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This .invention pertains to the,production of
motor fuels and particularly to the:production of
-high- octane -number -aviation gasoline from hy-
drocarbon.. feed.stocks. of substantially different
characteristics by an-integrafed process in which
light gas oil is catalytically .cracked under cer-

tain relatively mild -conditions while gas oil is

subjected .to a..catalytic :cracking under more
.rigorous cracking - eonditions -and blending- to-

-gether separate fractions from each of these.

crackmg operations.

-Catalytic cracking of light.gas 0il'to obtain high
octaneaviation gasoline has been difficult to carry
‘out since the temperature. of cracking must be
kept quite low and conversion levels must also
be kept fairly low. Even by controlling the tem-
perature :and the conversion levels, the product
‘formed (325° F. end point) has a-high gravity,

a.very -high Aniline. Point, moderately high acid .

heat and A..S.T. M. octane number below 80 and
‘only.-fair. 3C rich mixture performance.!

* CRC'Knock Testing Manual-—1946 edition.

The catalytic cracking of heavy gas oil to form
high octane aviation. gasoline has not offered the
same problem as the cracking of light gas oil since
temperatures can be considerably higher and con-
version levels can also be quite high. The 325°
F. end point product formed has good gravity, a
very low ‘Aniline Point but has a very high acid
heat. Moreover, while 3C rich mixture perform-
ance is somewhat better than. that of the com-
pa.rable product obtained from light gas o0il, A.
8. T."M. octane number of the unleaded as well
as the leaded fuel is below that of the product
.obtamed from the catalytic cracking of light gas
oils.at.low temperature and low conversion. levels,

I have now found that surprisingly if the cat-
alyticeracking of light gas oil is.carried out at low
temperature and low conversion levels as de-
‘scribed above and the catalytic cracking of regular
or ‘heavy gas oil is carried out at high tempera-
tures and high conversion levels and a Cs to about
'230° P, ‘fraction is taken from the product of the
light gas oil cracking and combined with a 230° P,

to final aviation boiling. point. (325° F.) fraction 4

taken from the produet of the heavy. gas oil crack-
ing, a.blended product - is obtained which pos-
esses- properties- which:are substantially superior
to.those of the products:of either of the separate
eracking eperations.

‘The light gas. .oils' which may be used in.ac-
cordance . with .the.present invention are those
portions.of :petroleum crude oils boiling between
'360°-F.-and750° P,
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The light gas oil is catalytically cracked pref-
erably in a fluid catalyst unit in contact with a
suitable cracking catalyst such as an acid-ac-
tivated clay or a synthetic metal oxide gel such
as. silica~alumina, silica-magnesia or silica-alu-
mina-magnesia gels. The temperature of crack-
ing.of this feed stock must be kept quite low, gen-
erally at between 800 and 850° F., preferably at

.about..820-825° F. It is also important that con-

.version level be carefully controlled by controlling
the feed rate (Volume of feed per volume of cat-
alyst per hour). This should be so controlled that
conversions of about 45-55 volume per cent, pref-

.erably about 50% of the light gas oil is converted

to motor fuels boiling below 430° F. The product

-of this mild cracking of light gas oil is fractionated

andra:Cs.10.230°:F.cut is:takenifor blending.as
described: below.

Theheavy.or regular gas:oils;which may. be used
in accordance. with. the. present .invention -are
‘those. portions.of petroleum: crude:oils boiling.be~-
tween 500° F'. and 900° F'.

The heavy gas: oil:is catalytically cracked pref-
erably in a fluid catalyst unit in contact with.an
-active cracking catalyst such as an acid-activated
clay; or a synthetic.metal oxide gel such as silica-
alumina, silica-magnesia, or silica-alumina-mag-
nesia gels. The cracking of the heavy gas oil must
be effected at high temperatures, i. e. 950-1000° F,
.preferably at about 975° F'.. The conversion;level
in.the heavy.gas oil cracking can: be.controlled
by controlling the feed rate so that from 55 to 85

-volume per cent of the gas oil is converted to:lig-

uid motor fuels boiling below 430° F'. The product
of -this cracking operation is fractionated and:-a
230° F..to 325° F. fraction.is taken for blending
purposes,

The Cs to.230° F. fraction from. the cracking
of the light gas.oil is blended.with the 230° to
325° F. fraction. from the cracking of the heavy
.gas oil. The resultant blend has a. substantially
higher A..8. T. M. octane number than either of
the aviation fuels obtainable from the feed stocks
used and shows:a.3C, rich mixture performance
that is particularly outstanding.

' 'The remaining fractions from each of the above
cracking operations boiling within the motor fuel
range are combined and passed to reforming
means while the higher -boiling stocks are recycled,
the:cycle stock: from .the light gas oil cracking
operation being  preferably . combined ~with. the
cyele. stock from.the heavy. gas oil cracking op-
‘eration and recycled to the-heavy gas oil cracking
‘step-where it is- combined with-fresh heavy gas
oil, and subjected to-drastic- cracking conditions,
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My invention is illustrated in the accompanying
drawing in which the single figure is a diagram-
matic flow plan of my process.

Referring to the drawing, | is a catalyst hopper
for the supply of silica-alumina or other suitable
cracking catalyst, preferably heated to a sufficient
temperature to vaporize the respective oil stocks
and bring them to reaction temperature. Light
gas oil feed stock is supplied through line 2 and
after the addition of catalyst through line 3 the
mixture is introduced into reactor 4 wherein the
cracking of the light gas oil feed to motor fuel
is effected. Heavy gas oil feed stock is supplied
through line 5 and is mixed with catalyst supplied
through line 8 and the resultant mixture is intro-
duced into reactor T wherein the heavy gas oil is

10

4

A heavy coastal gas oil boiling between 500° F,
and 900° F. was cracked in g fluid catalyst crack-
ing unit in contact with silica-alumina catalyst
at 975° B, (4.5 catalyst/oil and 1.0 w./hr./w.)
and at 81.7 volume per cent conversion (400° P,
E. P.). This product was fractionated and a cut
taken boiling between 230 and 325° F,

The Cs-230° F. fraction from the light gas oil
cracking and the 230~325° F. fraction from the
heavy gas oil cracking were blended (in produc-
tion proportions) and sufficient isopentane was
added to attain a Reid vapor pressure of 7 pounds.
The following table compares the inspections of
the two cracked gasolines (with isopentane added
to each to attain a Reid vapor pressure of 7 1bs.)
with this blend.

o @

leefazéd ng ({Ju
Cracked 0° F. o
Sample QGasoline Cracked Gasoline from 23(()%;‘5% )
from Light Heavy Gas 0Oil of (2)
Gas 0il
Qravity.ooceeooooceoooo. [ S, 5604 e

Aniline Point, ° F._.___..
Acid Heat, ° F__....
ASRM Octane Number._
ASTM Av.44 ce. TEL..| 9
3-C Rich, Pegk
3-C Rich, AFR

L1 93.9
S4-0.34 (@), S4-0.501 (a)-| S41.17 (@)
840.34 (@), 84-0.501 (@)} S4-1.17 (@)

2.9, ...
96.5 (8 in M)__
96.5 (Sin M)..

(@) ce. tetraethyl lead per gallon. § is a reference fuel (iso-octane or its equiva-
lent) having a 100 octane number and M is a low octane number reference fuel (equiv-
alent to 95% by volume of 2,2,4-trimethyl pentane and 5% by volume of n-heptane).
(S in M) is dilution of reference fuel of 100 O. N. with low O. N. reference fuel neces-
sary to match knocking tendency of fuel of unknown O. N. Where fuel of un-
known O. N. is higher than 100 O. N, its rating is given as equivalent to S fuel plus
the ce. of tetraethyl lead required per gallon to match the knocking tendency of the
fuel of the unknown O. N.

1 Duplicate determinations.

cracked to motor fuel. While I have shown a
single hopper for the supply of catalyst to both
feed stocks, it will be understood that separate
hoppers may be provided, particularly if it is de-
sired to use different catalysts for cracking the
different feed stocks.

The reaction products are taken overhead from
reactor 8 through line 8 and are separated in the
Tractionator 8 into a Cs230° F. fraction with-
drawn through line {0 a 230-325° F. fraction
withdrawn through line i and a bottom fraction
withdrawn through line 12.

The reaction products from reactor T are taken
overhead through line 13 and are separated in the
fractionator {4 into a Ce-230° F. fraction with-
drawn through line {5 and preferably combined
with the 230-325° F. fraction from fractionator
9 and passed to suitable reforming means. A
230-325° F. fraction is withdrawn from frac-
tionator {4 through line {8 and is combined with
the Ce¢-230° F. fraction from fractionator 9 to
‘give the final high octane number gasoline in
accordance with the present invention. The bot-
‘toms are withdrawn from fractionator {4 through
line 17 and preferably combined with the bottoms
withdrawn from fractionator 9 through line 12
and recycled through line (8 back into reactor
along with fresh feed supplied through line 5.

The following example is illustrative of the
‘present invention:

Example
A refinery light mixed gas oil (364° F. to 700° F.)

40

45

50

55

80

65

70

‘was cracked in a fluid catalyst cracking unit in

-contact with silica-alumina catalyst at 820° F.,
(8.3 catalyst/oil and 1.4 w./hr./w.) and at 48.6
volume per cent conversion (400° F. E. P.)., The
resultant product was fractionated and a Cs to
230° F. fraction was taken.

75

It may be readily seen from the foregoing in=-
spection that the blend produced in accordance
with the present invention has an extremely low
acid heat, a higher ASTM Octane Number than
either of the straight cracked gasolines, the 3C
rich mixture performance being particularly out-
standing.

The foregoing description contains a limited
number of embodiments of this invention. It
will be understood, however, that numerous vari-
ations are possible without departing from the
scope of the following claims.

What I claim and desire to secure by Letters
Patent is:

1. The process of producing high octane num-
ber gasolines which comprises catalytically crack-
ing light gas oil at temperatures of about 800-850°
F. and at conversions of from 45-55 volume per
cent, catalytically cracking heavy gas oil at tem-
peratures of 950-1000° F. and at conversions of
from 55-85 volume per cent, taking a Cs-230° P,
cut from the reaction product of the light gas oil
cracking step and a 230-325° B, cut from the re-
action product of the heavy gas oil cracking step,
and blending these cuts to produce a high octane
number aviation gasoline,

2. The process of producing high octane num-
ber gasoiines which comprises -catalytically

‘cracking light gas oil at temperatures of about

800-850° F. and at conversions of from 45-55
volume per cent, catalytically cracking heavy gas
oil at temperatures of 950-1000° F. and at con-
versions of from 55-85 volume per cent, taking a
Cs—230° F. and a 230-325° F. cut from the reac-
tion product of the light gas oil cracking step,
taking a Cs~230° F. and a 230-325° F. cut from
the heavy gas oil cracking step and blending the
Ce-230° F. cut from the cracked light gas oil
with the 230-325° F. cut from the cracked heavy
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gas oil to produce a high octane number aviation
gasoline, and blending the 230-325° F. cut from
the cracked light gas oil with the Cs230° F. cut
from the cracked heavy gas oil, and subjecting
this mixture to a reforming operation.

3. The process of producing high octane num-
ber gasolines which comprises catalytically
cracking light gas oil at temperatures of about
800-850° F. and at conversions of from 45-55
volume per cent, catalytically cracking heavy gas
oil at temperatures of 950-1000° F. and at con-
versions of from 55-85 volume per cent, taking
a Ce¢-230° F, cut from the reaction product of
the light gas oil cracking step and a 230-325° F.
cut from the reaction product of the heavy gas
oil cracking step, blending these cuts to produce
a high octane number aviation gasoline and com-
bining the bottoms from both fractionations with
fresh heavy gas oil feed.

4. The process of producing high octane num-
ber gasolines which comprises -catalytically
cracking light gas oil at temperatures of about
800-850° F. and at conversions of from 45-55
volume per cent catalytically cracking heavy gas
oil at temperatures of 850-1000° F. and at con-
versions of from 55-85 volume per cent, taking a
Cs—230° F. and a 230-325° F. cut from the reac-
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tion product of the light gas oil cracking step,
taking a Cs-230° F. and a 230-325° F. cut from
the heavy gas oil cracking step, blending the Cs—
230° F. cut from the cracked light gas oil, with
the 230-325° F. cut from the cracked heavy gas
oil to produce a high octane number aviation
gasoline, blending the 230-325° F. cut from the
cracked light gas oil with the Cs-230° P. cut from
the cracked heavy gas oil, subjecting this mix-
ture to a reforming operation and combining the
bottoms from bhoth fractionations with fresh
heavy gas oil feed.

KENNETH M. PURDY.
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