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REFORMING OF BOTH STRAIGHT RUN AND

CRACKED GASOLINES TO PROVIDE HIGH'
OCTANE FUELS

Vladlmir Haensel and Henry W. Grofe, Finsdale, I!l., as-
sigiiors to Universal Oil Prodicis: Conupsnyy (',mcago,
1L, 4 corgorition of Deldware

Application February 23, 1952, Serial No; 273 103
13 Claitiis. (Ci. 196—50)

This invetition relates to an iniproved combined méthod

for reforrnmg both strdight rin d8d cracked gasolinés
Moré: spev

oF naphthas to° provide high octine fuels.
cifically, the: preséiit improved operatron itegrates’ frace

tieriatiod with cafalytic reforming in a mander whefe
differeiit boiliig' péinf fractions of Both: straight=rin' dnd
crdcked gasolines may be indeperidently freafed iinder

optitiiiiny’ conditions to provide both premium motor
and avidtion fuéls.
It is' récogiiized that various types' of combination Fé~

fotmirig operations have been utilized to improve’ both'

straight-run anid cfacked gasoline fractions, which smiay
include both thefmally and catalytically cracked mas

ferials, or miXtiires thereof However, many procéssing:

niéthicds d6 not Haiidie thie stieais fo the best advans

tage so° &§ to provide optimivm Vields and- dctdne' nums

bets, while iti additicn, effééting. the contactmg of the'

catalyst- at coadifions providing & minimum of dimige:
For example, it has’ been. discovered:

i0° theé catalyst.
that in catalytic reforning operations, it is desirable to

subject cracked pasolines; or other olefinic gasolines’ and’
naphthas, to- saturation’ by a hydrogenatlon step prior
to effecting: the rerormmg thereof, since the olefins: tend-

to deprees the hydioeciackiiig and 1somerrzlng reactlons
of the reforming o'peratron

of paraffins;. ds well as: dehydrogenatlon of naphth nesﬂ
to aromatics; in effecting the overall coaversiofi” with:
Geir
erally, resulting aromatic fractions are separatéd: from:
the: non:aromatic after the reforming. operation: by suit=
able- extraction means §o as to permit independeit: uise:
of the products, or to permit blending of: product streams

4 résulting substantial inc’rease in octane numbet.

into" desired- fiels.

It is a principal object of the present: cornbmed and:
integrated: operation to provide pre-fractionation of both:

sttaight-run of- ctacked gasolines or naphtha streams to
provide’ differetit boiling point ciits and to independently

process various:of these cuts in different reforming zones:

$0- ds to- permit optimumr conversion- conditions; and

in addition to substantially frdctionaté and - separate”
product’ sireams to permit. controlled: blending: and- the:
productiori of both premium moter and aviation: fuels.

A particular featiré of the present opérition is that

a- multiple. fractionation system is combined with the

different- feforming steps of the present opération- to’
obviate: the necessity of recovering the resulting aro+

matics by an- extraction process. Another -featire of

the preseént arrarigement and opératior i§: the use’ of
hydrogen: recycle systems' within the unit in a" mdnder-
which integrates the- different- operating pres$ures: in: the
different portions of the corhbined unit-so as to fecess

sitate the use of only two compressors in the recycle
systems.

. Another feature of the present improved- operation-
70

is to effect a-high degree of aromatization- and- octane
1mprovement in the- combined units with a- substanually
non-régenerative type of catalyst. This catalyst is a
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recently déveéloped r’eftirming catalyst’ Haviifg s'upeu'or
quality and provrdmg superior conversion restlts ovér
fong pcrlods of iise; when useéd inder proper coiiditions.
Fhis: ¢atalyst: may be' further des1gnated 4§ a platinum-
alimidaeombiti&d Halogen catalyst. Thie' platinuin con-
tent of the ¢atalySt may bé& quité high bt for économic
as well as' Jiéld and’ quality redsons; will ‘b withi
tangd of from about 0.05% t& aboiit 1.5% by W
of -the alurhina’ on &' 'dry Basis. The concéntration
thé-halogén: jonr iir the combined catalyst may b’
the rafige of from'about 0.1% to dbout 8% By W ight
of. the: alumind on- a: dry basis. However, the: ﬂuorrde
jon -appears- to- b8 tore” activé than' thé chiofide ion
and’‘therefore Will- be used withiti the range’ of frony
about 0.1% to about 3% by weight of alumina on &
dry basis. The chloride ion may be used within: fhe
range: of from: about 0.2% to about 8% by’ weight of
the: alumiiia- on- a dry basis: Of ‘coutse;: both' ﬂuﬁﬁdé
and- chiloride” ions may be uséd’ idgetlier to' provide th
halogen-containing catdlyst. Bromide  and: iodide iotis:
may be nsed; but afe found: to: be of poor: dctivity and

- preferably the aforementioned: fluoride and ‘chloride iohg

30

are combined with- the: platinum-alimina catalysts.
The operation: of thé combined’ and integrafed: frac-
tionation- and reforming steps of thé presenf ifiveiitioi
are best explained- in- condection with: the' addompany-
ing drawing; however; thie combined process may be:
set- forth: in- the following brief embodiment. - A comi=
bmed substannally non-regenerdtive prodess’ fof reform
ing both straight-run- and- cracked gisoline fractions to
provide high' octane mumber- fuels; ih a inafiner which
comprises; independently fractionatinig both® thé: straight®
run and. cracked gasolines to” provide low' boilifig: point;:
intermediate boiling point, and high boiling poirit frak:-
tions, combining the resulting low boiling: straighf-run
fraction with .the resulting: intermediate boiling pomf‘
crackéd fraction and subjecting. the miixture to- réform=
ing in-.a first reforming zone, subjectiig the- refulting:
mtermedrate ‘boiling. point straight-tun fraction té- rev
forming in a- second reforming zone, subjecting thé re:
sultmg high boiling straight-run- fraction: to. reforming;
in a third reforming zone and passing: the: thus reforméd
and dehydrogenated stream with- resulting- hydrogén and’
without additional heating: into a hydrogenation- zoné
in admixture witli the low boiling cracked- gasoliné frace
tion, . contacting the mixture in this latter zon& withs

‘a sulfur. resistant hydrogenation. catalyst under @ondi-

50

60

85

tions effecting. the saturation of the olefinic- componefifs:
of the stream, independently separating- and* fractionat-
ing the resultrng reformed streams from each- of the- fifst
and sécond reforming zones and -from- the hydrogena-:
tion' zone. to provide high and low boiling. preduct- frac-
tions, blendlng the ‘untreated hrgh boiling. cracked -frac-
tion' with the resulting high- boiling: fractions from the:
liydrogengtion step and with-both .of the resulting low

5 boiling fractions separated from the first and’ second:

reformmg zones to provide a desirable premium- motor
fugél, and. blending the low bmhng fraction from the
hydrogenanon step, with both of the _resulting high- boil-
ihg fractions separated from the first and -second re-
formmg Zomes to provrde a premlum aviation fuel:

Refeérence fo the accompanying: drawmg and ‘the fol-
l6wing déséription thereof will aid in setting. forth the-
combined  feforming operation of thé present invention:
as” wéll as point out further advantageous features in:-
connéction -therewith. .

In the present embodrment, & straxght-run gasohne
stream is mtroduced by way of line 1-and valve 2 into-a:
fractxonatmg chamber 3, while a’ separate*cracked 2486
line stream is introduced by way of line 4 and- valve &
into. fractionating chamber 6: - This- latter stréam may -
be a catalytically cracked material or: alternatively- a-
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thermally cracked stream or other olefinic stream having
a large quantity of unsaturated material. Preferably,
each of the streams are depentanized and boiling within
the range of from about 115° F. to about 400° F., as
indicated.

The straight run fraction in column 3 is distilled and
fractionated to provide an overhead cut, boiling in the
range of from about 115° F. to about 220° F., and being
withdrawn by way of line 7 and valve 8, while a bottoms
fraction passes by way of line 9 and valve 10 into a sec-
ond fractionation column 11 to be further distilled and
separated into an intermediate boiling point fraction and
a higher boiling fraction. The intermediate boiling point
fraction is indicated as boiling in the range of from
about 220° F. to 270° F. and discharged by way of line
12 and valve 13, while the higher boiling fraction is in-
dicated as boiling in the range of from about 270° F. to
about 400° F. being withdrawn by way of line 14 and
valve 15, . .

The olefinic cracked gasoline fraction is separated in
column 6 to provide an overhead stream, boiling in the
range of from about 115° F. to about 220° F., and being
discharged by way of line 16 and valve 17, while a bot-
toms fraction is passed by way of line 18 and valve 19
into a second fractionating column 20 for further dis-
tillation and separation. An. intermediate boiling point
fraction having a boiling range of from about 220° F. to
about 300° F. is discharged from the upper portion of
column 20 by way of line 21 and valve 22, while the
heavier fraction, having a boiling point range of from
about 300° F. to about 400° F., is withdrawn from the
lower end of column 20 by way of line. 23 and valve 24.

In accordance with the present combined and integrated
operation, the low boiling straight-run fraction from line
7 is.combined with the intermediate boiling point cracked
fraction from line 21, as well as with recycle hydrogen ob-
tained from line 25, and the mixture is then heated in a
suitable heater or furnace 26 and discharged by way of
line 27 to a catalytic reforming zone indicated diagram-
matically at 28. The low boiling and intermediate boil-
ing point cuts which are combined and passed to this re-
forming zone provide naphthenic hydrocarbons suitable
for dehydrogenation and aromatization and the produc-
tion of a considerable quantity of benzene, toluene, and
xylenes. suitable for high octane blending components.
Thus, in order to effect substantial dehydrogenation of
the stream, the material passing by way of line 27 into
the reforming zone 28 is at a temperature say of about
900° F. or within the range of from about 800° F. to
950° F., while at a pressure of preferably less than about
400.p. s. i. g., and preferably within the range of from
about 200-400 p..s. i. g.

Preferably, the catalyst used in the reforming zone 28
is of the improved type comprising platinum-alumina and
combined halogen, in order to provide superior results
and 'in order to provide -a substantially non-regenerative
type of operation. It is, however, to be understood, that
more than one reforming zone or chamber may be uti-
lized with suitable heaters or heat exchange means placed
between the separate catalytic contacting chambers of the
unit. The reformed stream from zone 28 is passed
by way of line 29 and valve 30 to a suitable cooler 31,
and from the latter by way of line 32 into a $eparator 33.
From the separator 33, a liquid aromatic containing hy-
drocarbon stream is withdrawn by way of line 34 and

valve 35, while a gaseous hydrogen containing stream -

is discharged from the upper portion thereof by way of
- line 36 and valve 37. Means is also provided by way of
line 38 and valve 39 for withdrawing a portion of the
gaseous stream - and thus preventing the build-up of
methane or other undesired light gasecus components.
The intermediate boiling point range straight-run cut
from column 11,and passing by way of line 12, is com-
bined with a hydrogen stream from line 40 and com-
pressor 41 and the mixture is passed by way of a suit-
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able heater 42 and line 43 into a separate reforming zone
indicated as 44. This naphthenic fraction, containing
some virgin toluene and xylene along with toluene and
xylene foriming naphthenes, undergoes reforming and
aromatization within the reforming unit 44 at a tempera-
ture of the order of about 900° F., or with in the range
of from about 800° F. to about 950° F., while at a pres-
sure of preferably less than about 500 p. s. i. g., and with-
in the range of from about 250 to 500 p. s. 1. g. As noted
in connection with catalytic reforming zone 28, the pres-
ent reforming zone 44 may comprise one or more Sep-
arate catalytic chambers having suitable heaters or heat-
ing means incorporated therebetween so as to provide
suitable reforming conditions and maximum conversion to
high octane fractions. Also, an improved platinum-
alumina-combined halogen catalyst is preferably used in
the reforming zone 44.

The resulting reformed fraction from zone 44 passes
by way of line 45 and valve 46 to a cooler 47 and from
the latter by way of line 48 into a separator 49. From
the latter a liquid hydrocarbon stream of high toluene
and xylene concentrations is passed by way of line 50 and
valve 51, while a gasecus hydrogen-containing stream is
discharged from the upper portion of the chamber by way
of line 25 and valve 52. In accordance with a particular
feature of the present operation, it is to be noted that this
hydrogen containing gaseous stream being discharged
from separator 4% by way of line 25 is that which is com-
bined with the light straight-run cut and the intermediate
boiling point cracked gasoline cut and passing to re-
forming zone 28, The operating pressures are controlled
50 that there is no compressor required in line 25 to main-
tain the hydrogen recycle stream. In other words, re-
forming zone 28 operates at a lower pressure than re-
forming zone 44 and the compressor 41 provides a high
pressure for the hydrogen stream leaving the separator
33 suitable to maintain pressure through reforming zone
44, through the cooler 47 and the separator 49 and thus
permit the recycle of the hydrogen stream, by way of line
25, back into the first catalytic reforming zone 28.

In accordance with a further portion of the present
combined operation, the high boiling straight-run cut,
being withdrawn by way of line 14 from column 11,
passes in admixture with hydrogen obtained from line 54
through heater 53 and charge line 55 to a third catalytic
reforming zone 56. In zone 56, the high boiling cut is
subjected to more severe reforming conditions, say at a
temperature of about 900° F, or within the range
of from about 800° F. to about 950° F., and a pres-
sure above 500 p. s. i. g., say at about 700 p. s. i g.,
or within the range of from about 500 to 800 p. s. i. g.
As in the other separate reforming zomes, the pres-
ent high boiling cut contacts preferably a platinum-
alumina-combined halogen catalyst suitable to. provide
overall reforming including dehydrogenation and isom-
erization and hydrocracking, - with resulting optimum
conversions to high octane materials in a manner where
each zone is substantially non-regenerative. In this in-
stance, the resulting reformed stream from zone 56 passes
without additional heat directly to a catalytic hydrogen-
ation zone 57, by way of line 58, while in admixture with
the low boiling cut of cracked gasoline being discharged
by way of line 16 and passing by way of a suitable heater
or exchanger 59 and line 60. In other words, the olefinic
cracked gasoline fraction from the fractionator 6 is
combined with the reformed stream obtained from the
high boiling cut of the straight-run charge stream and
the mixture is subjected to catalytic hydrogenation in the
zone 57 whereby to effect the saturation of the olefinic
components in the stream.

The resulting reformed and saturated product stream
from the hydrogenation zone 57 passes by way of line 61
to cooler 62 and through line 63 into a suitable separat-
ing chamber 64. From separator 64, a gaseous hydro-
gen-containing stream is discharged by way of line 65
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and valve 66 while the- hqurd hydrocarbon. reformate

§tream passes by wa¥y of line 67 and valvé 68 to fractron-

atmg means. A sécond hyd-ogeén recycle system is pro-

vided in connection with the catalytic reforming zoné 56

and the catalytic hydrogenatron zone 57. As indicated,

the hydrogen streamn in line 65 is. compressed in a suit-

able compressor 69 and passed at least in part to the

line 54, for introduction into heater 53 together with

the high boiling straight-iun gasoline fractlon, as- here-

inbefore sét forth. The compréssor 69 in this in-
~ $tancée providés 4 high pressiire stream which may be
mtroduced into thé high pressure catalytic reforming
zone 56. However, an excess portron of the hydrogen
stiéam may be passed from line 54' through line 70" and
valve 71 to hydrogen line 49, wheéreby the hydrogen may
be introduced from one recycle system {6 the other.

The catalyst within theé hydrogénation zone 57 may be
of platrnum—alumrna—combmed haldgen catalyst such- as
itilized in the reforming Zonés, or it may be a com-
bited platintim-aliming éatalyst without the halogen
component, or a cobalt-molybdate catalyst stiitable for
hydrogenatlon of an olefifiic material.  The platinum-
alumina cataryst is, however, prefeired in the present
comibined uhit in order to provide catalytic zones which
are substantially non-regenerativé and which may be
utilized for long periods of operation without replace-
ifient or reactivation. Also, the catalytic hydrogénation
20tie 57 is diagrammatic and mdy coiiiprise oné or more
separate catalytic contacting chambers, as’ may be de-
sired.

The light cracked gasoline fraction from chamber 6
may be heated in the heater 59 to a tempetrature of the
otdér of about 700° F. and combined with thé resultmg
reformed stream from the zone 56 and passing by way
of line 58, in order that a reésulting mixed stream may be
introduced into the hydrogenatiofl zone at a temperatiiré
of the order of aboiit 700° F. or within thé range of from
about 700° F. to 800° F. The pressuré mairitained with-
in the' hydiogenation zone 57 is substantlally the samé
45 that within the reforiming zoné 56,.1i. e. within the
range of from about 500 tc 800 p. s. i. g

In éach of the catalytic contactiiig zomes, it is desrred
to maintain a high hydrogen to hydrocarbon molal ratio
in” order to provide optlmum conversion conditions and
to prevent the excessive formation of carbon on the ¢at-
alyst and a resulting deactivation thereof. Theé hydrogen
to hydrocarbon molal ratio may be of the range of from
about 1 to 12, but is preferably gredter than abotit 2.
The weight hourly space velécities i the various reform-
ing zones (with space velocity being defined as the weight
of hydrocarbon charge per hour per weight of catalyst
in" a reaction zone) may lie' within the range of from
about 0.5 to about 20, however, more generall i may lie
within the range of from about 2 to 4. The space veloe-
ity in- the- catalytic hydrogenatron zo1& 57 is” preferably
maintained higher than that within the various catalytic
reformmg zonés and’ is preferably greater than 4, say
within the range of from about 4 to 10.

Iii- accordance with the preseént invention, which com-
bines catalytic reforming with fractionation in an inte-
grated manner to provide desired blended high octane
fitels, each of the resulting reformed gasoline streams
are’ subjected to fractionation to provide at least’ high
and” low boiliig' components thereof. Thus, the re-
formed-and saturated Hydrocurbon stream from separator
64 and line 67 passes to 4 stitable fractioniatién zone 72
and is therein distilled and fractionated to provrde an
overhéad stream of Cs and lighter material which is dis-
charged by way of lirie 73 and valve 74, while the bottom
fraction passes by way of line 75 and valve 76 to.a sec-
ond’ fractioation Zone 77.
product stream ' is separated to provide an overhead ciit

¥ beitig- withdiawn by way of ling 78 and valve 79,
Wh‘ile the higher boilifig™ cut, within thé range of from

In the latter zoile, the

g'in the range of from about 115° F. to about 235¢
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about 235° F. to. about 400° F
of line 80 and valve 8T1.
The resultmg reformed stréam from the mtermedrate
boiling point stralght-run gasolme fractron, bemg with-
drawn from separator 49 by way of line 50 is passed to a
suitable fractionator 82, where C5 and llghter fractions
may be discharged and removed by way of lme 83 and
valve 84. The bottoms fraction passes by way of Iine
85 and valve 86 to another fractionating. and drstrlhng
¢oluimn 87 from which a hght overhead cut borlmg in the
range of from about 115° F. to about 270° F. is -dis:
charged by way of line 88 and valve 89, The hlgher
boiling cut, boiling. in the range of from about 270° F.
and hrgher, and consisting primarily of xylenes is dis-
charged from the lower portion of fractionator 87 by
way of line 90 and valve 91.
In a similar manner; the. resultmg réformed fractrons
from separator 33 are passed by way of line 34 to a frac:
tionating column 92. The pentané and lighter, materlals
arée discharged through line 93 dnd valve 94, while a

F., is withdrawn by way

- héavier bottoms fraction is passed by way of.line 95 and
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valve 96 into & second fractionating column 97, In col-
uiniy 97, thé imaterials are separated to provide a hght
overhead cut borhng in thé range of from about 115° F.
to about 220° F., being discharged by way of line 98
and’ valve 99, wh11e the higher boiling cut, having ma-
terials” borhng in the range of from about 220" F. and
higher, i§ dischatged by way of line 100 and valve 101.
Although fiot indicated in the embodiment of this draw:
ing, it 18 to be. noted that the pentane and lighter cuts
from éach of the fractionating zores 72, 82 dand 92 may
be' fiirther fractionated to provide’ normal pentane and
iSopetitdfie fractions. The n-pentané may be in part
introduced into ore or moré of the difféfent catalytic re-
formrng 7b1ies to undergo isomerization and the forma-
tion of highér octané fractions, while all o & poition of
the isopentane may be bleénded into the aviation fitel
blending Zotie, béing provided as will héreinafter be set
foith.

Still’ further, in accordance with the presént combinéd
operation, the various restilting product str€ams are blenid-
ed’ to' provide both nidtor fiiel and aviation filel streams.
The high beiling 300° F. t5 400° F. ¢racked gasoline or
naphtha stream withdrawn from factionator 20 by way
of linie 23 is passed to a suitable biending zone 102 t6-
gether with™ thi€ high boiling réformed fraction from
column 77 arid lifig 80, and roted as boiling in the rangé
of from about 235° F. to about 400° E. Also, the light-
or low borhng point fidctions containing bénzene and tolu-
ene from each of the fractronators 87 and 97, and passmg
ing zong 102 by way of line 23. There is thus provrded‘
within the blending zon€ 102 & stuperior and desrrable
high octine fiiel which may be withdrawi by Way of line
163 and valvé 164 for passage 1o storage or other such
zone as may be desired. . .

The higher boiling arématic streams containing toluene
and xylene from each of the fractionators 87 and 97
and passing by way of lines 90 and 169 respectively, are
introduced into a suitablé aviatiofi fuel blernding zone
105, Also, blending with these higher borlmg aromatic
concentrates is a low boilifig fraction, in the range. of
from about 150° F. to about 235 ° F., from fractionating.
column 7 7 and hne 78 and contammg 1soparaﬁ‘ins, benzene
introduced dnectly into the blendmg zoné 105 by way of‘
liné 106 and valve 107, Theré is thiis provided a blended
aviation fuel within. zote 105 which makes. it possible-
to provide an’ aviation fuel of _stiperiot performance. and
normally meeting the 115-145 grade reguirements. Such
supetior aviation fuél may be wrthdrawn and passed to.
storagé by way of a lifié. 108 and valve 109,.or passed-
to aniother dégired zone. )

The présént combmed reformlng operanon 1s‘of ‘course
not to be limited by the present. drawing, for the latter:
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is diagrammatic only. Nor is the specific operation with
respect to boiling points of particular cuts or fractions
to be considered limiting, for obviously, minor variations
in carrying out the fractionation to obtain the various
low, intermediate, and high boiling point cuts may be
made in accordance with the present combined and iu-
tegrated operation to provide both motor fuel and avia-
tion fuel of high octane. WMo pumps have been shown
in the drawing, however, necessary pumps, and additional
valves, as well as reboilers and the like, are of coursz to
be incorporated in all units as may be required.

We claim as our invention:

1. An integrated and combined process for reforming
both straight-run and cracked gasoline fractions to provide
high octane number fuels, which comprises, fractionating
each of the straight-run and cracked gasoline fractions to
provide low, intermiediate, and high boiling fractions, com-
bining the low boiling straight-run fraction with the in-
termediate boiling cracked fraction and subjecting the
mixture to reforming in the presence of a reforming
catalyst within a first reforming zone, subjecting the re-
sulting intermediate straight-run fraction to reforming in
a second catalytic reforming zone, subjecting the result-
ing high boiling straight-run fraction to reforming in
a third reforming zene and passing the resulting stream
with hydrogen and without additional heating into a hydro-
genation zone in admixture with the low boiling cracked
gasoline fraction, contacting said mixture with a sulfur
resistant hydrogenation catalyst in said hydrogenation zone
in a maunner effecting the saturation of olefinic components
of said stream, independently separating and fractionating
the resulting reformed streams from each of said first
and second reforming zones and from said hydrogenation
zone in a manner providing high and low boiling fractions,
blending the untreated high boiling cracked fraction with
the resuliing low boiling fractions from said first and sec-
ond reforming steps and with the high boiling fraction from
said hydrogenation step to provide a desirable premium
motor fuel, and blending the low boiling fraction from
said hydrogenation step with both the resulting high boil-
ing fractions separated {rom said first and second reform-
ing zones to provide a premium aviation fusl.

2. An integrated and combined process for reforming
straight-run and cracked gascline fractions to provide
high octane number fuels, which comprises, separately
fractionating the straight-run and cracked gasoline frac-
tions to provide low boiling, intermediate boiling, and
high boiling fractions, combining the resulting low boil-
ing straight-run fraction with the intermediate boiling
cracked fraction and subjecting the mixture to reforming
in the presence of hydrogen and a platinum-alumina-
combined halogen catalyst in a first reforming zone, sepa-
rating a gaseous hydrogen-containing stream from the
resultant reformed products, subjecting the intermediate
straight run fraction to reforming in the presence of
said hydrogen stream separated from first said reforming
zone and while in contact with a platinum-alumina-com-
bined halogen catalyst in a second reforming zone, cocl-
ing and separating the resulting reformed stream to pro-
vide a gaszous hydrogen containing stream and a liquid
aromatic containing hydrocarbon stream, subjecting the
high boiling straight-run fraction to reforming in the
presence of a recycle hydrogen stream and in contact
with a platinum-alumina-combined halcgen catalyst in
a third reforming zone, passing the resulting stream from
said third reforming zoune and without adidtional heating
into a hydrogenation zone in admixiure with the low
boiling cracked gasoline fraction, said mixture contracting
a sulfur resistance platinum-alumina catalyst in said hydro-
genation zone and effecting the saturation of olefinic
compenents of said stream, cooling and separating the
resulting reformed and saturated stream to provide a
gaseous hydrogen containing siream and a liquid hydro-
carbon stream, with said hydrogen containing stream
being recycled into admixture with said high boiling
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straight-run fraction as said hydrogen recycle stream, and
further recycling at least a portion of said gaseous hy-
drogen containing stream being separated from said sec-
ond reforming zone into admixture with said low boiling
straight run-fraction and said intermediate boiling cracked
fraction to provide the aforesaid hydrogen passing to
said first reforming zone, independently separating and
fractionating the resulting reformed streams from each
of said first and second reforming zones and from said
hydrogenation zone in a manner providing high and low
boiling fractions, blending the untreated high boiling
cracked fraction with the resulting low boiling reformed
fractions from said first and second reforming zones and
with the low boiling reformed fraction from said hydro-
genation step whereby to provide a desirable premium
motor fuel, and blending the low boiling fraction from
said hydrogenation step with both of the resulting high
boiling reformed fractions separated from said first and
second reforming zones whereby to provide a premium
aviation fuel.

3. The method of claim 2 further characterized in that
said straight-run and cracked gasoline fractions are
depentanized prior to fractionation into said low, inter-
mediate and high beiling fractions, and the resulting re-
formed streams from each of said separate reforming
zones ‘are depentanized prior to providing said low and
high boiling reformed fracticns being blended into said
motor and aviation fuels. .

4. An integrated and combined process for reforming
straight-run and cracked gasoline fractions to provide high
octane fuels, which comprises, separately fractionating
the straight-run and cracked gascline fractiens to provide
low boiling, intermediate boiling, and high boiling frac-
tions of each, combining the resulting low boiling straght-
run fracton with the intermediate cracked fraction and
subjecting the mixture to reforming at a temperature of
the order of about 900° F. and a pressure of less than
about 400 p. s. i. g. while in the presence of hydrogen ob-
tained as hereinafter set forth and while in contact with
a platinum-alumina-combined halogen catalyst in a first
reforming zone, separating the resulting reformed stream
into a gaseous hydrogen containing stream and a liquid
aromatic containing stream, subjecting the intermediate
straight-run fraction to reforming in the presence of said
hydrogen stream separated from first said reforming zone
at a temperature of the crder of about 900° F. and a
pressure of less than about 500 p. s. i. g. but greater than -
the pressure maintained in first said reforming zone and
while in contact with a platinum-alumina-combined halo-
gen catalyst within a second reforming zone, cooling and
separating the resulting reformed stream to provide a gase-
ous hydrogen containing stream and a liquid stream con-
taining aromatic hydrocarbeons, subjecting the high boil-
ing straight-run fraction to reforming in the presence of
a recycle hydrogen stream at a teruperature of the order
of 900° F. and a pressure greater than about 500 p. s. 1. g.
while in contact with z platinum-alumina-catalyst main-
tained in a third reforming zone, passing the resulting
stream from last said reforming zone and without addi-
tional heating into 2 hydrogenation zone in admixture
with the low boiling cracked gasoline fraction, said mixture
contacting a platinum-alumina catalyst at a temperature of
the order of about 700° F. and a pressure greater than
about 500 p. s. i. g. within said hydrogenation zone, effect-
ing the saturation of olefinic components of said combined
stream in said zons, cooling and separating the resulting
reformed and saturated stream to provide a gaseous hy-
drogen containing stream and a liquid hydrocarbon stream,
said  hydrogen- containing stream being recycled at
least in part into admixture with said high boiling
straight-run fraction as said hydrogen recycle stream,
and further recycling at least a portion of said gaseous
hydrogen containing stream being separated from said

. second reforming zone into admixture with said low boil-

ing straight-run fraction and said intermediate boiling
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cracked fraction to provide the aforesaid hydrogen passing
to said first reforming zone, independently separating and
fractionating the resulting reformed streams from each
of said first and second reforming zones and from said
hydrogenation zone in a manner providing depentanized
high and low boiling fractions, blending the untreated
high boiling cracked fraction with the resulting low boil-
ing reformed fractions from said first and second reform-
ing zones and with the high boiling reformed fractions
from said hydrogenation step whereby to provide a de-
sirable premium motor fuel, and blending the low boiling
fraction from said hydrogenation step with both of the
resulting high boiling reformed fractions separated from
said first and second reforming zones whereby to provide
a premium aviation fuel.

5. The method of claim 4 further characterized in that
the hydrogen containing gaseous stream separated from
said first reforming zone is compressed and raised to an
elevated pressure of less than about 500 p. s. i. g. and
sufficient to pass into said second reforming zone, and
the resulting hydrogen containing gaseous stream separated
from said reformed stream from second reforming zone
is subsequently passed without an increase to pressure
into first said reforming zone at a pressure less than that
maintained in second reforming zone.

6. The method of claim 4 further characterized in
that said straight-run gasoline fraction is fractionated to
provide a low boiling cut boiling within the range of from
about 115° F. to about 220° F., an intermediate cut boil-
ing in the range of from about 220° F. to about 270° F,,
and a high boiling cut having a boiling range of from about
270° F. to about 400° F., and said cracked gasoline frac-
tion is fractionated to provide a low boiling cut having a
boiling peint range of from about 115° F., to about 220°
F., an intermediate cut boiling in the range of from about
220° F. to about 300° F., and a high boiling cut having
a boiling range of from about 300° F. to about 400° F.

7. The method of claim 4 further characterized in that
each of said reforming streams from said separate reform-
ing zones are fractionated to remove pentanes and higher
materials prior to separating said streams into low and
high boiling reformed fractions, and said pentanes and
lighter materials are subsequently fractionated to provide
an isopentane stream, and at least a portion of said iso-
pentane is blended with said low boiling fraction from
said hydrogenation step and the high boiling reformed
fractions from said first and second reforming zones to
provide said premium aviation fuel.

8. A process for producing high octane number fuels
which comprises separately fractionating a straight-run
gasoline and a cracked gasoline and separating from each
of the gasolines a light, an intermediate and a heavy
fraction, combining the light straight-run fraction with
the intermediate cracked fraction and reforming the mix-
ture in a first zone, separately reforming the intermediate
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straight-run fraction in a second zone, reforming the heavy
straight-run fraction in a third zone, introducing the re-
formed products from the third zone, the light fraction
of said cracked gasoline and hydrogen into a hydro-
genation zone and therein saturating olefins with hydrogen,
independently fractionating the products from each of
said first and second zones and said hydrogenation zone
and separating from each of the product streams a light
fraction and a heavy fraction, blending the untreated
heavy fraction' of said cracked gasoline with the light
product fractions from said first and second zones and
with the heavy product fraction from said hydrogenation
zone to form a motor fuel, and blending the light product
fraction from said hydrogenation zone with the heavy
product fractions from said first and second zones to form
an aviation fuel.

9. The process of claim 8 further characterized in that
each of the reforming steps is effected in the presence
of hydrogen, with hydrogen being passed from the first
to the second zone and being recycled from the second
to the first zone, and still further characterized in that a
hydrogen-containing gas is separated from the products
of said hydrogenation zone and at least a portion thereof
supplied to said third zone.

10. The process of claim 1 further characterized in
that the reforming in each of said first, second and third
zones is effected in the presence of hydrogen and platinum-
containing catalyst.

11. The process of claim 1 further characterized in
that the reforming in each of said first, second and third
zones is effected in the presence of hydrogen and platinum-
alumina-combined halogen catalyst.

12. The process of claim 8 further characterized in
that the reforming in each of said first, second and third
zones is effected in the presence of hydrogen and platinum-
containing catalyst.

13. The process of claim 8 further characterized in
that the reforming in each of said- first, second and third
zones is effected in the presence of hydrogen and platinum-
alumina-combined halogen catalyst.
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