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This invention relates to the catalytic reform 
ing of naphtha for the production of high quality 
motor fuel, and it pertains more particularly to 
an improved dehydro-aromatization process. 
wherein the reforming is effected by means of a 
Catalyst in the presence of hydrogen, although 
the hydrogen itself is not consumed in the re 
action. An object of our invention is to provide 
a System for obtaining maximum yields of high 
quality gasoline from petroleum naphtha and to 
produce motor fuels of higher octane number 
than can possibly be produced by cracking and 
by thermal conversion processes. A further ob 
ject is to provide a system for obtaining maxi 
mum yields of motor fuel per unit of catalyst 
employed, or in other words, to utilize the cat 
alyst more effectively and for a much longer 
period of time than has heretofore been possible. 
A further object is to provide a system where 

in various naphtha fractions may be most effec 
tively and efficiently converted into motor fuels of 
high octane number, and wherein the partially 
spent catalyst from the treating of one fraction 
may be effectively employed for the treating of 
another fraction. A further object is to provide 
a new combination of catalyst conversion systems 
with means for segregating relatively pure hy 
drogen produced in one of said systems and for 
using that hydrogen in all of said systems. 
Another object is to provide a method and 

means for preventing degradation of heavy naph 
tha fractions by subjecting them to the severe 
conditions required for the processing of light 
naphtha fractions and to avoid dilution of light 
naphtha fractions by non-aromatizable very 
light naphtha constituents such as pentanes. 
Other objects will be apparent as the detailed 
description of our invention proceeds. 

It is now known that under certain operating 
conditions dehydrogenation catalysts such as 
molybdenum oxide on alumina, chromium oxide 
On alumina, etc. have the remarkable and unex 
pected property of causing ring closure, i. e., the 
Conversion of straight chain and branched chain 
hydrocarbons to aromatics. Naphthenes are also 
converted to aromatics. In order to prolong cat 
alyst life for commercially feasible periods of 
time the reaction is effected in the presence of 
hydrogen. Our invention is a further improve 
ment in the above process and is based on our 
discovery that some naphtha fractions require 
different conversion conditions than other naph 
tha, fractions. More Specifically, we have found 
that the light naphtha fractions, particularly Cs 
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ating conditions than heavy naphtha fractions, 
for instance, those containing predominantly C8 
to C12 hydrocarbons. If naphtha is treated in a 
single conversion zone either the light compo 
nents will be insufficiently reformed or the heavy 
components suffer thermal degradation. 

In accordance with our invention the predomi 
nantly Cs and C fraction is treated with rela 
tively fresh catalyst of maximum activity and 
the catalyst which has served its purpose for the 
conversion of this fraction is thereafter employed 
for converting the predominantly C8 to C12 frac 
tion. This method of operation offers the dis 
tinct advantage that operating conditions in both 
catalyst systems may be substantially the same, 
namely, about 30 to 450, preferably about 250, 
pounds per sqare inch pressure, at 875 to 1075, 
preferably about 950 F. average bed temperature, 
space velocity of about 0.04 to 10 or preferably 
0.2 to 2.0 volumes of liquid naphtha, per volume 
of catalyst space per hour, and a hydrogen 
ratio of about 0.4 to 8, preferably about 3 
mols per mol of naphtha. It should be under 
stood that severity can be obtained by either 
increasing temperature or decreasing space 
velocity and that for a given severity of treat 
ment the higher the temperature, the higher the 
space velocity. Thus operating at 1000 F. with 
a space velocity of 1 may be about equivalent in 
severity to operating at 950 F, with a space ve 
locity of 0.5. 
The catalyst may be on stream from 2 to 20 

or more hours with light naphtha and from 5 to 
20 hours with heavy naphtha, after which it is 
regenerated and reconditioned for repetition of 
this cycle, Pentanes and butanes are removed 
from the light naphtha fraction and by-passed 
around the conversion zone to avoid dilution in 
the light naphtha conversion chamber. This by 
passing of C4 and Cs hydrocarbons increases the 
paraffinicity and decreases the acid heat of the 
finished motor fuel which is an important con 
sideration in aviation fuels. The by-passing of 
C4-Cs fractions also prolongs catalyst life. 
As above stated, we first treat one close-cut 

naphtha fraction until the catalyst becomes ap 
preciably less active with regard to that fraction 
and then we process a fraction of different mo 
lecular weight with the same catalyst. Ordi 
narily the fresh catalyst is employed with the 
most difficultly aromatizable stock but it should 
be understood that the fresh catalyst may be 
employed with the more easily aromatizable stock 
under mild operating conditions, particularly un 

and C7 hydrocarbons, require more drastic oper- 55 der low temperatures of about 875 to 925 F., 
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after which the more difficultly aromatizable 
stock may be converted over the partially spent 
catalyst at high temperatures which may range 
from 950° to 1075° F. Many other modifications 
of the invention will be apparent to those skilled 
in the art as the detailed description of our in 
vention proceeds. 
In the accompanying drawings, which form a 

part of this specification and in which similar 
parts are designated by like reference characters 
through the several views: 

Figure 1 is a flow diagram of our improved 
reforming system; 

Figure 2 is a flow diagram showing one portion 
of the System in further detail, namely the rota 
tion system for employing fixed bed catalysts; 
and 

Figure 3 is a flow diagram of another modifl 
cation of the System employing moving bed cata 
lyst, chambers. 
The invention is not limited to any particular 

naphtha. The naphtha may be either straight 
run or cracked or it may be produced by the hy 
drogenation of carbonaceous materials, by the 
catalytic conversion of carbon monoxide and hy 
drogen or by any other known method. In the 
preferred embodiment of the invention we will 
describe the conversion of straight-run naphtha 
obtained from East Texas crude. Preferably the 
Original naphtha is straight-run or paraffinic hy 
drocarbon which initially has a relatively low 
octane number. 
The catalyst employed for the reforning or 

Conversion step is preferably an oxide of a 6th 
group metal mounted on active alumina (a form 
of alumina obtained as a scale in aluminum ore 
purification). About 2 to 10% of molybdenum 
Oxide on alumina or about 8 to 40% of chromium 
Oxide on alumina have been found to give ex 
cellent results. It should be understood, how 
ever, that the present invention is not limited to 
any particular catalyst but is applicable to the 
use of any dehydro-aromatization catalyst known 
to the art. The minor ingredient of the catalyst 
is preferably an oxide or sulfide of molybdenum, 
chromium, tungsten or uranium or any mixture 
thereof mounted on bauxite, precipitated alu 
mina, activated alumina or any other suitable 
catalyst Support. Magnesium, aluminum or zinc 
chronites, molybdenites, etc. may be employed 
since it has been found that the 6th group metal 
is particularly active when it is in the anion. 
Wanadium and cerium oxides have been found to 
be effective for this conversion. Oxides of cop 
per, nickel, manganese, etc. may be included to 
facilitate regeneration or to supplement or pro 
mote catalyst activity. 
The catalyst may be made by impregnating 

activated alumina or other support with molybdic 
acid, ammonium molybdate or any other catalyst 
compound decomposable by heat. Also the alu 
minum and molybdenum oxides may be co-pre 
cipitated as a gel or the separate oxides may be 
mixed together as a paste, dried, extruded under 
pressure or pelleted and heated to a temperature 
of about 900 to 1200° F. Since the preparation 
of the catalyst forms no part of the present in 
vention it will not be described in further detail. 
The catalyst may be employed in fixed beds, in 

movable beds or as a powder Suspended in a 
gaseous stream, the conversion in all cases being 
in the vapor phase. The fixed bed catalysts may 
be positioned in tubes mounted for instance in 
the convection section of a furnace or they may 
be positioned in a single bed or plurality of becs 
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2,824,165 
in vertical towers or chambers. The moving 
catalyst may be charged to the top of a tower or 
tube either continuously or intermittently, the 
spent catalyst being withdrawn from the base of 
the tuba at substantially the same rate; in this 
case the reaction takes place continuously and 
under substantially constant conditions of tem 
perature and pressure, the regeneration being 
effected outside of the conversion zone. The 
powdered catalyst may be fed into a rapidly 
moving stream of vaporized naphtha and hydro 
gen, separated therefrom after reaction is con 
pleted and separately regenerated by oxygen 
While suspended in flue gas. Any of these specific 
catalyst reactors or their equivalents may be used 
in practicing the invention, but they will not be 
described in further detail. In the case of pow 
dered catalyst the expression "space velocity' is 
not applicable-the equivalent effect is obtained 
by using about 1 to 15 volumes of catalyst per 
volume of oil and using a contact time of about 
5 to 200 seconds. - 

Referring specifically to Figure 1, a crude East 
Texas petroleum is passed from a still (not 
shown) through line 0 to fractionator from 
Which a butane-pentane fraction is withdrawn 
Overhead through line 2, a hexane-heptane frac 
tion is withdrawn through line 3, an octane 
nonane-decane fraction is withdrawn through 
line 4 and heavy ends, gas oils, lubricating oils, 
etc. are withdrawn through line 5. 
The hexane-heptane fraction which is con 

monly referred to as light naphtha may be sup 
plemented by light naphtha from outside sources 
introduced through line f6. Generally speaking, 
the boiling range of this fraction will be in the 
general range of from about 125 to 225 F. and 
it will contain predominantly normal and iso 
hexanes and heptanes. If cracked naphtha is 
used, olefins will also be present. This light 
naphtha fraction is passed by pump f through 
coils 8 of furnace 9 and thence through trans 
fer line 20 to catalyst chamber 2 f. 

Hydrogen from line 22 is heated in coils 23 and 
introduced by line 24 either into transfer line 20 
or into the top of catalyst chamber 2, preferably 
So that the hydrogen contacts and conditions the 
catalyst before the catalyst meets the heated 
naphtha stream. Catalyst may be introduced 
into chamber 2 by means of a suitable valve 
closed hopper System diagrammatically illustrat 
ed by line 25. 
The reaction in catalyst chamber 2 is prefer 

ably effected at a space velocity of 0.04 to 10, 
preferably about .2 to 2 volumes of liquid light 
naphtha per volume of catalyst space per hour 
at an average catalyst bed temperature of about 
875 to 1075 F., preferably about 950 F., at a 
pressure of about 30 to 450 pounds per square 
inch, preferably about 250 pounds per square 
inch, and in the presence of about 0.4 to 8 mols 
of hydrogen to 1 mol of naphtha, preferably 
about 3 mols. 

Reaction products and vapors leave reaction 
chamber 2 through line 26 and are cooled in 
condenser 27 and introduced into hydrogen sepa 
rator 28 which is preferably maintained at sub 
stantially reaction pressure but at a temperature 
of about 35 to 105 F. The separated hydrogen 
is withdrawn to line 29 and either discarded 
through line 30 or passed by line 3 and pump 
32 to line 22 for reuse in the system. Generally 
speaking, the fresh catalyst tends to produce a 
hydrogen of sufficient purity for reuse in the sys 
tem, but if necessary or desirable hydrogen dis 
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carded through line 30 may be suitably purified 
and returned to line 3. 

Liquids from separator 28 are withdrawn 
through line 33 to line 34 for final fractionation 
and/or stabilization and/or finishing treatments. 

After reaction chamber 2 has been on stream 
for about 2 to 20 hours, for instance about 4 or 5 
hours, the catalyst from chamber 2 is with 
drawn through line 35 to catalyst chamber 36 
and new catalyst is introduced into chamber 2. 
If continuous or intermittent catalyst flow is 
employed the rate of flow is such that the cata 
lyst in each chamber is entirely replaced about 
every 2 to 20 hours, although it should be un 
derstood that this is dependent on the nature of 
the catalyst employed and that for some cata 
lysts the replacement should be as rapid as every 
hour, while with others it may be as slow as every 
20 or 30 hours. 
The heavy naphtha from line 4 may be sup 

plemented by heavy naphtha from other sources 
introduced through line 3. This fraction has a 
boiling range in the general neighborhood of 
about 225 to 425 F. or higher, and it contains 
normal and is0-Octanes, nonanes, decanes, etc. 
If desired a part or all of the octanes may be 
included with the light naphtha fractions. The 
cut point temperature between light and heavy 
naphtha may be anywhere between about 200 
and about 300 F. 
The heavy naphtha is passed by pump 38 

through coil 39 in furnace 40, thence through 
transfer line 4 to catalyst chamber 35. Hy 
drogen from line 42 is heated in line 43 and in 
troduced by line -44 into this catalyst chamber. 
The conditions in catalyst chamber 36 are sub 
stantially the same as those in catalyst chamber 
2 except that slightly higher temperatures may 
be used. Q 

Spent catalyst from chamber 36 is withdrawn 
through suitable gas-tight valved means dia 
grammatically illustrated at line 53. Reaction 
products from chamber 36 are withdrawn 
through line 45, cooled in condenser 46 and in 
troduced into hydrogen separator 47 which is 
Inaintained under substantially the same condi 
tions as separator 28. The hydrogen in this 
case is usually a lower grade than obtained in 
Separator 28 and it may be withdrawn through 
line 48 and discarded through line 49. However, 
if this hydrogen is of sufficient purity for reuse 
in the system without purification it may be 
passed by line 50 to line 3 or by line 5 directly 
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to line 4. It will thus be seen that the hydrogen 
for reaction chamber 36 may be supplied either 5: 
from Separator 47 by line 5 or from separator 
28 by lines 22 and 52. Here again the hydrogen 
discarded through line 49 may be wholly or par 
tially purified and returned for reuse. 

Liquids from separator 47 are withdrawn 
through line 54 to line 34 where they join the 
reformed light naphtha from line 33 and the un 
reacted butane and pentane fraction from line 
f2. 
Where fixed bed catalyst chambers are em 

ployed and a plurality of such beds are arranged 
in parallel, the operation will be as illustrated 
in Figure 2. The light naphtha transfer line 20 
serves as a manifold so that the hot vapors may 
be introduced through any one of branch lines 
20a, b, c and d. Similarly, the heavy naphtha 

' may be introduced into any one of the catalyst 
chambers A, B, C and D through any of the 
branch lines 4 a, b, c and d. Similarly, branch 
lines 26a, b, c, and d may be selectively connected 
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through line 28 to condenser 2 and separator 
28 while branch lines 45a, b, c, and d selectively 
lead through line 45 to condenser 46 and sepa 
rator 47. 
In this figure the hydrogen from separator 4 

is of sufficient purity to be reused and it is there 
fore introduced by pump 55 into hydrogen stor 
age tank 56. It should be understood that simi 
lar storage tanks may be employed in the system 
for hydrogen from line 5. 
The hydrogen from storage tank 56 may be 

heated in coils 57 of furnace 58 and introduced 
by line 59 into the various catalyst chambers by 
branch lines. 59a, b, c and d. It should be under 
stood, however, that the same furnace may be 
employed for heating the naphtha as that em 
ployed for heating the hydrogen, as illustrated in 
Figure 1-also that the separate heating of hy 
drogen illustrated in Figure 2 may be used in the 
System of Figure 1. 

In Figure 2 while catalyst chamber A is being 
repaired or standing by, catalyst chamber B may 
be undergoing regeneration while catalyst cham 
ber C is operating on heavy naphtha and cata 
lyst chamber D on light naphtha. After a pe 
riod of perhaps 4 to 10 hours, when chamber B 
is fully regenerated, the light naphtha stream is 
switched to chamber B, the heavy naphtha to 
chamber D and chamber C is regenerated. Next 
the light naphtha will be charged to chamber C, 
the heavy naphtha to chamber B, while chamber 
D is regenerated, etc. It will thus be seen that 
in each chamber the fresh catalyst is used for 
converting the most difficultly aromatizable stock 
and that after it has served its usefulness on 
such stock it is employed for another period. On , 
a stock of different character so that in effect 
each catalyst chamber is used much longer than 
would otherwise be possible. 

In the above description it is understood that 
the reaction temperatures for heavy naphtha are 
approximately the same or slightly lower than 
the temperatures for light naphtha. We may, 
however, pass the heavy naphtha through the 

5 fresh catalyst at relatively low temperatures and 
subsequently pass light naphtha over this same - 
catalyst under markedly higher temperatures. 
Under such conditions the purest hydrogen is 
produced at the low temperature conditions and 
advantage is taken of the high temperature per 
missible with the light stock for obtaining the 
ultimate catalyst effectiveness. 
In Figure 2 we have diagrammatically illus 

trated the fractionation of materials from line 
34 in fractionator column 60, the propane and 
lighter gases being taken overhead through line 
61, the gasoline through line 62 and fractions 
heavier than gasoline through line 63. Any con 
ventional fractionating or stabilizing means may 
be employed for this purpose. The gases may be 
used for further conversion processes and the 
heavier-than-gasoline products may be either 
recycled to the system with the heavy naphtha or 
may be thermally, or catalytically converted into 
motor fuel in Some other System. In Figure 2, of 
course, it should be understood that a prelim 
inary fractionator will be used to obtain the 
stocks charged through lines 3 and 4. 

In Figure 3 we have shown another embodiment 
of our invention wherein moving catalyst beds 
are employed and wherein three separate naph 
tha fractions are treated. . In this case the heavy 
naphtha will have a boiling range of about 225 to 

5 
325 F. and the heavy heavy naphtha will have a 
boiling range of about 325 to 450 F. Catalyst 
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chambers E, F and G may be operated either con 
currently or countercurrently and the catalyst 
may be regenerated in chamber H and returned 
to chamber E for reuse. Here again the temper 
atures may be slightly increased as the catalyst 
proceeds from stage to stage; pressure, hydrogen 
concentration, space velocity, etc. may vary, but 
in general the reaction conditions are the same in 
each chamber. However, if the heavy heavy 
naptha is introduced into chamber E and the 
light naphtha in chamber G, the temperature 
conditions should be drastically changed because 
in Such case the temperature in E must be main 
tained below about 925 F., while in chamber G 
it may be as high as 1025 to 1100 F. 

In Figure 3 the hydrogen from storage tank 56 
is withdrawn through line 64 and through branch 
lines 65, 66 and 67 to the inlet of coils f8, 39 and 
39'. It should be understood, however, that the 
hydrogen may be heated in separate coils as 
hereinabove described and/or that the hydrogen 
in the previous examples may be introduced with 
the naphtha as shown in Figure 3. 

Regeneration in all cases is effected by oxida 
tion with air in the presence of flue gas which 
may be introduced through line 68, the spent re 
generation gases being withdrawn through line 
9. Specific methods of regeneration form no 

part of the present invention and they will not 
therefore be described in further detail. 
In Our preferred examples we have illustrated 

the separate treatment of two or three naphtha 
fractions but it should be understood that a much 
larger number of fractions may thus be separately 
treated. Cs hydrocarbons are more difficultly 
aromatizable than C7, C are more difficultly 
aromatizable than Cº, Ce than C9, etc. but the 
difference in the required severity of treatment 
gradually diminishes with hydrocarbons of higher 
and higher molecular weights. Thus our light 
naphtha may consist essentially of Cs hydrocar 
bons, a heavier fraction may consist essentially 
of C hydrocarbons, a heavier fraction may con 
sist essentially of Cs hydrocarbons, etc. Alter 
natively, when the light naphtha consists essen 
tially of Ca hydrocarbons, the next heavier frac 
tion may include C7 to Ce and the next heavier 
from Cs to C10, etc. 
While the ease of aromatization and conse 

Cuently the mildness of the aromatization con 
ditions gradually increases with the molecular 
weight of the hydrocarbons, we have found that 
the tendency toward volatility increase is much 
greater in the case of heavier hydrocarbons than 
in the case of light hydrocarbons. When Ce to 
C13 hydrocarbons are aromatized there is a pro 
nounced tendency toward increase in volatility. 
such a tendency is appreciable with C7 to Ca hy 
drocarbons and it is only very slight in the case 
of Cs and Ca hydrocarbons. This tendency to 
ward the increase of volatility is a further cogent 
reason for the separate treatment of specific hy 
drocarbon fractions. w 
While we have referred to Ce hydrocarbons, 

Co-C7 hydrocarbons, etc. and while in our ex 
amples we have given certain general boiling 
ranges, it should be understood that close frac 
tionation is not essential in the practice of our 
invention. When separately treating a C6-C7 
fraction and a C-Co fraction respectively, it is 
important that the bulk of the lighter hydrocar 
bons be in the C6-C7 fraction and that the bulk 
of the heavier hydrocarbons be in the C-Co 
fraction, but some overlapping is of no serious 
Consequence. p 

0. 
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The separate treatment of various hydrocarbon 

fractions serves a very useful purpose in the man 
ufacture of special petroleum products such as 
aviation gasoline, high solvency naphtha, safety 
fuel, high knock rating motor fuel, etc. Aroma 
tization of the C7-C8 fraction, for instance, pro 
duces a high solvency naphtha of special quality, 
the aromatization of heavier naphtha produces 
an exceptionally high grade aviation safety fuel, 
particularly if the lighter ends of such aromatiza 
tion products are blended with aromatized Co-C 
hydrocarbons to supply the necessary light and 
heavy ends for a balanced high antiknock motor 
fuel. These are only a few examples of the in 
portant advantages that are obtainable by the 
separate aromatization of different naphtha frac 
tions. Of primary importance, of course, is the 
increased efficiency of each separate treatment, 
the increased catalyst life obtainable, the avoid 
ance of stock degradation, the effective means 
for supplying endothermic heat of reaction, and 
the general flexibility of operation. 
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While we have described preferred embodi 
ments of our invention it should be understood 
that we do not limit ourselves to any of such de 
tails since various further modifications will be 
apparent from the above description to those 
skilled in the art. 
We claim: 
1. The method of converting low knock rating 

naphtha to high knock rating motor fuel in a 
dehydro-aromatization system which comprises 
fractionating the naphtha into a C4-Cs fraction, 
a Cs to Cs fraction and a C8 to C12 fraction, 
âromatizing the Ce to Ca fraction under severe 
conditions with a dehydro-aromatization catalyst 
in the presence of hydrogen, separately aromatiz 
ing the Cs to C1:a fraction under milder conditions 
in the presence of the same catalyst, separating 
the hydrogen from the liquid reaction products 
of said treating steps, and combining said liquid 
reaction products with the C4-Cs fraction. 

2. The method of claim 1 wherein the Cs to Cs 
naphtha fraction is contacted with relatively 
fresh catalyst and wherein the Cs to C12 naphtha 
fraction is contacted with a relatively spent cata 
lyst. Under approximately the Same temperature 
conditions. 

3. The method of prolonging the useful life of a 
catalyst in a dehydro-aromatization process for 
converting low knock rating naphtha into high 
knock rating notor fuel, which comprises frac 
tionating saidnaphtha into a fraction boiling pre 
dominantly below about 125 F., a fraction bol 
ing predominantly between about 125 to 225° F., 
and a fraction boiling predominantly above about 
225 F., respectively, by-passing the catalyst 
chamber with the fraction boiling below 125 F., 
contacting catalyst material with one of the re 
maining fractions until the catalyst is partially 
spent and then contacting said catalyst with the 
other remaining fraction until the catalyst is sub 
stantially spent. 

4. The method of claim 3 wherein the catalyst 
is first contacted with the fraction boiling be 
tween about 125 and 225 F. at a temperature of 
about 875 to 1075 F., and wherein the naphtha 
fraction boiling above 225 F. is contacted with 
catalyst which has previously been used for con 
verting the fraction boiling between 125 and 225° 

5. The method of operating a multi-stage cata 
lytic dehydroaromatization system which con 
prises passing a catalyst material through a first 
stage and then through a second stage, treating 
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a narrow cut naphtha fraction with said catalyst 
in said first stage for converting it into high 
knock rating motor fuel, and passing a second 
close-cut naphtha fraction of different boiling 
range than said first-named fraction into con 
tact with said catalyst in said second stage for 
converting said secondi close-cut naphtha frac 
tion into high quality motor fuel, regenerating 
the catalyst from said second stage and returning 
said regenerated catalyst to said first stage. 

6. The method of converting low knock rating 
naphtha into high knock rating motor fuel in 
a multi-stage dehydro-aromatization system 
which comprises fractionating said naphtha into 
a fraction consisting chiefly of butanes and pen 
tanes, a light naphtha fraction, and a heavy 
naphtha fraction, contacting a dehydro-aromati 
zation catalyst with one of said naphtha fractions 
under reaction conditions until the catalyst is 
partially spent with regard to that fraction, then 
contacting said partially spent catalyst under re 
action conditions.with the other fraction to pro 
duce aromatization thereof and combining said 
butane and pentane fraction with at least a part 
of the aromatization products from both of the 
aromatization steps to produce a high knock 
rating motor fuel. - 

7. The method of operating a multi-stage de 
hydro-aromatization system which comprises 
treating a close-cut naphtha fraction having 
about C6 to Cs carbon atoms per molecule with 
a dehydro-aromatization catalyst until said cata 
lyst has become partially spent, and subsequently 
treating a heavy naphtha substantially free from 
light naphtha components with said same par 
tially spent catalyst, whereby the catalyst life 
may be extended materially beyond the life which 
it would have had the naphtha fractions been . 
mixed and treated simultaneously. 

8. The method of converting naphtha into valu 
able petroleum products which comprises frac 
tionating said naphtha into a plurality of frac 
tions of different boiling, ranges, separately 

10 

supplied by the light ends produced by the 
aromatization of heavy naphtha. 

11. The method of aromatizing a plurality of 
naphtha fractions of different boiling ranges 
which comprises contacting an aromatization 
catalyst with a naphtha fraction under relatively 
mild conditions, contacting the same catalyst 
with a lighter hydrocarbon fraction under rela 
tively severe conditions and blending reaction 
products from said separate treating stages for 

, the production of high quality motor fuel. 
12. The method of obtaining valuable petrole 

, um products from naphtha which comprises frac 
tionating naphtha, into a fraction of the class 
consisting of C6 hydrocarbons, Ca hydrocarbons 
and a mixture of C6-C7 hydrocarbons, and an 
Other fraction consisting chiefly of hydrocarbons 
heavier than Ch. hydrocarbons, treating Said first 
fraction with an aromatization catalyst at a tem 
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aromatizing each fraction by contacting it with 
an aromatization catalyst at a temperature of 
about 875 to 1075° F. with a space velocity of 
about 0.04 to 10 volumes of liquid naphtha frac 
tion per volume of catalyst space per hour under 
a pressure of about 30 to 450 pounds per square 
inch and in the presence of about 4 to 8 mols of 
hydrogen per mol of naphtha fraction, the Sever 
ity of the contact conditions. being greater in the 
case of low boiling fractions than in the case of 
high boiling fractions, whereby each fraction is 
aromatized under optimum conditions, removing 
and fractionating the products of the respective 
conversion stages to produce high antiknock no 
tor fuel and products heavier than high anti 
knock motor fuel. - 

9. The method of claim 8 wherein the light 
components of the products produced by aroma 
tizing a heavy naphtha fraction is removed, 
whereby a safety aviation gasoline may be ob. 
tained and wherein the light products removed 
from the aromatized heavy naphtha are blended 
with the products of aromatized light naphtha 
for supplying the heavy ends of high antiknock 
motor fuel. . . . ( 

10. The method of claim 8 wherein. One 
naphtha fraction consists essentially of C and 
Cs hydrocarbons which are converted into high 
solvency naphtha by aromatization and wherein 
the deficiency in heavy ends for motor fuel pro 
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duced by aromatization of lighter naphtha is 

perature of about 875 to 1075° F. under a pres 
sure of about 30 to 450 pounds per square inch, 
With a Space velocity of about 0.04 to 10 volumes 
of liquid feed per volume of catalyst space per 
hour in the presence of about 0.4 to 8 mols of hy 
drogen per mol of naphtha feed, the lower space 
velocities being associated with lower tempera 
tures and higher space velocities with higher 
temperatures respectively, separately treating 
the heavier naphtha fraction under milder con 
ditions than the first naphtha fraction was 
treated, and fractionating products from both 
conversion steps to obtain high quality motor 
fuel and products heavier and lighter, respective 
ly, than said high quality motor fuel. 

13. The method of converting low knock rat 
ing naphtha to high knock rating motor fuel in 
a dehydroaromatization system which comprises 
fractionating the naphtha into a C4-Cs frac 
tion, a Co-C8 fraction and a C8-Cia fraction, 
aromatizing the C6-Cs fraction under severe 
conditions with a relatively spent dehydro 
aromatization catalyst at temperatures within 
the approximate range of 950 to 1100°F. in the 
presence of hydrogen, separately aromatizing - 
the Ca-Cia fraction under milder conditions in 
the presence of relatively fresh dehydroaromati 
zation catalyst at a temperature within the ap 
proximate range of 750 to 925 F., separating hy 
drogen from the liquid reaction products of said 
treating steps and combining said liquid reac 
tion products with the C4-Cs fraction. 

14. The method of operating a multi-stage cat 
alytic dehydroaromatization system which com 
prises passing a catalyst material through a first 
stage and then through a second stage, treating a 
low boiling close cut naphtha fraction with said 
catalyst in said first stage at a temperature with 
in the approximate range of 900 to 1000 F. for 
converting it into high knock rating motor fuel, 
treating a high boiling clost cut naphtha fraction 
in said second stage under substantially the same 
operating conditions as the first stage for con 
verting said high boiling close cut naphtha frac 
tion into high quality motor fuel, regenerating 
the catalyst from said Second stage and return 
ing said regenerated catalyst to said first stage. 

15. The method of operating a multi-stage cat 
alytic dehydroaromatization system which com 
prises passing a catalyst material through a first 
stage and then through a second stage, treating 
a narrow cut high boiling naphtha fraction with 
said catalyst in Said first stage at a temperature 
within the approximate range of 875 to 925 F. 
for converting it into high knock rating motor 

  



6. 
fuel, treating a close cut light naphtha fraction 
with said catalyst in said second stage at tem 
peratures within the approximate range of 950 
to 1100°. F. for converting said light naphtha, 
fraction into high quality motor fuel, regenerat 
ing the catalyst from Said Second stage and re 
turning said regenerated catalyst to said first 
stage. 

16. The method of converting naphtha into 
valuable petroleum products which comprises 
fractionating said naphtha into a plurality of 
fractions of different boiling ranges, separately 
aromatizing each fraction by contacting it with 
an aromatization catalyst, first contacting Said 
catalyst with One of said fractions and SubSe 
quently contacting said catalyst with another of 
said fractions, each of said contacting steps be 
ing within the approximate temperature range 
of 875 to 1075 F, within the space velocity range 
of .04 to 10 volumes of liquid naphtha fraction 
per volume of catalyst space per hour and within 
an approximate pressure range of 30 to 450 
pounds per square inch and in the presence of 
an amount of hydrogen within the approximate 
range of 4 to 8 mols Of hydrogen per mol of 

i naphtha fraction, maintaining more severe con 
tact conditions in the case of a low boiling frac 
tion than in the case of a high boiling fraction 
and removing and fractionating the separately 
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2,324,165 
aromatized products to produce high antiknock 
motor fuel. 

17. The method of obtaining valuable petroles 
um products from naphtha which Comprises 
fractionating naphtha into a fraction consisting 
essentially of hydrocarbons in the hexane to 
heptane boiling range and another fraction con 
sisting essentially of hydrocarbons which are 
higher boiling than heptane, separately treating 
both of said fractions with the same aromatiza 
tion catalyst at a temperature within the aps 
proximate range of 875 to 1075 F. under a press 
sure within the approximate range of 30 to 450 
pounds per square inch with a space velocity 
within the approximate range of .04 to 10 vol 
umes of liquid feed per volume of catalyst space 
per hour in the presence of an amount of hydro 
gen vithin the approximate range of .4 to 8 mols 
of hydrogen permol of naphtha fraction charged, 
separately treating the second named fraction 
consisting essentially of hydrocarbohs higher 
boiling than heptane under substantially milder 
conditions than the first named naphtha fraction 
is treated, fractionating products from both 
treating steps to obtain high quality motor fuel 
and products heavier and lighter respectively 
than said high quality motor fuel. 
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