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This invention relates to the refining of hydrocarbon 
mixtures of the gasoline boiling range, and in particular 
concerns an improved process for the conversion of nitrog 
enous low antiknock rating fuels to high antiknock rating 
fuels. 
Modern premium automotive and aviation fuels used 

in high compression engines ordinarily require an anti 
knock rating of 98 to 100 as a minimum. Considerable 
quantities of such premium fuels are produced from low 
grade gasoline boiling range materials by catalytic re 
forming or other hydrocarbon conversion process to ob 
tain fuels or blending stocks of high antiknock rating. 
However, many of such catalytic conversion processes are 
detrimentaily affected by the presence of the organic com 
pounds of sulfur and nitrogen in the feed stock; conse 
quently, it is conventional practice to pretreat the feed 
stocks, usually with hydrogen in the presence of a cobalt 
molybdate catalyst, to effect desulfurization and denitro— 
genation. characteristically, the treated feed stock is sub 
stantially completely free of sulfur, but contains a small 
residual quantity of organic nitrogen compounds which, 
even though present only to an extent of 2—20 p.p.m., have 
a decidedly adverse e?ect upon the subsequent catalytic 
conversion operation. This adverse effect is most pro 
nounced when the conversion operation takes the form of 
a reforming operation employing a noble metal catalyst, 
particularly, a halide-promoted platinum reforming cata 
lyst, although it is encountered to some extent in other 
types of conversion, e.g., isomerization, cracking, etc. 

It is accordingly an object of this invention to provide 
an improved process for upgrading nitrogenous hydro 
carbon mixtures of the gasoline boiling range. 

Another object is to provide an improved process for 
denitrogenating hydrocarbon mixtures which are subse 
quently subjected to a catalytic conversion operation of 
a type which is adversely affected by the presence of or 
ganic nitrogen compounds in the feed stock. 
A further object is to provide an improved hydrocarbon 

reforming process comprising, as an integral step there 
of, a denitrogenation operation carried out on the feed 
stock prior to contacting the same with a reforming 
catalyst. 

Other and related objects will be apparent from the 
following detailed description of the invention and various 
advantages not speci?cally referred to herein will be 
apparent to those skilled in the art upon employment of 
the invention in practice. 

I have now found that the foregoing objects and their 
attendant advantages can be realized in an improved 
combination re?ning process in which a nitrogenous, rela 
tively low octane gasoline is treated with a selective ad 
sorbent for the removal of residual nitrogen compounds, 
upgraded in a catalytic conversion step to increase the 
octane rating, and the upgraded gasoline is then recycled 
to desorb the nitrogen compounds that were adsorbed on 
the adsorbent in the adsorption step of the process. The 
adsorbent is thus returned to a lean state for re-use in 
the next succeeding cycle of operation. The high octane 
gasoline product of the process is a premium fuel par 
ticularly suitable for high compression engines. 

Considering now the process of the invention in detail, 
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2 
it is generally applicable to gasoline-boiling range hydro 
carbons containing normally incident amounts of organic 
nitrogen compounds as contaminants. Usually, of course, 
such hydrocarbon mixtures are of petroleum origin, al 
though they may be derived by the processing of oilshale, 
bituminous sands, coal and the like, and are those which 
have been previously treated for the removal of organic 
sulfur compounds. In accordance with a preferred em 
bodiment of the invention, a sulfur- and nitrogen-contain 
ing hydrocarbon mixture is ?rst treated to remove sub 
stantially all of the sulfur compounds and part of the 
nitrogen compounds, and the desulfurized product is then 
denitrogenated and upgraded as mentioned above. 
The adsorption step of the process is effected by con 

tacting the nitrogenous feed stock with a natural or syn 
thetic granular solid crystalline Zeolitic metallo alumino 
silicate activated by partial dehydration and having sub 
stantially uniform pores between about 7 A. and about 
13 A. in diameter to effect removal of the organic nitro 
gen compounds. These zeolitic adsorbents, commonly 
referred to as “molecular sieves,” exert a high preferen 
tial adsorption for the nitrogen compounds present in the 
feedstock, and cannot be substituted with other known 
granular adsorbents, such as silica gel, activated aluminum 
oxide, activated carbon and the like. 

Certain naturally occurring minerals can be heated to 
dehydrate the molecules and obtain molecular sieve ad 
sorbents which can be employed in accordance with the 
invention. However, we greatly prefer to use the synthetic 
materials which are conveniently prepared by heating 
suitable quantities of alumina and silica with an excess 
of sodium hydroxide and thereafter washing out the ex 
cess to obtain a synthetic crystalline zeolitic sodium alu 
mino silicate having a pore diameter of about 13 A. and 
having a typical approximate composition correspond 
ing to [6Na2O-6Al2O3~ l5SiO2] on a water-free basis. 
The uniform pore diameter of this product can be altered 
by exchanging part of the sodium cation with other atoms. 
For example, such a product can be heated with'a con 
centrated solution of a calcium salt, e.g., calcium chloride 
at 20° C. to 175° C., washed with water to remove ex 
cess calcium chloride and thereafter partially dehydrated 
by heating to obtain a calcium sodium alumino silicate 
having a pore diameter of about 10A. and having a typi 
cal average molecular structure on a water-free basis 
corresponding to 

Other cations such as magnesium, strontium, barium, 
potassium and the like can be employed instead of cal 
cium. While any molecular sieve having a pore diameter 
between about 7 A. and about 13 A. can be employedin 
accordance with the invention, it is preferred to use the 
10 A. calcium sodium alumino silicate and the 13 A. so 
dium alumino silicate referred to above which are avail 
able commercially under the trad-e names “Molecular 
Sieves 10X” and “Molecular Sieves 13X” and which usu— 
ally Eontain substantial amounts of inert binder materials. 
British Patent 777,233 gives further details on the prop 
erties and mode of preparation of the molecular sieves 
of the present class. , 

The optimum particle size of the adsorbent will depend 
upon the manner in which it is used in the process, i.e., 
as a ?xed compact bed, a moving compact bed, a ?uidized 
bed, etc., but is usually between about 2 and about 400 
mesh, preferably between about 4 and about 30 mesh for 
fixed and moving compact beds and between about 100 
and about 300 mesh for ?uidized beds. 
The adsorbent is preferably employed in the form of a 

dense compact ?xed or moving bed which is alternately 
contacted with the feed and then desorbed. In the simplest 
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embodiment of the invention the adsorbent is employed 
in the form of a single static bed in whichcase the process 
is only semi-continuous. Preferably, a set of two or more 
static beds is employed in fixed bed contacting with ap 
propriate valving so that the feed stream is passed through 
one or more adsorbent beds while the desorption is 
carried out in one or more other beds in the set. 
The direction of ilow during adsorption and desorption 

can be either up or down through the adsorbent but pre 
ferably the adsorption is carried out in one ?ow direction 
and the desorption in the other. Any of the conven~ 
tional apparatus employed in static bed ?uid~solids eon 
tacting can be used. A moving compact bed of an ad 
sorbent has a greater separation eiiiciency than a ?xed 
compact bed of the same size because of the ability of 
the former to provide re?ux. 

In carrying out the'adsorption operation, the feed mix 
ture can be handled in either the vapor or liquid phase. 
However, vapor phase adsorption is greatly preferre . 
In general, the temperature is between about 0° F. and 
about 800° F., preferably between about 100° F. and 
about 700° F., and the pressure is between about atmos 
pheric and about 1,000 p.'s.i.g., preferably between about 
250 p.s.i.g. and about 500 p.s.i.g. When the adsorption 
step is preceded by a catalytic desulfurization operation, 
as hereinafter more fully explained, it is most suitably 
carried out at or near the operatingconditions of such 
desulfurization operation; otherwise, it is convenient to 
operate under conditions at least close to those employed 
in the subsequent conversion operation. ' 

. The immediate products of the initial adsorption step 
are an unadsorbed or rai?nate phase which is substantially 
nitrogen-free and a solid rich adsorbent containing an 
adsorbate rich in the organic nitrogen components of the 
feed mixture. The solid adsorbent and the unadsorbed 
phase are separated, and the latter is passed to the cata 
lytic conversion step as feed therefor. Since it is substan~ 
tially free of organic nitrogen compounds, it exerts no 
measurable adverse effect on the conversion catalyst. The 
rich adsorbent, on the other hand, is treated to desorb the 
organic nitrogen compound therefrom and to return the 
adsorbent to a lean state for re-use. In accordance with 
the invention, such desorption treatment comprises con 
tacting’the rich adsorbent with the conversion product. 
The use of this substantially nitrogen- and sulfur-free 
conversion product as a stripping or displacement ex 
change ?uid can also be combined for more effective 
desorption with elevated temperatures and/or reduced 
pressures in the known manner. ' 

Although the deactivation of the adsorbent is gradual, 
some deactivation can eventually occur. It is within the 
scope of this invention toreactivate the silicate adsorbent 
by occasional high temperature contacting with a hot reac 
tivating gas such as ?ue'gas, air, etc. 

- In the catalytic conversion step, the denitrogenated low 

10 

20 

25 

30 

4 
velocity can be varied between about 0.1 and about 10, 
but preferably is maintained at about 2.0. A recycle gas 
containing hydrogen is maintained ?owing through the 
catalytic reforming zone in a quantity ranging from about 
500 s.c.f./b. (standard cubic feet per barrel) to about 
10,000 s.c.f./b., but preferably is between about 1,000 
s.c.f./b. and 5,000 s.c.f./b. 'Ihe reformer operating pres 
sure can be between about 5 p.s.i.g. and about 500 p.s.i.-g., 
with a preferred pressure between about 250 p.s.i.g. and’ 
about 350 p.s.i.g. Suitable reforming temperatures are 
between about 800° F. and about 1,050° F. 
As previously stated, the hot high octane effluent from 

the conversion step is contacted with the rich adsorbent 
in the desorption stage of the adsorption step, thus desorb 
ing the adsorbed organic nitrogen compounds from the 
adsorbent to produce a lean adsorbent ready for re-use in 
the adsorption stage and a desorption or stripping etilu 
ent which is cooled and partially condensed. When the 
conversion operation is one of reforming, the uncondensed 
gas, rich in hydrogen produced in the reforming step, is 
recirculated to the reforming step. Under the preferred 
operating conditions of the catalytic reforming step, the 
liquid condensate from the desorption e?luent condensa 
tion comprises a reformed gasoline substantially free of 
sulfur which has an anti-knock rating in the order of 
100+ (LP-1+3 ml. TEL). I 

In accordance 'with a preferred embodiment of the 
invention, a sulfur~ and nitrogen-containing gasoline boil 
ing range feedstock is contacted in the presence of hydro 
gen with a desulfurization-denitrogenation catalyst where 
by substantially all of the organic sulfur compounds and 

V the great majority of the organic nitrogen compounds are 

40 

45 

55 
octane gasoline effluent from the adsorption step is re- ' 
heated to hydrocarbon conversion conditions and is con 
tacted in the vaporphase with a conversion catalyst; 
In most instances, the conversion operation is of the typev 
known as catalytic reforming employing as the catalyst 
molybdenum trioxide, chromium oxide, cobalt molybdate, 
the noble metals and the like, individually or in admixture 
with each other. The dehydrogenation reactionsthat take 
place in the presence of reforming catalysts convert 
naphtheue hydrocarbons into aromatic hydrocarbons. 
An excellent catlayst for this conversion is one containing 
between'about 0.01 percent and about 10 percent by 
weight of platinum and preferably between‘about 0.1 and 
0.5~percent by weight of platinum. The catalyst is usually 
promoted by the inclusion of aminor amount of halide 
such as chloride or ?uoride or both in the alumina carrier. 
It is also conventional to add alkyl halides'to ‘the feed 
to maintain the'catalyst activity. With the reforming 
catalysts mentioned, the processing conditions can vary 
over relatively wide ranges. The liquid hourly space 
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decomposed. The products of these reactions are hydro 
genated fragments of the sulfur or nitrogen compounds 
together with ammonia and hydrogen sul?de. Although 
any desulfurization catalyst is operable in such a catalytic 
desulfurization-denitrogenation step, it is preferred to 
employ a cobalt molybdate catalyst supported on a silica 
stabilized activated alumina carrier. The typical cobalt 
molybdate catalyst of this type contain between about 7 
percentand about 22 percent by weight of total of cobalt 
oxide and molybdenum trioxide. The molecular ratio of 
cobalt oxide to molybdenum trioxide is in the range of 
about 0.2 to about 5.0 mols per mol. One preferred form 
of cobalt molybdate catalyst analyzes about 3 percent by 
weight cobalt oxide and about 9 percent by weight molyb 
denum trioxide with a molecular ratio of about 0.64. 
Appropriate temperatures for’ effecting the desulfurization 
and denitrogenation are between about 575° F. and about 
900“ F., with the preferred operating temperatures be 
tween about 700° F. and about 850° F. The operating 
pressure can be varied widely between about 50 p.s.i.g. 
and about 5,000 p.s.i.g; and is preferably between about 
300 p.s.i.g. and about 1,000 p.s.i.g. This pressure is usu 
ally substantially the same or slightly higher than the 
operating pressure used in the catalytic reforming step. 
The liquid hourly space velocity, measured in liquid 
volumes of feed per volume of desulfurization catalyst 
per hour, can be varied between about 0.1 and about 10, 
but preferably is in the range of from about 1.5 to about 
6.5. A hydrogen recycle gas analyzing between about 35 
percent and about 95 percent by volume of hydrogen is 
normally recirculated through the catalytic desulfurization 
zone at a rate between about 50 s.c.f./b. and 10,000 
s.‘c.f./b. of feed. Preferred hydrogen rates are between 
aboutL-OOO s;c.f./b. and about 5,0‘00's.c.f./b. Some hy; 
drogen is consumed in the desulfurization and denitrogena 
tion reactions and this reaction hydrogen is conventionally 
replenished by a portion of the hydrogen produced ‘in the 
subsequent reforming step. Using the preferred operat 
ing'conditions indicated above, a low grade gasoline con 
taining about ‘0.6 percent by weight of sulfur and about 
0.3 percent by weight of nitrogen can be treated to pro 
duce an e?‘lu'ent gasoline having arsubstantially zero sulfur 
analysis and containing 100 to 300 parts per million of 
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nitrogen. The resulting substantially sulfur-free gasoline 
is then condensed, the liquid condensate separated from 
the gas phase, and the condensate re-vaporized to an ap 
propriate temperature for introduction to the subsequent 
adsorption step. The separated gas phase is then treated to 
remove accumulated contaminants, e.g., hydrogen sul 
?de and ammonia, leaving a clean hydrogen-rich recycle 
gas which is returned to the desulfurization step. 
The process of the invention in its preferred embodi 

ment is described in connection with the drawing which 
accompanies and forms a part of this speci?cation and 
which takes the form of a schematic ?owsheet illustrating 
the principles of the invention, but which is not to be 
construed as limiting the invention. 

Referring now to the drawing, the essential apparatus 
includes catalytic desulfurizer 18, ?rst and second ad 
sorbers 38 and 56 and catalytic reformer 50. The feed 
stream comprises a low grade gasoline having the follow 
ing characteristics: 

TABLE I 
Feed Analysis: 

Sulfur, weight percent ___________________ __ 1.2 
Nitrogen, p.p.m _________________________ __ 260 

Boiling range, ° F. __________________ __ 120-450 

Gravity, ° API ________________________ __ 47 

Knock rating: 
F-l clear _________________________ __ 64 

F-1+3 ml. TEL ___________________ __ 71 

The feed naphtha enters the process via line 10 at a 
rate of 10,000 barrels per day controlled by valve 12 and 
thence passes to feed heater 14. A hydrogen-containing 
recycle gas enters line 10 via recycle manifold 72 at a 
rate of about 1,800 s.c.f./b. of feed, combining with the 
feed prior to introduction into feed heater 14. Within 
the feed heater, the feed is vaporized at a pressure of 
about 450 p.s.i.g. The combined naphtha vapor and re 
cycle gas mixture, at a temperature of about 750° F., 
passes from the feed heater to catalytic desulfurizer 18 
via line 16. Catalytic desulfurizer 18 contains a ?xed bed 
of granular cobalt molybdate catalyst which contains 
about 3 percent cobalt oxide and about 9 percent molyb 
denum trioxide on a silica-stabilized alumina carrier. 
The naphtha vapor is contacted with the desulfurization 
catalyst bed at a liquid hourly space velocity of about 5, 
and is almost completely desulfurized and is denitrogenat 
ed to a substantial extent. The products of the reaction 
effected in catalytic desulfurizer 18 are hydrocarbons, 
hydrogen sul?de, ammonia, and hydrogenated hydro 
carbon fragments. The e?‘luent from catalytic desul 
furizer 18 passes through line 20 into condenser 22 where 
in the effluent is cooled to a temperature su?icient to 
condense the gasoline range materials present. 
The non-condensed recycle and other gases separated 

from the condensate in condenser 22 are removed via line 
74. These gases are puri?ed in treater 76 to raise the 
hydrogen concentration by removal of ammonia and hy 
drogen sul?de through line 78. The hydrogen-rich recycle 
gas from treater 76 is returned to recycle manifold 72 via 
line 80. Table II gives an analysis of the liquid product 
from catalytic desulfurizer 18 which is the condensate 
stream from separator 26. 

TABLE II 

Catalytic Desulfurization Zone Liquid E?‘luent 
Sulfur, weight percent ____________________ __ 0.0005 
Nitrogen, p.p.m. l0 
Boiling range, ° F. ______________________ __ 120-450 
Gravity, ° API 50 
Knock rating: 

F-l clear 40 
F-l-l-3 ml. TEL ________________________ __ 66 

The condensate is removed from separator 26 via line 
28 to vaporizer 30 wherein the liquid condensate is re 
vaporized. The e?iuent from vaporizer 30, at a tem 
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6 
perature of about 500° F., then ?ows through line 32, 
four-way control valve 34, and line 36 into ?rst ad 
sorber 38. 

Adsorber 38 contains a ?xed granular bed of a crystal 
line zeolitic sodium alumino silicate adsorbent (Molecular 
Sieves 13X) having adsorbed thereon a high octane 
catalytically reformed gasoline employed as a displace 
ment exchange fluid in a previous operational cycle. As 
the vaporized feed stream passes through said bed at a 
liquid hourly space velocity of about 7, substantially all 
of the residual organic nitrogen compounds present in 
said stream are adsorbed and the displacement exchange 
?uid is displaced. The non-adsorbed or raf?nate stream 
which is withdrawn from adsorber 38 through line 40 
thus contains some displaced catalytically reformed gaso 
line as well as the non-adsorbed components of the feed 
stream, i.e., hydrocarbon components such as naphthenes, 
paraf?ns and aromatics. The ra?inate stream passes 
through four-way control valve 42 and line 44 to re 
former preheater 46 wherein the feed to catalytic re 
former 50 is raised to a temperature of about 910° F. 
The feed to reformer 50 has substantially the same grav 
ity, knock rating, sulfur content and boiling range as 
shown in Table II, butv has a nitrogen content less than 
0.5 p.p.m. 

Catalytic reformer 50 contains a ?xed bed of a plati 
num reforming catalyst comprising about 0.3 percent by 
weight of platinum. The hot feed from preheater 46 
enters catalytic reformer 50 via line 48 and undergoes a 
series of dehydroaromatization reactions at an average 
reaction temperature of about 910° F. as it is passed 
over the catalyst bed. The liquid hourly space velocity 
in reformer 50 is maintained at about 2.0 and a recycle 
stream containing about 75 percent hydrogen enters via 
line 73 and ?ows continuously at a rate of about 3,000 
standard cubic feet of hydrogen per barrel of feed 
through catalytic reformer 50 in admixture with the low 
octane feed naphtha. The reformer pressure is main 
tained at about 300 p.s.i.g. The hot ef?uent from 
catalytic reformer 50 is passed via line 52, control valve 
42 and line 54 to second adsorber 56 wherein said catalyt 
ic reformer ef?uent is used as the displacement exchange 
?uid. - 

Simultaneously with the foregoing adsorption step be 
ing conducted in ?rst adsorber 38, the adsorbent in sec 
ond adsorber 56 is thus treated with the above-mentioned 
displacement exchange ?uid, i.e., catalytic reformed high 
octane gasoline from reformer 50. The catalytically re 
formed gasoline passes upwardly through the adsorbent 
bed and displaces therefrom the nitrogen compounds 
which were adsorbed during the previous operational 
cycle leaving catalytically reformed gasoline components 
adsorbed on the bed. The e?’luent from adsorber 56 con 
stitutes the extract stream, and comprises a mixture of 
organic nitrogen compounds and catalytically reformed 
gasoline. It is passed via line 58, four-way control valve 
34, line 60, product cooler 62, and line 64 into separator 
66. Light recycle gas, used in both the desulfurization 
and the reforming reactions, is separated from the liquid 
gasoline product of the process at this point. The sepa 
rated recycle gas stream from separator 66 is recycled to 
catalytic desulfurizer 18 via line 71, recycle manifold 72, 
line 10, feed heater 14 and line 16 as previously de 
scribed and to reformer 50 via line 73. Said liquid gaso 
line product from gas-liquid separator 66 is removed to 
product storage via line 68 at a rate controlled by valve 
70. It has the following characteristics: 

TABLE III 

Liquid Reformate Product 
Sulfur, weight percent ______________________ __. 0 
Nitrogen, p.p.m. 10 
Boiling range, ° F. ______________________ __ l20~425 
Gravity, ° API 44 
Knock rating (F-—1+3 m1. TEL) ____ .___ ________ __ 101 
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_ The ‘foregoing description madejwith reference to the 
drawing comprises a ‘single operational cycle, with the 
adsorptionrof the organic nitrogenlcornpounds'from the 
e?luent of catalytic desulfu'rizer 18 being carried out in 
?rst adsorber 38 and desorption of said organic nitrogen 
compounds by displacement exchange with catalytically 
reformed gasoline from reformer 50 being simultaneously 
carried out in second ads‘orbers?, Uponrcompletion 
of this cycle, i.e., when the molecular sieve ‘adsorbent in 
?rst adsorber 38 approaches vsaturation with nitrogen 
compounds, the operations are reversed by switching 
valves 34 and 42 by operation of cycle-timer-operator 99. 
Such operation places ?rst adsorber 38 into the deso'rp-_ 
tion part of the cycle and simultaneously places second 

' adsorber 56 into the adsorption part of the cycle. In the 
next succeeding cycle the valves are again reversed. 
When the same feed is used and identical operating 

conditions are maintained in the previously described 
process except that the adsorption step is bypassed, i.e., 
when the catalytic desulfurization zone liquid e?luent, as 
described in Table II, is passed from separator 23 direct 
ly to reformer preheater 46, thus bypassing adsorbers 33 
and 56, the resulting liquid reformate product vfrom to 
former St) is of a much lower quality than shown in 
Table III. Table IV gives the, characteristics of the re 
sultingp'roduct when the adsorption step is omitted, i.e., 
when the i0 p,'p.m. of organic nitrogen compounds are 
not removed from the reformer feed. ' 

TABLE IV 

Sulfur, weight percent __________________ __ 0.0005 
Nitrogen, p.p.m. _______________________ __ 4.0 

Boiling range, ° F. _______________ _n ____ __ 120-425 

Gravity, ° API "in ____ __V_/_V ____________ __ 44 

Knock rating (IT-1+3 ml. TEL) _________ _, 92 

The removal of a relatively minor amount of organic 
nitrogen compounds from the reformer feed thus effects 
a signi?cant improvement in the quality of the liquid 
reformer product of the process, raising the octane level 
about nine points while the subsequent transfer’ of these 
adsorbed nitrogen compounds ‘to the ?nal process prod 
uct had no deleterious effect on the high product quality. 
Although the process of this‘invention has been de 

scribed above in detail by reference to a particular cata 
lytic desulfurization-denitrogenation step, an interme 
diate adsorptive denitrogenation step, and a subsequent 
catalytic dehydroaromatization step, the present inven 
tion‘ is applicable to the treatment of any nitrogen-con 
taining feedstock destined for catalytic conversion and 
re?ning processes which arev adversely aifected by the 
presence of organic nitrogen compounds. For example, 
the catalytic reforming step described above can be sub 
stituted with a catalytic isomerization, step, a catalytic 
cracking step, or other catalytic conversion step. Usual 
ly, the feedstock_will have been pretreated for the re 
moval of the organic compounds of sulfur and any de 
sulfurization process can be employed for this purpose. 
In each of these re?ning processes the‘ quantity and 
quality of the ei?uent from the catalytic conversion zone 
is markedly improved by removing from the conversion 
zone feed all of these nitrogen and sulfur contaminants. 
7 Thus, the process of this invention shows a wide 
variety of advantages over the prior art since it ( 1) up 
grades low octane. gasoline feeds to a high level with a 
greater liquid yield, (2) allows less severe desulfuriza 
tion conditions to be used to yield the same level of 
desulfurization and prolong the desulfurization catalyst 
life, (3) permits the use of less'severeAreforming con 
ditions for the same octane increase, (4) protects the 
reforming catalyst from the rapid deterioration ‘found’ 
with organic" nitrogen contaminants, (5) and simultane 
ously" effects" the convenient "and ‘ekpeditious disposal: in 
the product “'s'oline of‘ the residual organic nitrogen 
compounds'réfnoyed from the reiornier_feed. ~ . 

Other media-canons and adaptations which would 
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8 
occur to one skilled inthis particular art are to be in 
cluded in the spirit and scope of this invention as de 
?ned by the following claims. 

I claim: 
1. A process for upgrading a hydrocarbon feed mix 

ture boiling in the gasoline boiling range and containing 
normally incident organic nitrogen compounds, said proc 
essricluding a. hydrocarbon conversion step carried out 
in the presence of a catalyst which is adversely affected 
by the presence of said organic nitrogen compounds, 
comprising (1) contacting said feed mixture with a solid 
granular adsorbent consisting essentially of a partially 
dehydrated zeolitic metallo alumino silicate adsorbent 
having’ pores. of substantially uniform diameter between 
about 7 A. and about 13 A., whereby there is obtained 
a raflinate essentially free of organic nitrogen compounds 
and a rich adsorbent containing adsorbed organic nitro 
gen compounds; (2) contacting said ra?inate with said 
catalyst under hydrocarbon conversion‘conditions to ob 
tain a conversion ei?uent; and (3) directly contacting 
said rich adsorbent with said conversion effluent, where 
by there is obtained a single process product comprising 
said conversion product and "desorbed organic nitrogen 
compounds. 

2. A process according to ‘claim l_wherein the said 
adsorbent comprises a calcium sodium alumino silicate 
having substantially uniform diameter pores of about 
10 A. 

3. A process according to claim 1 wherein the said 
adsorbentcomprises a sodium alumino silicate having 
substantially uniform diameter pores of about 13 _A. 

4. A process according to claim 1 wherein said con 
version catalyst is adehydroaromatization catalyst. 

5. A process according to claim 1 wherein Steps (1) 
and (3) are effected in the vapor phase. 

6. The process for upgrading a hydrocarbon feedmix 
ture boiling in the gasoline boiling range and contami 
nated with normally incident organic sulfur compounds 
and normally incident organic nitrogencompounds, said 
process comprising a. hydrocarbon conversion step car 
ned out in the presence of a catalyst which is adversely 
aife'cted by the presence or" said contaminants, compris 
ing: (1) contacting said feed mixture with a desulfuriza 
tron catalyst at desulfurizing conditions whereby there is 
obtained a ?rst eliluent comprising gasoline boiling range 
hydrocarbons substantially free of organic sulfur com 
pounds and containing reduced amounts of said organic 
nitrogen’ compounds; (2) contacting said ?rst e?iluent 
with a solid granular adsorbent consisting essentially of 
a partially dehydrated zeolitic metallo alumino silicate 
having pores of a substantially uniform diameter be 
tween about 7 A. and about 13 A., whereby there is 
obtained a second hydrocarbon e?luent substantially free 
of organic nitrogen compounds and a rich adsorbent 
containing adsorbed organic nitrogen compounds; (3) 
contacting said second effluent with said conversion cata 
lyst at conversion conditions whereby there is obtained 
a third e?iuent comprising gasoline boiling range hydro 
carbons; (4) directly contacting said rich adsorbent with 

, said third e?iuent whereby there is obtained an extract 
e?iuent of a single process product comprising said third 
e?luent and desorbed organic nitrogen compounds. 

7. A process according to claim 6 wherein the said 
adsorbent comprises a calciu'mfsodium alumino silicate 
hailing substantially uniform diameter pores of about 

8. A process according to claim 6 wherein the said 
adsorbent were. a. sqdiiliii?ai?mino silicate. having 
substantially’ uniform diameter pores of about '13 A. . 

9. Aprocess according to claim, 6 wherein said con~ 
versionAcatalyst is a dehydroaromatization catalyst' 

10. A process according to claim 6>wherein said de 
sulfnrization catalyst comprises cobalt molybdate supi 
ported on an alumina carrier and contains between’about 
7 percent and about 22 percent by weight total cobalt 
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oxide and molybdenum trioxide in a molecular ratio of 
cobalt oxide to molybdate trioxide of between about 
0.2 and about 5.0 mols per mol. 

11. A process for upgrading a hydrocarbon feed mix 
ture boiling in the gasoline boiling range and contami 
nated with normally incident organic sulfur compounds 
and normally incident organic nitrogen compounds which 
comprises: (1) contacting said hydrocarbon feed mixture 
in admixture with a hydrogen-containing gas with a de 
sulfurization catalyst at desulfurizing conditions whereby 
there is obtained a ?rst e?luent comprising non-condens 
able gases and gasoline boiling range hydrocarbons sub 
stantially free of said organic sulfur compounds and 
containing reduced amounts of said organic nitrogen com 
pounds; (2) separating said non-condensable gases from 
said gasoline boiling range hydrocarbons; (3) contacting 
said gasoline boiling range hydrocarbons with a solid 
granular adsorbent consisting essentially of a partially 
dehydrated zeolitic metallo alumino silicate having pores 
of a substantially uniform diameter between about 7 A. 
and about 13 A. whereby there is obtained a second hy 
drocarbon effluent substantially free of organic nitrogen 
compounds and a rich adsorbent containing adsorbed 
organic nitrogen compounds; (4) contacting said second 
e?iuent in admixture with a hydrogen-rich recycle gas 
with a conversion catalyst at conversion conditions where 
by there is obtained a third e?iuent comprising hydrogen 
rich recycle gas and gasoline boiling range hydrocarbons; 
(5) directly contacting said rich adsorbent with said 
third ef?uent whereby there is obtained an extract e?’luent 
comprising said third e?iuent and desorbed organic nitro 
gen compounds; (6) separating said hydrogen-rich recycle 
gas from said extract e?luent whereby there is obtained 
a single high octane gasoline product; and (7) recirculat 
ing a portion of said hydrogen-rich recycle gas to Step 
(1) and a portion of said gas to Step (4). 

12. A process for upgrading a hydrocarbon feed mix 
ture whose components boil between about 100° F. and 
about 500° F ., and which is contaminated with normally 
incident organic sulfur compounds and normally incident 
organic nitrogen compounds which comprises: (1) con 
tacting said hydrocarbon mixture in admixture with a 
hydrogen-containing gas with a desulfurization catalyst 
comprising cobalt molybdate at a temperature between 
about 575° F. and about 900° F., and a pressure between 
about 50 p.s.i.g. and about 5,000 p.s.i.g., with a liquid 
hourly space velocity between about 0.1 and about 10.0 
liquid volumes of said mixture per volume of said catalyst 
per hour and with a hydrogen recycle rate between about 
50 s.c.f./b. and 10,000 s.c.f./b. of said hydrocarbon mix 
ture whereby there is obtained a ?rst e?luent comprising 
non-condensable gases and gasoline boiling range hydro 
carbons substantially free of said organic sulfur com 
pounds and containing reduced amounts of said organic 
nitrogen compounds; (2) separating said non-condensable 
gases from said gasoline boiling range hydrocarbons; (3) 
contacting said gasoline boiling range hydrocarbons with 
a solid granular adsorbent consisting essentially of a par 
tially dehydrated zeolitic metallo alumino silicate having 
pores of substantially uniform diameter between about 
7 A. and about 13 A. at a temperature between about 
0° F. and about 800° F., and a pressure between about 
0 p.s.i.g. and about 1,000 p.s.i.g., whereby there is ob 
tained a second hydrocarbon ef?uent substantially free 
of organic nitrogen compounds and a rich adsorbent con 
taining adsorbed organic nitrogen compounds; (4) con 
tacting said second e?‘luent in admixture with a hydrogen 
rich recycle gas with a dehydroaromatization catalyst 
at a temperature between about 800° F. and about 1,050" 
F., and a pressure between about 5 and about 500 p.s.i.g. 
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with a liquid hourly space velocity between about 0.1 
and about 10 liquid volumes of said second eiiiuent per 
volume of said dehydroaromatizatio-n catalyst per hour, 
and with a hydrogen recycle rate between about 50 
sci/b. and 10,000 s.c.f./b. of said second e?iuent where 
by there is obtained a third efliuent comprising hydrogen 
rich recycle gas and gasoline boiling range hydrocarbons 
having a substantially higher octane number than said 
hydrocarbon feed mixture; (5) directly contacting said 
rich adsorbent with said third efiluent at a temperature 
between about 100° F. and about 800° F., and at pres 
sures between about 0 p.s.i.g. and about 1,000 p.s.i.g. 
whereby there is obtained an extract effluent comprising 
said third e?iuent and said adsorbed organic nitrogen 
compounds; (6) separating the hydrogen-rich recycle gas 
from the extract e?luent whereby there is obtained a 
single high octane gasoline product; and (7) recirculat 
ing a portion of said hydrogen-rich recycle gas to Step 
( 1) and a portion of said gas to Step (4). 

.13. A process according to claim 12 wherein the said 
adsorbent comprises a calcium sodium alumino silicate 
having substantially uniform diameter pores of about 
10 A. 

14. A process according to claim 12 wherein the said 
adsorbent comprises a sodium alumino silicate having 
substantially uni-form diameter pores of about 13 A. 

15. A process according to claim 12 wherein said de 
sulfurization catalyst comprises cobalt molybdate sup 
ported on an alumina carrier and contains between about 
7 percent and about 22 percent by weight total cobalt 
oxide and molybdenum trioxide in a molecular ratio of 
cobalt oxide to molybdate trioxide of between about 0.2 
and about 5.0 mols per mol. \ 

16. A process according to claim 12 wherein said de 
hydroaromatization catalyst comprises between about 0.01 
percent and about 10.0 percent by weight of a noble metal 
promoted by a halide. 

17. A process according to claim 12 in combination 
with the steps of cooling and partially condensing said 
first effluent; separating the non-condensable gases from 
the condensate; vaporizing said condensate and introduc 
ing it to said Step (3); subjecting said non-condensable 
gases to treatment for removal of hydrogen sul?de, am 
monia and light hydrocarbon gases whereby there is ob 
tained at hydrogen-rich non-condensable gas; and return 
ing said hydrogen-rich non-condensable gas to said 
Step ( 1). 

18. A process according to claim 12 wherein Steps (3) 
and (5) are effected in the vapor phase. 

19. A process as defined by claim 12 wherein the said 
adsorbent is periodically contacted with a hot reactivating 
gas. 
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