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3 Claims.

This invention relates to a process of refining
petroleum oils and in particular to the refining
of cracked distillate fuel oils. Heretofore, it has
been the practice to refine these oils with sulfuric

5 acid and many attempts have been made to avoid
the expensive treatment with sulfuric acid by
employing substitute methods of refining or omit-

‘ting the chemical refining altogether. However,
these attempts have met with failure for various
reasons. One of the principal reasons for the
necessity of chemical refining of cracked distil-
jate fuel oil is the formation of a non-volatile
residue in the oil on storage and in handling and
burning, which results in fouling the oil burners.

This difficulty occurs principally with the oil
known as “furnace oil” which is a distillate hav-
ing an initial boiling point-about 400° F. and a
maximum. boiling point of about 600° F. ‘The
formation of any non-volatile residue or sediment
in this grade of oil is especially objectionable be-
cause of the effect of this material in stopping
up the small cil passages in domestic oil burners
resulting from the accretion of sediment and
non-volatile materials. Even - very minute
amounts of sediment or non-volatile residue,
sometimes referred to as carbon residue, will
cause this difficulty. A residue of as little as
0.29% determined on the heaviest 10% fraction
of the furnace oil is definitely undesirable: The
residue content of the oil is determined by the
A. S. T. M. carbon residue test, and by my process
I reduce the residue to less than 0.1% and even
as low as 0.02%.

As a result of the difficulty of refining cracked
domestic furnace oils, it has been common prac-
tice among petroleum refiners to supply the mar-
ket for these products with oils derived entirely
from direct non-cracking distillation of the crude
petroleum.  Treatment of the cracked furnace
oils with sulfuric acid previously referred to has
been only partially successful due apparently to
the oxidizing effect of the acid on the unsatu-
rated constituents of the oil. -Attempts to refine
cracked fuel oil distillates with fuller’s earth-in
the liquid phase or the vapor phase have also met
with: only partial‘success in:view.of the neces-
sity- of using large .proportions:of :fuller’s. earth
if the desired degree of freedom from non-volatile
‘residue-formation is obtained ;i .o - S
7Tt is.‘the  débject of this-invention .to:-provide a

“process for-the: refihing of ‘cracked distillate fuel
_ “oils ‘boiling “within -the rarnge:of '350-and: 6002 -F.
‘and’more particularly .cracked:domestic. furnace
oil distillates 'to render thém stable against.the
formation of objectionable residues and deposits

10

15

20

25

35

40

45

(CL 196—39)

in oil burning equipment. It is also the object of
this invention to provide a process of chemically
refining cracked distillate fuel oils which is suf-
ficiently economical to permit of its commercial
use on a product which commands a very low
price. ] :

I have discovered that cracked distillate fuel
oils can be refined by treatment with phosphoric
acid if the temperature of the operation is care-
fully controlled within certain limits. In order
to obtain maximum surface of contact between
the acid and the oil, I prefer to employ the acid
distributed on a supporting material such as
silica, kieselguhr, etc. 'The catalyst may be pre-
pared by mixing the phosphoric ‘acid with
kieselguhr and calcining the mixture. For ex-
ample, a mixture of about 80 parts of 90% phos-
phoric acid and 20 parts of kieselguhr may be

10

heated at a temperature of about 200° C. and .

the solid mass which is obtained may be broken
up and screened to a uniform size, such as 4
to 60 mesh. Heating of the mixture may be car-
ried out at higher temperatures also, for ex-
ample 250 to 300° C. :
After conducting the treatment of a large
quantity of oil the catalyst efficiency may be
largely restored by blasting the catalyst bed with
a current of preheated air or an air-inert gas
mixture to burn off the contaminating carbonace-
ous material. The catalyst is then steamed to re-

" store its activity. .
The temperature range which I employ for
treating oil is preferably from 450 to 500° F., al-
though I may also use temperatures as low as
400° F. and as high as §00° F. with satisfactory
results. If higher temperatures are employed,
the phosphoric acid catalyst is rendered ineffec-
tive after a short period of operation and also
at higher temperatures the catalyst exerts an
undesirable polymerizing effect upon the unsatu-
rated constitvents of the oil, causing an exces-
“give loss. thereby. At lower. temperatures the
.effect. of the .catalyst is, insufficient to accom-

. plish_ the. desired ‘stabilization against the- for- .

mation of residues and resulting deposits in the
. oil burners. . . oo o

‘The accompanying drawing, which forms a part

.-of this specification, illustrates .diagrammatically

-an apparatus.for carrying out my process. Refer-

.ring- to-the-drawing, tower, A-is: a fractionating
_tower, connected to a cracking still. Tower Bisa
.catalyst .champer containing. the phosphoric acid

catalyst as previously described. Tower, C. is a

.final fractionating tower for the furnace oil prod-.

uct.
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In carrying out the process vapors from the
cracking coil or other cracking equipment, which
may suitably be derived from the cracking of
gas oil, crude oil or residuum, are introduced into
tower A by vapor line 10. The vapors are frac-
tionated in tower A to produce a light distillate
which is withdrawn by line 1 and which consists
principally of gasoline and gas. The gasoline
is condensed in coil 12 and the gas is largely
separated in receiver 13, gasoline being with-
drawn by line 14 and a portion of it being pumped
back to the tower for reflux by line 16. The pres-
sure in tower A may suitably be about 100-400
1bs. per square inch.

At the bottom of tower A the hot residue or
recycle stock is withdrawn by line 16 and hot oil
pump |7 which forces oil back to the heating coil
of the cracking still for further cracking. ,

At an intermediate point of tower A a side
stream is withdrawn by line 18 and this forms
the stock from which the desired furnace oil is
produced. This side stream will usually be of
wider boiling range than the desired furnace oil.
For example, it may have an A. P. 1. gravity of

about 37 with a boiling range as. follows:

Initial boiling point_ .. ___ 240
10 (e ————————— 340
20 o e i e i e e e 3172
80 e e 395
40 e 408
B0 e e e e 430
B0 e m—— e 448
0 oo ——mm—mm—m e mm e 469
80 o e 490
00 e 520
MeaXimum o e 586

The stock withdrawn from tower A will usually
be at a temperature of 500 to 650° F. and there~
fore before it can be successfully treated with
the catalyst it may be necessary to cool the
stock by means of heat exchanger or cooler [9.
The side stream now at a temperature of be-
tween 400 and 550° P, is introduced into catalyst
chamber B where it is brought into intimate con-
tact with the catalyst disposed therein, as indi-
cated in the cut-away section by numeral 20.
The catalyst chamber is sultably provided with
a false bottom 21 and manways 22 and 23 for
charging and discharging.

The oil leaves the catalyst chamber by line 24
and pump 25 and thence to pipe still 26 where
it is substantially completely vaporized and dis-
charged by transfer line 27 to fractionating tower
C. Here the desired furnace oil fraction is freed
from contaminating lighter and heavier con-
stituents by eliminating the lighter constituents,
mostly gasoline, through vapor line 28 leading to
condenser 29 and receiver 30. The gasoline dis-
tillate may be conducted by line 31 connected to
line (4 previously described. The heavy constit-
uents are withdrawn at the base of fractionating
colum C by line 32 and pump 33 which may suit-
ably return this fraction to the cracking coil
along with the recycle stock from the hot oil
pump {7 as indicated.

_ 'The desired furnace ol fraction may be trapped
out of column C by trap-out line 34 leading to
side stripper 3§ supplied with stripping steam
from line 36. Vapors from the side stripper may
be conducted back to the fractionator C by line

_ 87 and the desired furnace ofl fraction may be

withdrawn at the bottom of the side stripper by
line 38.
In operating the process it will usua.lly be de-
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sirable to maintain a pressure in fractionating
column A between 100 and 500 lbs. per sq. in., a
suitable pressure range being about 100-300 lbs.
per square inch. The same or higher pressure
may be employed in the catalyst chamber B, and
it is usually desirable to employ a pressure in
the catalyst chamber of about 400 lbs. per sq. in.
The temperature required to vaporize the fur-
nace oil in transfer line 27 will vary somewhat
depending on the pressure but will usually lie
between 400 and 500° F. In general, it is desir-
able to operate the fractionating column C at
atmospheric pressure or slightly above, and the
character of the furnace oil produced in the side
stripper 35 may conveniently be regulated by
controlling the reflux in column C, as well as the
degree of stripping in stripper 35 by means of
steam introduced through open steam coil 36.
As an example of the character of the furnace
oil distillate produced in my process, an oil was
obtained with the following characteristics:

Flash point_ . °F__. 154
Gravity °A. P. X ______.. e 35.5
Initial boiling point_ . ___.__________ °F_. 390
109 off e 410
20% Off & e 417
80% Off 423
40% Off - et —————— 430
50% Off o e 436
60% Off _ e ———— 446
M0% Off - e —m 455
80% off e 466
909% off .- ——— - 484
Maximum ooz D24
[076) 4] U N.P. A__ Below 1

Carbon residue of 109 bottom..._Percent._ .02
Sediment_ .. e Nil

This oil was compared with a product pro-
duced from the same cracking still trap-out
stream but without phosphoric acid catalytic re-
fining and also with the same oil which had been
treated with three-fourths pound per barrel of
75% sulfuric acid, neutralized and washed. It
was found that the color of the unrefined stock
was somewhat higher, specifically between 1 and
11, N. P. A. and the carbon residue of the un-
treated stock was also a little more than twice
as great, specifically .05%, the untreated stock

having approximately the same distillation range °

and gravity.

Both the treated and untreated stock were
subjected to a rapid aging test performed by
placing a 500 cc. sample in a 2 liter flask filled

with oxygen and heating at 210° PF. for 8 hrs. *

The results obtained were as follows:

Treated
Controi— ngg}“mgh with
untreated acid catalyst su]ftiléic
Color 2 144 2
Curhon residue of 10% bat-
toms_ _ ... ... ..... 0.36 0.07 0.37
Sediment . ... . _______.___ 0.6 0.3 0.7

I have found that the failure of furnace oil

burners from the deposition of gummy residues -

within the oll passages is closely predictable
from the amount of carbon residue obtalned in
the analysis of the oil. It is therefore apparent

" that the furnace oil which has been refined

with phosphoric acid catalyst is far superior to
the unrefined furnace oil, as well as the oll which

‘has been refined with sulfuric acid.
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I claim:

1. The process of producing light distillate
fuel oils boiling within the range of about 350
to 600° F., comprising cracking a heavy petrole-
um oil and producing therefrom a cracked hy-
drocarbon distillate, fractionating said cracked
hydrocarbon distillate to separate gasoline and
a heavier cracked distillate fraction boiling just
above the gasoline boiling range, directly con-
ducting said heavier cracked distillate fraction
while at a temperature of about 400 to 600° F.
and without further cooling to a catalytic poly-
merization zone, contacting said heavier cracked
distillate fraction in said zone with a solid cata~
lyst consisting essentially of a calcined mixture
of phosphoric acid and kieselguhr whereby un-
desirable gum and sludge producing consti-
tuents of said distillate are polymerized without
excessive polymerization of olefinic constituents
of said distillate and said phosphoric acid is
gradually rendered inactive by the deposition of
carbonaceous material, redistilling said distil-
late after contact with said catalyst and frac-
tionating therefrom undesirable high boiling
polymerizstion products of said catalytic poly-
merization, recovering from said last-named
fractionating operation said desired light distil-
late fuel oil having a boiling range of about 350
to 600° F'. recycling said undesirable high boiling
polymerization products to said cracking opera-
tion first mentioned, and intermittently restor-
ing the activity of sald catalyst by burning away
carbonaceous matter accumulating thereon.

2. The process of producing from cracking still

3

distillates, furnace oil characterized by freedom
from formation of gums and non-volatile resi-
dues, comprising subjecting said distillates to
polymerization by the action of a catalyst con-~
sisting essentially of a calcined mixture of phos-
phoric acid and kieselguhr at a temperature of
400 to 600° F. redistilling said distillate to pro-
duce a fraction suitable for domestic furnace
oil, and regenerating said catalyst at intervals
by burning with an oxygen containing gas,
whereby substantially all organic matter is re-
moved therefrom before reuse.

3. The process of producing from cracking still
distillates, furnace oils which remain free from
the formation of objectionable non-volatile
residues and guns, which comprises trapping out
from a cracking still fractionating tower a side
stream boiling between about 240 and 586° F.,
subjecting said side stream to polymerization
in the liquid phase with a solid catalyst consist-
ing essentially of a calcined mixture of phos-
phoric acid and kieselguhr at a temperature
between about 400 and 600° F., continuously re-
vaporizing said treated oil by heating in a con-
tinuous restricted stream, fractionating said re-
vaporized oil to produce the desired furnace oil
having a boiling range of about 390 to 524°
F. and a higher boiling residue, recycling said
higher boiling residue to said cracking still, and
regenerating said catalyst at intervals by burn-
ing with an oxygen containing gas, whereby
substantially all organic matter is removed
therefrom bhefore reuse.

MORRIS T. CARPENTER.
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A CERTIFICATE OF CORRECTION. :
Patent No. 2,189,196. o February 6, 19L0.
‘ ' MORRIS T. CARPENTER.

It is hereﬁy certified thet error appears in the printed specification
of the above numbered patent requiring correctionas follows: Page 2, first
column, line 63, for "colum" read column; page 3,'second column, line 16,
claim 3, for “guns" read gums; and that the sald Letters Patent should be
read with this correction therein that the same may conform to the record
of the case in the Patent 0ffice,

Signed and sealed this 12th day of March, A. D. 19L0.

Henry Van Arsdale,
(Seal) Acting Commissioner of Patents.
_ g



