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This invention relates to improvements in methods for 
controlling reactions in catalytic reforming processes and, 
more particularly, to the control of isomerization re 
actions in Such processes when utilizing a platinum or, 
palladium impregnated acidic metal oxide base catalyst. 
Modern refining technology has as one of its primary 

objectives the efficient and economical production of 
maximum quantities of high octane gasoline. Until 
recently, it has been possible to meet the required overall 
motor fuel octane levels by catalytically cracking gas 
oil fractions to yield a high octane gasoline component 
for blending with the lower octane straight run and the 
thermally cracked or thermally reformed gasoline com 
ponents to yield a marketable product. The ever-increas 
ing demands for higher octane fuels have rendered un 
tenable this processing method and have resulted in the 
development of the catalytic reforming processes specifi 
cally designed to improve the octane quality with high 
volumetric recoveries of the relatively low level straight 
Tun and thermal gasoline fractions. 

These straight run and thermal gasoline fractions are 
composed of straight chain, slightly branched chain, and 
cyclic paraffins and olefins, all of which have relatively 
low octane values together with only minor amounts of 
aromatics. In order to increase the octane value of 
the non-aromatic compounds in these low octane frac 
tions, it is desirable to isomerize the straight chain and 
slightly branched chain hydrocarbons to highly branched 
chain compounds, and to isomerize the cyclic saturated 
compounds (naphthenes) to six carbon ring structures to 
be dehydrogenated to the corresponding aromatics, the 
dehydrogenation reaction being especially important since 
the aromatics produced contribute markedly to the over-all 
octane improvement. Another desired reaction is the 
conversion of paraffins to aromatics by dehydrocycliza 
tion. Finally, and of considerable importance is the 
selective cracking of the high molecular weight hydro 
carbons to produce high yields of normally liquid prod 
licts without the formation of large amounts of gas and 
coke. Although many catalysts have been proposed 
which are useful in promoting some of these reactions, 
only certain of the platinum or palladium impregnated 
acidic metal oxide component catalysts are known to be 
capable of successfully promoting all of the desired re 
actions in a ratio which will give the greatest octane 
improvement with the lowest loss in yield. One, example 
of Such catalyst contains silica and alumina as the metal 
oxide component. Other metal oxide components which 
may be impregnated with platinum or palladium to pro 
duce reforming catalysts suitable for use in this inven 
tion include: alumina, silica-zirconia, silica-alumina 
Zirconia, silica-magnesia, silica-alumina-magnesia, silica 
thoria, silica-alumina-thoria, alumina-thoria, and similar 
oxide combinations. These metal oxide components, in 
general, are active catalysts for the cracking of hydro 
carbons. Their preparation and properties have been 
widely published both in patents and in technical litera 
ture, and because of which this information will not be 
reiterated here. 
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Although these reforming catalysts have the ability to 

promote the several reactions set forth, they are particu 
larly valuable since they promote the isomerization of 
naphthenes into hydrocarbon structures which are more 
easily dehydrogenated into aromatics. For example, in 
the C6 hydrocarbon fraction of a straight run naphtha, 
methyl cyclopentane predominates over cyclohexane at 
a ratio generally of about 2 to 1. Consequently, it is 
extremely desirable for maximum production of aromatics 
to convert the methylcyclopentane into cyclohexane which 
can be dehydrogenated to produce the desired aromatic, 
i. e., benzene. These catalysts promote both of these 
reactions quite readily. 
The ability of a catalyst to promote the isomerization 

of methylcyclopentane into cyclohexane is probably the 
most critical test for a reforming catalyst, since this iso 
merization is difficult to promote without degradating 
side reactions. If a catalyst will promote this reaction, 
it will also promote the isomerization of dimethylcyclo 
pentanes into methylcyclohexane and similar analogous 
isomerization reactions. 

It is necessary when using these catalysts, however, to 
have present rather large amounts of hydrogen, in order 
to maintain the catalyst in a clean condition and free of 
coke and carbonaceous deposits which would substan 
tially deactivate the catalyst if allowed to accumulate. 
Since there is a net production of hydrogen in the over 
all reforming reaction, there is no serious problem with 
respect to hydrogen supply; however, to make the hydro 
gen effective, superatmospheric pressures must be used or, 
in other words, the hydrogen partial pressure must ex 
ceed one atmosphere. 
The dehydrogenation reaction is one of the most rapid 

of the reforming reactions and, therefore, under most op 
erating conditions, equilibrium can be reached between 
the naphthenes and the aromatics. Since, however, the 
volume of the products exceeds the volume of the re 
actants, the reaction is of course effected by pressure in 
the reverse direction-that is, the formation of aromatics 
is decreased as the pressure is raised at constant reaction 
temperatures. In addition, it is well-known that at a 
constant pressure, as the reaction temperature is increased, 
the equilibrium shifts in the direction of higher aromatic 
concentrations. It follows, therefore, that since it is 
highly desirable to have the equilibrium as far as possible 
in the direction of maximum production of aromatics and, 
since superatmospheric pressures must be used, higher 
temperatures must also be employed. 
To Summarize the foregoing: (a) hydrogen at super 

atmospheric pressures is necessary to maintain the reform 
ing catalyst in a clean condition, (b) dehydrogenation of 
naphthenes to aromatics produces hydrogen and in addi 
tion furnishes an important increment of octane improve 
ment, (c) equilibrium considerations require the use of 
elevated temperatures to produce the maximum quantities 
of aromatics and hydrogen at the Superatmospheric pres 
sures, and (d) isomerization reactions must be promoted 
to a maximum extent within the same range of conditions 
where maximum aromatic formation is realized. When all 
four of these requirements are met simultaneously in a 
reforming process, that is, when all the desired reactions 
are in proper ratio one to the other, there results the 
optimum yield-octane relationship for the process. 

Consequently, the efficiency of a reforming process may 
be measured by determining the isomerization selectivity of 
?the catalyst under the physical conditions imposed by 
equilibrium considerations to produce maximum aro 
matics. The term "isomerization selectivity” may be de 
fined as the ratio (expressed in percent) of the percentage 
of isomer yield to the percentage conversion of a particu 
lar hydrocarbon charged. For example, if n-heptane were 
the hydrocarbon charged and a 40 percent yield of C 
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isomers were obtained with a 40 percent conversion of the 
n-heptane feed, the isomerization selectivity would be 100 
percent. If, however, when 75 percent of the n-heptane 
is converted a yield of only 65 percent C isomers based 
on the charge is obtained, the isomerization selectivity 
is approximately 87 percent. Therefore, the optimum 
conditions are those wherein a maximum yield of isomers 
is obtained with the highest possible isomerization selec 
tivity. Since conversion is a function of reaction tem 
perature, it then becomes possible to adjust the reaction 
temperature within a range corresponding to a range of 
conversion levels in which the highest isomerization selec 
tivity is maintained and maximum isomer yield realized. 

In studying the reforming efficiency of these catalysts, it 
has been found that the isomerization selectivity for the 
isomerization of naphthenes remains at a maximum (100 
percent) to a higher conversion level than the isomeriza 
tion selectivity for the isomerization of straight-chain 
paraffins of the same molecular weight range as the naph 
thenes. Expressed in other words, it is possible to main 
tain maximum isomerization selectivity for naphthene iso 
merization to higher reaction temperatures than for maxi 
mum straight chain paraffin isomerization selectivity. 

It becomes apparent from the foregoing that the reform 
ing reaction temperatures must be chosen with regard to 
the straight chain paraffin isomerization selectivity rather 
than with regard to the naphthene isomerization selectivity 
and, since high temperatures are required for the dehydro 
genation reaction, the problem becomes one of raising the 
restricting temperature corresponding to the desired high 
straight chain paraffin isomerization selectivity into the 
range where maximum aromatic formation can be ob 
tained by the dehydrogenation reaction. 

In U. S. Patent No. 2,550,531, catalysts of the platinized 
silica-alumina type were used. However, the base was 
treated prior to platinization to lower its surface area and 
thereby to permit an increase in the temperature range at 
which high paraffin isomerization selectivity is obtained 
with the finished catalyst, so that at the elevated tempera 
tures required for aromatic formation there will not be 
an appreciable loss in paraffin isomerization reaction selec 
tivity with the attendant loss in yields of isomer products. 
Thus, according to the patent, essentially the proper ratio 
between the various reforming reactions is obtained by 
adjusting the surface area of the catalyst base. 

According to the present invention it is also possible to 
bring the various reforming reactions into proper ratio or 
balance, particularly when using platinized acidic metal 
oxide base type catalysts, by introducing into the reaction 
zone ammonia or compounds which will readily yield am 
monia under processing conditions. The introduction of 
ammonia or its equivalents permits the use of the elevated 
temperatures required for maximum aromatic formation 
while retaining high isomerization selectivity for paraffins 
at maximum isomer yields. This discovery offers a novel 
and selective method of controlling reforming processes. 

In order that the invention may be more readily under 
stood several applications will be described, it being un 
derstood that there are many other situations peculiar to 
particular reforming problems where the use of the in 
vention is also advantageous. 

Reforming catalysts of the platinized acidic metal oxide 
base type are particularly useful since they require only 
infrequent replacement or regeneration. It is recognized, 
however, that over relatively long periods of use their 
'activity for promoting the various reforming reactions in 
proper ratio may change and also in order to compensate 
for this change in activity, it may be necessary to alter the 
process conditions in the direction of increasing severity. 
This is most frequently accomplished by increasing the 
temperature of the reaction. The operating temperature 
cannot be increased indefinitely, however, since ultimately 
the various reactions occurring will be put out of the 
desired balance, that is, the isomerization selectivity of the 
catalyst will deviate greatly from the desired high level 
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4. 
with the result that relatively large amounts of normally 
gaseous hydrocarbons will be produced. It has been found 
that if ammonia, or any of its equivalents, is introduced 
into the reaction zone, and by varying the amount in a 
manner which will be described, it is possible to extend 
greatly the operable temperature range for the required in 
creased severities while still maintaining the desired 
balance between the reactions, such balance being char 
acterized by the production of only nominal amounts of 
normally gaseous hydrocarbons. 
Another situation may involve the reforming of a nor 

mal boiling range feed stock to produce a reformed 
product of a particular octane level, such level being 
dictated by the octane requirements of the total gasoline 
pool. As often happens, a change in crude Supply will 
require the reforming of a higher boiling hydrocarbon 
distillate. When this occurs, it is necessary in order to 
maintain the same octane level in the product, to have a 
greater octane improvement of the feed which in turn re 
quires more severe reforming conditions. In meeting 
these increased severity requirements, it might be neces 
sary to operate within a range of conditions making im 
possible the desired balance of reactions but which, ac 
cording to the present invention, will be corrected by the 
introduction of ammonia into the process. 
A third application of the invention, somewhat analo 

gous to the preceding situation, involves a change in 
feed stock wherein the boiling range may change only 
very slightly, but wherein the hydrocarbon type composi 
tion is radically different. For example, should the feed 
be relatively low in cyclic saturated compounds and rela 
tively high in straight chain paraffinic hydrocarbons, it 
would be extremely important in order to maintain the 
desired yield-octane relationship, to control the selec 
tivity of the catalyst so that the straight chain paraffin 
isomerization selectivity will be maintained. These ob 
jectives can be met, even if it is necessary to go to in 
creased operating severities, by the addition of ammonia 
or its equivalents into the reaction zone. 
A further and extremely important application of the 

instant invention relates to the use of ammonia or its 
equivalents in catalytic reforming processes employing 
platinized acidic metal oxide catalysts which have not had 
their metal oxide bases altered to increase their isomeriza 
tion selectivity. In the aforementioned U. S. Patent No. 
2,550,531, the silica-alumina base was reduced by de 
scribed methods to a critical surface area prior to platini 
zation in order that the finished catalyst would have high 
isomerization selectivity within the temperature ranges 
required for aromatic formation. The teachings of the 
present invention permit an important improvement to 
processes employing catalysts of this or similar acidic 
metal oxide types. Since the addition of ammonia or its 
equivalents will control the isomerization selectivity of 
these catalysts, it is unnecessary to modify or alter their 
metal oxide bases, or merely alter them to a lesser degree 
than in the aforementioned patent. 

In addition when employing ammonia or its equivalents 
with a platinized acidic metal oxide reforming catalyst 
which has not had its metal oxide base altered, or altered 
only to a small degree, the relative activity of the catalyst 
for promoting the various reforming reactions may change 
with on-stream time in such direction that the amount 
of ammonia necessary to maintain isomerization selec 
tivity will decrease. Accordingly, the amount of am 
monia mixed with the reactants for most effective re 
forming over the aforementioned catalysts can be de 
creased with time until a point is reached where no am 
monia addition is required. With further use, additional 
extensive catalytic activity and selectivity changes may 
occur in the manner previously outlined, and at this point 
ammonia may be reintroduced to maintain the desired 
yield-octane relationship and the operation continued until 
limiting temperatures are reached, at which point the 
catalyst must be regenerated or replaced. 
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It is obvious from the foregoing rather widely diver 
sified applications of the instant invention that various 
amounts of ammonia will be required. Furthermore, 
under some conditions of operation the ammonia may be 
used on a once-through basis; however, the usual prac 
tice is one in which recycle hydrogen-rich gas circulation 
is employed. In the latter case, some of the ammonia 
introduced into the reaction zone will be contained in 
the hydrogen-rich gas stream, the amount being deter 
mined by the process operating conditions. As another 
example of a possible recycle system, solvent scrubbing 
of the effluent gases might be employed to recover the 
ammonia which then could be recycled with the fresh 
feed. The ammonia which must be added to any such 
circulating system is merely the make-up necessary to 
hold the desired ammonia-to-fresh feed ratio over the 
catalyst bed. The ammonia-to-fresh feed ratio is depend 
ent upon the particular application and its operating con 
ditions as will be shown hereinafter. 

In order to place ammonia and its equivalents on a 
convenient comparable basis, amounts may be expressed 
as weight percent nitrogen on a fresh feed basis. It is of 
course possible to introduce the ammonia either entirely 
in the fresh feed or entirely in the recycle gas; however, 
in general, it may be introduced into the reaction system 
from either or both sources. For example, under certain 
conditions, the desired weight percentage of nitrogen 
based on the fresh feed may be 0.6 percent. Of this 
amount, it may be that as much as 0.5 percent already 
will be present in or introduced into the hydrogen-rich 
gas stream, or in another recycle stream in which event 
the remaining amount of 0.1 percent will be introduced 
into the system with the fresh feed. 
The nitrogen-to-fresh feed ratio is rather small for all 

of the applications enumerated. In most cases, it will 
range from about 0.005 percent to about 3.0 percent. 
The compounds which are suitable for introduction into 

the reaction zone according to the present invention in 
clude ammonia, ammonium hydroxide, the primary, sec 
ondary, and tertiary alkyl amines, alkanol amines, aryl 
amines, mixed alkyl aryl amines, alkyl diamines, and aryl 
diamines. Examples of these compounds are: mono-, 
di-, and tri-methyl amine; mono-, di-, and tri-ethyl amine; 
mono-, di-, and triethanol amine; mono-, di-, and tri 
phenyl amine, phenyl-ethyl amine, phenylene diamine, 
and similar amines. Although only the lower molecular 
weight amines have been enumerated, the higher molecul 
lar weight members of the various homologous series may 
be used, since they also will be converted to ammonia 
under the conditions of the reforming process. In addi 
tion to the aforementioned compounds, an extremely large 
number of other nitrogen-containing compounds are suit 
able; for example, organic nitrates, nitrites, nitriles, ni 
troso compounds, amides, imides, ammonium salts (such 
as ammonium acetate), urea and derivatives thereof, cy 
anates, isocyanates, isocyanides, quaternary ammonium 
compounds, nitro compounds, pyridine and derivatives 
thereof, piperidines, oximes, hydroxyl amine, azo com 
pound, or, in general, any nitrogen-containing compound, 
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or mixtures of such compounds, which can be converted 
to ammonia as one of the products under the conditions 
of reforming is suitable, provided that such compound, 
or mixtures of such compounds, will not deposit a solid 
residue on the catalyst. Compounds such as the metallic 
nitrates, nitrites, and the like are unsuitable since, while 
they may yield ammonia as one of their conversion prod 
ucts, they have the disadvantage of depositing solid resi 
dues on the catalyst. 
The following data and appended drawings illustrate 

the aforementioned effect of ammonia and its equivalents 
in obtaining the proper balance among the various reac 
tions in a catalytic reforming process: 

EXAMPLE I 
A blend of 45 percent by weight of normal heptane, 45 

percent by weight of cyclohexane, and 10 percent by 
Weight of benzene (such compositions designed to 
simulate a typical reformer stock) was charged to a re 
forming unit at 350 p.s. i. g. pressure, a liquid hourly 
space velocity of 3, a hydrogen to hydrocarbon mol ratio 
of 10 to 1, at a series of reaction temperatures over two 
different catalysts (designated A and B) with and with 
out the addition of diethyl amine (the nitrogen contain 
ing compound). The hydrogen was not recycled so that 
the diethyl amine, introduced with the hydrocarbon 
blend, was used on a once-through basis and in an 
amount designated as weight percent nitrogen on a fresh 
feed basis. The diethyl amine was converted to am 
monia and appeared in the hydrogen gas product. 

Catalyst A was prepared as follows: 
A fresh commercial silica-alumina cracking catalyst 

(approximately 87% silica, 13% alumina by weight) hav 
jing a surface area of about 425 square meters per gram 
as determined by the adsorption of nitrogen according to 
the method of Brunnauer, Emmett, and Teller, found in 
the Journal of the American Chemical Society, volume 
60, pages 309 et seq. (1938), was used as the metal oxide 
base. This base was soaked in an excess of 0.0194 molar 
(as Pt) chloroplatinic acid for approximately 4 hour and 
then drained and the residual solution removed by cen 
trifuging. The centrifuged material was heated in a 
closed oven at 230 F. for 24 hours, dried in a stream of 
nitrogen at 450 F. for 1 hour, and finally reduced with 
hydrogen at 1000 F. for 16 hours. This catalyst con 
tained 0.28 percent by weight of platinum. 

Catalyst B was prepared as follows: 
A portion of the fresh commercial silica-alumina crack 

ing catalyst used in the preparation of catalyst A was 
steamed at 1050 F. and 40 to 45 p.s. i. g. for 18 hours 
to reduce the surface area from 425 square meters per 
gram to about 155 square meters per gram. This base 
material then was soaked in an excess of 0.0247 molar (as 
Pt) chloroplatinic acid for approximately /2 hour, cen 
trifuged, dried and reduced in the same way as the cat 
alyst A. This catalyst contained 0.27 percent by weight 
of platinum. 
The experimental conditions and results of the various 

runs are shown in Table I, below: 

Table I 

Catalyst A Catalyst B 
Temp. 

Of Without diethylamine 0.10 weight percent ni- Without diethylamine 0.03 weight percent ni 
E. trogen as diethylamine trogeni as diethylamine 
lOn, 
o F. 

Conv. Percent Percent Conv. Percent Percent Conv. Percent Percent Conv. Percent Percent 
of C 30- of C 30- of C 3.10- of C 3O 
nC isomer matic nCi isomer matic nC7 isoner matic nC isomer matic 

yield yield yield yield yield yield yield yield 

800---. 83.4 49.2 24.9 18 15.9 45.1 61.5 56, 27.5 4.5 10.7 46.4 
850---- 87.2 42.3 49, 1 42.5 40.3 59.9 72.9 56.8 48.2 22.3 24.2 65. 
900- 92.8 23.5 69.9 74.6 49.1 71.9 83.7 42.9 69.7 59.5 45.0 76.6 
950---------------------------- 91.5 17.9 85.0 90.8 19.9 88.5 817 30,0 87.0 

Based on fresh feed. 
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In the accompanying drawings, Figure 1 is a plot of 
yield of C isomers vs. percent conversion of the normal 
C fraction for catalyst A. 

Figure 2 is a plot of conversion of normal C fraction 
vs. reaction temperature in F. for the catalyst of Fig 
ure 1. 

Figure 3 is a plot similar to Figure 1, but for cat 
alyst B. 

Figure 4 is a plot similar to Figure 2, but with the 
catalyst of Figure 3. 

Figure 5 is a plot of percent aromatic yield versus 
reaction temperature. 

Figure 6 is a plot of C5 and heavier CFRR clear octane 
number versus volume percent of C and heavier re 
formed product yield. 
The data for Figures 1 to 4 inclusive were taken from 

Table I of Example I. Referring to the drawings, Figure 
1 is a plot of yield of isomerized C. hydrocarbons versus 
conversion of the normal C fraction obtained from the 
mixture reformed in Example I. The data for the curve 
(curve P) of this figure is plotted for catalyst A. Curve 
P is drawn through all of the points, both when diethyl 
amine was used and when it was not used. The curve 
(curve S) of Figure 3 is similar to that of Figure 1, but is 
plotted for catalyst B and represents the curve drawn 
through all of the points both when using diethyl amine 
and when not using it. 

It will be noted from the curves of these figures that 
each catalyst exhibits a maximum yield of isomerized 
hydrocarbon with respect to conversion of the normal C 
fraction. It will be further noted that the curves are 
very similar in shape and the maxima occur at approxi 
mately the same percent conversion, i.e., 70 percent. For 
purposes of clarity, a dotted vertical line has been drawn 
through these maxima and continued into the correspond 
ing conversion vs. reaction temperature curves below. 
In Figure 1, this dotted line is designated as line 1 and 
continues into Figure 2. In Figure 3, this line is desig 
nated as line 3 and continues into Figure 4. In Figure 1, 
line 2 is drawn at an angle of 45° from the two co-ordi 
nate axes to represent the line of 100 percent isomeriza 
tion selectivity, that is, all of the C's converted are con 
verted to C isomers. In Figure 3, line 4 represents the 
line of 100 percent isomerization selectivity. 

It is apparent from Figures 1 and 3 that the point of 
maximum isomer yield is not only at a high conversion 
level, but also at a high isomerization selectivity, the selec 
tivity being about 80 percent. This may be calculated 
from the curve since the ratio of the isomer yield at the 
maximum to the isomer yield corresponding to the in 
tersection of line 1 and line 2, represents the isomeriza 
tion selectivity at that conversion. Since the curve is 
relatively flat on both sides of the maximum, it is also 
apparent that there is a reasonably wide range of high 
isomer yields at high isomerization selectivities. 

Curve Q of Figure 2 is a plot of the reaction temper 
ature vs. conversion of the normal C fraction of the 
blend when using catalyst A without the addition of a 
nitrogen-containing compound, i.e., diethyl amine. Curve 
R of Figure 2 shows this relationship when 0.1 weight 
percent nitrogen as diethyl amine is introduced into the 
reaction zone with the feed. Curves T and W of Figure 
4 show the conversion of the normal C, fraction vs. re 
action temperature relationship for catalyst B without 
diethyl amine and with 0.03 weight percent nitrogen as 
diethyl amine, respectively. 

Referring again to the drawings, it will be noted in 
Figure 2 that line 1 representing the percent conversion 
of normal C's at maximum C7 isomer yield intersects 
curve Q (extended) at a temperature of about 690 F. 
and intersects curve R at a temperature of about 890 F. 
This means that by the introduction of diethyl amine, the 
temperature range at which maximum isomer yield is 
obtained has been raised approximately 200. F. for 
catalyst A. 
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8 
Curve N of Figure 5 is a plot of percent aromatic yield 

vs. reaction temperature for the data of both catalyst A 
and catalyst B of Table I. It will be seen from curve N 
that at the low temperatures required for maximum Cit 
isomer yield, when no diethyl amine is used with catalyst 
A there would be no aromatic yield and in fact some of 
the aromatics present in the feed would probably be lost 
through hydrogenation. When diethylamine is used how 
ever with catalyst A, the temperature for maximum isomer 
yield at high isomerization selectivity is raised to about 
890 F. which is within the range of the desired high 
aromatic production as shown by curve N. 

Likewise, if the data and curves for catalyst. B are ex 
amined, it will be seen that the addition of diethyl amine 
raises the temperature range for maximum isomer yield 
about 100° F. Referring to curve N of Figure 5, it will 
be seen that this permits an increase in aromatic yield 
of from 50 percent up to 80 percent. Obviously, there 
fore, the use of diethyl amine allows operation in the 
direction of maximum aromatic yield while retaining 
maximum isomer yield at high selectivity. Furthermore, 
another important fact is apparent from these data and 
curves, namely, since the surface area of the metal oxide 
base of catalyst B has been lowered from 425 to 155 
square meters per gram, this catalyst produces a maximum 
yield of isomers at high selectivity in a temperature range 
higher than that of a catalyst whose metal oxide base has 
not been modified. Consequently, a smaller amount of 
diethyl amine can be used with catalyst B than with cata 
lyst A to raise the temperature range for maximum isomer 
yield at high selectivity into the range suitable for maxi 
mum aromatic production. 

It was stated hereinbefore that the addition of am 
monia, or compounds which would produce ammonia 
under the process conditions, could be used to control the 
isomerization reaction of catalysts which had unaltered 
or slightly altered metal oxide bases. The data set forth 
in Table I and Figures 1 to 5 inclusive, conclusively dem 
onstrate that this may be accomplished. 

EXAMPLE II 

A commercial silica-alumina cracking catalyst (about 
87% silica, 13% alumina) whose surface area had been 
reduced by steam treatment to 39 square meters per gram 
was impregnated with about 1.0 percent by weight of 
platinum. This catalyst was employed for reforming an 
East Texas reformer Stock of 170 F. to 370 F. ASTM 
boiling range, 56 clear octane number, in a semicom 
mercial unit over an extended period of time until its 
activity had declined materially. During the run, the re 
actor temperature had been increased approximately 100 
F. to compensate for the gradual decline in activity of 
the catalyst. The other conditions: pressure-500 p.s. 
i. g., space velocity-2, hydrogen to hydrocarbon mol 
ratio-10:1, had been held constant. At this point there 
was being produced 211 standard cubic feet of gas 
(mainly, normally gaseous hydrocarbons) per barrel of 
feed, and 629 standard cubic feet of hydrogen per barrel 
of feed. 
Without changing any of the other conditions, 0.03 

weight percent of nitrogen as diethanol amine was intro 
duced with the feed into the system. The gas production 
dropped to 169 standard cubic feet per barrel of feed and 
the hydrogen produced rose slightly to 646 standard cubic 
feet per barrel offeed. After the unit had operated under 
these conditions for a sufficient time to establish a leveled 
out operation, the diethanol amine was removed from the 
feed and it was found that the gas production again rose 
to about 210 standard cubic feet per barrel of feed and 
the hydrogen production to 620 standard cubic feet per 
barrel of feed. It was noted in this experiment and all 
subsequent experiments, that the molar hydrocarbon dis 
tribution of this gas did not change during the addition 
of diethanol amine. 
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Gas production is a measure of isomerization selec 
itivity, that is, a small amount of gas production indicates 
a high isomerization selectivity, and conversely a large 
amount of gas production indicates a low or poor isomer 
ization selectivity. Thus, when the gas production 
dropped as in the above experiment, the isomerization 
selectivity increased. Hydrogen production, however, is 
-directly related to aromatic production, that is, a high 
hydrogen production indicates a high yield of aromatics 
from the dehydrogenation reaction and a low yield of 
hydrogen indicates a poor yield of aromatics. 

These runs demonstrate that the isomerization selec 
tivity of a partially spent platinized acidic metal oxide 
reforming catalyst may be raised to a high level and the 
balance among the reactions restored by the addition of 
small amounts of a compound which can be converted to 
ammonia under the process conditions. This unit was 
operated with hydrogen recycle so that some of the am 
monia produced from the conversion of the diethanol 

Analysis indi 
cated that the ammonia recycled (calculated as nitrogen) 
amounted, at a leveled-out condition, to about five times 
the amount of diethanol amine (nitrogen basis) introduced 
with the fresh feed, therefore, there was a total of 0.18 
percent by weight of nitrogen in the vapors and gases 
passing over the catalyst. These data also show that when 
the introduction of diethanol amine was stopped the oper 
ation returned to the same level as before the introduc 
tion of the diethanol amine, indicating that the presence 
of nitrogen has no permanent effect on the catalyst. 

EXAMPLE III 

A silica-alumina cracking catalyst whose surface area 
had been reduced by steam treatment to about 85 square 
meters per gram was impregnated with about 0.45 per 
cent by weight of platinum. This catalyst was employed 
for reforming the same East Texas reforming stock of 
Example II in the same unit as Example II at 500 p.s. i.g., 
space velocity of 3, hydrogen to hydrocarbon mol ratio 
of 10:1 at several temperatures to establish points for a 
yield-octane relationship. 

Table II which follows sets forth the variables and the 
results obtained. 

Table II 

Yield of 
Gas prod. E prod. C5 and CERR 
std. cu. ft. Std. cu. ft. heavier Octane, 
per barrel per barrel gasoline clear, C5 
offeed offeed vol, per- and heav 

cent based ier basis 
on feed 

Without anmonium 
hydroxide: 
Run 1----------- 205 645 87.5 8.1 
Run 2----------- 168 463 89, 78.9 

With 0.01% nitrogen 
as annonium hy 
droxide: 

195 87. 85.4 8.0 
83 645 92.0 77.0 
63 546 94. 2.6 

The yield-octane data from the above Table II are 
plotted in Figure 6. Curve X represents the yield-octane 
relationship obtained with this catalyst when no am 
monium hydroxide was introduced into the system. 
Curve Y represents the yield-octane relationship obtained 
when 0.01 percent of nitrogen as ammonium hydroxide 
was introduced into the system. A comparison of these 
curves shows that although the surface areas of the silica 
alumina base had been altered to a considerable extent, 
the reforming reactions were not in the most optimum 
ratios of one to another, but that by the addition of a 
small amount of ammonia it was possible to bring the 
ratios to the optimum point with a markedly improved 
yield-octane relationship. It is to be noted that in the 
example under the hydrogen recycle and other operating 
conditions, the actual concentration (based on feed) of 
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10 
nitrogen as ammonia in contact with the catalyst is six 
times the figure given for the percent introduced with 
the feed. 

EXAMPLE IV 

A catalyst similar to that in Example III was employed 
for reforming the same East Texas reformer stock of 
Examples II and III and under the conditions of Exam 
ple III, with certain variations. 

In this example nitrogen concentration effects at con 
stant reaction temperature and reaction temperature ef 
fects at constant nitrogen addition were determined. The 
results of these experiments are set forth in Table III 
which follows: 

Table III 

Weight Gas, stol. H2 produc 
percent cu. ft. per tion, Std. 

Reaction temperature in F. nitrogen as barrel of cu. ft. per 
NHOH feed barrel of 
in feed feed 

0.07 126 70 
O.03 90 709 
0.06 79 71. 
0.06 58 693 
0.06 63 736 
0.06 80 789 
0.06 10. 835 

It will be seen from these data that as the concentra 
tion of nitrogen in the form of ammonium hydroxide over 
the catalyst is increased, the gas production decreases, 
however, the effect diminishes with increasing concentra 
tion. The data at constant nitrogen addition show that by 
combining temperature and concentration, it is possible 
to operate at the most optimum reforming conditions. 
As in Example II, the actual concentration of nitrogen 
over the catalyst is six times that given because of the re 
cycle effect. 
The foregoing examples have demonstrated the novel 

and unusual method of controlling reforming processes 
by the addition of ammonia, or compounds which will 
yield ammonia under the reforming process conditions. 
This control is based upon the novel discovery that maxi 
mum yield of isomers with a high isomerization selectivity 
can be produced in a range of maximum aromatic forma 
tion with platinized acidic metal oxide type catalysts when 
employing the addition of ammonia or its equivalents to 
the reaction system. 

In the foregoing examples various specific operating 
conditions for the reforming reaction were employed. In 
general, temperatures in the range of 600 to 1000 F., 
pressures from 100 to 1000 p.s. i., liquid hourly velocities 
in the range of 0.1 to 10, and hydrogen in amounts rang 
ing from 1 to 20 mols of hydrogen per mol of hydrocar 
bon may be used. These ranges however should not be 
construed as limiting, but are merely illustrative of gen 
eral reforming conditions within which applicants' inven 
tion is particularly applicable. Furthermore, the inven 
tion is equally applicable to reforming processes employ 
ing acidic metal oxide bases impregnated with palladium 
as the catalyst. The amounts of the various compo 
nents of the catalysts may be varied in accordance with 
the known art describing catalysts of this type. For ex 
ample, the amount of platinum or palladium which is im 
pregnated on the acidic metal oxide may range prefer 
ably between 0.1 percent and 2.5 percent by weight of 
the final catalyst. 
The hydrocarbon fractions which may be charged to 

reforming processes operated in accordance with the teach 
ings of this invention include: petroleum distillates 
such as naphthas, gasoline, kerosene, and higher boiling 
fractions, and similar fractions from other sources such 
as from the Fischer-Tropsch process, but in particular 
straight run and thermally cracked or reformed fractions 
boiling in the gasoline range or combinations of such 
fractions. 
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We claim: 
1. In a process for catalytically reforming a hydro 

carbon fraction boiling within the gasoline-kerosine 
range to increase the anti-knock value thereof in the 
presence of hydrogen and a catalyst comprising an acidic 
metal oxide component impregnated with a metal from 
the group consisting of platinum and palladium in which 
the reaction temperature for maximum isomer production 
at high selectivity is of less severity than is the reaction 
temperature for the maximum production of aromatics, 
the step of increasing the reaction temperature for maxi 
mum isomer production at high selectivity in the direction 
of the severity of the reaction temperature for producing 
maximum aromatics which comprises conducting the re 
forming process in the presence of at least one nitro 
gen-containing compound from the group consisting of 
ammonia and compounds which will yield ammonia 
under the reforming process conditions without the depo 
sition of a solid residue on the catalyst in an amount suf 
ficient to permit an increase in the reaction temperature 
applicable to maximum isomer production at the desired 
Selectivity and increasing the reaction temperature within 
the range of the reaction temperature for the maximum 
production of aromatics, thereby to produce simultane 
ously maximum aromatics and maximum isomers at the 
desired selectivity. 

2. The process according to claim 1 in which the 
amount of the nitrogen-containing compound ranges be 
tween 0.005 percent and 3.0 percent by weight of nitro 
gen based upon the weight of the hydrocarbon charge. 

3, The process according to claim 1 in which the acidic 
metal oxide component of the catalyst is silica and 
alumina and the metal which is used to impregnate the 
acidic metal oxide component is platinum. 

4. The process according to claim 1 in which the acidic 
metal oxide component of the catalyst is silica and zir 
conia and the metal which is used to impregnate the acidic 
metal oxide component is platinum. 

5. The process according to claim 1 in which the acidic 
metal oxide component of the catalyst is silica, alumina, 
and Zirconia, and the metal which is used to impregnate 
the acidic metal oxide component is platinum. 

6. The process according to claim 1 in which the acidic 
metal oxide component of the catalyst is silica and mag 
nesia and the metal which is used to impregnate the acidic 
metal oxide component is platinum. 

7. The process according to claim 1 in which the 
acidic metal oxide component of the catalyst is silica, 
alumina, and magnesia, and the metal which is used to 
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12 
impregnate the acidic metal oxide component is platinum. 

8. In a process for catalytically reforming a hydro 
carbon fraction boiling within the gasoline-kerosine 
range to increase the anti-knock value thereof in the 
presence of hydrogen and a catalyst comprising silica and 
alumina impregnated with platinum in which the reaction 
temperature for maximum isomer production at high 
Selectivity is of less severity than is the reaction tempera 
ture for the maximum production of aromatics, the step 
of increasing the reaction temperature for maximum 
isomer production at high selectivity in the direction of 
the Severity of the reaction temperature for producing 
maximum aromatics which comprises conducting the re 
forming process in the presence of at least one nitrogen 
containing compound from the group consisting of am 
monia and compounds which will yield ammonia under 
the reforming process conditions without the deposition 
of a solid residue on the catalyst in an amount ranging 
between 0.005 percent and 3.0 percent by weight of nitro 
gen based upon the weight of the hydrocarbon charge 
to permit an increase in the reaction temperature ap 
plicable to maximum isomer production at the desired 
selectivity and increasing the reaction temperature within 
the range of the reaction temperature for the maximum 
production of aromatics, thereby to produce simultane 
ously maximum aromatics and maximum isomers at the 
desired selectivity. 

9. The process according to claim 8 in which the 
nitrogen-containing compound is ammonia. 

10. The process according to claim 8 in which the 
nitrogen-containing compound is ammonium hydroxide. 

11. The process according to claim 8 in which the 
nitrogen-containing compound is diethyl amine. 

12. The process according to claim 8 in which the 
nitrogen-containing compound is diethanol amine. 

13. The process according to claim 8 in which the 
nitrogen-containing compound is aniline. 
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