April 29, 1930. A. SCHWARZ ' 1,756,887

0IL CRACKING PROCESS

Filed Feb. 25, 1924

SUPPLY

¢ :
| 722
5
U
1
|
2
25—
» Bl%: |
Treverlor:

tZ%QﬁPeéZ;jkdiuuawcv,
2y QK@Q @&ww

oty



Patented Apr. 29, 1930 Lot ' 1,756’887

UNITED STATES PATENT OFFICE

ALFRED SCHWARZ, OF MONTCLAIR, NEW JERSEY, ASSIGNOR TO PETROLEUM SAND.
- PRODUCTS CORPORATION, A CORPORATION OF DELAWARE i

OIL-CRACKING PROCESS - - .
Application filed February 25, 1924. Serial No. 694,905,

My invention relates to the cracking of oils results obtained in such methods are not fully
and more particularly has reference to a understood, it has been found that maintain-
cracking process wherein oil in liquid state ing the pressure through all or part of the
is maintained over an extended or enlarged condensation apparatus cannot in all cases

5 area while in contacting relationship with cause the proper reaction, because if two 5o
oil vapors in order to insure maintenance of molecules, say for example—one of fixed gas
proper reacting conditions, all as more fully and the other one of a heavy oil, are intended
hereinafter set forth and as claimed. Tt has to combine, the total amount of energy or
been common practice to distill oils under heat temporarily held by those molecules may

1t pressure, the result of the pressure being that be too much for the formation of the new
certain oils which would vaporize at atmos- molecules of a desived class. Therefore, heat
pheric pressure will be maintained in their must be removed and. a new set of conditions
liquid condition and in accordance with the is evidently required. This may be dccom-
amount of pressure employed, oils of lower plished by reducing the temperature and re-

15 boiling point can be kept in their liquid con- ducing the pressure. In reducing the pres- 60
dition and their vaporization can be prevent- sure, however, some of the compounds which
ed at will. If a relatively light oil is to be may be desired to react with other compounds
contacted and caused.to react with a relative- will assume the vapor state and contacting
ly heavy oil, a certain pressure may be em- becomes difficult on account of the large vol-

20 ployed and certain results may be obtained. ume of vapor compared with the relatively ¢5
Since, however, the number of different hy- small volume of oil. It, therefore, becomes
drocarbon compounds present in an ordinary important to expose large surface areas of
crude oil, fuel oil or the like, is very great, theliquid oil to the vapors so formed in order
no one pressure or temperature condition can to. give opportunity for contacting. To a

25 be adjusted to fit-them all and while some of limited extent such contacting has been 7o
them will yield to treatment under a given achieved in the old processes by running the
set of conditions, others will either not dis- oil which is condensed in what is known as
associate at all or will disassociate into prod- the “reflux towers” over shelves or blades,
ucts undesirable as end products. ‘When a but the relative amount of area so exposed is

39 certain temperature is reached suitable for insufficient to effect the contacting of liquid
the disassociation and reformation of com- and vapors as contemplated by the present
pounds, the molecules of such compounds process.
should be in contact with each other. If it = According to my invention, .I use steel
so happens that under that -particular tem- borings, steel wool or similar material hav-

33 perature some of the hydrocarbons are in the ing finely divided surfaces which become 80-
lignid state and some of them are in the va- coated with the reflux oil ‘and I provide
por state, then such contacting becomes more through this means the large areas required.
dificult and ordinary means such ‘as reflux In a tower provided with shelves such as is
condensers and the like are not suitable to used at present, I can, by removing the

40 accomplish this result effectively. shelves and replacing them with steel bor- 85
" It has been the practice heretofore in some ings, increase the contact area between. oil
of the cracking processes widely employed and vapor several hundred times. I distill
commercially to distill under pressure and under pressure of, for example,—one hun-

- also either partially or wholly condense un- dred pounds per square inch and at cracking

45 der pressure and while the reasons for the temperature, and in this manner I obtain 90
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cracking as is well known in the prior art.
Thereatter I release the vapors, however, and
pass them over a body of steel borings or the
like and I may decrease the pressure and

. temperature to any desirable degree, that

being a matter of practice which is developed
in acordance with the oil treated, but by re-
leasing the pressure at the proper time, new
conditions are created and by providing the
steel borings, I furnish enlarged surface
areas for the oil immediately as 1t condenses
and at the prevailing temperature the oil is
exposed to the action of vapors passing over
the same and, therefore, I create in this man-
ner a.condition of constantly varying tem-
perature and pressure, vapor and liquid
stages, etc. That is to say, the operating
conditions are different from those main-
tained in the still and further variations
occur as the hydrocarbons pass through the

‘‘‘‘‘ Such a treatment
will enable the molecules to find a proper con-
dition under which they may react with other
molecules and the borings provide the means
for physical contact between liquid oil and
oil vapor.

Though cracking and distillation of an oil
might be simultaneous operations, the crack-
ing should be distinguished from the distilla-
tion in that the cracking operation is a dis-
tinctly chemical reaction while distillation
comprises only the physical separation of
already existing compounds from each other.
The conditions of operations are therefore
different. Oil distillation is accomplished
as soon ag an oil reaches its boiling point and
the vapor leaves the liquid. The separated
vapors may be immediately cooled, and the
operation is accomplished. But in cracking,
the temperatures are raised to a point where
the molecules become unstable and ready to
either break into small fractions, or where the
unstable molecules are enlarged by taking
up other molecules or fractions thereof. The
boiling point has no direct influence on the
reactions taking place but.when reactions are
desired between liquids and vapor, the great-
er rarefication of the vapor must be con-
sidered. The time factor in distillation is

. that time in which a given amount of oil is

brought to its boiling point and vaporized,
while the time factor in cracking is that time
which is required to bring the oil to the tem-
perature of instabijlity of its molecules and

5 the formation of contacts: between the re-

sultant unstable molecules with other un-
stable molecules which. are essential for the
formation of predetermined compounds.

The fact that the oil at the temperature of

unstability is. either in its vapor form or in

its liquid form, has no direct bearing upon-

the ability of forming new compounds, but
contact is established more easily between
liquids and, liquids than between vapors and

5 liquids, hence the general tenclency to distill
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under pressure so that the oils may be main-
tained in their liquid state. '

It is immaterial in distillation whether the
temperature is maintained after the vapor is
formed because the operation is completed
when vapor is formed and the only time neces-
sary is for the physical transportation of the
vapor from the still to the condenser. In a
cracking operation, however, the temperature
should be maintained and adjusted until re-
action between the desired portions of the
oil has taken place. Otherwise, the heat con-
sumed to bring the molecules to the critical

70

stage of unstability is wasted. To merely .

bring the oil to the temperature of instability
is insufficient. To perform a new formation
of compounds it is necessary that a given oil
sheuld also be contacted with other oils either
in the liguid or vapor state.. . In order to ob-
tain the reaction, therefore, the time required
to pass an unstable molecule into contact with
another unstable molecule for the two toreact
is the essential factor in reformation. Since
no data is available as a guide in establigh-
ing proper temperatures of unstability and
proper combination of the different mole-

80

90

cules, the best that can be done is to give am-

ple opportunity for each molecule to contaet
with another melecule desirable for eombina-
tion therewith at a temperature suitable for
reaction between the two. This means main-
taining each temperature step long enough for.

each group,of molecules capable of reacting at -
such temperatures to, contact with another

group of molecules, then changing the tem-
perature to the reaction temperature best
suited for another group of molecules, and so
on until the desired reactions have been ef-
fected. S
In further explanation of the above, it must
be borne in mind that a melecule may become
unstable at a given temperature. Ancther
molecule also unstable at the same tempera-
ture may be present and new compounds are
formed, whereas if the original molecule had
no available affinities within the range of its
contacting area, 1t would return from its un-
stable condition as the temperature is reduced,
back to its stable condition without change.
It 1s very probable that the temperature of
unstability of a given molecule aind its ability
to combine with other unstable molecules is
iar below the temperature of simple cracking.
By this temperature of simple cracking I
mean the temperature at which a molecule
breaks up into smaller fractions without in-
ter-reaction with another molecule. o
- It can be very readily conceived that when,
ag is the case 1n some of the present crack-
ing methods, the pressure is maintained dur-
ing condensation, some new compounds are’
formed but in view of the fact that gravita-
tion begins to occur as soon as condensation
takes place, the condensed oil will descend-
and collect 1nto a common pool while the va-
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por will rise and collect into & common vapor
body so that contacting between liquid oils
and vapors still capable of reacting becomes
1mpossible due to the lack of physical contact
or, in other words, opportunity for reaction
is lacking although the temperature-condi-
tion may yet be favorable. 'On the other hand
by filling the towers with steel borings or sim-
1lar sustaining means, the force of gravity is
counteracted and opportunity for contacting

between vapors and liquids may take place

readily.

From the foregoing it appears that in ordexr
to form a hydrocarbon compound of a cer-
tain predetermined character from other hy-
drocarbon compounds of a character not suit-
able for the intended purpose, it is necessary

to supply at the moment of formation, the ex-
act chemical balance between hydrogen and

carbon which must later on appear in the end

product, but in addition thereto the exact for-

. mation or cracking temperature is necessary.

30

40

45

50

bb

60

In a conglomeration of hydrocarbons such as
is the case in the oil to be cracked, no one tem-
perature would suit all the compounds avail-
able for recombination and it becomes neces-
sary therefore to subject the entire, combina-
tion of hydrocarbons to constantly changing
temperatures, changing both upward and
downward, and to create .constantly new
physical contacts between molecules.

In carrying out my invention, I distill the
oil under pressure as 1s customary in cracking
operations, but instead of passing the vapors

through a system of towers as is done-at pres-

ent, under pressure, gradually cooling the
same.and returning the heavy ends by grav-
ity to the still, thus segregating the lighter

ends in their vapor form from the condensed -

heavier ends, I release the vapors after they
leave the still into one or more chambers,
which chambers are provided ‘with a multi-
tude of surfaces, such as for example, steel
borings, wire netting, or similar substances
calculated to provide large surface areas for
the heavy oil to condense upon and be held
in suspension, thus providing passage for the

vapors between and in contact with the oil’

surfaces to cause chemical reaction. To

establish different temperatures and differ-.

ent pressure conditiens, I may use a series of
tanks or towers and expand the vapors from
their initial pressure condition in one or more
steps to a lower pressure or to atmospheric
pressure, or I may even rarify the said vapors
by use of sub-atmospheric pressure. The
tanks or towers may be provided with suit-
able cooling means, either air or water cool-
ing, and I may provide also means such as
pumps or injectors and the like to force the
reflux oils from lower pressure zone back
into a higher pressure zone. I'may also pro-
vide means for circulating the fresh oil

. charged to the system through the towers

65

and over the borings and I may also provide

3

means for circulating part of the heavy lig-
uid oil under treatment in the still throngh

-the towers and over the borings.

- -The invention may be carried out, for ex-
ample, in the arrangement of apparatus illus-
trated somewhat diagrammatically in the
accompanying drawing. In the drawing
reference character 1 indicates a still which
may be heated in any known manner. This
still'is provided with a vapor dome 2 from
which- a vapor pipe 8, provided with a pres-
sure reducing valve 4, leads to a tank or par-
tial condenser 5 that contains steel borings,
steel wool or the like, 6. Vapor outlet pipe 7
leads from the tank 5 through a pressure re-
ducing valve 8, to the tank or partial con-
denser 9 which also contains steel borings,
steel wool or the like, 10. A vapor pipe 11
leads from the tank 9 to the coil condenser 12
and an outlet extends from the lower end of
the coil of this condenser to the storage tank
18.

A supply tank 14 for crude oil having feed
pipe 15 provided with a valve 16 leads to the
conventionally shown spray device or nozzle
17 at the top of the tank 9. A pipe 18 pro-
vided with a valve 19 leads from the bottom
of the tank 1 through the spray 17.

A return pipe 20 for condensed oils, pro-
vided with a trap 21, leads from the bottom
of tank 9 to the top of tank 5. A pipe 22
provided with a valve 23 leads from: the bot-

tom of tank 5 to the still 1 for return of re-

flux condensate to the still. If the column of
oilin pipe 22 is not of sufficient height to force
the condensate into the still, a suitable pump
(not shown) may be provided in the line 22.

The operation is as follows:

The oil to be distilled and. cracked is in-
troduced into the still 1 and heated to a crack-
ing temperature of 700° F. to 900° F., more
or less, and the pressure reducing valve 4 is
so set that the pressure of the vapors in the
still may reach about one hundred pounds
per square inch, whereupon the vapors under
reduced pressure enter the bottom of tank 5
through pipe 8 and are in part condensed,
the condensed oils spreading upon, and be-
ing very minutely subdivided by the steel

‘wool or borings 6, thus. obtaining intimate

contact between the remaining uncondensed
vapors and the condensed oils. The temper-
ature in tower 5 may be maintained between
500° F. and 750° F., more or less, depending
on the oil being processed. The condensed

oils trickle downwardly and reach the pipe-

22 through which they are led back into the
still 1 for redistillation. The pressure in tank
5 may be maintained at about thirty pounds
per square inch by means of the pressuie re-
ducing valve 8, whereupon.the vapors again
reduced in pressure pass through the pipe 7
into the tank 9 where they are again partially
condensed in -a similar manner, the reflux
oils passing back through the pipe 20 which
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is long enough to contain a-column of liguid
suffieiently high:to compensate for-the dif-
ference in pressures in the tanks 9 and 5.
A temperature ranging between 350°°F. and
500° F. may. be maintained in tower 9, the
temperature varying with the boiling point
of the ultimate product desired to be con-
densed in the final condenser-12. . The uncon-
densed vapors or gasoline products pass cut
through the pipe 11-and are condensed inthe
condenser 12, and. received in the storage
tank 13. S :

-Fresh oils are introduced through the pipe

- 15 frem the supply tank 14 and are sprayed
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3 oth’er.

over:the steel:wool in tank .9 and at the same
time the heavy residues from the still 1 may
be foreed by the pressure therein through the
pipe 18 and spray 17 into the top of the tank
9 so as to assure intimate contaet of vapors
and oils, thereby causing the desired reactions
to také place and form light boiling oils.. .
It is, of course, understood that in expand-
ing the oil inte its-vapor state, such asis the
case when the vapors are meeting the inflow-

 ing- oils, heat is: transferred to. certain frac-

tions of the oils taking the form of latexnt heat
of vaporization and thisin itself formsa cool-
ing means. - At the same-time entirely new
physical arrangements of the different frac-
tions-of the oils in relation to each other are
made, violent disturbances take place.and con-
stantly -changing contacting conditiens are

‘established.

Ttis to be understood that any number of

5 combinations of different stages of pressure

and temperature can be arranged, that is to
say, pressure can be released directly to amos-
pheric, or can be released in any number of
stages until atmospherie. conditions are
reached but it-is not believed necessary to de-
seribe more than one form of the invention in
order-to demonstrate the principle involved.
One -of the essentials of the process is that
appropriate surface area of the liquid is ex-

“posed to the vapors formed during the proc-

ess. Iiam aware that steel shelves and-other
means to extend the liguid area exposed have:

been ased heretofore but the relative avea of.

liquid expoged to the vapors was alwaysinsuf-.
ficient and my invention rests-partially in the
fact that I have recognized that the ideal con-
dition for. a: cracking operation of this type

_exists only when there is a sufficiently exten-

sive passage of the vapors over liquid areas to
afferd sufficient contacts.of the vapors with-
the liquid.  In'the.prior art there is nowhere
shown sufficient area. of liquid: surfaces ex-

posed to cause more.than a small amount of:

the-regnived contacting to take place. It is
very desirable to have a unit weight of liquid
so. divided that its-surfaces are exposed to
the surfaces. of an.-equal weight of vapoz,
which condition is best: approached:by minute-
subdivision of ione: of the components-in the.

1,758,887

I claim: :

1. The process of producing lower hoiling
oils from higher boiling oils which comprises
distilling the latter at:a cracking tempera-
ture and under superatmospheric pressure in
a. cracking zone, passing vapors from said
zone under successively decreasing pressures
upwardly through suiccessive masses of sub-
divided solid particles, condensing a portion
of the vapors in said masses whereby the con-
densate is held therein in minutely subdivided
form over an extended area, causing the con-
densate in each mass'to move downwardly in
counter current to the ascending vapors, and
passing further -quantities of vapors from
said cracking zone under successively de-
ereasing pressures upwardly through said
successive masses for intimate contact: with
the condensates. . ' . :

2. The process of producing-lower boiling
oils from higher boiling oils which comprises
distilling the latter at a cracking temperature
and under superatmospheric - pressure in-a
cracking zone, passing vapors from said zone
under. successively decreasing pressures into
successive masses of subdivided solid parti-
cles, condensing a portion of the vapors in
said masses whereby the condensate is:-held
therein in minutely subdivided form over an

extended area, passing further: quantities-of

vapors from said cracking zone under succes-
sively decreasing ‘pressures into said succes-

sive masses for intimate contact: withsaid:

condensate, replenishing the oil in said crack-
ing .zone: by introducing higher boiling oils

into the last of said successive masses; and

causing the same to flow through said masses
in contaet with vapors therein to said crack:
ing zone. .

3. The process of producing lower boiling.
oils from higher boiling oils: which:comprises:
distilling the latter at a ¢cracking temperature:
and uncer: superatmospheric pressure -in a:
cracking : zone, removing vapors from said

zone,; reducing the pressure on said vapors
and passing the same under the reduced pres-
sure into a mass of subdivided solid particles,
condensing a portion of said vapors in: said
mass whereby the condensate is held therein

_in:minutely subdivided form over an extend-

ed area, passing further quantities of vapors
from said cracking zone under reduced pres-
sure into said mass for intimate contact with
said condensate; and introducing into said
mass of subdivided solid particles hot oil from
the cracking zone for contact with the vapors
therein, : ,

4. The process of producing lower boiling

oils from higher boiling oils which comprises -

distilling the latter at a cracking temperature
and under superatmospheric pressure in -a
cracking zone, passing vapors from said zone

under successively decreasing pressures into.
successive masses of subdivided solid parti-

cles, condensing a portion of the vapors in
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said masses whereby the condensate is held
therein in minutely subdivided form over an
extended area, passing further quantities of
vapors from said cracking zone under suc-
cessively decreasing pressures into said suc-
cessive masses for intimate contact with said
condensate, and passing hot oil from said
cracking zone through said masses in counter
current flow to the vapors passing there-
through.

In testimony whereof I affix my signature.

ALFRED SCHWARZ.




