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rhis invention relates to improvements in
a process for treating hydrocarbons, and re-
fers more particularly to the decolorization,

desulphurization and polymerization of the

5 mixed hydrocarbons comprising gasoline to-
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. Normally,

" exist substantially in
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. stage comprising

' found through the

gether with those hydrocarbon constituents
associated therewith in its manufacture.
The process, while not limited to such
products, is particularly adapted to the
treatment of light hydrocarbons produced by
the cracking of relatively heavy hydrocar-
bons or of light hydrocarbons produced by
the skimming of crude oils having a relative-
ly high sulphur content. In this process the
hydrocarbons are preferably treated in the
vapor phase and at a temperature below the
end boiling point of the oil being treated.
the oil would comprise hydrocar-
bons having a boiling point of from below
° F. up to 437° F. 'The treatment would be
carried on at a temperature in which the oils
the vapor phase al-
though, in the case of heavier fractions, this
temperature would be considerably below the

5 boiling point temperature of these heavier

fractions. »
The novelty of the invention lies primarily
in the treatment of relatively light hydro-
carbons in successive and separate stages, the
first stage comprising a treat with a metallic
substance having an affinit
compounds in the oil, and the second treating
a treat with adsorptive ma-
highly adsorbent clays
Woestern States, particu-
Nevada and Montana,

terial such as the

larly in California,

_ and commercially known as “Bentonite”.
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- undergoing treatment.
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~ably

" Further advantages and novelty in the

treatment lie in the ‘fact. that the treatment

is carried on while the oil is hot but prefer-
at a temperature substantially ‘below
the end point boiling temperature of the oil
Pressure may be re-
quired and the hydrocarbons may be in either
the liquid or vapor phase or both. An addi-
tional novelty and advantage in the present
process lies in the fact that the oil fractions,
after polymerization or after the successive
treatments with a metallic substance and an
adsorptive material; are subjected to reflux-

O -

for the sulphur

ing and fractionation before being ﬁnally’

condensed.

The single figure is a diagrammatic side
elevational view of the apparatus with parts
in section and parts eliminated to simplify
the drawing and explanation.

Referring to the drawing, at 1 is shown a '

furnace in which are mounted the heating
tubes 2. Oil is supplied to the heating tubes
by means of a pump 3 receiving the charging

stock from any convenient suitable source

through the pipe 4. This oil is discharged
from the pump through the line 5 which is
connected with a preheating coil 6 mounted
in the refluxing tower 7. ‘The oil, on dis-
charge from
to the heating coils through the pipe 8 where
it is rapidly brought to a cracking tempera-
ture and ecirculated at sufficient velocity
through the tubes to prevent any substantial
cracking in the heating coil. The oil, on being
discharged from the coil, passes through the
transfer line 9 to a reaction chamber 10 which
is preferably fabricated by forging from a
single ingot of steel. This chamber 1s highly
insulated to prevent loss of heat from radia-
tion. The oil is maintained in a body in the
chamber for a sufficient length of time to con-

‘summate the cracking which is initiated in

the heating coil. It is also maintained at
temperature and pressure conditions con-
trolled to prevent any substantial vaporiza-
tion during its passage through the chamber.
Tt is discharged from the reaction chamber
in the form of a synthetic crude which has
been brought to a condition which is termed
as an “equilibrium” through the discharge
line 11 controlled by a valve 12. At the re-
duction valve 12 the pressure is reduced and
the synthetic crude vaporized off in an evap-
orating tower 18. Steam or a cooler hydro-
carbon may be introduced through a pipe 14
controlled by a valve 15. :
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the preheating coil, is directed
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There is sufficient contained heat in the

oil during its evaporation to carry over from
the top of the tower through the line 16 a
considerable portion of the synthetic crude
in the form of vapors.. The unvaporized bot-
toms, which consists primarily of the heavier
residual bottoms or fuel oil
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synthetic crude, are driven off from the bot-
tom of the evaporator through the pipe 17
regulated by a valve 18 and, after cooling in
the cooling coil 19; are discharged to storage
through the pipe 20.

The overhead material passing through the
line 16 is directed into the bottom of a reflux-
ing tower which is preferably of bubble tower
construction adapted to separate out the high
boiling point hydrocarbons, These fractions
are separated by partial condensation and
gravitated to the bottom of the refluxing tow-
er where they are drawn off through the pipe
21 regulated by a valve 22 and may be reeir-
culated to the heating coil through the line
23 which communicates with the suction side
of the pump 24 which, in turn, discharges the
recycle stock through a connecting line 25
communicating with the charging line 8. A
valve 26 is interposed in this line for the pur-
pose of control.  The vapors uncondensed in
the refluxing tower pass over through the
line 27 which has a connection 28 with the
treating tower 29, ' :

The. process, up to this point, is nothing
more than the high pressure cracking system
such as is utilized for the treatment of petro-
leum hydrocarbons according to the cross
cracking process. The passage of the oil
vapors from the top of the refluxing tower
until they have completed their travel
through the treating tower comprises the in-
vention herein involved and the connection
shown between the cracking system and this
method of treatment is disclosed primarily
for the purpose of showing the adaptability
of this type of equipment to a cracking unit
and furthermore to disclose at what part of
the system the treating is most advantageous-
ly interposed. '

The treating tower 29 consists primarily
of an outer casing in which is positicned a
treating cylinder 30. This treating cylinder
has an upper removable manhole plate 31,
while the outer casing is closed by a lower
manhole plate 82. The cylinder 1s divided
vertically into two sections by means of a
screen 83. This screen supports, in the
upper part of the tower, a metallic sub-
stance designated as 84 which has an avid-
ity for the sulphur compounds in the oil
vapors. A material adapted te this purpose
is_copper, irom,. manganese and other me-
tallic substances having a marked affinity for
the sulphur compounds. These metals may
be used either in metallic form or in the form
of a compound such as an oxide, carbonate,
sulphide, sulphate, or in any other form that
they may be handled to effectively remove
the undesirable sulphur compounds from the
oil vapors. Below the screen 33 is supported
a column of adsorptive material 85 by means
of a lower screen 86. This adsorptive ma-
terial is preferably a highly adsorptive clay,
such as bauxite, fuller’s earth, floridin, or any
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hydrous aluminum silicate having the char-
acteristics of the highly adsorptive clays
found throughout the Western States and
commercially known as Bentonite. In addi-
tion to the adsorptive
minum silicates, adsorptive carbon, chemical-
ly prepared silica or any other adsorptive
earthy materials may be used. These ma-
terials are capable of selectively polymeriz-
ing the objectionable,
hydrocarbons present in cracked gasoline to
convert the same into compounds of higher
boiling point, and the Phrase “solid adsorbent,
polymerizing agent” used in the claims is
intended to cover only such materials as
have this characteristic. )

Between the outer shell of the tower and
the outside surface of the inner treating cylin-
der the tower is packed with a broken up ma-
terial such as an inert packing 37 consisting
of tile, metal lath or other suitable material,—
the purpose being to fractionate or separate
out any oil existing in a liquid condition.
Near the top of the tower, in the annular space
between the outer shell and the inert treating
cylinder, is one or more bubble trays shown
diagrammatically at 88 which serve to further
separate out any mechanically entrained
liquid and fractionate the oil prior to its be-
ing directed to the final condensing stage.

The oil vapors are introduced to the inner
c¢ylinder through the line 928 and follow a
course downwardly through the metallic com-
pound wherein they are purified to the extent
that the sulphur compounds are eliminated.
After passing through the bed of metallic
material and through the screen 33, they are
percolated through a column of adsorptive
material which decolorizes and further puri-
fies the hydrocarbon vapors.
through the bottom screen, they rise in the
annular space about the outside of the inner
cylinder and are fractionated by being passed
through a zone of packing and through the
bubble tower arrangement near the fop of
the tower.

After this treatment they pass off through
the line 89, controlled by a valve 40 to the
final condensing coil 41 and thence through

the line 42 to the receiving tank 43. Thig ro- -

ceiving tank is equipped with a liquid draw-
off line 44 controlled by a valve 45 and a gas
relief line 46 regulated by a valve 47. By
means of the valves on the receiving tank, a
pressure may be maintained upon the treat. -
ing tower if so desired. Any liquid material
separated from the vapors in the treating
tower collect in the annular space at the bot-
tom of the tower and is drawn off through
the pipe 48 controlled by valve 49 and may
be returned through the line 50 communicat-

clays and hydrous alu- 7

unstable, unsaturaied 7

On passing
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ing with the pipe 23 to the heating coil in the -

cracking stage for recirculation through the
system or it may be eliminated from the S¥s-
tem by the line 51 controlled by the valve 52.
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The treatment, of course, is contintious and

two towers may be connected up with a crack-

ing unit in order that one may be cut out of
the system to be cleaned and the material re-
generated while the other treating tower unit
1s cut in. A by-pass line 53, controlled by
valves 54 and 55, serve to by-pass the tower
in case the vapors passing off from the top
of the refluxing tower are not to be subjected
to a refined treatment such as that described.
In order to cut out the tower and pass these
vapors through the by-pass line, the valve 56
in the line 28 and the valve 39 in the line 40
are closed and the valves 54 and 55 in the line
53 are opened. “

As a typical instance the end boiling point
of the gasoline passing off from the top of
the bubble tower is approximately 437° F.
and these hydrocarbon vapors constitute a
combination of oil fractions having a boiling
range from approximately —250° F. to 437°
F. Al of these hydrocarbons will, however,
exist together in vapor phase at the equilibri-
um distillation temperature, which, in this
instance may range from 300° F. to 350° F.
dependent upon pressure conditions on the
system despite the fact that some of the
heavier hydrocarbons have a boiling point
above the equilibrium distillation tempera-
ture. This is due to the partial vapor pres-
sure of these heavier hydrocarbons and the
predominating proportion of the lower boil-
ing point hydrocarbons which exert a normal
vapor pressure greater than the pressure ex-
isting on the system and thereby act as car-
riers of the vapor having the higher boiling
points,—the latter higher boiling point hy-
drocarbons exerting only a fractional por-
tion of such pressure. »

With reference to the particular metals
available and adaptable for this purpose,
copper is perhaps as cheap and as effective
as any. A very useful form of copper is the
copper scale as obtained from copper rolling
mills. When first used this will be largely
in metallic form, but on regeneration for re-

moval of sulphur, it will be in the form of.

copper oxide. The particular form in which
the metallic material is used dogs.not seem
to be of any great importance provided it is
active in its avidity for sulphur,—therefore,
it must be substantially free from sulphur
compounds. When the vapor of the hydro-
carbons is passed through copper or its com-
pounds alone that gasoline is completely de-
odorized, largely desulphurized and passing
the “doctor” and “copper corrosion” tests and
is considerably improved as to its gumming
properties. However, it does not have a suit-
able color,—being ordinarily a greenish yel-
low or yellow. 1If, now, the oil vapors are
treated with a sufficient amount of clay the
hydrocarbon distillate is completely bleached
to a clear water-white product. It has been
found, however, that if clay is first used for

3
bleaching followed by the metal treatment,
the color is again produced. If, as described
in the process herein explained, the metal or
metallic compound is first used to'remove sul-
phur and to sweeten and this treat immedi-
ately followed by a treatment of adsorptive
clay, the resulting distillate is completely re-
fined as to color, odor, sweetness and gum-

ming properties and permanence of color in
sunlight. In some cases it is advantageous

to treat first with a mixture of metal com-

pound and clay containing a large portion
of metallic compound and then with a clay
and fuller’s earth containing a small propor-
tion of metal compound. Treatment also
may be accomplished by one composition of
metal compound and clay having less than
ten per cent (10%) of the metal. The disad-
vantage of this is that there is a limit to the
number of times that the clay may be re-
juvenated while there is no limit to the times
the copper may be revivified. Therefore, in
practice it is desirable to allow the hydrocar;

_bons to be treated first with the metal com-

pound followed by the clay in a separate
treat. This metal compound may then bq
roasted for example at a temperature of
from 900° F. to 1500° F. to remove the sul-
phur. Such roasting may be accomplished

in any suitable apparatus used for desul-

phurizing ore. A typical apparatus for this
purpose is the Wedge furnace built by the
Bethlehem Foundry Company, of Bethle-
hem, Pennsylvania,

The copper or other metal compound is the
most expensive part of the treatment and
therefore the cost of operation is greatly re-

Y&
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duced by indefinitely regenerating the cop-

per. The clay, however, is relatively inexz-

pensive and is required in large quantities so +

that, while it may be regenerated as many as
twenty times due to the fact that it gradual-
ly loses its activity on regeneration, it is no$
practical to regenerate through as many
cycles. When the metallic compounds are
combined with.the clay, they are lost when
the clay has lost its usefulness;—therefore,

‘the need of the separate stages of treatment.

This process of refining may be applied to

710

any type of petroleum distillate, being par- ;35

ticularly adapted to the cross cracking proc-
ess in which gasoline of the proper distilling
range is made direct from the plant. In this
case both the metal compound and the clay

exert a polymerizing action, which results in.

the formation of some of the heavier frac-
tions of the ‘gasoline being converted into
fractions too heavy to be classified as gaso-
line. At the same time, the treatment results

in the conversion of some of the gaseous-

120

products into materials having the distilling .

range of gasoline. This polymerization also

effectively eliminates the objectionable gum

forming compounds.- o :
While it is ordinarily most convenient to
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treat these hydrocarboens in the vapor phase,
the treatment is as effective in the liquid

phase, using the proper sequence of metal.

compound following by the adsorptive clay
treat and finally a stage of redistillation.
The highly colored polymers and objection-
able materials are removed by distillation
after action by the metal compound and the
clay where the treatment is effected in the

liquid phase. -

In the typical operation mentioned, the
mixed vapor enters the tower at a tempera-
ture of approximately 330° F. so that the
treatment in the tower, althotgh in the vapor
phase, is well below the end boiling point
of the heavier fractions. The treatment is
preferably carried on at substantially the
equilibrium distillation temperature of the
vaporous fractions, unless under considerable
pressure. Generally, it can be said that the
temperature of the mixed hydrocarbons ap-
proximates 100° F. below the end boiling
point of the product desired. Furthermore,
the process covers hot treatment of the oil
under pressure whether in the vapor or in
the liquid phase. .

In actual practice it will probably be ad- -

visable to have two separate towers,—one
containing the metallic material and the oth-
er the adsorptive products, as treatment in a
sngle tower where vapors and liquid are
passing from the copper to clay would tend
to contaminate the adsorptive clay material
with the fine particles of the metal which
would defeat, to a great extent, the very pur-
pose of the separation of the treating ma-
terials. Ifurthermore, it has been found that
the effect of one of the treating materials
may be exhausted much more rapidly than
in the other and, in such case, it would be
more advisable to have them in separate
treating containers, with alternate receptacles
of each material, in order that these alter-
nate units could be cut in when materials
become exhausted. -In other words, there
would be double adsorptive clay treaters con-
nected up in series with double tower units
containing the metal treating substance.

I claim as my invention:

1. The method of refining hydrocarbons,
which consists in passing the same in vapor
phase at substantially the equilibrium distil-
lation temperature through a treating mate-
rial comprising a metallic compound having
high affinity for sulphur compounds and
through a subsequent zone in which the va-
pors are subjected to a different treating
material comprising a solid adsorbent poly-
merizing agent. : o

2. The method of refining hydrocarbons,
which comprises the steps of passing the
same in vapor phase through successive
stages of treatment, subjecting the vapors
substantially at the equilibrium distillation
temperature in the initial stage to a treating

1,840,158

material comprising a metallic compound
which has high affinity for sulphur com-
pounds and subjecting the vapors at substan-
tially the same temperature in a subsequent
stage to a different treating material com-
prising a highly adsorbent inorganic poly-
merizing agent.

3. The method of refining hydrocarbons,
which comprises the steps of passing the
same in vapor phase at a temperature sub-
stantially below the highest boiling point
temperature of the desired product succes-

70

sively through a desulphurizing stage in -

which a copper compound is utilized to re-
lieve the vapors of their objectionable sul-
phur content and a separate polymerizing
stage in which the vapors are subjected to
treatment with a highly adsorptive inorganic
material having polymerizing qualities.

4. The method of refining cracked hydro-
carbons which comprises passing the same in
vapor phase at a temperature substantially
below the highest boiling point temperature
of the desired product through successive

‘treating zones of different treating materials,

the material of the initial zone comprising a
bed of metallic compound and the material of
the second zone comprising a bed of a solid
adsorbent. polymerizing agent.

5. The method of refining cracked hydro-
carbons, which comprises passing the same
in vapor phase at a temperature substantial-
ly below the highest boiling point tempera-
ture of the desired product through succes-
sive zones of different treating materials, the
material of the initial zone comprising a bed
of metallic compound having high affinity for
sulphur compounds and the treating material
of the second zone comprising a bed of a solid
adsorbent polymerizing agent, the respective
treating stages being maintained at a tem-

80

85

20

100

105

perature approximately 100° F. less than the -

end boiling point of the final product.

6. The method of refining hydrocarbons
which comprises passing the same in vapor
phase substantially at the equilibrium distil-
lation temperature through successive zones
of different treating materials, the material
of the initial zone comprising a bed of metal-
lic compound and the material of the second
zone comprising a bed of a solid adsorbent
polymerizing agent. : :

7. The method of refining hydrocarbons
which comprises passing the same in vapor:
phase at substantially the equilibrium distil-
Iation temperature through successive zones
of different treating materials, the material
of the initial zone comprising a metallic com-
pound having high aﬁ?nity for sulphur com-
pounds and the material of the second zone
comprising a solid adsorbent polymerizing
agent, and fractionating the vapors thus
treated. ,

- 8. The method of refining hydrocarbons
which comprises passing the same in vapor

110
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phase at substantially the equilibrium distil-
lation temperature t rough successive zones
of different- treating materials, the material
of the initial zone comprising a metallic com-
pound having high affinity for sulphur com-
pounds and the material of the second zone
comprising a solid adsorbent polymerizing
agent, and scrubbing the vapors thus treated.

9. The method of refining hydrocarbons
which consists in -passin%lthe same in vapor
phase at substantially the equilibrium dis-
tillation temperature through successive
zones of different treating materials, the
treating material of the first zone compris-
ing a copper compound and the treating ma-
terial of the second zone comprising fuller’s
earth.

10. The method of refining hydrocarbons
which consists in passing the same in vapor
phase at substantially the equilibrium distil-
lation temperature through successive zones
of different treating materials, the treating
material of the first zone comprising a cop:

‘per compound and the treating material of

the second zone comprising fuller’s earth,
and fractionating the vapors thus treated.

11. The method of refining hydrocarbons
which consists in passing the same in vapor
phase at substantially the equilibrium distil-
Iation temperature t rough successive zones
of different treating materials, the treating
material of the first zone comprising & cop-
per compound and the treating material of
the second zone comprising uller’s earth,
and scrubbing the vapors thus treated.

12. The method of refining hydrocarbons

in vapor phase under super-
atmospheric pressure and af a temperature
approximately
point thereof under the pressure conditions
maintained, through successive zones O

treating materials,D treating material of

the

. the first zone comprising & metallic com-

45
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pound having high affinity for sulphur com-
of the second zonc

pounds and the material
comprising & solid adsorbent polymerizing
agent. '

13. The method of refining hydrocarbons
of gasoline boiling range which consists in
passing the same in vapor phase under super-
atmospheric pressure and at -a temperature
approximately 100° F. below the end boiling
point thereof under the pressure conditions
maintained, through successive zones of dif-
ferent treatin materials, the treating ma-
terial of the first zone comprising & copper
compound and the treating material of the

" second zone comprising fuller’s earth.

60

65

""14. The method of refining hydrocarbons
of . gasoline boiling range which consists in

passing the same in vapor phase under super--

pressure and at a temperature
T. below the end boiling
pressure conditions

atmospheric
approximately 100°
point thereof under the

which consists 1n-

100° F. below the end boiling .

‘atmospheric

B

maintained, through successive Zones of treat-
ing material, the treating material of the first
zone comprising & metallic compound having
high affinity for sulphur compounds and the
material of the second zone comprising a solid

absorbent polymerizing agent, and fraction-
ating the hydrocarbons thus treated. :

15, The method of refining hydrocarbons
of gasoline boiling range which consists in
passing the same in vapor phase under super-
atmospheric pressure and at a temperature
approximately 100° T. below the end boiling
point thereof under the pressure conditions
maintained, through successive zones of treat-
ing materials, the material of the first zone
comprising & copper compound and the ma-
terial of the second zone comprising fuller’s
earth, and fractionating the hydrocarbons
thus treated.

16. The method of refining hydrocarbons
of gasoline boiling range which consists in
passing the same in vapor phase under super-
atmospheric pressure and at temperatures
between 300° and 350° F., through successive
zones of different treating materials, the

" treating material of the initial zone compris-

ing a metallic compound having affinity for
sulphur compound and the material of the
second zone comprising 2 solid adsorbent
pol§merizing agent.

17. The method of refining hydrocarbons
of gasoline boiling range which comprises
passing the same in vapor phase under super-
atmospheric pressure and at temperatures
ranging from 300° to 350°
cessive zones of different treafing materials,
the treating material of the initial zone com-
prising a copper compound and the treating
material of the subsequent zone comprising
fuller’s earth.

18, The method of refining hydrocarbons
of gasoline boiling range which consists in
passing the same in vapor phase under super-
pressure and ab temperatures
between 300° and 350° F. through successive
gones of different treating materials, the'
treating material of the initial zone compris-
ing a metallic compound having affinity for
sulphur
second zome comprising 2 solid adsorbent
polymerizing agent, and fractionating - the
hydrocarbons thus treated. '

19. The method of refining hydrocarbons
of gasoline boiling range which comprises-
passing the same in vapor phase under super-
atmospheric pressure and at temperatures
ranging from 300° to 3500 F., through suc-
cessive zones of different treating materials,.
the treating material of the initial zone com-
prising a copper compound and the treating
material of the subsequent,zone,comprising
fuller’s earth, and fractionating the hydro-

carbons thus freated. ' :
! A 'ROY CROSS.
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