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ABSTRACT OF THE DISCLOSURE 
Processing naphtha to produce signi?cant yields of 

LPG and an aromatic rich concentrate is described by the 
selective hydrocracking of normal para?ins to LPG ma 
terial with a small pore crystalline zeolite hydrocracking 
catalyst before and after platinum reforming. 

BACKGROUND OF THE INVENTION 

Reforming of hydrocarbons is a widely used process in 
petroleum technology for upgrading hydrocarbon frac 
tions such as naphthas, gasolines and kerosines to im 
prove the anti-knock characteristics thereof. Hydrocar 
bon fractions suitable for upgrading by reforming are 
composed of normal and branched para?ins, naphthenic 
hydrocarbons and even some aromatic hydrocarbons. 
During reforming a multitude of reactions take place in 
cluding dehydrogenation, isomerization, dehydrocycliza 
tion, hydrocracking, and combinations thereof to yield a 
product of increased aromatics content and branched chain 
hydrocarbons. Thus in reforming it is desired to dehy 
drogenate the naphthenic hydrocarbons to produce aro 
matics, cyclize straight chain paraf?ns to form naphthenes, 
to convert C5 ring compounds to C6 ring compounds which 
are dehydrogenated to for maromatics, isomerize normal 
and branched paraf?n hydrocarbons to yield higher oc 
tane branched chain hydrocarbons and effect a controlled 
hydrocracking of hydrocarbon constituents which are of 
undesired octane characteristics. 
Normal and slightly branched paraflin hydrocarbons 

found in the above hydrocarbon fractions are generally 
of low octane rating. Highly branched-chain para?’in hy 
drocarbons, on the other hand, are characteristic of higher 
octane ratings. Therefore, one object of reforming is to 
effect isomerization of the normal and slightly branched 
chain para?ins to higher octane products by any one of 
the aforementioned reactions. The production of aromatics 
during reforming is accomplished by one or more of the 
above identi?ed reactions leading to the production of 
naphthenes which are then dehydrogenated to aromatics 
such as benzene, toluene and xylene. One method for 
producing aromatics involves the isomerization of alkyl 
cyclopentanes to form cyclohexanes which thereafter are 
dehydrogenated to aromatics. 

Ever since the concept of catalytic reforming was de 
veloped and commercially adopted, the re?ner has been 
concerned with improving upon the selectivity of the 
product obtained and thus has strived to reduce yields of 
carbon and normally gaseous product materials since such 
materials represent a loss in desired liquid product. Thus 
small improvement in product selectivity has been gained 
with dif?culty since there is a limit to the quantity of nor 
mally liquid constituents of desired octane rating that can 
be produced from a given charge. Consequently increases 
in product selectivity are viewed with considerable interest 
particularly if the selectivity increases can be associated 
with products of economic interest to the re?ner. It has 
been found that the selectivity of a particular product 
slate or composition can be considerably enhanced by fol 
lowing the concepts and sequence of steps comprising this 
invention. 
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2 
THE INVENTION 

This invention relates to a method and combination of 
processing steps for effecting a selective conversion and a 
rearrangement of petroleum hydrocarbon constituents to 
form aromatic enriched products and improve yields of 
LPG materials. In one aspect the present invention is con 
cerned with one or more methods for selectively conduct 
ing chemical reactions with an arrangement of catalytic 
compositions possessing selective reaction properties with 
respect to different hydrocarbon components existing in 
the naphtha boiling range material. In yet another aspect 
the present invention relates to effecting a selective cata 
lytic conversion of hydrocarbon components comprising 
ring, normal and isopara?in hydrocarbon components in 
a sequence of hydrogenating conversion steps maintained 
under operating conditions selected to obtain products rich 
in aromatics and LPG material. More speci?cally, the in 
vention is concerned with an arrangement and sequence of 
catalytic reactions designed to manipulate the reaction of 
hydrocracking, dehydrogenation, isomerization and dehy 
drocyclization in an amount selected to improve upon the 
yields of LPG products and relatively high octane aro~ 
matic components. 
The present invention is concerned with contacting a 

relatively wide boiling range naphtha hydrocarbon ma 
terial boiling in the range of C5 hydrocarbons up to about 
380 or 400° F. under selective hydrocracking conditions 
suitable for particularly removing the relatively low boil 
ing C5 and C6 normal para?ins and not more than a 
minor amount of C7 para?‘ins by a selective cracking 
thereof to LPG (propane and butane) products. The 
naphtha charge remaining after the selective removal par 
ticularly of low boiling normal para?’in constituents and 
comprising C7 and higher boiling naphtha boiling range 
materials is subjected to reforming conditions in the 
presence of a platinum type reforming catalyst main 
tained under conditions selected to reestablish the pres 
ence of normal para?ins and thus a relationship approach 
ing equilibrium between normal and branched compounds 
existing in the hydrocarbon charge encountering the re 
forming reactions comprising dehydrogenation of naph 
thenes, isomerization of isomerizable hydrocarbons and 
dehydrocyclization of non-aromatic hydrocarbon constitu 
ents. Thus in the reforming operation of this invention, a 
relationship between branched and normal para?ins is 
established in the normal paraf?n de?cient hydrocarbon 
material passed to reforming in combination with effect 
ing the production of relatively high octane components 
and particularly relative high octane aromatic and 
branched components. In this reforming operation the 
conditions lead also to the production of relatively low 
octane branched and normal para?in compounds which 
are available for conversion and production of additional 
LPG products. The reforming catalyst may be relied 
upon to hydrocrack these low octane compounds formed 
during the reforming operation by pushing the severity 
of the reforming operation but it is preferred that the 
reformate product comprising any C5 and higher boiling 
normal paraf?n constituents be subjected to a selective 
hydrocracking operation designed to convert particularly 
the low boiling normal para?ins formed during the op 
eration. Thus the present invention includes the selective 
cracking of low and high boiling normal para?in com 
ponents comprising the naphtha boiling material proc 
essed in the combination of catalytic contact steps com 
prising this invention. It therefore includes reforming a 
naphtha charge depleted of the relatively low boiling nor 
mal paraf?ns ‘but containing higher boiling normal par 
a?ins generally 0, and higher boiling under reforming 
conditions particularly selected to establish a relationship 
approaching equilibrium in at least the normal and 
branched chain hydrocarbons component along with per 
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forming the other reactions of dehydrogenation and de 
hydrocyclization comprising catalytic reforming. This 
established relationship between normal and branched 
chain hydrocarbon components brought about by the re 
arrangement of branched components provides additional 
normal paraf?u constituents suitable for conversion to 
LPG material. 

In the developments leading to the concepts of this 
invention, it has been found that crystalline alumino 
silicates of an average pore size generally less than about 
6 angstroms pore diameter but greater than about 4.5 
angstroms, that is, about 5 angstroms and comprising, 
for example, erionite, are particularly selective for crack 
ing of C6 normal para?‘ins to the substantial exclusion 
of cracking branched and ring constituents. In addition, 
it has been found that a nickel erionite crystalline alu 
minosilicate such as hereinafter described will have a 
preference for cracking normal C6 hydrocarbons to that 
of C5, C7 and higher boiling normal paraf?n. On the 
other hand, a platinum type reforming catalyst including 
bimetallic and non-bimetallic reforming catalysts and 
those comprising platinum or palladium in combination 
with another Group VIII metal component such as rhe 
nium, iridium, ruthenium and osmium promoted with a 
halogen will indiscriminately effect hydrocrac'king under 
elevated temperature reforming conditions of the normal 
and branched para?‘in components comprising the hydro 
carbon material in the reforming operation. Thus em 
ploying a platinum type reforming catalyst under con~ 
trolled isomerizing and hydrocracking severity conditions 
may be relied upon to produce LPG type products or 
products more easily converted to LPG products with a 
small pore nickel erionite selective hydrocracking cat 
alyst in another reaction zone or contact step. That is, 
hydrocracking reactions performed with platinum reform 
ing catalysts are more usually rate controlled reactions 
wherein, for example, a normal C8 hydrocarbon will crack 
more easily than a C7 hydrocarbon or a lower carbon 
number paraffin and thus a high severity reforming op 
eration would be required to crack, for example, a C5 
para?in. However, such a high severity non-selective hy 
drocracking operation with the platinum reforming cat 
alyst is undesirable since cracking of branched C8 and 
C7 hydrocarbons will be accomplished before cracking of 
normal hexane. This will result in cracking desired high 
octane branched chain hydrocarbons. Furthermore, such 
an operation produces an undesired mixture of light gases 
particularly comprising C1 and C2 hydrocarbons rather 
than C3 and C4 hydrocarbons. On the other hand, using 
the small pore selective hydrocracking catalyst described 
herein, cracking the lower boiling C5 and C6 para?ins 
in the naphtha charge and product of reforming can be 
accomplished more effectively for the production of LPG 
products. Thus by maintaining a selective balance in rate 
control and equilibrium controlled hydrocracking reac 
tions with the different catalysts described herein and 
particularly suitable for this purpose, an improved over 
all yield of LPG products can be obtained along with an 
aromatic rich product by the present invention. 

Crystalline aluminosilicate conversion catalysts identi 
?ed with the prior art which are not selective within the 
limits de?ned herein or those particularly known as 
methane producers rather than producers of propane and 
butane are of little interest in pursuing the concepts of 
this invention. Furthermore, high methane producing 
crystalline aluminosilicate catalysts generally small pore 
crystalline zeolites promoted with Zn, Cd and Hg or other 
hydrocracking catalyst compositions which non-selectively 
produce gaseous streams rich in methane are of little 
interest for practicing the concept of this invention unless 
they can be controlled by operating conditions to exclude 
the undesirable production of light gaseous hydrocarbon 
constituents particularly methane and ethane. 

In the interest of convenience to a better understanding 
of the concepts of the present invention the platinum type 

4 
of reforming catalyst used will be referred to as catalyst 
A hereinafter, and the described selective crystalline alu 

' minosilicate hydrocrackin'g catalyst relied upon particu 
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larly for the production of LPG gases will be referred to 
hereinafter as catalyst B. 
The platinum type reforming catalyst, catalyst A, se 

lected for use in the sequence of process steps of this 
invention may be selected from any one of a number of 
known prior art reforming catalysts suitable for accom 
plishing the results desired. These catalysts include gener 
ally, for example, alumina as the carrier material for one 
or more hydrogenation-dehydrogenation components dis 
tributed thereon with the alumina being in either the eta, 
chi, gamma or mixed forms thereof. The alumina carrier 
is promoted with, for example, one or more Group VIII 
metal components either with or without an acidic pro 
moter such as silica, boron or a 'halogen. The platinum 
type of reforming catalyst is intended to include platinum, 
palladium, osmium, iridium, ruthenium, rhenium and mix 
tures thereof deposited on an alumina containing carrier 
or support with the alumina components generally being 
in an amount up to about 95% by weight. Other compo 
nents such as magnesium, zirconium, thorium, vanadium 
and titanium may also be combined or distributed in the 
alumina carrier. The platinum type catalyst may also in 
clude various amounts of halogen such as chlorine or 
fluorine in amounts ranging from about 0.1% up to about 
10%; usually not more than 5 or 6%. The platinum re 
forming catalysts described may be one of those described 
in the prior art as homogeneous mixtures of metal com~ 
ponents, alloys, and metal halide complexes thereof. A 
bimetal catalyst composition suitable for the reforming 
operation of this invention may be platinum combined 
with either rhenium, ruthenium, osmium or iridium and 
an alumina carrier promoted with chlorine to provide de 
sired acid activity. 

The selective conversion catalyst or hydrocracking cata 
lyst herein referred to as a type B catalyst is a porous 
solid particle material having a majority of its pores of 
substantially uniform small dimension which are large 
enough to allow uptake and egress of normal para?in 
molecules such as, for example, normal hexane and smaller 
carbon atoms, but too small to allow a similar uptake of 
either branched or ring compounds such as, for example, 
methylpentane, cyclohexane or benzene. In addition, those 
hydrocarbons comprising C7 and longer chain normal 
para?‘in hydrocarbons up to about C10 hydrocarbons en 
counter ditfusion limitations which increase with length 
of chain and thus are slower to crack when employing 
the small pore crystalline aluminosilicate catalyst intended 
for use by this invention. Thus the selective hydrocrack 
ing catalytic material, type B, is a porous crystalline ma 
terial wherein a substantial majority of its pores are of an 
average uniform dimension of about 5 angstroms and in 
the range of from about 4.5 up to about 6.0 angstrom units 
effective diameter. This is essentially a selective crystalline 
aluminosilicate of the erionite variety provided with inpore 
acid activity cracking sites and catalytically effective by 
drogenation- dehydrogenation sites. In some cases the 
hydrogenation-dehydrogenation functions may be associ 
ated with the small pore shape selective crystalline mate 
rial but externally located to the pore and in some cases 
located both within and externally to the pore. On the 
other hand, it is contemplated providing the catalytically 
effective hydrogenation-dehydrogenation sites restricted 
substantially completely to within the pore. The hydro 
genation-dehydrogenation component provided during 
manufacture of the catalyst involves one or more of the 
elements such as a transition metal. Preferably one or 
more of the elements of nickel, cobalt, molybdenum, iron 
or of the platinum or palladium family are employed. One 
or more of the elements employed may involve an ele 
ment selected from a higher molecular weight transition 
metal which have hydrogenation~dehydrogenation activity, 
such as tungsten. 
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A crystalline aluminosilicate of desired porosity such 
as erionite may be modi?ed to produce useful catalysts 
for this invention by effecting the introduction of one or 
more of the above identi?ed transition elements in such 
a way that the ?nal quantity of the element may be 
located in either the internal, external or mixed internal 
external pore structure of the crystalline aluminosilicate. 
Introduction of one or more of such metallic elements or 
components may be achieved by processes allowing the 
metal to penetrate the existing or preformed pore solid and 
be ?xed therein or by formation on the pore solid itself 
in a compositional environment which contains the de 
sired metal component in a form suitable to be incorpo 
rated into the porous structure in the formation thereof, 
or in the course of its modi?cation to a desired pore 
structure. 

It is preferred to impart the type B catalyst with certain 
limited magnitudes of acid catalytic activity. For example, 
when LPG product is preferred over methane, the pre 
ferred acid activity will have an alpha value in excess of 
10. If the process employs the catalyst at a temperature 
of 900° F. or higher, a more preferred acidity level is 
between 5 and 300 alpha; for operations more nearly 
at 800° F., above about 500 alpha; for operations near 
700° F., above about 200 alpha. A very practical method 
of assaying the alpha acidity of the type B catalyst is 
that of testing its n-hexane cracking activity under condi 
tions of cracking, in the absence of hydrogen. Such a 
procedure is identi?ed in Journal of Catalysis, volume 4, 
No. 4, August 1965. 

In reforming operations it is known that as the reform 
ing severity is increased to achieve higher and higher 
product octane number, the octane number increase is 
obtained primarily by way of paratiin aromatization and 
5 carbon ring aromatization. At the relative high severity 
conditions para?in to aromatic dehydrocyclization reac~ 
tions become important and are accompanied by progres~ 
sive and non-selective elimination of remaining paraf?ns 
to light gaseous products thus increasingr octane number 
at the expense of substantial liquid volume loss. How 
ever, by selectively controlling the reforming operation 
severity the chemical reactions encountered therein are 
restricted to minimize the production of low octane and 
undesired gaseous component in favor of producing 
branched chain hydrocarbons in an aromatic enriched 
product of relatively high octane rating. Accordingly, the 
method and combination of process steps herein de 
scribed provide signi?cant and unusual bene?ts by adjust 
ing the reaction mechanisms to implement and improve 
the production of LPG products and high octane aromatic 
products. 
The operating conditions employed in the proces com 

bination of this invention and particularly that of the re 
forming operation with type A catalyst are those condi 
tions which promote dehydrogenation of naphthenes along 
with reactions associated with isomerization which re 
establish a relationship between normal paral?ns to 
branched paraf?ns and include operating temperatures 
selected from within the range of from about 800° F. to 
about 1000° F. and preferably from about 850° F. up 
to about 980° F., liquid hourly space velocity in the range 
of from about 0.1 to about 10, preferably from about 0.5 
to about 5; a pressure in the range of from about atmos 
pheric up to about 600 p.s.i.g. and preferably from about 
100 to about 400 p.s.i.g.; and a hydrogen to hydrocarbon 
ratio selected from within the range of from about 0.5 
to about 20 and preferably from about 1 to 10. 
On the other hand, type B catalyst or the selective 

normal para?'in conversion catalyst may be operated at 
conditions similar to reforming operating conditions de 
pending on the catalyst employed therein. However, it is 
important that the operating conditions be selected which 
will particularly promote the formation of LPG gaseous 
material from the hydrocarbon charge material brought in 
contact with type B catalyst. Therefore, catalyst type B 
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6 
may be subjected to temperatures selected from within 
the range of from about 500° F. to about 1000° F.; pres 
sures from about atmospheric up to as high as 800 p.s.i.g.; 
liquid hourly space velocity (LHSV) in the range of from 
about 0.1 to about 40 and a hydrogen to hydrocarbon 
ratio selected from within the range of from about 0.1 to 
about 40. The selective conversion catalyst, type B, used 
in the method of this invention may be prepared as pro 
vided in the following example. 

Type B, catalyst example 
A natural crystalline aluminosilicate identi?ed as erio 

nite obtained from Nevada was analyzed with the fol 
lowing results: 

Weight percent 
Si02 _____ 68.4 

A1203 16.2 
F6203 2.7 
K20 4.4 
CaO 2.0 
Na2O _ 4.7 
MgO _____ .._ .._ 1.3 

Silica to alumina mol ratio __________________ .__ 7.2 

A sample of the above identi?ed erionite was crushed 
to provide a powder. The powder was exchanged twice 
with 6 ml. of 5 M ammonium chloride solution per gram 

’ (bone dry baiss) of the‘erionite powder for 4 hours at 
180° F. with ?ltering after each exchange. Thereafter the 
exchanged erionite is washed with 10 ml. of water per 
gram of erionite and ?ltered. Then the erionite zeolite is 
exchanged with 4.4 ml. of 0.5 M nickel acetate solution 
(adjusted to 6 pH with acetic acid) per gram of the 
zeolite for 4 hours at 210° F. and ?ltered. The nickel 
exchanged zeolite is then washed with 10 ml. of water 
per gram of zeolite and ?ltered. The exchanged zeolite 
prepared as above identi?ed is then dried for at least 
16 hours or to a constant weight at a temperature in the 
range of 225 to 250° F. The dried erionite zeolite pro 
moted with nickel is then pelleted and crushed to a 
10/14 mesh. The 10/14 mesh refers to passing through 
U.S. Standard Sieve No. 10 (Tyler equivalent 9 mesh) 
and retained on U.S. Standard Sieve No. 14 (Tyler equiva 
lent 12 mesh). 

‘SPECI‘FIC EMBODIMENTS 

In an effort to provide a better and more complete 
understanding of the method and process of this inven 
tion, the method of improving the yield of LPG gases 
comprising propane and butane ?nds support in the fol-_ 
lowing examples. Table 1 below identi?es the char 
acteristics of a light Arabian naphtha boiling in the 
range of C5 hydrocarbons up to about 340° F. which was 
processed in the combination of steps of this invention 
comprising an initial selective hydrocracking of normal 
para?ins boiling below about 0, hydrocarbons to LPG 
products under hydrogenating conditions employing a 
nickel-erionite catalyst prepared as above identi?ed be 
fore reforming of the remaining hydrocarbon material 
comprising C7 and higher boiling hydrocarbons with a 
platinum under conditions to produce additional normal 
para?’ins in combination with branched and aro 
matic constituents in a reformate product. The 
naphtha charge when containing undesired levels of sul 
fur and nitrogen may be subjected to an initial hydro~ 
?ning or pretreat operation wherein the sulfur and nitro~ 
gen constituents are reduced to less than 10 p.p.m. and 
more usually to about 2 p.p.m. by hydrogenation to 
products easily separated from a desired C5+ or C6+ 
naphtha charge. Hydro?ning of the charge naphtha may 
be accomplished in the presence of any one of a number 
of different hydro?ning catalysts known and available in 
the prior art. Suitable hydro?ning catalysts include the 
metals and/or sul?des of Group VIII and Group VI 
metals of the Periodic Table employed alone or in com 
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bination with one another such as cobalt or nickel and 
molybdenum or tungsten. Such catalyst may be em 
ployed alone or in combination with a support or carrier 
material such as alumina, silica, zirconia, titania and 
clays or mixtures thereof. Generally the hydro?ning cata 
lyst is an amorphous base catalyst but it may also con 
tain a small amount of a crystalline aluminosilicate in 
combination with the amorphous carrier component. Suit 
able hydro?ning catalysts include cobalt-molybdenum 
dispersed on alumina, nickel-tungsten sul?de alone or 
dispersed on a carrier or support such as alumina or 
silica-alumina. In the hydro?ning operation, temperature, 
pressure and space velocity conditions are selected from 
those well known in the prior art which will be effective 
in reducing the level of nitrogen and sulfur in the charge 
to that suitable for initial contact with the selective 
crystalline aluminosilicate conversion catalyst. 
The selective crystalline aluminosilicate hydrocrack 

ing catalyst is fairly tolerant of nitrogen and sulfur com~ 
pounds and thus will assist with the removal of these 
contaminants during conversion of n-paraf?n com 
ponents in the naphtha charge. Thus the selective hydro 
cracking catalyst B may form a down-stream portion 
of the desulfurizing catalyst bed. In a particular aspect 
it is important that the sulfur content of the naphtha 
brought in contact with the platinum reforming caalyst 
be reduced to an acceptable level of about 5 ppm. and 
preferably to about 2 p.p.m. for bimetal catalyst com 
positions such as platinum-rhenium dispersed on alumina. 
The amount of nitrogen in the naphtha reforming feed 
should be reduced not to exceed about 2 p.p.m. 

TABLE 1 

Arabian light naphtha properties (C5—340° F. cut) 

8 
Normal paraf?n content vol. percent: 

N--C4 __ _ _____ ___ 1.0 

N-C5 _____________________________ __ 7.0 

N-C6 _____________________________ __ 7.0 

5 N—C7 _____________________________ __ 8.4 

'N—C8 ____ 3.1 
N—C9 _____________________________ __ 2.5 

ASTM distillation, ° F .: 
IBP _ 130 

10 10% _______________________________ __ 170 

30% _______________________________ __ 205 

50% _ ____ __ 240 

70% ____.. ____ 275 

90% _______________________________ __ 315 

15 'E.P ___ _____ ___ __ 345 

EXAMPLE 

A naphtha charge such as identi?ed in Table 1 Was 
passed sequentially through the combination of catalyst 

20 contact steps comprising a selective crystalline alumino 
silicate hydrocracking catalyst (SCI) for normal paraf?n 
conversion to LPG, a platinum-aluminum reform-ing cata 
lyst and then a ?nal contact with a selective crystalline 
aluminosilicate hydrocracking catalyst (8C2). Table 2 
below identi?es the operating conditions employed in 
one particular combination and provides the results ob 
tained with the combination of conditions recited for 
improving product selectivity to LPG. The ‘SCI and 
SCZ catalyst steps used the nickel erionite catalyst pre 

30 pared as described above in combination with 0.6 Wt. 
percent platinum dispersed on alumina and promoted 
with chlorine. Table 2 provides characteristics of the 
product obtained after each of the contacting steps as well 
as the cumulative yields obtained after traverse of the 
combination of processing steps. From these data it will 
be observed that product selectivity to LPG product com 
prising C3 and C4 hydrocarbons was vastly improved by 
the combination of selective hydrocracking before and 

25 

35 

i c r vit _ .72 . . . 
21:23: I50? y 0 60 after reforming. It W111 also be observed that the aromatic 

R O" 41 40 rich high octane product of the combination process of 
M+ O --_-- n" 40 this invention has a much lower benzene content than 

+l . _ ---- a similar octane product of the processes compared. Thus 
Pona andlysls: Vol- Pacem- the combination of this invention is also unexpectedly 

Para?ins -- ---~ 72-0 45 eifective in reducing the concentration of benzene in a 
Naphthenes _________________________ -_ 1&5 high octane product suitable for use in preparing motor 
Aromatics __________________________ __ 9.5 fuels. 

TABLE 2 

Operating conditions S01 PtR S02 

Temperature, ° F 800 900 800. 
Pressure, p si 2 500 500.-.. 500. 
Space velocity- 1 9 2.75. 2.1. 
Total recycle ratio.._._.. 4:0: 
Catalyst .............. -. Ni-erlonite. ... 0.6 

- 10.0. 

pt. on alumina plus ch1orine-_. Ni-erlonite. 

S01 ‘ SQ1+PtR l S1C1+PtR+SIC2 PtR+S‘C1 PtR 

Wt Vol. Wt. Vol. Wt. Vol. Wt. Vol. Wt. Vol. 
Yields, percent on naphtha charge: 

Hz. 0.6 ...-;..._. 1.2 0.1 - 0.8 --‘-.. ...- 1.1 ........ ._ 
014-0» 2.4 ........ _- 5. 6 8.3 .. 9. 1 ........ -- 9. 6 ........ _ 

8x104 t73 g '5 g 22. 0 30. 5 20. 6 27. 6 
a . . . . . . 68. 1 62. 8 68. 7 63. 4 05+ composition (Wt. percent on 05+ hyc’s): 

N-C5. - 2. 6 3. 9 1. 4 2. 2 6. 5 
N-C. ................. -.'. ................... -. 0. 8 ........ .. 4. 5 ........ _- 0. 5 0. 5 2. 5 

N—C1_ 2. 8 0.5 . 0.2 1.0 
N-Cg. 0. 4 0. 1 . 0. 2 0. 1 
N-Cn_ __ 0. 0 ........ .. 0.0 - 0.0 0.0 
iso-Para?ins. - 28. 5 31. 4 31. 0 20. 1 
Benzene. 4. 8 ... 5. 3 ........ ._ 5. 0 6. 3 
Toluene 17. 1 18. 9 . . . . . . _- 20. 0 21. 8 
C3 gmrna?r'q 15. 4 17. 0 --. 21. 7 23. 0 
CH- m'oma?r's 21. 3 23. 5 ..- 18.5 17. 8 

CH- properties: 
R+O 50. 8 ........ .. 94. 3 ........ ._ 100 _ 100 
D+O 98. 3 . 97. 0 
RVP. _ 4. 3 3. 9 _ 5. 7 
SPG'R 0. 7402 ________ -- 0. 7787 ........ ... 0. 7940 ........ .. 0. 7869 

1 Based on 05+ product from S01. 
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To further facilitate a more complete understanding 

of the contributions of this invention, the data of Table 
2 have been separated and rearranged to provide Tables 
3 and 4 below. Table 3 below emphasizes the yield im 
provement in LPG material (C3 and C4 hydrocarbons) 
and particularly that of propane obtained by the process 
ing combination of this invention. Furthermore, differ 
ences in the product slate obtained from the three dilfer 
ent identi?ed operations are compared. Table 4, on the 
other hand, particularly emphasizes the changes in the 
product slate from the different processing steps of the 
combination (SC1-l-PtR+SC2) particularly with respect 
to octane rating, C3 and C4 hydrocarbons yield and the de 
crease yield of normal paraf?ns. 

TABLE 3 

100 C5-l-(R-l-O) naphtha 

PtR PtR-l-SC2 SC1+PtR+SC2 

Volume yield, percent of 
naphtha charge: 

5+ 63. 4 62. 8 53. 7 
Cs+C 27. 6 30. 5 45. 2 
03-..- 13. 3 22.0 35. 3 
i-C4 5. 8 4. 9 3. 1 
n-Cr__ .... .- 8. 5 3. 6 6. 8 

Weight yield, percent: 
n-Ca ................ -- 1.7 0.3 0. 3 
Aromatics .......... __ 47. 2 44. 4 38. 1 

TABLE 4 

Weight yield percent of Naphtha S01 PtR SC2 
naphtha charge charge product product product 

n-Cs _________ ._ . 6. 4 0. 6 2.8 0.3 
i-Para?ins__ _ 44. 9 44. 9 18. 5 18.5 
Aromatics. . . 11. 6 l1. 6 38. 1 38. 1 
05+ (R+O) ..... .. _ 41 50.8 94.3 100 
Vol. percent Os+C4 ........ ._ 1 24. 7 37. 7 45. 2 

It will be recognized by those skilled in the art that 
the combination of processing steps comprising this in 
vention and the product slate obtained therefrom can be 
varied by varying, for example, the reforming operating 
conditions and/or the catalyst employed therein. For ex 
ample, reforming catalysts of different composition are 
known to in?uence the various reforming reactions. Cat 
alyst acidity may be employed to in?uence the various 
reactions of isomerization in the direction desired. That 
is, acidic reforming catalyst may be relied upon to en 
hance isomen'zing reactions which change the ‘balance 
between normal and branched para?ins and/or the crack 
ing reactions encountered depending upon the temperature 
and space velocity employed. A silica promoted reform 
ing catalyst may be selected to enhance dehydrocyliza 
tion reactions for example at temperatures less suitable 
for isomerizing reactions. Thus in the plurality of cat 
alytic reaction zones comprising the reforming operation, 
a catalyst of very low acidity may be employed in the 
?rst reaction zone with subsequent reaction zones pro 
vided with catalyst compositions of the same or diiferent 
acid activity to promote desired reactions. 
The processing combination of this invention contem 

plates the use of the selective crystalline aluminosilicate 
conversion catalyst (SCl) to effect a part of the desul~ 
furizing of the naphtha charged to the process. It also 
contempltes use of the crystalline selective hydrocracking 
catalyst as a down stream portion of the hydro?ning cat 
alyst bed of a different composition such as CoMo on 
alumina or the selective hydrocracking catalyst (SCI) 
may be in admixture with the desulfurizing catalyst. 
Under some circumstances it may be desirable to main 
tain the hydro?ning, catalyst and the selective nickel 
erionite conversion catalyst in separate reactor beds with 
means between beds for removing undesired gaseous con 
stituent with or without means for altering the tempera 
ture between catalyst beds as required. In any event means 
are provided between the initial selective nickel erionite 
hydrocracking catalyst conversion step and the reforming 
step to separate, for example, sulfur and nitrogen before 
passing the naphtha charge depleted of sulfur to a heat 
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10 
ing zone wherein it is heated either alone or in the pres 
ence of hydrogen to a temperature su?iciently elevated to 
effect primarily dehydrogenation of naphthenes therein 
upon contact with the chlorine promoted platinum alu 
mina reforming catalyst. The total product of the re 
forming operation may be passed in contact with a selec 
tive crystalline aluminosilicate (CAS) conversion catalyst 
such as nickel promoted erionite for the purpose of selec 
tively cracking to LPG products only the n-para?ins 
found in the reformate product. On the other hand the 
reformate product may be ?rst, separated to recover C 
and_h1gher boiling material from gaseous material lowei' 
boilmg than C5 hydrocarbons. Thereafter the C5 and 
higher boiling material and comprising normal parai?n 
components therein formed during the reforming opera 
tion is passed in contact with the selective nickel erionite 
hydrocracking catalyst de?ned herein under desired tem 
perature and pressure hydrocracking conditions selected 
toachieve the further production of LPG products com 
prising C3 and C4 hydrocarbons as described herein. The 
selective hydrocracking catalyst SC2 relied upon to con 
vert normal paraf?ns in the C5+ reformate may be the 
same catalyst relied upon initially to remove n‘para?ins 
and sulfur from the naphtha charge. Other catalyst suit 
able for accomplishing this purpose may also be relied 
upon provided the catalyst does not hydrogenate or other 
wise destroy aromatics existing therein. Under some con 
ditions a crystalline aluminosilicate hydrocracking cat 
alyst of larger pore diameter than the particular selective 
catalyst herein de?ned may be used provided it will con 
vert normal and some branched para?in to form LPG 
products without destroying aromatics formed in the com~ 
bmation. 

The ?gure provided herewith presents one arrangement 
of a combination of processing steps for practicing the 
present invention. In the ?gure a naphtha boiling range 
material such as used in the above examples and boiling 
from about C5 hydrocarbons up to about 340° F. is in 
troduced to the process by conduit 2. Hydrogen such as 
hydrogen rich gaseous product of reforming is introduced 
by conduit 4 for admixture with the naphtha charge being 
passed to a preheat furnace 6. In furnace 6 the mixture 
is preheated to an elevated temperature in the range of 
600° F. up to about 800° F., or higher and su?icient to 
effect desulfurization of the naphtha upon contact with 
the desulfurizing catalyst or the combination of catalysts 
provided in reactor 10 in this speci?c embodiment. The 
preheated naphtha boiling charge is passed by conduit 8 
to reactor 10 wherein is housed, in this speci?c embodi— 
ment, an amorphous base desulfurization catalyst 12 such 
as cobalt-molybdenum on alumina in an upper portion of 
the reactor and a selective crystalline aluminosilicate 
(CAS) hydrocracking catalyst (SCI or nickel erionite) 
14 in the lower portion of the reactor. When the naphtha 
charge contains only a small amount of sulfur, then the 
sole ?ll of reactor 10, for example, may be the selective 
catalyst (SCI) de?ned hereinbefore and having a pore 
size of about 5 A. and generally in the range of from about 
4 to about 6 angstroms since such material has been 
found to be a very acceptable material for desulfurizing 
the naphtha charge In reactor 10, desulfurization of the 
naphtha charge is accomplished along with the selective 

_ cracking of low boiling normal paraf?ns to the substan 
tial exclusion of cracking higher boiling long chain normal 
para?‘ins, branched and ring compounds. In this selective 
cracking operation, a temperature of about 800° F. at a 
pressure of about 500 p.s.i.g. was found acceptable. The 
effluent of the catalyst reactions of reactor 10 is then 
passed by conduit 16 to a separator 18. In separator 18 
gaseous products comprising LPG material such as C3 
and C4 hydrocarbons along with lower boiling hydrocar 
bons, hydrogen sul?de and ammonia as well as uncon 
sumed hydrogen is removed from the upper portion there 
of 'by conduit 20. This gaseous product is passed through 
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equipment not shown to obtain a separation and recovery 
of LPG materials from the remaining gaseous product. 
Higher boiling hydrocarbon material and more usually 
comprising 0; and higher boiling hydrocarbons are re 
moved from separation step 18 by conduit 22 for passage 
through a platinum catalyst reforming operation. The 
platinum catalyst reforming operation depicted comprises 
a plurality of sequentially arranged catalytic reactors pro— 
vided with furnace means for preheating the hydrocarbon 
charge passed to each reactor to provide an inlet tempera 
ture of about 900° F. so that primarily dehydrogenation of 
naphthenes to form aromatics will be accomplished in re 
actor 1 and 2 with the remaining reforming reactions of 
isomerization, dehydrocyclization and hydrocracking be 
ing performed in reactors 2 and 3 under selected tempera 
ture reforming conditions. The reforming reactors may be 
maintained at a pressure selected from within the range 
of 100 p.s.i.g. up to about 600 p.s.i.g. relying upon tem 
peratures selected from within the range of from about 
800° R, up to about 1000° F. Thus in the speci?c com 
bination of the process represented by the ?gure the hy 
drocarbon material in conduit 22 is passed to furnace 24 
in admixture with hydrogen containing gas admitted by 
conduit 23, wherein the mixture is preheated to an elevated 
temperature particularly suitable for effecting dehydro 
genation of naphthenes in the mixture upon contact with 
alsuitable platinum reforming catalyst in Pt. R1 or re 
actor 28. The ef?uent of reactor 28 is then passed by con 
duit 30 to furnace 32 wherein its temperature is elevated 
to that suitable for passage to PtRZ by conduit 34. In re 
actor 36 dehydrogenation, isomerization and even some 
dehydrocyclization reactions may occur. The e?luent from 
reactor 36 may be passed, if desired, by conduit 38 to 
furnace 40 for reheating thereof as required and before 
passage by conduit 42 to PtR3 or reactor 44. In reactor 
PtR3 (44) reactions of dehydrocyclization and hydro 
cracking are promoted and controlled by the reaction 
conditions and catalyst composition employed therein. 
Under some circumstances it may be desirable to replace 
all or a portion of the platinum reforming catalyst in 
reactor 44 with the shape selective conversion catalyst. In 
this arrangement the recovery of product could be effected 
similarly to that disclosed in US. Pats. 3,395,094 or 3,432,~ 
425. The reformate product, on the other hand, and com 
prising the e?luent of reactor 44, as shown in the ?gure 
in this embodiment, is then passed by conduit 46 to one 
or more separator vessels represented by vessl 48. In 
separator 48, gaseous products of reforming and compris 
ing hydrogen are separated from higher boiling reformate 
material comprising C5 and higher boiling hydrocarbons 
including aromatic enriched product of the process. The 
gaseous product of reforming boiling below C5 hydro 
carbons is removed by conduit 50 and passed to suitable 
recovery equipment not shown wherein hydrogen rich 
gases are recovered from higher boiling hydrocarbons such 
as those forming LPG products. The higher boiling por 
tion of the reformer effluent separated in separator 48 is 
removed by conduit 52 and sentto furnace 54 in admix 
ture with hydrogen containing gas introduced by conduit 
56. In furnace 54 the reformer effluent higher boiling than 
LPG material is reheated to an elevated temperature 
before it is passed by conduit 58 to reactor 60 containing 
a selective conversion catalyst represented as 5C2. In re 
actor 60 the reformer ef?uent boiling above LPG material 
and containing some formed normal paraf?ns during the 
platinum catalyst reforming operation is subjected to a 
further selective cracking operation for the conversion of 
normal paraffin components to additional LPG material. 
The selective cracking of normal para?'ins may be effected 
at temperatures below the reforming temperatures relying 
upon pressures below, equal to or above the reforming 
pressure. _ 

In the combination of processing steps comprising this 
invention and diagrammatically depicted in the ?gure, a 
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12 
considerable amount of equipment such as values, com 
pressors, separator equipment and recycle conduits are 
not shown for the purpose of simplifying the process de 
picted but are contemplated being used in such as process 
combination. It should be understood furthermore that 
recycling of hydrogen rich gasses recovered from the 
gaseous product of reforming to the reforming step and 
to either or both of the selective conversion steps is also 
contemplated. Other processing schemes for handling the 
e?luent of the reforming operation and contacting por 
tions thereof with a selective conversion catalyst are 
discussed in US. Pat. 3,432,425 and the use of such 
schemes are contemplated where appropriate by this in 
vention. In the ?gure presented herewith, the e?luent of 
the nickel erionite selective hydrocracking operation is 
passed by conduit 62 to separator 64. In separator 64, 
gaseous products comprising LPG material such as pro 
pane and butane are separated and removed by conduit 
66 from a higher boiling aromatic enriched product re 
moved by conduit 68. The LPG material produced by the 
process combination of this invention is combined for 
further use as desired. The aromatic enriched product 
formed by the combination and being of a high octane 
rating and relatively low benzene content is thereafter 
used, for example, in gasoline blending operations. 
Having thus provided a general discusion of the present 

invention and discussed speci?c examples in support 
thereof, it is to be understood that no undue restrictions 
are to be imposed by reason thereof except as provided 
by the following claims. 

I claim: 
1. A method for upgrading naphtha boiling in the 

range of 100 to 400° F. to produce propane and a liquid 
product of high aromatic content which comprises, 

(a) contacting a desulfurized naphtha and hydrogen 
with a selective hydrocracking catalyst comprising 
acid erionite at a temperature in the range of 700 
to 850° F. at a pressure in the range of 100 to 600 
p.s.i., 

(b) separating C4 and lower boiling gasiform mate 
rial from a higher boiling normally liquid naphtha 
material comprising C7 hydrocarbons, 

(c) contacting the normally liquid naphtha material 
with a platinum containing reforming catalyst under 
reforming conditions selected to produce a product 
comprising aromatics, branched and normal paraf 
?ns and a normally gaseous stream comprising C4 
and lower boiling hydrocarbons, 

(d) separating a normally liquid reformate product 
stream comprising C5 and higher boiling reformate 
product from lower boiling gasiforrn material, 

(e) contacting the normally liquid reformate product 
stream with a hydrocracking catalyst comprising acid 
erionite under conditions selective for converting n 
para?ins to LPG product gas and 

(f) recovering from each of said selective hydrocrack 
ing a product rich in propane and an aromatic rich 
product from said second selective hydrocracking 
operation. 

2. The method of claim 1 wherein the selective hy 
drocracking is restricted primarily to C6 normal paraf?ns. 

3. The method of claim 1 wherein the selective hy 
drocracking of normal para?ins is controlled by pressure, 
space velocity and use of a crystalline zeolite of about 
5 angstrom average pore size provided with in pore hy 
drogenation-dehydrogenation activity. 

4. The method of claim 3 wherein the hydrocracking 
catalyst comprises acid nickel erionite. 

5. The method of claim 1 wherein the selective hy 
drocracking of the naphthas charge is accomplished in a 
downstream portion of a naphtha desulfurizing zone and 
the selective hydrocracking of liquid reformate product is 
accomplished in a downstream portion of the last reform 
ing zone. 
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6. The method of claim 1 wherein the selective hy 
drocracking of the naphtha charge occurs at a tempera 
ture in the range of 700 to 850° F. at a pressure within the 
range of 100 to 600 p.s.i. and the selective hydrocrack 
ing of the liquid reformate occurs at a temperature within 
the range of 800 to 1000° F. at a pressure within the 
range of 100 to 600 p.s.i. 

7. The method of claim 1 wherein the reforming opera~ 
tion is accomplished at a higher temperature than the 
selective hydrocracking steps. 

8. The method of claim 1 wherein the selective hy 
drocracking steps are accomplished in separate reaction 
zones. 
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