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N, Y., & corporation of Delaware

Applicaiion April 21, 1842, Serial No. 439,821
(CL 1886—489)

3 Claims.

This™ invention relates to the ireatment of
cracked naphtha for the production of high grade
motor fuel of high antiknock quality.

The gasoline product produced in commereial

thermal cracking processes does not ordinarily”

have an octane value In excess of agbout 70-72
-A. S. T. M. and considerable quantities of cracked
gasoline produced in the thermal cracking proc-
. esses, particularly the cracked gasolines pro-
duced in viscosity breaking and coking operations,
have antiknock values below 70 octane. My in-
vention contemplates the treatment of such
cracked naphthas to produce high yields of prod-
ucts having octane values of the order of 80-90
and to produce motor fuel products adapted for
aviagtion motor fuel,

In gecordance with the invention the cracked
gasoline is treated with a selective solvent to sep-
arate paraffins from olefins, the paraffinic frac.
tion is subjected to thermal or catalytic reform-~
ing or to hydroforming or parafiin isomerization
and the olefinic fraction is subjected to olefin
isomerization or isoforming,

In a preferred embodiment of the inventxon the
paraffinic fraction, obtained in the solvent treat-

ment of the cracked naphtha, is subjected to frac-

tionation to separate lower: boiling or intermedi-
ate fractions rich in normal hydrocarbons, such as
pentane and hexane, from higher boiling hydro-
" carbons. The lower boiling or intermediate par-
affinic fractions are subjected to catalytic isomer-
ization while the higher boiling paraffinic frac-
tions are subjected to thermal or catalytic reform-
ing or hydroforming, and the olefinic fractions,

obtained in the solvent treatment, are subjected .

to catalytic isomerization,

In aviation motor fuel it is desirable that the
fuel contain relatively minor preportions of ole-
fin hydrocarbens and the invention contemplates
& special method of freating the olefinic fractions
to reduce the olefin content thereof and increase
susceptibility to tetraethyl lead. In accordance
with the invention the cracked naphthg is treat-
ed with a selective solvent to obtain a raffinate
fraction comprising paraffin hydrocarbons and an
extract fraction comprising olefin and aromatic
hydrocarbons. The entire parafiinic fraction is
subjected to a conversion or reforming treatment
to raise the antiknock quality thereof, or is sub-
jected to fractionation to obtain a lower boiling
or intermediate fraction and a higher boiiing
fraction, and the lower boiling or intermediate
fraction is subjected to a treatment to effect isom=

-erization of normal paraffin hydrocarbons, while
the higher boiling fracticn is subjected to reform- .

10

i5

20

30

35

40

456

ing or hydroforming to raise the antiknock qual-
ity thereof. The olefin-aromatic fraction, ob-
tained in the solvent treatment, may be subject-
ed t0 a two-stage treatment, in the first of which
the fraction is subjected to treatmeni to effect
isomerization of olefins and in the second of
which the products irom the first stage are sub-
jected to a finishing treatment to effect conver-
sion of olefins o isoparaffins and to increase the
lead susceptibility, or the olefin-aromatic fraction
may be subjected to a single-stage treatment in
which it is subjected to treatment to effect both
an isomerization of olefins and a conversion of
olefins to isoparaffins and to effect reactions
causing an increase in-lead susceptibility. . :

The invention will be understood from the fol-
lowing description thereof, reference being had
to the accompanying drawing which is a flow di-

-agram illustrating a particular embodiment of the

invention.

Referring to the dra.wing cracked naphtha is -
directed by a pump i0 to a treating véssel 11 into
which is introduced a selective solveat by a pump
8. Such solvents as sulfur dioxide, mixtures of
sulfur dioxide and methyl slcohol, benzyl alco-
hol, or diacetone alcohol or phenol and mixtures
of phenol and cresol are recommended as sol-
vents to be used. The solveni treatment is or-
dinarily carried on in the liquid phase with sulfur

-dioxide at temperatures of 10° F. to —60° F. The |

soilvent treatment produces g raffinate fraction
comprising paraffins and an extract fraction
comprising olefins and aromatics. The raffinate
fraction is collected in a vessel 12 from which the
solvent may be distilled off through & line 13 and
the extract fraction is collected in 8 vessel {4 from
‘which the solvent may be distilled off through
a line 15. In using the phenol-cresol solvent the
naphtha is introduced as a vaper into the lig-
uid solvent and an extractive distillation is car-~
ried on, the paraffins being removed as a vapor
and the olefins and aromatics remaining in the
liquid.

The raffinate or paraffinic fraction is with-
drawn from the vessel {2 through a line 16 hav-
ing branch lines 17 and 18. Describing the op-
eration when passing the paraffinic fraction
through the line 18, this fraction is directed by
2 pump {9 through a line 28 to a fractionating.
tower 2{ wherein fractionation takes place to
separate from higher boiling constituents, a
lower boiling parafiinic fraction containing the
paraffin hydrocarbons which are especially sus-

. ceptible to treatment for catalytic isomerization.

85 This low boiling fract.mn will ordinarily have an
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end point of 160-170° F. so as to include the pen-
tanes and hexanes which are well adapted for
the isomerization treatment. The low boiling
fraction taken off as a vapor from the tower 21
is condensed in the condenser 22 and collected
as a distillate in the receiver 23. The pentane-
hexane fraction is withdrawn through a line 24
and directed through either of branch lines 28
and 26. When the cracked gasoline coniains a
material quantity of isopentane it is desirable to
remove the isopentane from the stock which is
to be subjected to isomerization and for this pur-
pose the pentane-hexane fraction is directed
through the line 25 to a fractionator 21 from
- which the isopentane, together with any lighter
fractions, is taken overhead to a condenser 28,
_ thence to a receiving drum 29. The pentane-
hexane fraction is withdrawn. from tower 27
through a line 30. When it is not desired to frac-
tionate the paraffinic fraction, obtained in the
solvent treatment of the cracked naphtha, this
fraction withdrawn through lines 16, 18 and 20
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through & heating coll 46 thence to a reaction
chamber 41 wherein the hydrocarbons are sub-
jected to either thermal or catalytic reforming
or to hydroforming. In the thermal reforming
operation the gasoline fractions are subjected
to temperatures upwards of 850° F., preferably
temperatures of the order of 800° F. or 1000° F.,
under pressures usually within a range of about
200 1bs. to 800 lbs. In the catalytic reforming
operation the paraffinic constituents are sub-
jected to temperatures of about 850-1000° F. un-
der pressures of about 50-300 lbs. in the presence
of catalysts such as bauxite or clays. In the hy-

* droforming operation the parafinic hydrocar-
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is directed through a branch line 31 for the iso-

merization treatment. The lines 31, 26 and 30
communicate with a manifold line 32 so that
either the entire paraffinic fraction obtained in
the solvent treatment of the cracked naphtha or
the entire light fraction obtained in fractionat-
ing the solvent treated paraffinic product or the
pentane-hexane fraction from which the iso-
pentane has been removed may be utilized as the
charge to the isomerization operation. ’

A pump 33 withdraws the paraffinic fractions
" through line 32, from either of the lines 3{, 26
and 30, and directs the hydrocarbons through a

heating coil 34 thence to a contact or treating:

vessel 35. The catalyst employed therein com-
prises anhydrous metallic halides, particularly

the chlorides and bromides of aluminum, ususally.

with small amounts of hydrogen halides such as
hydrogen chloride as a promoter. Aluminum
chloride is the catalyst recommended. This cat-
alyst is preferably used in the form of an alu-
minum chloride hydrocarbon complex and may
be directed to the treating vessel 85 through a
line 36 while the hydrocarbons are introduced
to the lower portion of the vessel and are caused
to bubble up through the liquid complex. The
operation is improved by the addition of hydro-
gen chioride, introduced through line 31, as well
as hydrogen, introduced through line 38, under
superatmospheric pressures such as about 150-
1000 1bs. The reaction is carried on at tempera-
tures of about 150° F.-300° F. Complex may
be withdrawn from time to time from the cham-
ber through a line 39 and fresh aluminum-chlo-
ride may be added to maintain catalyst activity.
The treated hydrocarbons overflow to a settling
vessel 40 from which any catalyst present may

be withdrawn through a line 41 while the isomer-’

izate is withdrawn through a line 42. Gases may
be withdrawn through & gas release line 43.

In Meu of subjecting the paraffinic fraction or
pentane-hexane fractions thereof to catalytic
ijsomerization the entire parafinic fraction ob-
tained in the solvent treatment or the higher

bons are subjected to reaction temperatures in
the presence of hydrogen and & suitable catalyst
to effect reactions involving conversion of paraf-
finic hydrocarbons to aromatic hydrocarbons.
The catalysts which are particularly recom-
mended for hydroforming are molybdena-alu-
mina catalysts and chrome-alumina catalysts.
Temperatures of the order of 800° F. or 1000° P.
under pressures of the order of 200-300 lbs. are

. quite satisfactory for rffecting the desired con-
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_boiling constituents of such fraction may be sub-

jected to thermal or catalytic reforming or hy-

droforming. For this purpose the line 17 extends
to a pump 44 and a line 45 conducts higher boil-
ing constituents of the paraffinic fraction from
the fractionating tower 21 to the line 11, Thus
either the entire paraffinic fraction from vessel
{2 or higher boiling constituents thereof from
fractionator 21 may be directed by the pump 44

~
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version into higher antiknock hydrocarbons.
The products of reaction pass from the reaction
chamber #1 through a cooler 48 thence to an
accumulating drum 48 from which the lighter
gases, more particularly, the hydrogen and meth-
ane, may be withdrawn through a line 50 to a
hydrogen accumulator 51. A pump 52 directs
the hydrogen-containing gases to & heating coil
53 wherein the hydrogen-containing gases are
preheated to approximately reaction tempera-
tures before being combined with the heated par-
affinic hydrocarbons passing from the heating
coil 43 and the combined products are subjected
to reaction temperatures in the presence of the
molybdena-alumina or chrome-alumina catalyst
in the reaction chamber 41. ‘The reformate or
hydroformate is withdrawn from the accumula-
tor 48 through a line 54. :

In the hydroforming operation an excess of
hydrogen is produced over that required for re-
cycling to the hydroforming zone and in accord-
ance with the invention hydrogen containing
gases may be withdrawn from the accumulator 81
and directed by & pump 58 to the hydrogen line 38
for. introduction to the perafin isomerization
zone. Normally, sufficient hydrogen is produced
in the hydroforming operation to provide the hy-
‘drogen necessary for the parafiin isomerization
operation, as well as for the finishing treatment
which is described hereinafter.

" Referring now to the treatment of the extract
fraction, obtained in the solvent treating of the
cracked naphtha, this fraction, which comprises
predominantly olefinic and aromaiic hydrocar-
bons, is withdrawn from the chamber (4 through’
a line B6 and is directed by a pump 87 through a
heating coil 58 thence to a reaction chamber 5
wherein the olefinic hydrocarbons are subjected
to isomerization or isoforming to effect a conver-
sion of olefin hydrocarbons into isomers thereof.
The catalyst adapted for this isomerization op-
eration consists advantageously of a synthetic
silica-alumina type of catalyst, clay catalysts and
the like. The catalyst may either be disposed as
a stationary bed or fixed mass through which the
hydrocarbon vapors pass or it may be used as' &
powder in which case the hydrocarbon vapors are
contacted with & stream of the powdered catalyst.
Temperatures of the order of 800° F. or 800° F.
to 1000° F. with high space velocily and under
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moderate superatmospheric pressures preferably
under 100 p. s. 1. are employed. The lower tem-
peraturss have the advantage of effecting. the
isomerization of the olefins with a minimum of
cracking and polymer formation. The products
of reaction pass from the catalyst chamber §9
through a cooler 50 thence to -an accumulator or
gas separator 8i. The liquid product collected in
the accumulator §i consists largely of isomerized
olefins together with the aromatics contained in
the charge to the isomerization unit.

The reformate or hydroformate produced in the
thermal or catalytic reforming or hydroforming
operation will ordinarily require some fractiong-
tion to- remove polymer products of higher boil-
ing point than desired for the gasoline or motor
fuel product and also to remove normally gaseous
hydrocarbons. For this purpose the reformate or
hydroformate withdrawn from the accumulator
49 through Hne 54 is directed by a pump 82 to a
rectifving tower 83 wherein the hydrocarbons are
subjected to rectification to produce a liquid prod-
uct of desired vapor pressure. This liquid product
may then be directed through g line 84 {o a re-
run still 83 for the removal of any constituents
of highier boiling point than desired for the gaso-
line product. The ligquid product is redistilled in
the tower 85, the desired gasoline constituents
being taken off as a vapor, condensed in a con-
denser coil 65 and collected in a distillate ac-
cumulator 87. The distillate is passed from the
a;cumulator through a line 88 to a product tank
85.

The isopentane fraction collected in accumula-~
tor 28 will ordinarily have an A. S. T. M. octane
number approximating 90 and this fraction may
be passed directly through a line 710 to the prod-
uct tank %o be blended with the products therein,
or withdrawn through a branch line 71 for other
blending purposes.

‘The isomerizate produced in the isomerization
of the paraffinic hydrocarbons, flowing through
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heating coil 82 to a reaction chamber 83 contain-
ing the catalytic material. The hydrocarbons are

" subjected to temperatures within a range of about

£00° F.-950° F. under pressures of the order of
100-300, pounds in the presence of the catalyst.
Hydrogen containing gas is drawn from the tank
51 and is directed by a pump 84 through & heat-
ing coil 85 wherein the gas is heateq to approxi-
mately the temperature of reaction and is deliv-
ered thence into the reaction chamber 83. The
reaction products pass through a cooler 86 to an
accumulator or gas separator 87 from which the
hydrogen containing gases may be recycled to
the heating cofl 85, while any excess of such gases
may be returned to the hydrogen tank 51. The
liquid product is- directed by a pump 88 either
through branch line 88 to the product tank €9 or
through branch line 80 to the stabilizer 63.

In a modification of the invention the extract
fraction withdrawn from tank #4, instead of be-
ing passed to the olefin isomerization step .(coil
58 and reaction chamber 59), is directed through

. 2 line 91 to the heating coil 82 angd reaction cham-
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ine 42, may be withdrawn through a branch lire -

72 or directed by pump 13 throtgh a line 74 thence
either through branch line 15 to the stabilizer 63
g;ntki‘nrough branch iine 76 directly to the product
The isomerizate collected in the accumulator 61
may be withdrawn through & line 17 or directed
by 2 pump 78 through a line 19 to the product
tank 638. In case it is desired to fractionate or
stabilize the isomerizate it may be directed
through the branch line 83 {o the stabilizer 63.

When the isomerizate  product collected in the

tank 64 is to be used for aviation gasoline it some-
times is desirable to treat this product for the pur-
pose of reducing the olefin content and increasing
‘susceptibility to tetraethyl lead. In g preferred
embodiment of the invention the isomerizate is
subjected to a finishing treatment capable of ef-
fecting a conversion of olefins into isoparaffins
and of effecting an increase in lead susceptibility.

By subjecting the isomerizate at elevated tem-:

peratures to contact with a solid adsorbent crack-
ing or hydroforming catalyst, such as the syn-
thetic silica-alumina catalysts, adsorbent clays
and the like, in the presence of hydrogen-contain-
ing zases, olefin hydrocarbons are converted into
isoparaffing and the reduction in olefin content of
the product increases the lead susceptibility
_ thereof. For the. purpose of glving the isomeri-
zate this finishing treatment the product cellected
in tank 8{ may be directed by the pump 78 and
line 206 through a branch line 81 thence through 8

45

ber 83 for the finishing treatment which has just
been described, the extract fraction being sub-
jected to the conditions of femperature and
treatment in the presence of the catalyst and in
the presence of hydrogen in the manner described
in the preceding paragraph to-accomplish’con~
version of olefins into isoparafiins and to effect
an increase in lead susceptibility. - In this modi-
fication it is advantageous to use cracking cata-
lysts, such as the silica-alumina catalysts, so as
to effect in a common reaction zone both an iso-
merization of olefins and g conversion of olefins’
to isoparafiins to obtain a product of high octane -
number and of increased lead susceptibility. In

_another modification of the invention the olefin-

aromatic fraction withdrawn from tank 14
through line 56 is passed through a branch line
82 directly to the product tank 53 to be used in
blending with the products obtained in the par-
affin isomerization and hydroforming operations.
In another modification of the invention the
olefin aromatic fraction is treated with a selec-

- tive solvent for aromatics such as water so as to
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separate this fraction into an olefin fraction and
an arcmatic fraction and in this case the olefin
fraction is passed to either the olefin isomeriza- -
tion operation or to the finishing treatment or to
the olefin isomerization operation and finishing
treatment in succession, while the aromatic frac-
tion Is blended with the final product in the prod-
uct tank,

In a specific example of the invention a cracked
gasoline stock of 400° F. end point obtained from-
the thermal cracking of gas oil and having an
A. S. T. M. octane number of 70 is treated with
sulfur dioxide to produce a raffinate fraction.con-
stituting 60% of the gasoline stock and having
an octane number of 58 and an extract fraction
constituting 40% of the gasoline stock and hav-

. ing an octane number of 85. The rafiinate or

85

70

paraffinic fraction is fractionated to prcduce the
following fractions:

Per cent
Isopentane cut—90 octane number—_. ... 2.5
Pentane-hexane cut—68 octane number__- - 175
Higher boiling fraction 86.0

The normal pentane-hexane cut is subjected to
catalytic isomerization in contact with aluminum

. chloride hydrocarbon complex together with add-

(N

ed free aluminum chloride to produce a product.
yield, based on the charge to the isomerization
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unit, of 98% of 80 octane number, or a yield of
10.3% based on the original cracked gasoline
charge.. The high boiling fraction is subjacted to
.hydroforming in the presence of & molybdena-
alumina catalyst with recycling of hydrogen to
produce a product yield, based on the charge to
the hydroforming unit, of 80% of 80 octane num-
ber, or & yield of 38.4% based on the cracked gaso-
line charge. The extract fraction obtained in the
solvent treatment containing olefin and aromatic
hydrocarbons is subjected to olefin isomerization
in contact with a synthetic silica-alumina cata-~
lyst to produce a product yield, based on the
charge to the olefin isomerization unit, of 97%
having an octane number of 88, or a yield of
38.8% based on the cracked gasoline charge. In
blending the isopentane cut (constituting 1.5%

10
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of the cracked gasoline charge) with the hydro-

formate and the isomerizates from the olefin and
parafiin isomerizing operations, a yield of gaso-
line amounting to 89% of the original cracked gas-
oline charging stock is produced having an oc-
tane number of 84. The yield in the complete
process, based on the cracked naphtha charge,
may be tabulated as follows:

Per cent

Isopentane - 15
Paraffinic isomerizate___________________. 10.3
Hydroformate ——— 384
Olefinic isomerizate 38.8
Total product. 89.0

In a second example of the invention, the proc-
ess is conducted in accordance with the example
just described, except that instead of subjecting
the extract fraction, collected in tank {4, io iso-
forming or isomerization this fraction is subjected

20
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directly to a finishing treatment at a tempera-

ture of 600° F. under 300 lbs. pressure in contact
with a molybdena-alumina catalyst in the pres-

40

ence of hydrogen, or at temperatures of 800° F.— .-

950° F. under about 100 lbs. pressure in contact
with a synthetic silica-alumina cracking catalyst
in the presence of hydrogen. In either of these
operations a gasoline product of 84 octane num-

ber is produced in a quantity amounting to 95%-

of the charge to the finishing operation cr 38%
based on the original cracked gasoline charge,
with the result that in the complete process the
gasoline yields are as follows:

Per cent

Isopentane 1.5
Paraffinic isomerizate 10.3
Hydroformate 384
Gasoline from finishing operation . 38.0
" Total 88.2

The total gasoline product constituting 88.2%
of the cracked gasoline charge has an octane
number of 82. This product is better suited for
aviation gasoline stock than that of the first ex-
ample due to the lower olefin content. It may be
leaded to values closely approaching 100 octane
and by blending with small proportions of straight
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run gasoline or with alkylate from a sulfuric acid

alkylation process may readily be leaded to values
even above 100 octane. The technical advantage
of the process may be seen by comparing it with
ordinary reforming. In thermal reforming an

octane number of about 75-76 is about the limijt

obtainable in & commercial operation and to pro-
duce a product of that octane value a yield loss
of about 15% and even higher is necessary and,
moreover, the product is not adapted for aviation

70
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stock on account of the relatively high olefin con-
tent. : .

In a third example of the invention the process
is conducted in the same manner as in the first
example, except that the extract fraction instead
of being given a catalytic treatment is blended
directly with the final product and the high boil-

.ing. fraction of the paraffinic raffinate instead of

being subjected to hydroforming is subjected to
thermal reforming at temperatures of 950° F.—-
1000° F'. under 200 lbs, pressure to produce & gas-
oline product of 72 octane number amounting in
quantity to 85% of tke charge to the thermal
reforming operation or 40.8% based on the orig-
inal cracked gasoline charging stock, the yields
of the complete process being as follows:

Percent

Isopentane . 15
Parafinic isomerizate 10.3
Olefini¢c aromatic extract. - 40.0
Thermally reformed gasoline 40.8
Total 92.6

The composite gasoline product has an octane
number of 79.

Obviously many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof, but only such limitations should
be imposed as are indicated in.the appended
claims. - :

I claim: '

1. The method of treating cracked naphtha
stocks consisting essentially of olefin and aro-
matic hydrocarbons to produce an improved
plending stock adapted as a component of avi-
ation gasoline that comprises contacting the ole-
fin-aromatic naphtha with a solid catalytic ma-
terial, selected from the group consisting of sil-
ica-alumina and adsorptive clays, at a tempera-
ture within a range of about 800° F.-1000, F., and
under a relatively low pressure of under 100
pounds to effect isomerization of olefin hydrocar-
bons and contacting resultant products of reac-
tion with & solid catalytic material, selected from
the group consisting of silica-alumina and ad-

‘sorptive clays, in tke presence of hydrogen while
_at a temperature within a range of about 600°

P.-950° F'., and under a pressure of the order of
100-300 pounds to effect conversion of olefins to
isoparaffins and produce & naphtha product rich
in aromatic hydrocarbons and of high lead sus-
ceptibility. -

2. The method of treating cracked naphtha
stocks consisting "essentially of olefin and aro-
matic hydrocarbons to produce an improved
blending stock adapted as a component of avi-
ation gasoline that comprises contacting the ole-
fin-aromatic naprtha with a silica-alumina cat-

- alyst at a temperature within a range of about

800° F.~1000° F. and under a relatively low pres-
sure of under 100 pounds to effect isomerization-
of olefin hydrocarbons and contacting resultant
products of reaction with a catalyst. composed of
sllica-alumina in the presence of hydrogen while
at. a temperature within a range of about 600°
F-~950° F. and under a pressure of the order of
100-300 pounds to effect conversion of olefins to
isoparaffins and produce & naphtha product rich
in aromatic hydrocarbons and of high lead sus-
ceptibility. :

3. The mettod of treating cracked naphtha
stocks to produce an improved blending stock
adapted as a component of aviation gasoline that
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comprises treating the cracked naphtha with a
selective solvent for olefins and aromatics to sep-
arate parafiin hydrocarbons from. an extract

fraction rich in olefin and aromatic hydrocar- .

" hons, treating said extract fraction with a solid
catalytic material, selected from the group con-
sisting of silica-alumina and adsorptive clays, at
a temperature within a range of about 800° P~

1000° F. and under a relatively low pressure of -

under 100 pounds to effect isomerization of ole-
fin hydrocarbons and contacting resultant prod-

10
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ucts of reaction with & solid catalytic material,
selected from the group consisting of silica-alu-
mina and adsorptive clays, in the presence of -
hydrogen while at & temperature within a range
of about 600° F.-950° F. and under a pressure of
the order of 100-300 pounds to effect conversion
of olefins to isoparaffins and produce & naphtha
product rich in aromatic hydrocarbons and of
high lead susceptibility,

ARTHUR R. GOLDSBY.




