22. 9 13. 4 7. 1 3. 3 
19. 2 36.0 52. 6 60. 6 65. 7 69. 3 67. 4 60. 2 45. 7 

PC 
Ultimate Yield, Wt. Percent. 

1 To maintain plant pressure. 

room temperature, and a phase separation was effected 
in a high pressure receiver. The liquid product was col 
lected, stabilized to remove low boiling hydrocarbons, 
and the desired boiling range reaction products analyzed 
by vapor phase chromatographic or infrared spectro 
graphic techniques. 

EXAMPLE I 

This example illustrates the hydroisomerization of 
normal butane utilizing a catalyst comprising platinum 
deposited on alumina containing combined ?uorine. A 
platinum-alumina-combined ?uorine composite was pre 
pared by the general method of dissolving aluminum 
pellets in hydrochloric acid to ‘form a sol containing about 
15% aluminum. Hydro?uoric acid was added to the 
sol so that the ?nal composite contained about 4.0% 
?uorine based on the weight of the dry alumina. The 
resulting solution was mixed with hexamethylene tetra 
mine in a continuous mixer and dropped into an oil bath 
at about 90° C. to form spheres. The spheres were aged 

From the above results, it can be seen that hydroiso 
merization of the n-butane was attained throughout the 
temperature range utilized, that is, from 350” C. to 430° 
C., ‘and utilizing liquid hourly space velocities of about 

60 v2 and about 4. At 350° C., the product contained 7.7 
‘mol percent isobutane at about 2 liquid hourly space 
‘velocity. The amount out isobutane increased with in 
creasing temperature from period 1 through period 5 
as the temperature was raised to 430° C. Maximum 

65 isobutane content of the product was 32.5% at 430° C. 
Total hydrocracking decreased over the same periods from 
an initial 32.4 mol percent down to 14.5 mol percent. 
At 430° C., equilibrium calculations indicate the product 
should contain from 40 to 45 mol percent isobutane. 

70 Thus, the activity of the catalyst utilized was notsu?i 
ciently high in the absence of catalyst promoters. Periods 
6, 7, 8 and 9 show the effect of increasing liquid hourly 
space velocity and hydrogen to hydrocarbon mol ratio 
while at the same time, decreasing the temperature from 

75 43Gb “C. to 370° C. The effect was, one of merely de 
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creasing conversion without any real gain in reaction ef? 
ciency. These results show how sensitive pure n-butaue 
is to hydrocracking. In the absence of a compound of 
sulfur and a compound of halogen, substantial conversion 
of n-butane to isobutane was not attained and hydro~ 
cracking of the n-butane to lighter and heavier materials 
was a prominent reaction. 

EXAMPLE II 

This‘ example illustrates the effect of the addition of 
.200 p.p;m. (0.02 weight percent) sulfur as thiophene to 
chemically pure n-butane during the hydroisomerization 
“of the n-butane. This example was carried out in the 
manner described 'hereinabove and utilizing a 100 cc. 
(58.1 grams) sample of the same catalyst described in 
Example I. Conditions utilized included a pressure of 
500 p.s.i.g., a hydrogen to hydrocarbon mol ratio of 
about 2.0, a liquid hourly space velocity of about 1.0, 
and various temperatures. The results of nine two hour 
test periods are presented in the following Table II: 

10 

15 

20 

Table II 

939 
12 

is higher in the presence of sulfur than in its absence as 
shown ‘by the results in Example I. 

EXAMPLE‘ 'III 

This example illustrates the effect of the addition of 
chlorine as hydrogen chloride in quantities varying‘from 
100 to 300 parts per million based on the feed to 
chemically pure n-butane during the hydroisomerization 
of the n-butane. This example was carried out in the 
manner described hereinbefore utilizing a l00.cc.,(58.4 
grams) sample of the same catalyst described in Example 
I. Conditions utilized included a pressure of Y500 p.s.i.g., 
a hydrogen to hydrocarbon .mol ratio of about 2.0, a 
liquid hourly space velocity of about 1.0, and various 
temperatures. The results of eleven two hour test periods 
are presented in the following Table III. 

Because of the addition of hydrogen chloride, the ex 
periments set .forth in the above table were begun at a 
lower temperature, 200° C., in order to approach conver 
sion temperatures without running into excessivehydro 

HYDROISOMERIZATION OF n-BUTANE CONTAINING 0.02 WEIGHT PERCENT SULFUR 
AS THIOPHENE 

Period No ____________________ _. 1 2 3 4 5 6 7 8 9 

Charge Stock ................. ._ 0.1’. n-Butane and 0.02 Wt. Percent S as Thiophene 
Catalyst ______________________ -. 0.375% Pt, 4% F, remainder A110; 

On Stream, Hrs _______________ -. 10—11 15-16 20-21 25-26 30-31 35-36 40-41 45-46 50-51 
Conditions: 

Pressure, p.s.i.g ___________ __ 500 500 500 500 500 500 500 500 500 
Temperature, ‘’ 0. 

Block ................. __ 340 350 360 370 380 390 400 410 420 
371 380 391 402 413 424 

LHSV ____________ __ 1.0 1.0 0. 99 1.00 0.94 0. 96 
Ratio, Hz/Charge— 

1.90 1. 87 1. 97 1. 99 2.10 2.10 
01 a1 1. 75 1.71 1.79 1.62 1. 79 1.68 

Rates: 
Charge, GIL/Hr ____________ -_ 101 93 100 100 99 100 94 96 
Hydrogen, s.e.f./Hr _______ __ 1. 62 1. 58 1.62 1. 52 1. 49 1. 56 1. 59 1. 56 1. 60 

Products, mols/lOO mols C4Hio 
charged: 

01 and O3 _________________ -. 1.8 3.4 7.0 12. 9 
C2 and C2.-__ 1. 3 2.0 4.1 6. 5 
Cs and C5 . . . . . . > _ . . . _ _ . _ _ . I _ . _ . . _ . .. 0.9 0.4 ...... _ 

Total Hydroeraeking. _ . 3. 1 6. 3 11. 5 19. 4 
1-C4H1n ____________________ ._ 14. 8 19.1 27. 5 31. 7 
n—C|H1o--_ 82.1 74. 6 61.0 48. 9 

Total _________________ __ 100 100 100 100 

Recovery, Wt. Percent .... ._ 103.1 109. 9 106.6 93. 4 
Percent 150 C1 in Total 04, 
VPO ____________________ __ 1.4 1. 9 4.8 6.2 9. 5 15. 3 20.4 31.1 39. 3 

Ultimate Yield, Wt. Percent_ ______________________ - . 77. 2 73. 6 82. 7 75. 2 70. 5 62. 0 

From Table II, it is observed that the isobutane in the 
total C4 fraction increases from 1.4% at 340° C. to 
39.3% at 420° C. ‘Total hydrocracking in periods 1 
through 3 was negligible and then hydrocracking in 
creased progressively from 1.8% to ‘19.4% as the .tem 
perature was progressively raised in periods 4 through 10. 

> .In comparison to the results described in Example I, 
.it appears that the sulfur effectively decreases the hydro 
cracking activity of the catalyst. For example, at 350° 
‘C., in the absence of sulfur, 32.4 mol percent hydrocrack 
ing was observed in comparison to none in the presence 
of‘sulfur. At 370° C., in the absence of sulfur, total 
'hydrocracking equals 22.2 mol percent in comparison to 
1.8 mol percent in the presence of sulfur. At 390° C., 
in the absence of sulfur, total hydrocracking equaled 
19.1 mol percent in comparison to 3.1 mol percent in 
the presence of sulfur. At 410° C., in the absence of 
‘sulfur, total hydrocracking equaled 17.0 mol percent in 
comparison to 11.5 mol percent in the presence of sulfur. 
-At‘-temperatures up ‘to'420° C., the results obtained and 
- presented in- this example ‘show that reaction e?iciency 

60 

65 

75 

cracking at the beginning. Thus, vfor the ?rst six peri 
ods, substantially no conversion was observed. Con 
version of n-butane to isobutane began at 320° C. and 
increased from 3.7 mol percent isobutane of the feed at 
this temperature ‘to 36.4 mol percent at 400° C. During 
this same temperature spread, total hydrocracking in 
creased ‘from about 1 mol percent up to about 7.3 mol 
percent at 400° C. The reaction efficiencies at high con 
versions in these experiments were much higher than 
had previously been observed and described in Examples 
I and II. A reaction efficiency of somewhat over 90% 
was obtained in the temperature range of from about 340° 
C. to about 380° C. At 380° C., the conversion of n-bu 
tane to isobutane was 35.8 mol percent with a reaction 
e?‘iciency of 89.5%. At the reaction temperature , of 
400° C., hydrocracking increased so that the reaction 
el?ciency decreased. At this temperature, very little ad 
ditional isobutane appeared in the product, indicating 
that maximum conversion for this catalyst was being ap 
proached between 380° C. and 400° C., and’that ‘the ct 
?ciency already had begun -to drop ‘off. 
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T able III 
HYDROISOME'RIZATION OF n-BUTANE CONTAINING 0.01, 0.02 ‘AND‘OLOS WEIGHT PERCENT OHLORiN-E 

AS HYDROGEN oELoRiDE 

Period No ....................... . _ 1‘ 2 3 4 5' 6 7 8 9 10 11 

, QP. n~Butai1e (Sodium dried) 
0.375% Pt, 4% F, remainder A1701 

01151152111115 ................. __ 4-5 11-12 16—17 21-22 26-27 " 31-32 36-37 41-42 46-47 51-52 ‘ 06457 
Conditions: ‘ 1 

Pressure, p.s.i.g'___.' __________ _. 500 500 500 500- 600 500 500 600 500 600 500 
Temperature, ° , . ' 

Block __________________ _. 200 221 240 260 280 300 ' 320 340 360 380 400 
Catalyst, 2" 198 219 240 260 279 300 321 340; 1 361 382 406 

_ _______________________ .. 0.96 0. 94 ' 0. 97 1. 00 1. 01 1. 01 l. 02 1. 05 1. 04 1. 03 1.03 
Ratio, Hn/Charge- V ' 1 ~ 

Apparent Inlet .......... __ (2. 0) (2.0) (2. 0) (2.0) (2.0) (2. 0) 2.04 1. 81- 2. 07 1. 96 1. 90 
R t’ Actual Inlet _____________________ __ . . . _ _ _ _ _ . . . _ . _. 2.27 2.16 2.28 2. 01' ' 1.44 

9. es: ' -_ 

Charge, 0c./Hr ............... -_ 96 94 97v 100 101 ‘ {101 102 105 104 103_ - ‘103 
Hydrogen, s.c.f./Hr. 1. 60 1. 60 1. 65 1. 65 1. 60 1.60 1. 65 '1. 51 1.71 1. 60 1. 55 
O1,p.p;m __________________ __ 300' . 200 200 100' 100 ' 200 200 100 100 100 1 100 

Products, mols/100 mols O4H1o 
charged: . . 

01511504 ___________________________________________ .. __ 0.6 0.8 1.7 2.4, 5.7 
02 and O2--- __ 0.4 03 v0. 6 1.0 1.6 
05511501 _ ...... ._ 0.4 _. 0.8 > 

, Total Hydrorrar-kimz - 1.4 1.1 2.3- 4.2“ _ 7.3 
i-C?lm 1 _ 1. 3.7 12.0' 1 27.1; . 35.8.‘ 36.4 

n—O1Hm ' >___ 94.9 85.3 70.5 V 50.07 55.8 

Total 100 100 100 100 100» 

Recovery WtpPPI'PPnf --.,-. 93.6 84.6 ‘9555 85.3 
Percent 150 O4 in Total 04,. . . . , - . . 

VP 3. 8 12. 7‘ 27. 7 s7. 4 . 59.3 
Ultimate Yield, Wt. Percent- _ .-.-. 72. 5 92. 0' v92. 2’ 89. 5' 83.3’ 

Because of the hydrocracking which was observed and 
because the reaction efficiencies at high conversions were 
still Well below about 90%, these results, while a con 
siderable improvement over those described in Examples’ 
I and H, are not considered to be optimum. 

EXAMPLE IV 

This example illustrates the effect of‘theisimultan'eous 
addition of a compound of halogen and a compound of 
sulfur to chemically pure n-butane during the" hydro- 
isomerization of the n-butane. The compound of halo 
gen- utilized was hydrogen chloride and vit was used in 

35 

40 

quantities of 100 p.p.m. and '200‘p.p.m-. The‘. 5515555551 
of sulfur utilized was thiophenev which'wasadded 551015 
n-butane in‘ a quantity so that it ‘contained’ 200 -p‘.p.n1-. 
of sulfur. Conditions utilized included a- pressureof 500' 
p:s.i;g., a‘ hydrogen to hydrocarbon mol ratio of about 
2.0, liquid hourly space velocities‘ of about 11".0 and'about 
0.25, and various temperatures. This example was car‘ 
ried out in the manner ‘described hereinabove- utiliiing 
a 100 05. (58.0 grams) sample of the same catalyst'de 
scribed in Example I. The- results ‘of seven two" hour 
test periods and two four hour test periods are presented‘ 
in the following Table IV: ' 

Table IV _ 

HYDROISOMERIZATION or n-B'UTANE CONTAINING 0.022.501.1702 AND' 0.01%- 111'01) 0:027; 
OHLOR‘INE . 

P55551195 ................ .. ____ .. 1 2 a 4 >5 '5 7 V a - 0 91 

Charge Stock ................... .- 0.1’. n-Butane (Sodium dried, 200 p.p.m'..S asvthiophene added to't'éed) 
Catalyst .............. ........ -- 0.375% Pt, 4.0% F, remainder A140; 

'8'J'i%1t1§am,Hrs ................. ._ 75-75 80-81v 85-85 90-91 95-95‘ 101-102 1‘15-115j"1"25'-1a0f'140-‘114' 
on ODS: V ‘ 

Pressure, p.s.i.g ............. ._ - 600; ‘600.- 500v '600 600 500‘ '500 500 ‘ 500' 
Temparature,°0 . > 1 . , ,. , v ‘ - -,.. 

,B 550 379‘ 599 420 880 551 350 859 541 
553 385 409 434 . 387 354i 954 - . 351 541‘ 

1. 00 0. 99 1. 01 0. 98 0. 99 1. 02 1. 01 o. 25 0. 25 

1.90 ‘2.04 2.05, 2.12 2.04 - 1.87 I. ‘2.05, 1.95 1.85 
1.85, 2.19 2. 05 2.11 2.08 1.99 2.18) 3.58‘ 2.91 

1001 99 101 98; 99; 102 i ‘101. 25- 25 
1.51 1.50 1.55 1. 55‘ 1.50 1.51 1. 55. 0.41. 0. a9 

01, p.p.m ____ _.- .... _____ -_ 200 100 100 100 100 100 200 100- ‘100V 

Products mols/100 mols O4H15 ' . 

charge : - 1 . 4.7 11.1 29.2 5.5 3.2 2.5 5.5 8.2 

1.4 4.1 11.1 2.8 0.9 0.7 2.7 1.0 
0.4 2.2 4.5 1.4 0.4, 1.4 0.8 , ‘1:4 

' 5.5 17.4 449 10.8 4.5 44.7’ 10.1 55 
V40. 5 32. 5 22. 1 95. 2 s9. 5 . 40.9 37. 8 40.4 
52.9 50.0 33.0 53.0 ‘55.9 54.4 52.1 54.0 

Total ........ _. ......... -Q 100 100 100 100 100 p‘ '100 100 100' 100 

Recovery, Wt. Pei-5555---"... 101.4 943 100 10s 5 97.0 98.0 95.8 
Percent 150 O4 in Total 04, . 
VPO ______________________ -_ 38.2 43.4 39.5 40.1 40.5 41.5 42.9 42.0 42.8 

Ultimate Yield, Wt. Percent.. 87.4 85.2 55.2 33.0 77.0, 89.8 89.7 78.0 87.8 



The results in the above table show the attainment of 
high conversion of n-butane to isobutane under conditions 
wherein hydrocracking is minimized. For example, peri 
od 6 shows an isobutane concentration of 41.5% in the 
total C4 fraction with a reaction e?iciency of 89.8%. 
This can be compared with Table III, period 10 in which 
the isobutane concentration was 37.4% in the total C‘, 
fraction with a reaction e?iciency of 89.5%. A tempera 
ture differential of 20° C. was necessary to attain the 
result shown in Table III in comparison to this period 6 
of Table IV. In other words, the experimental period 
10 in Example III required a temperature of 380° C. in 
comparison to a temperature requirement of 360° C. 
when utilizing both sulfur and halogen addition. In 
period 9, Table H1, at 360° C. the isobutane concentra 
tion was only 27.7% in the total C, fraction compared 
with the 41.5% obtained by the use of the process of 
this invention as shown by period 6, Table IV. This ob 
servation is surprising since it is known that the presence 
of sulfur alone diminishes hydrocracking and the pres 
ence of a halogen compound alone increases isomeriza 
tion activity. The combined e?ect appears to be synergis~ 
tic since the combination of the two additives results in 
more than simply diminishment of hydrocraoking activity 
and increase in isomerization activity. 
The results obtained in Examples I, II, HI and IV, and 

in addition, results of some other similar experiments 
have been plotted on graphs. This has resulted in the 
smooth curves shown in FIGURES 1, 2, 3 and 4 of the 
attached drawings. 
FIGURE 1 is a curve obtained by plotting some of the 

data from’ Example I and shows that the extrapolated 
theoretical yield of isobutane (at zero isobutane in the 
total 0; fraction) which can be obtained in the absence 
of a compound of sulfur and a compound of chlorine in 
the presence of the hereinabove described catalyst and at 
the process conditions utilized is about 73 % . As reaction 
zone severity is increased, for example by increasing tem 
perature or decreasing liquid hourly space velocity, the 
conversion of n-butane to isobutane increases but the ulti 
mate yield of isobutane which can be obtained drops off 
rapidly. . 

FIGURE 2 shows the effect of the addition of a com 
pound of sulfur. At zero n-butane conversion, the theo 
retical yield of isobutane which can be obtained ap 
proaches an extrapolated value of 77%. As the quantity 
of isobutane converted is increased, the ultimate yield of 
isobutane which can be obtained decreases rapidly. How 
ever, these results ‘are obviously better than those shown‘ 
in FIGURE 1 for at 30% isobutant in the total 04H“, 
fraction in the absence of a compound of sulfur and a 
compound of halogen, the ultimate yield is about 61% 
isobutane, whereas at the same 30% isobutane content in 
the total 0., fraction and in the presence of a compound 
of sulfur, the ultimate yield increases to about 71%. 
This shows the eifect of the compound of sulfur in de 
creasing the hydrocracking reaction. 
FIGURE 3 shows the ‘effect of the addition of a com 

pound of halogen in the absence of a compound of sul- ' 
fur. The theoretical ultimate yield of isobutane at zero 
isobutane content in the total C, fraction is in the neigh4 
borhood of 95%. Alt conversion conditions, as reaction 
zone ‘severity is increased, the added halogen compound 
results in increased n-butane conversion to isobutane. 
At about 20% isobutane in the total C4Hm'fraction, the 
ultimate yield begins to drop otf and as equilibrium is 
approached, the ultimate yield is about 85%. This large 
effect of the addition of a compound of halogen is ob 
vious at 30% isobutane in the total 0., fraction where an 

ultimate yield of about 92.5% can be obtained. is almost 30% higher than with no compound of halogen 

or compound of sulfur added and about 20% higher 
than the result obtained by the addition of a compound 
of sulfur in the absence of a compound, 0f. 113108611 
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Equilibrium conditions in the temperature ranges explored 
are from about 40% to about 45% isobutane in the total 
C, product. The rapid hydrocracking which takes over 
at near equilibrium conditions is obvious from FIGURE 
3. Most of the data utilized in FIGURE 3 are presented 
hereinabove as part of Example III. 
FIGURE 4 shows the e?t‘ect of the simultaneous addi 

tion of both a compound of sulfur and a compound ,of 
‘halogen. The data for FIGURE 4 is partly presented 
above in Example IV and is partly taken from other simi 
lar experiments. The theoretical ultimate yield at zero 
isobutane content in the total C4H10 fraction is about 
95%, the same as was true in FIGURE 3. At 20% iso 
butane in the total 04H,” fraction, the ultimate yield of 
isobutane is about 94%, also very similar to the result 
shown in FIGURE 3. Likewise, at 30% isobutane in 
the total C4H10 fraction, the ultimate yield is about 93%, 
about the same as shown in FIGURE 3. However, as 
equilibrium conditions are approached, where the signi? 
cant increase in isobutane conversion must be achieved 
to make a process commercially economical, the e?ect of 
simultaneous addition of both a compound of sulfur and 
a compound of halogen is readily apparent. For exam 
ple, FIGURE 4 shows an ultimate yield of about 92.5 % 
at 40% isobutane in the total C4H10 product. FIGURE 
3 shows an ultimate yield of 85% at 40% isobutane in 
the total C4H10 product. This increment of 7.5% is 
extremely important. At equilibrium, the ultimate yield 
drops off rapidly with further increase in reaction severity 
in a manner similar to that shown in FIGURE 3. This 
effect is one of cracking of both n-butane and isobutane 
at approximately the same rate and at reaction zone 
severities higher than necessary or desirable. 
A comparison of all four ?gures shows that maximum 

hydroisomerization conversion and highest ultimate yield 
is obtained by the process of the present invention in 
which simultaneous additon of a compound of halogen 
and a compound of sulfur is carried out. The results 
obtained and illustrated in FIGURE 4 cannot be obtained 
in any of the other procedures, since without both addi 
tives hydrocracking of the feed stock takes over prior to 
attainment of maximum conversion of n-butane to isobu 
tane at equilibrium conditions. These results further il 
lustrate that although the addition of small amounts of a 
compound of sulfur to the feed suppresses the hydro 
cracking activity and affords an operable process insofar 
as isomerization e?iciency is concerned, the addition of 
a compound of halogen as well as a compound of sulfur 
provides a more active catalyst and permits operation at 
lower temperatures for a given conversion and at higher 
‘conversions for a given efficiency. 

EXAMPLE V 

This example illustrates that, during continuous addi 
tion of a compound of sulfur, the compound of halogen 
may beadded continuously or intermittently. Here again, 
the feed stock to the process was chemically pure n 
butane. The compound of sulfur utilized was thiophene 
which was added to the n-butane in a quantity so that it 
contained 200 p.p.m.of sulfur. The compound of halo 
gen utilized was hydrogen chloride and it was used in 
quantities of 100, 200 and in one case, 300, and another 
case, 400 parts per million up to 160 hours on stream, 
after which‘ the addition of the compound of halogen was 
stopped. Conditions utilized included a pressure of 500 
~p.s.-i.g.,- hydrogen to hydrocarbon mol ratios of about 
2.0 and 0.5, liquid hourly space velocities of about 0.25, 
1.5 and 3.0, and temperatures of 360° and 380° C. This 

I . example was carried out in the manner described herein 

above utilizing a 100 cc. (58.0 grams) sample of the same 
catalyst described in Example I. The results of six test 
periods are presented in the following Table V: 
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Table V 
I-IYDROISOMERIZATION OF n~BUTANE CONTAINING 0.02% SULFUR AND WITH INTER 

MI’I‘TENT ADDITION OF A COMPOUND OF HALOGEN 

Period No __________________________________ __ 1 2 3 4 5 6 

Charge Stock _______________________________ __ O.P. n~Butane (Sodium dried, 200 ppm. S as thiophene 
added to feed) 

Catalyst ____________________________________ __ 0.375% Pt, 4.0% F, remainder A110, 

on Stream, Hrs _____________________________ __ 126-130 140-144 188-199 255-257 306-308 332-334 
Conditions: 

Pressure, p.s.i.g _________________________ __ 500 500 500 500 500 500 
Temperature, ° 0 — 

Block _____ _ _ 3.59 341 300 360 360 380 
Catalyst, 2"- _ 361 341 365 364 363 383 

LHSV ___________________________ __ 0. 26 0. 26 1. 47 1. 46 1. 48 3. 00 
Ratio, Hu/Oharge 

Apparent Inlet ______________________ __ 1. 95 1. 86 1. 96 2. 01 1. 95 0. 52 
R t Actual Inlet_____ 3. 58 2.91 2.09 2.16 1. 96 0.54 
a es: 
Charge, cc./Hr _______ __ 26 26 147 146 148 300 
Hydrogen, s.c.f./Hr_-__ 0. 41 0. 39 2.29 2.40 2. 29 1.23 
E01, p-nm _____________________________ __ 100 100 0 0 0 0 

Products mols 100 mols O H char d: 
01 arid Cal 4 “' ge 6.6 3. 2 1. 7 2.5 2. a 1.3 
G: and o.. 2. 7 1. 0 0. 7 1.6 1.1 0. 4 3 
Ca and Us ____________ -. 0.8 1. 4 0. 1 

Total Hydroeracking _______________ __ 10. 1 5. 6 2. 4 4. 1 3. 6 1. 8 
i—04H1o ___________________ _, 37. 8 40. 4 36. 4 33. 9 32. 1 29. 7 
n-O4H10---_ _______ _- 52. 1 54. 0 61. 2 62. 0 64. 3 68. 5 

Total _______________________________ __ 100 100 100 100 100 100 

Recovery, Wt. Percent __________________ __ 98. 4 96. 8 99. 2 100. 1 101. 8 97. 7 
Percent Iso O4 in Total 04, VPC. 42. 0 42. 8 37. 3 35.3 33.3 30. 2 
Ultimate Yield, Wt. Percent ____________ __ 78. 9 87. 8 93. 8 89. 2 89. 9 94. 3 

The results in the above table show the attainment of 
high conversion of n-butane to isobutane under condi 
tions wherein hydrocracking is minimized. After 160 
hours of operation, during which hydrogen chloride was 
‘added, and during which a conversion of about 37% per 
pass of n-but'ane ‘to isobutane was reached at 360° C., at 
a liquid hourly space velocity of 1, at 500 p.s.i.g., and at 
a hydrogen to hydrocarbon mol ratio of about 2, the hy 
drogen chloride addition was terminated and the hydro 
isomerization activity of the catalyst persisted essentially 
u-ndiminished for at least another 170 hours. During 
this time the rate of loss of hydrogen chloride from the 
catalyst ‘dropped ‘to about 1 milligram per hour per hun 
dred grams of catalyst. It is evident that if this slight loss 
were replenished, periodically or intermittently, the ac 
tivity of the catalyst would continue ‘almost inde?nitely. 
After 334 hours of use, the carbon content of the cat 
alyst was only 0.16% by weight indicating ‘little or 
no ‘loss in activity due to this factor. 

EXAMPLE VI 

This example illustrates the hydroisomerization of a 
hexane fraction utilizing another sample of the same cat 
alyst described in Example I. The hexane fraction feed 
stock contained Zero mol percent 2,2-dimethylbutane, 9.1 
mol percent 2,3-dimethyibutane Iandv 2—methylpentane, 
11.8 mol percent 3-methylpentane, 53.9 mol percent n 
hexane, 18.1 mol percent methylcyclopentane, 1.9 mol 
percent ‘cyclohexane, and 5.2 mol percent benzene. A 
su?ieient quantity of thiophene was added to this ‘feed 
stock. so it contained 0.02 weight percent (200 parts per 
million) sulfur. This feed stock was processed over the 
above catalyst, in a manner similar to that described 
hereinabove, at 500 p.s.i.g., a 2:1 hydrogen to hydrocar 
bon mol ratio, at 1.0 liquid hourly space velocity and at 
340° C. During the run, su?ioient hydrogen chloride 
was added so that hydrogen chloride addition was 280 
parts per million based on the fresh feed. 

Product recovery was 97.7 weight percent and 100.9 
volume percent. The debutanizer overhead gas, which is 
a measure of hydrocracking, was 85 standard cubic feet 
per barrel. This amount of gas is equivalent to 2.3 
weight percent based on the feed. 
The F-l-l-S cc. octane number of the product Was 96.9 

in comparison to ‘an F—‘1+3 cc. octane number of 80.6 
for the fresh feed. Isohexanes in the total C6 product 
were 70.6 weight percent in comparison to about 21 

35 Weight percent in the fresh feed. The 2,2-dimethylbutane 
content of the product was 6.4 weight percent. 

This example again illustrates the opera-bility and util 
ity of the process of the present invention in which’ a 
compound of sulfur and a compound of halogen are 

40 added simultaneously. A high yield of hydroisomeri'zed 
hexane of high octane number was obtained at a mod 
erate temperature under economical processing condi 
tions. 
We claim as our invention: 
1. A process for the hydroisomerization of an isom 

erizable organic compound which comprises contacting 
said organic compound with‘ hydrogen at hydroisomeriza~ 

45 

tion conditions in the presence of a hydroisomeriz-ation' 
catalyst comprising a hydrogenation component deposited‘ 

50 on an acid-acting support, adding to‘ the organic com 
pound prior to said contacting a sulfur compound to con 
trol hydrocracking and a halogen compound to control“ 
hydroisomerization, and recovering the resultant prod 
not. 

2. A process for the hydroisomerization of Ian isom 
erizable saturated hydrocarbon which comprises contact 
ing said saturated hydrocarbon‘ with hydrogen at hydro 
isomerization conditions in ‘the presence‘ of a hydroisom 
erization catalyst comprising a hydrogenation component 

60 deposited on an acid-acting support, adding ‘to said hy 
drocarbon prior to said contacting a sulfur compound 
to control hydrocracking and a halogen compound to 
control hydroisomerization, and recovering the resultant 
product. _ 

3. A process for the hydroisomerization of a less highly 
branched chain para?in hydrocarbon to a more highly 
branched chain paraffin hydrocarbon which comprises 
contacting said less highly branched chain para?in hydro 
carbon with hydrogen at hydroisomerization conditions 

70 in the presence of a hydroisomer-ization catalyst compris 
ing a hydrogenation component deposited on an acid-act 
ing support, adding to said hydrocarbon prior to said 
contacting a sulfur compound to control hydrocracking' 
and 'a halogenv compound to control hydroisomerization', 

75 and recovering the resultant product. 

55 
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4. A process for the hydroisomerization of an isomeriz 
able organic compound which comprises contacting said 
organic compound with hydrogen at hydroisomen'zation 
conditions in the presence of a hydroisomerization cat 
alyst comprising a platinum group metal deposited on an 
acid-acting support, adding to the organic compound 
prior to said contacting a sulfur compound to control 
hydrocracking and a halogen compound to control hydro 
isomerization, and recovering the resultant product. 

5. A process for the hydroisomerization of an isomeriz 
able saturated hydrocarbon which comprises contacting 
said saturated hydrocarbon with hydrogen at hydroisom 
erization conditions in the presence of a hydroisomeri 
zation catalyst comprising a platinum group metal de 
posited on an acid~acting support, adding to said hydro 
carbon prior to said contacting a sulfur compound to con 
trol hydrocracking and a halogen compound to control 
hydroisomerization, and recovering the resultant product. 

6. A process for the hydroisomen'zation of a less 
highly branched chain paraffin hydrocarbon to a more 
highly branched chain para?in hydrocarbon which com 
prises contacting said less highly branched chain parafa 
?n hydrocarbon with hydrogen at hydroisomerization con 
ditions in the presence of a hydroisomerization catalyst 
comprising a platinum group metal deposited on an acid 
acting support, adding to said hydrocarbon prior to said 
contacting a sulfur compound to control hydrocracking 
and a halogen compound to control hydroisomerization, 
and recovering the resultant product. 

7. A process for the hydroisomerization of an isomer 
izable organic compound which comprises contacting 
said organic compound with hydrogen at hydroisomer 
ization conditions in the presence of a hydroisomerization 
catalyst comprising platinum deposited on an acid-acting 
support, adding to the organic compound prior to said 
contacting a sulfur compound to control hydrocracking 
and a halogen compound to control hydroisomerization, 
and recovering the resultant product. 

8. A process for the hydroisomerization of an iso 
merizable saturated hydrocarbon which comprises con 
tacting said saturated hydrocarbon with hydrogen at hy 
droisomerization conditions in the presence of a hydro 
isomeriztaion catalyst comprising7 platinum deposited on 
an acid-acting support. adding to said hydrocarbon prior 
to said contacting a sulfur compound to control hydro 
cracking and halogen compound to control hydroisom 
erization, and recovering the resultant product. 

9. A process for the hydroisomerization of a less 
highly branched chain para?in hydrocarbon to a more 
highly branched chain para?in hvdrocarbon which com 
nrises contacting said less highly branched chain para?in 
hvdrocarbon with hydrogen at hydroisomerization con 
ditions in the presence of a hydroisomerization catalyst 
comprising platinum deposited on an acid-acting sup 
port, adding to said hydrocarbon prior to said contactingr 
a sulfur compound to control hvdrocracking and a halo— 
gen compound to control hvdroisomerization, and re 
covering the resultant product. 

l0. A process for the hvdroisomerization of an isom 
erizable organic compound which comprises contacting 
said organic compound with hydrogen at hydroisomer 
ization conditions in the presence of a hydroisomerization 
catalyst comprising platinum deposited on alumina con 
taining combined halogen, adding to the organic com 
pound prior to said contacting a sulfur compound to 
control hydrocracking and a halogen compound to con 
trol hydroisomerization, and recovering the resultant 
product. 

11. A process for the hydroisomerization of an isom 
erizable saturated hydrocarbon which comprises con 
tacting said saturated hydrocarbon with hydrogen at hy~ 
droisomerization conditions in the presence of a hydro 
isomerization catalyst comprising platinum deposited on 
alumina containing combined halogen, adding to said 
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20 
hydrocarbon prior to said contacting a sulfur compound 
to control hydrocracking and a halogen compound to 
control hydroisomerization, and recovering the resultant 
product. 

12. A process for the hydroisomerization of a less 
highly branched chain parat?n hydrocarbon to a more 
highly branched chain para?in hydrocarbon which com 
prises contacting said less highly branched chain par 
ai?n hydrocarbon with hydrogen at hydroisomerization 
conditions in the presence of a hydroisomerization cat 
alyst comprising platinum deposited on alumina contain 
ing combined halogen, adding to said hydrocarbon prior 
to said contacting a sulfur compound to control hydro 
cracking and a halogen compound to control hydroisom 
erization, and recovering the resultant product. 

13. A process for the hydroisomerization of an isom 
erizable organic compound which comprises contacting 
said organic compound with hydrogen at hydroisomeriza 
tion conditions in the presence of a hydroisomerization 
catalyst comprising platinum deposited on alumina con 
taining combined ?uorine, adding to the organic com 
pound prior to said contacting a sulfur compound to 
control hydrocracking and a halogen compound to con 
trol hydroisomerization, and recovering the resultant 
product. 

'14. A process for the hydroisomerization of an isom 
erizable saturated hydrocarbon which comprises con 
tacting said saturated hydrocarbon with hydrogen at hy 
droisomerization conditions in the presence of a hydro 
isomerization catalyst comprising platinum deposited on 
alumina containing combined ?uorine, adding to said hy 
drocarbon prior to said contacting a sulfur compound to 
control hydrocracking and a halogen compound to con 
trol hydroisomerization, and recovering the resultant 
product. 

15. A process for the hydroisomerization of a less 
highly branched chain para?in hydrocarbon to a more 
highly branched chain para?in hydrocarbon which com 
prises contacting said less highly branched chain para?in 
hydrocarbon with hydrogen at hydroisomerization condi 
tions in the presence of a hydroisomerization catalyst 
comprising platinum deposited on alumina containing 
combined ?uorine, adding to said hydrocarbon prior to 
said contacting a sulfur compound to control hydrocrack 
ing and a halogen compound to control hydroisomeriza 
tion, and recovering the resultant product. 

16. A process for the hydroisomerization of n-butane 
which comprises contacting said n-butane with hydrogen 
at hydroisomerization conditions in the presence of a hy 
droisomerization catalyst comprising platinum deposited 
on alumina containing combined ?uorine, adding to the 
n-butane prior to said contacting a sulfur compound to 
control hydrocracking and a halogen compound to con 
trol hydroisomen'zation, and recovering the resultant 
product. 

17. A process for the hydroisomerization of n-pentane 
which comprises contacting said n-pentane with hydrogen 
at hydroisomerization conditions in the presence of a 
hydroisomen'zation catalyst comprising platinum deposited 
on alumina containing combined ?uorine, adding to the 
n-pentane prior to said contacting a sulfur compound to 
control hydrocracking and a halogen compound to con 
trol hydroisomerization, and recovering the resultant 
product. 

118. A process for the hydroisomerization of n-hexane 
which comprises contacting said n-hexane with hydrogen 
at hydroisomerization conditions in the presence of a hy- ‘ 
droisomerization catalyst comprising platinum deposited 
on alumina containing combined ?uorine, adding to the 
n-hexane prior to said contacting a sulfur compound to 
control hydrocracking and a halogen compound to con 
trol hydroisomerization, and recovering the resultant 
product. 

19. A process for the hydroisomerization of 2-methyl 
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pentane which comprises contacting said Z-methyl 
pentane with hydrogen at hydroisomen'zation conditions 
in the presence of a hydroisomerization catalyst com 
prising platinum deposited on alumina containing com 
bined ?uorine, adding to the Z-methylpentane prior to said 
contacting a sulfur compound to control hydrocracking 
and a halogen compound to control hydroisomerization, 
and recovering the resultant product. 

20. A process for the hydroisomerization of methyl 
cyclopentane which comprises contacting said methyl 
cyclopentane with hydrogen at hydroisomerization con 
ditions in the presence of a hydroisomerization catalyst 
comprising platinum ‘deposited on alumina containing 
combined ?uorine, adding to the methylcyclopentane 

5 

10 

. 22 
prior to said contacting a sulfur compound to control 
hydrocracking and a halogen compound to control hy 
droisomerization, and recovering the resultant product. 
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