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2,947,682
‘METHOD OF PRODUCING A HIGH OCTANE

GASOLINE. BY REFORMING A NAPHTHA
IN TWO. STAGES

Bemard ‘S, Priedman, Chicago, Tll,, ‘assignor to' Sinclair
‘l)lfeglmng Company, New York, N.Y., ‘a corporation
aiie

Filed Dec..3, 1956, Ser. No. 625,999
2 Clatums. - (CL 208—65)

This -invention relates to a methol for ihe .conversion
-of -hydrocarbon fractions ‘boiling in the motor fuel range
to obtain products of higher octane value. -More par-
ticularly, the invention is. concerned with the: conversion
of .straight run petroleum fractions boiling in the motor
or spark-ignition engine.fuel range to obtain good yields
.of ‘higher octane gasoline by the use of a plurahty of re-
action stages .employing catalysts .differing .in. character-
«istics.
.-In: recent years- the .automobile manufacturers have
,steadlly increased.the compression ratios of their spark-
-ignition engines 4s- a means -of obtalmng more. power
and greater efficiency. As the.compression ratios of the
sengines increase, the hydrocarbon fuel employed.must. be
of hlgher octane . value to provide efficient knock-free
operation notwithstanding that fuel octane.can be .in-
creased through the addition of tetraethyl lead, and other
undesirable aspects of-operation, for instance pre-ignition,
can be overcome by. the tise of other additive components.
-Thus ‘the problem remains Tor petroleum refiners to pro-
duce ‘higher octane base hydrocarbon fusls under eco-
.nomically -feasible conditions.
These- refiners .now.have installed: a .substantial iumber
-of units for reforming straight run petroleum fractions
in -the presence of free hydrogen and. over a [pldtinum
metal-alumina catalyst to obtain.. relatwely ‘high ottane
products. Primarily theése products, frequently called re-
formates, are blended with other gdsoline compomnents
_stich “as ‘thérmal .and "catalytically ‘cracked gasohnes, “al-
kylate, etc., and additives ‘such as: ‘tetraethyl ‘Tead in ob-
taining present-day miotor fuels. “The reforming - opera-
tion has a mimbér of - dlsadvantages FII‘St, 4§ the octane
requitéments of the blended engine fuelsrise, the octane
quiality of tHe reforniate muist also increase if ‘the blends
‘be otherwise unaltéred, “This increase Tésults in a sub-
stantial rediiction “in erld “patticilarly “when obtaining
‘Qreformates having’ octanes” (RON ‘neat) of 'the "ofder of
1 907to 95 or above. “As’tlie’severity of the opération is
“incréased, the. platmum metal-containing’ catalyst Becories
- fouled more often with .carbondcecus deposits , which Te-
‘quifés more fréquent regénerations and/or replacements.
As the platinum metal-alumina catalysts .afe. relatively
expensive,. either “replacement or “withdrawal ‘from “use
“during’ regeneratlon ‘materially increases‘the cost of pro-
'Viding a “given*volume of reformate. These and other
“factors affecting ‘the y1eld-octane numbericost rélation-
“ship-make’ it"desitable’for ‘the refiner to- consider various
ways in Which-a high octane hydrocalbon fuel‘componént
“éan’ be obtained by“émiploying ‘processing fettiodsrother
than: or- in' conjunction with ‘the platmum ‘fnetal-alumina
aatalyst -reformingoperation.
“In «the :présent:invention I:have:devised+a shighly +at-
zti‘ac‘ﬁv‘e'method: for obtaining high octaneifuels for spark-
Jignition engines which - involves:the-use:of-separate.re-
+-action-zones-in which-iare. employed -catalysts of different
.:properties. -In.this~method -a-. stralght run..gasoline .or
‘naphtha bollmg :Tange hydrocarbon .is .contacted with
o platinum metal-alumma ‘catalyst in the presence of ‘free
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hydrogen under conditions which provide a -substantial
increase in the-octane number of the petroleum hydro-
carbon material.. The resulting reformate is then treated
with-a catalyst comprising hydrogen. fluoride and boron
trifluoride to -afford another substantial increase in-the
octane quality. In the treatment using the -platinum
metal catalyst the reformate obtained preferably has an
octane quality in the range of about 75 to 95 RON neat
and will usually not-rate more than about 100 RON neat.
This octane quality-is-determined, among other -things,
by the severity of the catalytic reforming operation which
affects reactions such as isomerization, dehydrocyclization,
hydrocracking ‘and -dehydrogenation. In this system .at
least a substantial amount of the naphthenes present. in
the straight run feed are converted to aromatics through
the latter reaction. )

The over-all hydrocarbon. material which. is «charged
to the hydrogen fluoride-boron trifluoride reaction ‘sys-
tem boils in the motor fuel range and .is composed: of
about 20 to 80, preferably about 30.to 60, -weight percent
of aromatics. Usually. the reformate from the platinum

metal-alumina catalyst system contains about 30 to 60

weight percent of such constituents and this entire product
or any fraction thereof which provides an over-all hydro-
.carbon feed. containing the desired amount. of aromatics
can be treated with: the hydrogen fluoride-boron trifluoride
cataylst. .The boiling range .of this rather mixed re-
formate fraction will generally.extend over .at least about
100° .F. preferably at least-about 200° ‘F. A -product
unusually:. high .in aromatic .constituents .can :be. made by
obtaining .and then charging a reformate directly from
the platinum :metal .catalyst: reaction zone which is rela-
tively rich in aromatics, but more likely such products will .
be made .available through the selection of particular

fractions. of fthe. reformate, .or by recycle..of aromatic

constituents. .alone or. with: the hydrogen fluoride-boron

trifluoride catalyst from this reaction system. In designat-
ing amounts of aromatics I refer to. the -value obtained
‘by the Fluorescence Indicator .method commonly known

as.the F.I.A. method involving chromatography on silica

.gel.

"The. hydrocarbon .feed stocks charged to.the reaction
system containing the . platinum metal-alumina. catalyst
are primarily the strdight run petroleum fractions boiling
in the naphtha range, for instance in the range from about
200.to 450° F., but somewhat higher or:lower boiling-con-
stituents.can be included if desired. Preferably, the feed

-stock boilsin the range of.about 225 to 400° F. Although
‘the hydrocarbons. passing .to the platinim metal-alumina

catalyst reaction. system are composed.of predominantly

.straight .Tun .naphtha matefial, minor.amounts of addi-

tional components can'be included such as olefins, thermal
and catalytically. cracked stocks, recycled reformate and
The
reaction conditions observed or maintained in the.platinum
metal-alumina . catalyst system include. those suggested

for present. commercial  reforming .operations such ,as

temperatures . from .about 750 to . 1000° F,, preferably

-about 825 t0'975° F., and pressures from about 50.t0-1000
.p.s.Lg., preferably. about 150.t0-500.p.s.i.g. - The free hy-

drogen.supplied. to- this reaction. system usually. is:in_the

.form. of -hydrogen-rich .recycle _gases .and .generally pro-

vides..about.2 10.20 moles. of hydtogen per mole of hy-
drocarben.feed; préferably this ratio is about 4 to,10;1.
The .space velocity ustially . Hes'in_ the range of about, 0.5
to: 10-WHSV (weight of feed per weight of catalyst per
hour)..prefefably. about 2 to 5"WHSYV.

The. platinum.metal-alumina .catalysts employed in
the method of this invention ircliide a number.of composi-

-tions. ..Generally, the platinum metal is .a minor. amoynt
-of .the-catalyst,.e.g. about’ 0.1 to.1.5.weight percent.of

the final composition. ~Platinum is the most commonly
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employed metal present in these reforming catalysts al-
though other useful platinum metals include rhodium, pal-
ladium, iridium which, along with platinum, are the face
centered cubic crystallite types of the platinum family
as’ distinct from the hexagonal types ruthenium and
osmium which appear to be of lesser value,

These catalysts can be made by a number of procedures
but a particularly effective catalyst is one in which the
alumina is obtained through calcination of an alumina
hydrate containing at least about 65 weight percent of
trihydrate and about 5 to 35 weight percent of alumina
monchydrate and/or amorphous alumina forms, and ad-
vantageously having a surface area of about 350 to about
550 square meters per gram (BET method) when in
the virgin staté. The minor amount of platinum metal
in-the catalyst is usually present in finely divided form
and is not detectable by X-ray diffraction techniques.
Also, these catalysts are advantageously prepared to afford
-about 0.10 to 0.5, preferably about 0.15 te 0.3 cc./gram
of their pore volume in pores of about 100 to 1000
Angstrom units in size. Application Serial No. 489,726,
filed February 21, 1955, describes the preparation of such
catalysts. If desired, the catalyst can contain minor
amounts of additional materials, for instance premoting
components particularly those acidic in nature, such as
silica ‘and fluoride. Such promoting components are
usually less than 10 weight percent of the final calcined
‘catalyst.

The platinum metal-alumina catalyst can be employed
in any type of reaction system desired, for instance mov-
‘ing or fluidized bed, regenerative or non-regenerative, etc.,
but advantageously the catalyst is disposed as a fixed
‘bed. In the latter type of operation the size of com-
mercial units is such that essentially adiabatic reaction
systems must be employed and in view of this and the
endothermic nature of the reforming operation the catalyst
_is placed infixed beds in a plurality of reactors, each of
which is preceded by means for heating its charge. In
fixed bed operations the catalyst is in macrosize form, that
is particles generally at least about 14g’’ in length and
diameter and preferably not exceeding about 3’/ in di-
ameter. Particularly when such particles are provided
by extrusion, their length may be up to about 1’ or more.
If the platinum metal-alumina catalyst reforming system
. be of the regenerative type it can be arranged so that the
catalyst of all of the reactors can be regenerated simul-
taneously or individually. Other variations in the
platinum metal catalyst reaction system can be made ac-
cording to the desires of the operator.

"~ The essential feed to- my hydrogen fluoride-boron. tri-
fluoride catalyst system contains a substantial part or
all of the liquid reformate from the platinum metal
_catalyst operation and as noted above the over-all hydro-
carbon feed includes from about 20 to 80 weight percent
of aromatic constitugnts, preferably about 30 to 60 weight
percent. The feed stock boils in the motor fuel range,
for instance up to about 425° F., although heavier con-
stituents .can be included. Preferably, the boiling range
of the feed stock lies within the range of about 225 to
400° F. Recycled materials such as aromatics from the
“hydrogen fluoride-boron ftrifluoride reaction system can
be returned to the system or various materials such as
straight run naphthas, thermal or catalytically cracked
“gasolines and their fractions can be added. I prefer that
the charge to the hydrogen fluoride-boron trifluoride re-
action zome be composed of at least about 50 weight
percent of reformate from the platinum metal-alumina
catalyst reaction system or a fraction thereof boiling over
~a range of at least about 100° F., preferably over a
range of at least about 200° F. The hydrogen fluoride-
Jboron trifluoride catalyst can be employed in the sub-
stantial absence of added free hydrogen.. However, such
a gas can be employed to minimize sludge and heavy oil
formation. When using hydrogen I prefer about 1 to
10 moles per mole of hydrocarbon feed. Paraffins such
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as propane, butane, isobutane, isopentane or pentane can
be passed to the hydrogen fluoride-boron trifluoride reac-
tion zone to minimize cracking.

In the hydrogen fluoride-boron trifluoride reaction sys-
tem the conditions of treatment can vary widely depend-
ing upon factors such as feed composition, octane desired
for the final product, etc. I maintain the catalyst essen-
tially in the liquid state even though when this is done
it is quite likely that a portion of the boron triffuoride
would also be present as vapor. Thus the pressure main-

‘tained must be sufficient to provide essentially liquid

phase reaction conditions as determined by the vapor
pressure of the hydrogen fluoride, boron trifluoride, the
reactants and other materials such as hydrogen and re-
action products present. Generally, the pressure will be
above atmospheric in maintaining the liquid phase re-
action. The reaction temperature and time are interde-
pendent factors with a lesser time required to provide
products of given octane as the temperature increases.
The reaction temperature will usually be in the range
of about 50 to 300° F., preferably at least about 150° F.,,

“with the time required ranging from about 2 minute to

5. hours, preferably about 10 minutes to 1%2 hours.
Times longer than 5 hours can be employed; however, no
particular advantage has been derived thereby which
overcomes the obvious economic disadvantages. In the
reaction zonme at least about 0.75, preferably at least
about 1.0, mole of boron trifiuoride is provided in the
liquid phase per mole of aromatics present and due to
economic considerations this ratio will usually not exceed
about 5.to 1 or even about 2 to 1. In general I employ
at least about 0.5, preferably about 1 to 10, moles of
hydrogen fluoride per mole of aromatic constituent.
These catalytic components can be added separately but
preferably they are introduced into the reaction zone in
admixture. The hydrogen fiuoride-boron trifluoride re-
action. system is usually conducted essentially in the ab-
sence of water to avoid having to increase the amount of
boron triffuoride, but frequently there are minor amounis
of water present such as those derived through the use of

_commercially available hydrogen fiuoride and boron tri-

fluoride. The pressure in this reaction system is sufficient

to maintain the liquid phase reaction and frequently is in

the range of about 400 to 1500 p.s.i.g. )
The hydrocarbon product from the hydrogen fluoride-

number of ways.
ture be stopped it will generally separate into two phases
in the reactor or in any other vessel into which it is trans-
ferred as in a continuous, semi-continuous or batch oper-
ation. Regardless of where the phase separation takes
place or if the formation of these phases is prevented by
continuous. agitation, the catalyst and hydrocarbon ma-
terials can be separated by any desired procedure. For
instance, the over-all product containing both the catalyst
and hydrocarbon can be water washed to remove the
Preferably, however, in this type of system I
reduce the pressure maintained on the reaction product
to allow the boron trifluoride and then the hydrogen fluc-
ride to distill or be flashed and this operation is followed
by water washing to remove remaining catalyst. . Alter-
natively, only the boron trifluoride might be distilled
which would permit the hydrogen fluoride to separate
from the hydrocarbon by gravity and the-hydrocarbon
layer could then be decanted and water washed. :

In -another type of system the reaction mixture could
be allowed to separate into a lower layer of catalyst con-
taining aromatics which can be recycled to the reaction
system in whole or in part; The upper hydrocarbon layer
formed could be freed from catalyst by distillation

- and/or washing with water or paésed through a column

of basic ion exchange resin or other solid adsorbent such
as charcoal. In this system aromatics in the catalyst

layer could be separated as by distillation of the catalyst,

e et
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and ‘the ‘aromatics. might-then ‘be combmed With'the hy-
“drocarbons of the upper layer to prov1de a hlgher octane
product. Small traces of fluoride remaining in “the hy-
drocarbon material can be removed as:by passage-over
aluminum: or-alumina-at-200-to 400°-F, - -Various drying
procedures-could -be-employed-to-separate water from the
hydrocarbon-materials-and-such-materials-could’ be stabi-
lized, for ‘instance -by--the -removal “of -Cgs- and ‘lighter
~Cofistituenits.

In“the ‘drawing-T have illustrated a simplified flow sheet
of an :dperation -conducted -in--accordance “with ‘my
method.

-In this:system- straight-run. naphtha. is. charged by way
-of line.1 to-heater-2-and. then. through line-3-to-an-initial
reactor 4 which contains.a.fixed-bed of platinum-alumina
catalyst. The effluent from reactor 4 is passed. by way of
~line-§ to-heater 6-and -then through-line 7.t0-a- :second
-peactor -8 containing platinum-alumina - catalyst ‘The
.platinum-alumina -catalyst . reaction -section . is .of the
-adiabatic ‘type and more than two .reactors-can be pro-
vided.if desired and.in fact usually at least three catalyst
-beds -in..separate -reactors will: be : employed with -each
~reactor: having .associated therewith a feed:preheater.

‘The.reformate. from reactor 8.is passed by ‘way- of line
9 to:atmospheric. flash drum 10 which. separates:-Cy’s-and
-lighter -materials - which.-are.. passed -through Jine -1 to
-separator 12, .The separator provides for removal of Cy
to -Gy hydrocarbon constituents- through -line :13 -and - hy-
--drogen-and methane are passed by way-of line 14 to-line
-1, ..Excess-hydrogen:and methane can -be removed from
i-line14 by-way-of line 15.

-The -liguid -hydrocarbon -reformate :from flash -drum
10'is. conveyed-by -way-of line:16 to reactor. 17 where it is

~contacted . Wlth the .hydrogen -fluoride-boron -trifluoride
rcatalyst entering by way:of line 18. The reaction mixture
~is.continuously-withdrawn.from reactor 17 and-passed by

~way-of line :19.to -separation -section: 20.- .The ‘hydrogen

-fluoride-boron-trifluoride-catalyst. separated .from the hy-
“drocarbon product -can -be -recycled by -way.of-line 18- to
~reactor -17. - Theliquid -hydrocarbon -product obtained
“from separation-section-20.is: conveyed. to- fractionator 21
by:way-of line 22 which- separates -Cy’s -and . lighter -ma-
-.terials.. overhead by -way of :line. 23, .motor fuel -boiling
-range: products -by -way -of: line - 24, -and heavier -hydro-
~carbons. as-bottoms-through ‘line. 25. )

The following. specific- examples-will serve-to illustrate
~.the. :present .invention;-however, .they-are not to be-con-
ssidered limiting.

‘Example 1

A stra1ght tun faphtha‘is obtained by ‘distillation from
“etude-oil ‘and ‘the naphtha’ typically ‘Has ‘an ASTM distil-
'T4tion boiling range of about 195-to '380°.F. and a RON
‘{(1i&4t) of abott 44.8.  This naphtha is-fed;toa reformmg
unit contajning three . essentlally adiabatic reactors each
havmg a fixed béd-of .a:platinum-alumina . reformmg cata-
lyst “This:system. is equipped with-means:for-heating-the
-charge to-each-reactor-and the heaters-and reactors ‘are
-arranged for serial flow.” -The ' catalyst-employed -is a
-platinum-alumina reforming ‘catalyst ¢ontaining about 0.6
weight percent platinum and manufactured in accordance
with application Serial No. 489,726, listed above. The
inlet temperatitfes "6f°the’feed to the thrée ‘catalyst beds
are 946, 936:and:926° ., respectively, while the pressure
.is about 500 p.sig. Free hydrogen is supplied to -the
feed ) ‘passing ‘to "the "heatér beforé .the -first reactor and
- he hydrogen is Obtaitied by recycle from the third-reactor
—.&ffluent §tréam. “The molar ratio.of hydrogen-rich-recycle

o +gas to hydrocarbon féed is apprommately 7.3 1010 whﬂe
“the 6vér-dll space Velocity is aboit 2.26 WHSV. ~"The
effluent from the last reactor is conveyed to a flash drum
operating at 500 p.s.i.g. and is then treated or depropan-
ized to remove C; and lighter hydrocarbons by distillation.
Inspection on the resulting reformate is as follows:
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6
"ASTM distillstion, * F.: o
‘TB.P. 95,
50% 241.
90% 327.
E.P.s 2390,

RON izionieas .= 90.5 (neat);~98:0
{3 cc. “TEL
added/gal.).

R.VP. 9,41bs,

Aromatics 149.9% by FIA.

Olefins . 2:5% by-F:EA

-418. grams of the reformate is distilled to obtain91.5
weight percent of Cs- gasolifie ‘and 4.67 ‘weight percent
of butanes (iso-+normal). ~Inspéction on’the stabilized
gasoline .fraction is. as follows:

ASTM distillation, °F.: :
IBP. i i 121,

°50% - 243,
909D o e i 318.
B i i i e i 353.
RON e i i i -88:7 -(neat);-97:5
(3 i¢c. TEL
-added/gal.).
RV.P. . i Lae42 1bs,
Aromatics — 50.8%.
Olefing i i e 1.3%.

300 grams of the 95°-390° F. reformate is placed’in’a
cool 1750 ml. stainless steel Magnedash ‘bomb -having
tapered wallsto. give maximum thickness in the bottom
half of the bomib. .To. the cool bomb is added 10:moles of
hydrogen fluoride. .. The bomb is sealed and charged with
6.4 moles of -botron trifluoride by .pressuring from a 2-
liter cylinder fitted with a.pressure gauge. The amountiof
boron -trifludride’ introduced is estimated by interpolation
from'the'data of Kilpatrick and Luborsky, J.A.C.S. 76;
5866 (1954). “While stirring the contents of the bomb-it
is heated for 65 minutes to reach 150° F. This tenipera-
ture is held for.30 minutes and the pressure reaches a
meaximum of 880 p.s.i.g. The contents of the bomb are

'd1scharged through the  bottom~“draw-off ‘irto a- ‘mixture

'of ice and ‘water. 'Gases ‘are conducted through a‘Dry-
Ice ¢ooling trap, safety’ trap, water scrubber; gas ‘Samplér
The "hydrocarbon: layer is 'séparated
from tlie ice water snd the former is Washed thrée tinies
with separate 500 cc.. portions..of water. - The* washed
hydrocarbon is dried by corntact with potassium carbonate.

‘The products ‘obtained :are 271.5 :grams of liquid hydro-

carbon, *10:5° grams ‘of condénsable “gas-and +3.2 rlitérs
(STP) of'dryigas. The condensable gas-and:liguid are
then-conibiried and- distilled through-4 12" +glass helices,
vacuum-jackéted -distillation ~column ‘to isepdrate’ 418
weight-percént of . Cy—C,-wet gas, 79.3  weight ‘percent-of
initial-t0*400°-F.- overliead ‘gasolitie and 7:17 -weight: per-

-cent of - a-still residue - boiling - above 400° F. The- yield
“of - gasohne when corrected for- handhng and-fitechanical

losses-is-about- 87.8 weight percent-and since: the: gasolme
fraction has-a 378° 'F. end -point-the ‘yield -would-be- in-

-creased -by-distilling to 435° F. to obtain‘the ustial nominal

410° -F. end:point .gasoline. - Inspection of the ‘gasoline

fraction-is as follows:

ASTM 'distillation, °'F.:

_I BiP 116.

509 e 298,

0P el L “346.

‘EP s 378
RON e e 93% (ngat),

101 (3cc. TEL
‘ added/gal .

Aririatics L. .. . “49 5, ‘
Olefins. o Z o 0.4%

‘Thus by treating the reformate from the platinum-alumina
catalyst system with the hydrogen fluoride-boron tri-
fluoride catalyst the clear research octane number of the
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resulting stabilized gasoline was increased by 4.9 numbers
and the higher octane product showed a good lead sus-
ceptibility.

Example 1

426 grams of the reformate produced in the platmum- -

‘alumina catalyst system of Example I is placed in the
magnedash bomb described in Example I. To the cool
bomb is added 5.37 moles of hydrogen fluoride. The
bomb is sealed and charged with 3.15 moles of boron tri-

fluoride by pressuring as in. Example 1. While stirring the -

contents of the bomb it is heated for 97 minutes to
reach 245° F. This temperature is held for 30 minutes
and the pressure reaches a maximum of 975 p.sig. The
bomb contents are discharged and worked up as in Bx-
ample I.
liquid hydrocarbon, 8.0 grams of condensable gas and
3.07 liters (STP) of dry gas. The condensable gas and
liquid are then combined and distilled through a 12"
glass helices, vacuum-jacketed distillation column to sep-
arate 10.55 weight percent of Cs—C, wet gas, 73.1 weight
percent of initial to 400° F. overhead gasoline and 8.46
weight percent of a still residue boiling above 400° F.
The yield of gasoline when corrected for handling and
mechanical losses is about 79.4 weight percent and since
the gasoline fraction has a 370° F. end point the yield
would be increased by distilling te 435° F. to obtain
the usual nominal 410° F. end point gasoline. - Inspection
of the gasoline fraction is as follows:

ASTM distillation, ° F.: :
IB.P e 113.

50% 237.
90% e 334,
B 370.

RON 95.0 (neat),

100.5 (3 ct. TEL
added/gal.).

Aromatics.... 49.6%
Olefins ——— 0.5%.
RV.P 4.95 Ybs.

Thus by treating the reformate from the platinum-alumina
catalyst system with the hydrogen fluoride-boron tri-
fluoride catalyst the clear research octane number of the
resulting stabilized gasoline was increased by 6.3 num-
bers and the higher octane product showed a good lead
susceptibility.

Example 111

5.4 moles of hydrogen fluoride is added to the Magne-
dash bomb described in Example I.. The bomb is sealed
and charged with 3.2 moles of boron trifluoride by pres-
suring from a cylinder as in Example I. While stirring,
the bomb is heated to a temperature of 250° F. and 380
grams of the reformate obtained in the platinum-alumina
catalyst operation of Example I is charged by forcing the
hydrocarbon feed from a charger under nitrogen pres-
sure. The 250° F. temperature is then held for 22
minutes and the pressure reaches a maximum of 1110
psi.g. The bomb contents are discharged through the
bottom draw-off into"a mixture of ice and .water and
worked up as in Example I. The products are 352.0
grams of liquid hydrocarbon, 13.0 grams of condensable
gas and 3.95 liters (STP) of dry gas. The condensable
gas and liquid- are then combined and distilled through a

12" glass helices, vacuum-]acketed distillation column to
separate 9.88 Welght per cent of Cs~C, wet gas, 73.18
weight percent of initial to 400° F, overhead - gasoline
and 9.74 weight percent of still residue boﬂmg over
400° F. Correcting for mechanical and distillation losses
the yield of initial to 400° F. gasoline is about 79 weight
percent and this could be increased by taking the distilla-

The products obtained are 401.0' grams of
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8
tion overhead to 435° F. to secure the usual nominal
410° F. end point gasoline. Inspection of the gasoline
fraction is as follows: o :

ASTM distillation, ¢ F.: - :
LB P e e e 111,

50% 240.

90% ; . . 330.

EP_ - 370.
RON e 95.5 (neat)
RVP. e Z . 5,65 1bs:
- Aromatics.. e e o s 55.2%.
O1efiNS e e e e e 0.4%

These data show the substantial increase in oqtaije of the
stabilized  gasoline afforded by the operation using the

_hydrogen fluoride-boron trifluoride catalyst.

I claim:

1. In a method for the conversion of a straight run
hydrocarbon fraction boiling in the motor fuel range,
the steps comprising contacting said hydrocarbon fraction
with a platinum metal-alumina catalyst in the presence
of free hydrogen at a temperature of about 750 to-1000°
F. and a pressure of about 50 to 1000 p.s.i.g. to provide
a product boiling in the motor fue] range of increased
octane value, separating a resulting hydrocarbon liquid
product boiling over a range of at least about 100° F.,
contacting with a catalyst consisting essentially of hydro-
gen fluoride and boron trifluoride, a hydrocarbon ma-
terial containing a substantial amount of said separated
product, said hydrocarbon material boiling in the motor
fuel range and containing about 20 to 80 weight percent
of aromatics at a temperature of about 50 to 300° F.and
a pressure sufficient to maintain the liquid phase to pro-
vide a further increase in the octane quality of the product
boiling in the motor fuel range, the contacted hydrogen
fluoride, boron trifluoride and hydrocarbon including at
least about 0.75 mole of boron trifluoride and about
0.5 to 10 moles of hydrogen fluoride per mole of aromatic

- in the hydrocarbon and separating a motor fuel boiling

range hydrocarbon of high octane quality.

2. In a method for the conversion of a straight run
hydrocarbon fraction boiling in the motor fuel range,
the steps comprising . contacting said hydrocarbon frac-
tion with a platmum alumina catalyst in the presence of
free hydrogen at a temperature of about 825 to 975° F.
and a pressure of about 150 to 500 p.si.g. to provide a
product boiling in the motor fuel range of increased
octane value, separating a resulting hydrocarbon liquid
product boiling over a range of at least about 200° F.
and containing about 30 to 60 weight percent of aromatics,
contacting said separated liguid product. with-a catalyst
consisting essentially of hydrogen fluoride and boron tri-

. fluoride at a temperature.of about 150 to 300° F. and a

pressure of about.400 to 1500 p.si.g. and sufficient to
maintain the liquid phase to provide a further increase in
the octane quality of the product boiling in the motor fuel
range, the contacted hydrogen fluoride, boron trifluoride
and hydrocarbon including about 1 to 2 moles of boron
trifluoride and about 1 to 10 moles of hydrogen fluoride
per mole of aromatic in the hydrocarbon and separating
a motor fuel boiling range hydrocarbon of hjgh octane
quality:
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