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ABSTRACT OF THE DISCLOSURE 

Process for obtaining a high yield of low freeze point 
jet fuel from a hydrocarbon feedstock containing ma 
terials boiling above the jet fuel boiling range and con 
taining yat least 5 volume percent normal parañîns which 
comprises ̀ subjecting said feedstock to hydrocracking and 
isomerization in the presence of hydrogen and a catalyst 
comprising alumina, a halogen and a component selected 
from the metals platinum, palladium and iridium and 
compounds of said metals, whereby the amount of jet 
fuel boiling range materials is increased and normal paraf 
fìns `are isomerized, 4and selectively hydrocracking the re 
maining normal parañîns in the presence of hydrogen and 
a catalyst comprising mordenite in hydrogen form and 
at least one hydrogenating component. 

This invention relates to jet fuel production, and more 
particularly to production of high yields of low freeze 
point jet fuel from hydrocarbon feedstocks containing 
materials boiling above the jet fuel boiling range. 

PRIOR ART 

The necessity for jet fuels to be characterized by low 
freeze points is well known, 'and is reflected in :all military 
and commercial jet fuel specifications. Many patents have 
been issued directed to various processes for producing 
low freeze point jet fuels, for example U.S. Patent 3,110, 
662. Said patent also indicates that it is known to hydro 
cnack hydrocarbon feed-stocks containing materials boil 
ing above the jet fuel boiling range, to produce jet fuels. 

Catalytic dewaxing yof hydrocarbon oils is well known 
in the art and refers to the reduction of the normal 
paraffin content of the oils by catalytic conversion of 
normal parañîns rather than by mere physical removal 
of normal paraflins without conversion thereof. 

`Copending Egan U.‘S. patent application Ser. No. 771, 
880 now U.S. Patent 3,539,495 adequately discusses the 
reasons for catalytic dewaxing of hydrocarbon oils, in 
cluding reasons why continuing eiforts are being made in 
the petroleum industry to ñnd improved dewaxing cata 
lysts and processes. 
A recent development in the area ̀ of catalytic dewax 

ing is provided by accomplishing catalytic dewaxing with 
a catalyst comprising a crystalline aluminosilicate zeolite 
in hydrogen form having uniform pore openings with a 
minor pore diameter as determined by crystallography of 
not less than 5.8 and a major pore diameter less than 
8 angstroms lat a temperature of 4at least 450° F., as dis 
closed in Texaco Development Corporation South Africa 
Patent `67/3685, equivalent to U.S. Patent 3,539,458 
issued Nov. 10, 1970. The zeolite having the required 
characteristics is a mordenite-type zeolite. It is highly 
preferable that the mordenite be in hydrogen form; the 
sodium form, for example, produces inferior dewaxing 
results. A catalytic material, suitably a Group VIII metal, 
preferably a platinum group metal, preferably is asso 
ciated with the zeolite. The decationized mordenite-type 
zeolite structures have pore sizes sufficiently large to ad 
mit not only the straight-chain hydrocarbons which it is 
desired to selectively convert to lower molecular weight 
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materials, but also cyclic hydrocarbons; in contrast, the 
straight-chain hydrocarbons alone are selectively admit 
ted to 5angstrom molecular sieves, the pores of which 
quickly become saturated with waxy components, caus 
ing catalyst deactivation. Accordingly, the decationized 
mordenite zeolite structures have a greater capacity for 
sustained selective conversion of straight-chain compo 
nents than `do S-angstrom molecular sieves. The morde 
nite-type zeolite has a chain-type zeolite structure in 
which a number of chains are linked together into a struc 
tural pattern with parallel sorption channels similar to a 
bundle of parallel tubes, in contrast with the three-di 
mensional structural lattices which arel characteristic of 
molecular sieve zeolites such as Y-type faujasites. The 
mordenite-type zeolite dewaxing catalyst preferably com 
prises a Group VIII hydrogenating component, particu 
larly nickel, platinum, palladium and rhodium, in an 
amount of 0.1 to l0 weight percent, calculated as metal. 
When the hydrogenating component is platinum or pal 
ladium, the recommended amount is 0.1 to 5.0 Weight 
percent, preferably 0.5 to 2.5 weight percent. When the 
hydrogenating component is nickel, cobalt or iron, the 
recommended amount is 1 to 10 weight percent, prefer 
ably 1 to 5 weight percent. Hydrogen, in conjunction with 
the hydrogenating component of the catalyst, extends the 
life of the catalyst during catalytic dewaxing by prevent 
ing fouling of the pore openings of the catalyst. The cata 
lyst may be preconditioned in hydrogen before use, at a 
temperature in the range 450° to 1U00° F. 
A mordenite-type zeolite in hydrogen form that is suit 

able for purposes of the process of said South Africa 
Patent 67/ 3685 ‘and for purposes 0f the present invention 
is the calclined synthetic “Zeolon H” mordenite sold com 
mercially by the Norton Company. 
As used hereinafter, the terms “mordenite,” “hydrogen 

mordenite,” and “mordenite in hydrogen form” are in 
tended to include those mordenite-type zeolites indicated 
by said South Africa Patent 6‘7/ 3685 to be desirable as 
catalytic dewaxing catalysts or as components of catalytic 
dewaxing catalysts. 

OBJECTS 
` In view of the continuing need for improvements in 
methods for producing high yields of low freeze point 
jet fuels from hydrocarbon feedstocks, and in view of 
the catalytic dewaxing advances disclosed in said South 
Africa Patent 67/ 3685, it would be desirable if a combina 
tion process were available for converting to low freeze 
point jet fuel in high yields a hydrocarbon feedstock un 
suitable as jet fuel because of an unacceptably high end 
point and an unacceptably high normal paraffin content, 
which process would utilize said advances disclosed in 
said South Africa patent. 

DRAWING 
The above and additional objects of the present inven 

tion, and the ways in which these objects are achieved, 
will better be understood from the following description 
when read in connection with the accompanying drawing, 
which is a diagrammatic illustration of apparatus and 
ilow paths suitable for carrying out certain embodiments 
of the invention. 

STATEMENT OF INVEN’ITION 

In accordance with the present invention there is pro 
vided a process for producing a jet fuel which comprises 
contacting a hydrocarbon feedstock boiling in the range 
450° to 750° F. and containing at least 5 Weight percent, 
preferably 5 to 40 weight percent, more preferably at 
least l0 weight percent, and still more preferably 10 to 
30 weight percent, normal parafñns in a first reaction zone 
with hydrogen and a hydrocracking-isomerization cata 
lyst comprising alumina, a halogen, and a component 
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selected from the metals platinum, palladium and iridium 
and compounds of said metals, at hydrocracking-isomeri 
zation conditions including a temperature in the range 
700° to 900° P., preferably 750° to 850° F., a pressure 
in the range of 500 to 3000 p.s.i.g., preferably 1000 to 
2500 p.s.i.g., a liquid hourly space velocity in the range 
0.1 to l0 volumes of said feedstock per volume of cata 
lyst per hour, and a total hydrogen rate of 200 to 20,000 
s.c.f., preferably 2000 to 8000 s.c.f., of hydrogen per 
barrel of said feedstock, and at a per-pass cracking 
conversion of said feedstock not more than 30 weight 
percent, preferably 5 to 30 weight pecent, to products 
boiling below the initial point of said feedstock, with 
accompanying isomerization of normal parañins to iso 
paraffins, and catalytically dewaxing at least a portion 
of the effluent from said first reaction zone in a second 
reaction zone by contacting said portion with hydrogen 
and a dewaxing catalyst comprising mordenite in hydro 
gen form and at least one hydrogenating component, at 
catalytic dewaxing conditions including a temperature in 
the range 400° to 900° F., preferably 550° to 750° F., 
a pressure in the range of 100 to 2500 p.s.i.g., preferably 
400 to 2000 p.s.i.g., a liquid hourly space velocity of 0.2 
to 25 volumes of said feedstock per volume of catalyst 
per hour, and a total hydrogen rate of 200 to 20,000 s.c.f., 
preferably 2000 to 8000 s.c.f., of hydrogen per barrel of 
said feedstock, to produce a deWaXed product. 

‘In a preferred embodiment said portion of the effluent 
from said ñrst reaction zone that is dewaxed in said sec 
ond reaction zone boils in the range 450 to 75 0° F., more 
preferably 450° to 600° F., contains less than 50 parts 
per million organic nitrogen, preferably less than 5 parts 
per million organic nitrogen and less than 100 parts per 
million organic sulfur, preferably less than 50 parts per 
million organic sulfur, and contains a substantially 
smaller weight percentage of normal parañins than is con 
tained in the portion of the hydrocarbon feedstock hav 
ing the same boiling range. Despite certain language 
tending to teach to the contrary in said South Africa Pat 
ent 67/ 3685, better results are obtained if the nitrogen 
and sulfur contents of the hydrocarbon feed to the second 
reaction zone are kept within the above limits. 

In accordance with a further embodiment of the process 
of the present invention a fraction boiling below 450° F. 
is removed from the efiluent from said first reaction zone 
and the portion of the effluent from said first reaction 
zone that is catalytically dewaXed in said second reaction 
zone boils above 450° F., preferably in the range 450° 
to 600° F. The portion of the efiluent from said first 
reaction zone that boils above 600° F. may be recycled 
to said first reaction zone. 

In a further embodiment of the process of the present 
invention said first reaction zone and said second reaction 
zone are located in a single reactor pressure shell, and 
said hydrocarbon feedstock contains less than l0 parts 
per million organic nitrogen and less than 50 parts per 
million organic sulfur. When said ñrst reaction zone and 
said second reaction are not located in a single reactor 
pressure shell, the feedstock supplied to the first reaction 
zone may contain more than 10 parts per million organic 
nitrogen and more than 50 parts per million organic 
sulfur, and the etiluent from said first reaction zone may 
be hydrofined to reduce the organic nitrogen content 
thereof to less than 10 parts per million and the organic 
sulfur content thereof to less than 50 parts per million, 
prior to supplying the hydroñned material to said second 
reaction zone. 

The halogen contained in said catalyst in said first reac 
tion zone preferably is present as combined halogen, that 
is, in combination with at least one other component of 
the catalyst. The halogen preferably is selected from fluo 
rine and chlorine, and therefore preferably is present as 
a halide selected from ñuorides and chlorides. For exam 
ple, fluorine may be combined with the alumina compo 
nent of the catalyst to form aluminum fluoride. The halo 
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4 
gen may be present in an amount of 0.01 to 5.0 weight 
percent, calculated as halogen and based on the total 
catalyst. 
The catalyst in the first reaction zone and the catalyst 

in the second reaction zone each advantageously may 
contain rhenium or a compound of rhenium, in an amount 
of 0.2 to 1.5 weight percent, calculated as metal and based 
on the total catalyst. 
Each component selected from the metals platinum, pal 

ladium, iridium and compounds of said metals, that is 
present in the catalyst in the first reaction zone may be 
present in an amount of 0.2 to 1.5 Weight percent, cal 
culated as metal and based on the total catalyst. 
The deWaXing catalyst in the second reaction zone, 

which comprises mordenite and at least one hydrogenat 
ing component, desirably will contain a Group VIII metal 
or metal compound hydrogenating component, preferably 
selected from the metal platinum, palladium, iridium, 
ruthenium, rhodium and nickel and compounds of said 
metals. Said dewaxing catalyst advantageously further 
may comprise carbon in an amount of at least 0.5 Weight 
percent, based on the total catalyst. The carbon content 
of the catalyst may be obtained by contacting the catalyst 
with hydrogen and a heavy hydrocarbon distillate boiling 
in the range 500° to ll00° F., at a temperature in the 
range 400° to 900° F., a pressure in the range 5 00 to 3500 
p.s.i.g., and a liquid hourly space velocity in the range 
0.1 to l0, at a total hydrogen rate in the range 200 to 
20,000 s.c.f. of hydrogen per barrel of said distillate, until 
the catalyst contains the desired amount of carbon. It has 
been found that the presence of the carbon in the catalyst 
makes the catalyst more selective for cracking normal 
parañins, and therefore makes the catalyst a more efficient 
dewaxing catalyst. 
The amount of the hydrogenating component present 

in the catalyst in the second reaction zone is discussed 
under prior art, above. 

DISCUSSION OF DRAWING 

Referring now to the drawing, there is shown in a dia 
grammatic illustration of apparatus and flow paths suit 
able for carrying out the process of one embodiment of 
the present invention. 
A hydrocarbon feedstock boiling in the range 450° to 

750° F. and containing at least 5 Weight percent normal 
paraflins is supplied through line 1 to hydro-cracking 
isomerization zone 2, which is supplied with hydrogen 
through line 3. Said feedstock is hydrocracked and isom 
erized in zone 2 in the presence of a halogen-containing 
catalyst as previously described and at conditions previ~ 
ously described. The effluent from zone 2 is passed through 
line 4 to separation zone 5, which may be a distillation 
zone, and is there separated into fractions, including: 

(l) A C( fraction which is withdrawn through line 6; 
(2) A 450° F.- fraction which is withdrawn through 

line 7; 
(3) A fraction boiling in the range 450° to 600° F. 

which is passed through line 8 to dewaxing zone 9; 
(4) A 600° to 750° F.- fraction which is recycled 

from zone 5 to zone 2 through line 10. 
The fraction entering zone 9 through line 8 is catalyti 

cally deWaXed in zone 9 in the presence of hydrogen enter 
ing zone 9 through line 11 and in the presence of the 
mordenite-containing dewaxing catalyst previously de 
scribed, at the catalytic deWaXing conditions previously 
described. The effluent from zone 9, reduced in normal 
paraffin content compared with the fraction in line 8, is 
recovered from zone 9 through line 12 for use in part or 
in its entirety as a superior, low freeze point jet fuel. Said 
fraction may be further hydrogenated in a conventional 
manner, if desired, to further improve the smoke point 
thereof. 
The hydrocarbons supplied to zone 9 through line 8 

preferably have a limited nitrogen content and sulfur 
content, as previously described. This limited nitrogen 
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content and sulfur content may be a result of already 
adequately low nitrogen and sulfur levels in the hydro 
carbons in line 1 because of prior hydroñning or other 
wise, or may be a result of subjecting the hydrocarbons 
in line 4 or line 8 to a separate, conventional hydroñning 
treatment. 

EXAMPLES 

The following examples will serve to further illustrate 
the process of the present invention. 

Example 1 

A hydrocarbon ‘feedstock Was subjected to catalytic 
isomerization and then to catalytic dewaxing in accord 
ance with the process of the present invention. The hydro 
isomerization catalyst was in the form of a ñxed bed 
located within a reactor pressure shell above a ñxed bed 
of the catalytic dewaxing catalyst located within the same 
reactor pressure shell. Each catalyst was present in an 
amount of 50 volume percent of the total catalyst in the 
reactor shell. The hydrocarbon feedstock and hydrogen 
were introduced into the reactor shell at the top, and a 
liquid product .was removed from the bottom of the reac 
tor shell. Details of the operation were as follows: 

A. Hydrocarbon feedstock: 
ASTM D86 distillation: 

ST/10% ______________________ __ 485/508 

50% _________________________ __ 521 

90%/EP ______________________ __ 542/560 

Gravity, ° API ____________________ __ 33.3 

Organic sulfur, p.p.m. _______________ __ <10 
Organic nitrogen, p.p.m. _____________ __ 0.29 
Freeze point, ° F. __________________ __ +7 

Pour point, ° F _____________________ __ -20 

Aniline point, ° LF. _________________ __ 157 

Parafñns, vol. percent _______________ __ 24.6 
Naphthenes, vol. percent ____________ __ 67.0 

Aromatics, vol. percent _____________ __ 8.4 
INaphthalenes, vol. percent ___________ __ 0.6 
Smoke point, mm. __________________ __ 19/18 

Normal paraiiins, wt. percent: 5.2 
C14 __________________________ __ 0.6 

C15 __________________________ __ 

‘C116 __________________________ __ 1.9 

C17 __________________________ ..._ 

C18 __________________________ __ 0.4 

'.lsomerization Dewaxing 
catalyst catalyst 

B. Operating conditions (upper bed) (lower bed) 

Temperature, ° F _ _ _ _ _ . . _. ._ _ 800 645 

Pressure, p.s.i.g.__ _ 2,100 2, 100 
LHsV, V./V./hr ................. ._ 3. o 3. o 
Total hydrogen rate, s.c.f. of hydrogen 5, 000 1 5,000 
per barrel of hydrocarbon feedstock. 

1 Adjusted by eiîect of reaction in upper bed. 

Isomerizatîon Dewaxing 
C. Catalysts catalyst catalyst 

Hydrogenating component (s) _________ __{älâäqrîumâ à: i ̀ gPallacliurn ß. 
Alumina 3.- __. Mordenite,7 

Other component@ .................. __ Fluoride 4...-- in hydrogen 
Chloride 5. _ _ _ form. 

l 0.37 Weight percent of total catalyst. 
2 0.35 Weight percent of total catalyst. 
8 Approximately 98.5 Weight percent of total catalyst. 
4 0.5 Weight percent oí total catalyst, calculated as F. 
5 0.22 Weight percent of total catalyst, calculated as Cl. 
6 2.0 weight percent of total catalyst. 
7 98.0 Weight percent of total catalyst. 

6 
D. Product distribution, weight percent: 

C1|«C2 _ ____________________________ __ 0.5 

C3 „___“ ___________________ __ ________ __ 2.0 

iC4 ________________________________ __ 2.5 

5 RC4 ________________________________ _.. iC5 ________________________________ __ 1.5 

nC5 ________________________________ _... 

iCG ________________________________ __ 1.0 

I1C6 ________________________________ __ 0.7 

10 C7«300° 1F. _________________________ __ 3.5 

300° F.i ___________________________ __. 85.5 

Total _____________________________ __ 100.0 

[_ E. Yield of 300° F.-{ product based on hydrocar 
1‘) bon feed, weight percent __________________ __ 85.5 

F. Characteristics of 300° F . plus product: 
Boiling range, ° F ___________________ __ ‘300-575 

Gravity, ° API _____________________ __ 35.1 

20 Aniline point ______________________ __ 154 

Smoke point, mm. __________________ __ 18 

Freeze point, ° F. ________________ __ below -94 

Example 2 

25 The operation of Example l is repeated, using an addi~ 
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tional portion of the same feedstock, at the same condi 
tions except that the temperature in the upper bed is 
550° F. rather than 800° F., so that the first bed serves 
merely to hydrogenate the feedstock rather than to cause 
hydrocracking and isomerization of any appreciable 
amount of the normal paraiiins therein. 

Because the mordenite catalyst alone does not lower 
the boiling range of the feed suiliciently to meet jet fuel 
specifications, only the lower-'boiling 75 volume percent 
of the 300° ’F.-i- product is suitable for blending into jet 
fuel. The final yield of jet fuel is 0.75 X92 weight percent, 
or -69 Weight percent, of product having a freeze point of 
-61° F. 
What is claimed is: 
1. A process for producing a jet fuel which comprises 

contacting a hydrocarbon feedstock boiling in the range 
450° to 750° F. and containing at least 5 weight percent 
normal parai‘lins in a iirst reaction Zone with hydrogen 
and a hydrocracking-isomerization catalyst comprising 
alumina, a halogen, and a component selected from the 
metals platinum, palladium and iridum and compounds 
of said metals, at hydrocracking-isornerization conditions 
including a temperature in the range 700° to 900° F., a 
pressure in the range 500 to 3000 p.s.i.g., a liquid hourly 
space velocity in the range 0.1 to 10 volumes of said feed 
stock per volume of catalyst per hour, and a total hydro 
gen rate of 200 to 20,000 s.c.f. of hydrogen per barrel 
of said feedstock, and at a per-pass cracking conversion 
of said feedstock not more than 30 Weight percent to 
products boiling below the initial boiling point of said 
feedstock, with accompanying isomerization of normal 
parailîns to isoparañins, and catalytically dewaxing at 
least a portion of the effluent from said first reaction zone 
in a second reaction zone by contacting said portion with 
hydrogen and a dewaxing catalyst comprising synthetic 
mordenite in hydrogen form and at least one hydrogenat 
ing component, at catalytic dewaxing conditions includ 
ing a temperature in the range 400° to 900° F., a pressure 
in the range 100 to 2500 p.s.i.g., a liquid hourly space 
velocity of 0.2 to 25 volumes of said feedstock per volume 
of catalyst per hour, and a total hydrogen rate of 200 to 
20,000 s.c.f. of hydrogen per barrel of said feedstock, to 
produce a dewaxed product. 

2. A process as in claim 1, wherein said feedstock con 
tains at least 10 Weight percent normal parañins. 

3. A process as in claim 1, wherein said portion of the 
effluent from said iirst reaction zone that is deWaXed in 
said second reaction zone boils in the range 450° to 750° 
F., contains less than 10 parts per million organic nitro 
gen and less than 50 parts per million organic sulfur, and 
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contains a substantially smaller weight percentage of nor 
mal parañins than are contained in the portion of said 
hydrocarbon feedstock having the same boiling range. 

4. A process as in claim 3, wherein said portion of the 
efñuent from said ñrst reaction Zone that is dewaxed in 
said second reaction zone boils in the range 450° to 
600° F. 

S. A process as in claim 1, wherein said ñrst reaction 
zone is operated at a perpass cracking conversion of said 
feedstock in the range 5 to 30 weight percent of products 
boiling below the initial boiling point of said feedstock, 
and wherein a fraction boiling below 450° F. is removed 
from the effluent from said first reaction zone and wherein 
said portion of the eñluent from said first reaction Zone 
that is catalytically dewaxed in said second reaction zone 
boils above 450° F. 

6. A process as in claim 1, wherein a portion of the 
effluent from said ñrst reaction zone that boils above 
600° F. is recycled to said first reaction zone and wherein 
the portion of the eñiuent from said reaction zone that is 
catalytically dewaxed in said second reaction zone boils 
in the range 450° to 600° F. 

7. A process as in claim 1, wherein said first reaction 
zone and said second reaction zone are located in a single 
reactor pressure shell, and wherein said hydrocarbon feed 

l5 

stock contains less than 50 parts per million organic nitro 
gen and less than 100 parts per million organic sulfur. 

8. A process as in claim 1 wherein said isomeriza 
tion catalyst further comprises rhenium or a compound of 
rhenium. 

9. A process as in claim 1, wherein said halogen is 
ñuorine. 

10. A process as in claim 1, wherein said dewaxing 
catalyst further comprises at least 0.5 weight percent 
carbon, based on the total catalyst. 
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