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The present invention relates to the manufac-
ture of carbon black and particularly to the proc-
ess involving the thermal decomposition of a hy-
drocarbon by separately injecting it into a turbu-
lent stream of hot furnace gases. )

In the Wiegand and Braendle Patent No.
2,378,055 there is described an improved process
of the type just noted in which a combustible
mixture of a fluid hydrocarbon fuel and air is
blasted into one end of an elongated, unobstructed
chamber to form a turbulent stream of hot blast
flame gases. This turbulent stream of blast flame
gases courses through the furnace chamber and,
at a point removed from the point of entry of the
combustible mixture to the furnace chamber, the
hydrocarbon to be decomposed is separately and
forcefully injected into the turbulent stream of
gases.

‘The present invention pr oudes an impr ovement
in the method of operation just noted and par-
ticularly an improved method of effecting the
mixing of the hydrocarbon to be decomposed with
the hot blast flame gases.

In operations such as specifically illustrated in
the patent, the hydrocarbon to be decomposed is
injected radially into the furnace chamber, ad-
vantageously as relatively small, high velocity
streams positioned directly opposite one another.
Difficulty has been experienced in this type of op-
eration where the diameter of the furnace cham-
ber has been too greatly increased. Rectangular
furnace chambers have been extensively used in
large commercial sized installations, but here, tco,
it has been found desirable to limit the width of
the chamber to not in excess of about 2 feet, and
preferably not greater than about 1 foot, in order
to maintain a uniform pattern of the streams of
hydrocarbon to be decomposed so as to get uni-
form mixing of the hydrocarbon with the blast
flame gases.

One difficulty of the type noted which has been
experienced is that of spacing the make gas tubes
so as to prevent channelling of blast flame gases
through the chamber in betweéen the streams of
the hydrocarbon to be decomposed. This diffi~
culty has been minimized by close spacing of the
make tubes. However, in commercial installa-
tions, this solution has introduced new problems.
The increased number of fubes requires a com-
plicated manifolding system. which is serviced
with great difficulty. Deposition of carbonaceous
residues in the tubes, or in the manifold, tends to
disrupt the distribution of make gas to the tubes
and results in some tubes being overloaded while
others are underloaded.

The present invention provides an improved
method of operation whereby much of the diffi-
culty heretofore experienced in effecting rapid,
uniform mixing of the hydrocarbon to be decom-
posed with the blast flame gases is avoided.
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I have found that these channels of inade-
quately mixed blast flame gases may be avoided
and, at the same time, the number of make gas
streams reduced by using a reaction chamber of
circular section, injecting the combustible mix-
ture into the reaction chamber as streams mov-
ing at high velocity in a substantially circumfer-
ential, or tangential, direction and separately,
downstream from the point of injection of the
combustible mixture, forcefully injecting the hy-
drocarbon to, be decomposed into the chamber
in a substantially radial direction.

By this method of operation, it appears that the
blast flamme gases tend to follow a more or less
helical path through the chamber and, therefore,
a path of much greater length, so that for a given
time within a reaction chamber of a given length
much higher blast gas velocities may be main-
tained than would be possible if the blast flame
gases were passed axially through the chamber.
Accordingly, the requirement of careful coordina-
tion between furnace diameter and mass veloci-
ties is mater ially relaxed and much greater leeway
in the ratio of blast flame gases to hydrocarbons
to be decomposed is permissible.

It appears, therefore, that an advantage of the
tangential injection of the blast flame gases is
that it permits much higher velocities of the blast
flame gases than is practical where the blast
flame gases flow substantially longitudinally
through the chamber.

These higher blast flame velocities make it
practical to increase the make gas injection ve-
locities. By reason of the latter, the make gas
injection tubes may be maintained at a lower
temperature and a richer make gas may be used
without encountering serious coking problems in
the tubes. Further, by the use of higher make
gas injection velocities, the number of make gas
injection tubes may be reduced which further
simplifies construction and maintenance prob-
lems.

A still further advantage of the tangential in-
jection of the blast flame is that thereby the blast
flame in the region of its initial development,
is in closer contact with the furnace walls than
where longitudinal blast flame injection is em-
ployed. The advantages of surface combustion
are, in part at least, attained and the permissible
range of ratios of air to natural gas in the com-
bustible mixture is materially broadened.

The improved process is applicable to opera-
tions in which natural gas, or other normally
gaseous hydrocarbons, is decomposed to form the
carbon black. It is, however, especially advanta-
geous in operations adapted to form the carbon
black by decomposing a higher molecular weight
hydrocarbon, for instance, a petroleum distillate,
A particularly desirable heavier hydrocarbon is a
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distillate of the type resulting from the crack-
ing of petroleum and comprising around 29-60%,
usually in the range of 30-50% by weight of aro-
matic constituents, as determined by the test
method D-87546T cf the American Society for
Testing Materials. It should most suitably have
an aniline cloud point as determined by the
method prescribed by the said society and desig-

nated D-611-46T, within the range of 10° to 125°
Its end peint should not exceed 725° F. and .

.
preferably should be somewhat lower.

These higher molecular weight hydrocarbons
appear to be more readily thermally decomposed
than is natural gas, for example, and should
be mixed uniformly with the blast flame gases
proportionately more rapidly. It is desirable,
therefore, to ‘accelerate in some way the mixing
of the hydrocarbon with the blast gases. This
is accomplished in accordance with the present
invention by intensifying the blast gas velocity
and turbulence by blasting the combustible mix-
ture into the furnace tangentially, or substan-
tially so, and separately injecting the hydrocar-
bon to be decomposed substantially radially into
the resulting swirling mass of blast flame gases
advantageously at a point near the perimeter
of the whirling gas stream, i. e., adjacent the
furnace -wall,-thus insuring the -desired rapid
-and uniform mixing of the heavier hydrocar-
bon with the blast flame gases.

In order-further to expedite the complete dis-
persion of the heavier hydrocarbon in the blast
flame gases, I have found it -especially advan-
‘tageous to ‘dilute the vaporized heavier hydro-

carbon by mixing steam, air, or other diluent, '

therewith, advantageously in proportions within
the range of 1 to 2 volumes of steam for each
volume of 0il vapor. Mixing of steam with the
hydrocarbon to be decomposed has been found
particularly beneficial in carrying out the present
process, .especially where it is ‘desired to produce
carbon black of the type used in the compounding
.of rubber of the tire tread type.

According to a preferred aspect of my inven-

‘tion, a ‘petroleum distillate of the aromatic type 4:

just described is vaporized and the vapors mixed
with steam in proportions within the range of
.about 1.to 2 volumes of steam per volume of
‘hydrocarbon vapors (each measured at 60° F. and
760 millimeters of mercury) and this mixture
is separately and forcefully injected directly into
the rapidly swirling flame gases in a substan-
tially radial direction, with respect to the swirl-
ing -motion of the blast flame gases, and Is
thereby substantially instantaneously dispersed
in those blast flame gases and further dilufed
and ‘thereby heated to the decomposition fem-
perature of the hydrocarbon.

‘Instead of using steam along as a diluent for
the heavier hydrocarbon, natural gas may be
used, either together with steam, or alone, as
a diluent. for the heavier hydrocarbon. Or, in
place of the steam, a substantially inert gas,
‘such as carbon dioxide, or nitrogen, may be
employed. "The use of air as a diluent has also
been “found advantageous in certain types of
operation.

The invention will be further described and il-
lustrated by reference -to ‘the -accompanying
-drawings which show conventionally and some-
‘what -diagrammatically apparatus found par-
‘ticularly useful in carrying out the process and
of which:

‘Figure 1 is a longitudinal,- sectional view in
-elevation of a reaction chamber, together with
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4
accessories including adjacent cooling equip-
ment;

- Figure 2 is a transverse, sectional view of the
reaction chamber along the line .2—2 of Figure
1; and

‘Figure 3 is a transverse sectional view of the

. yeaction chamber along the lines 3—3 of Figure 1.

In the apparatus shown, the reference nu-

‘meral i indicates .a cylindrical, elongated re-

action and eooling chamber opening at one end
into a vertical cooler 2. At the lefthand end,

_the reaction chamber is closed by the end block

3, and extending axially through this block is a
conduiit 4 adapted to the introduction of second-
ary air into the furnace chamber, as desired.

The -chamber {1 is formed by the cylindrical
wall -5 of highly refractory material which, in
turn, is covered -externally by layers 6 and T .of
heat insulating material.

Extending through the layers of heat insulat-
ing material and the furnace wall and substan~
tially normal to the longitudinal axis of the
chamber, there. are four blast burner ports 8,
each- entering  the furnace chamber in a cir-
cumferential direction, as more clearly shown
in -Figure 2 of the drawings. The apparatus
shown is provided with two substantially ident-
ical sets of these blast burner ports positioned at
different distances from the end bloek 2.

-Further ‘downstream, the furnace chamber is
provided with a set of four radially extending
tubes 9 spaced 80° apart and extending through
the layers of insulating material and the fur-
nace ‘wall as more clearly shown in Figure 3 of
the .drawings. These tubes are provided for the
injection into the furnace chamber of the hy-
drocarbon to-be decomposed and will normally
be positioned with their inner ends flush with
the inner walls of the furnace chamber. Still
further downstream, the furnace is provided
swith a second set of hydrocarbon injection tubes
9 substantially identical with that just described.

These hydrocarbon injection tubes should be
fabricated from highly refractory material, for
instance, Carbofrax, Alundum, or the like. The
burner. ports 8 should be fabricated of or lined
with g similar refractory material.

‘Spaced. along the vertical cooler 2 are water
sprays 19 for assisting in cooling the hot effluent
furnace gases. Similar sprays may he positioned
in the ‘downstream portion of chamber | adja-
cent the vertical cooler.

In .operation, a combustible mixture of a fluid
hydrocarbonfuel-and air is blasted at high velocity
through the circumierential blast burner ports
8,.is ignited and burned within the chamber to
form s hot, highly turbulent mass of blast flame
gases rapidly swirling through the furnace cham-

‘er in @ more or less helical path. This com-

bustible mixture may be injected into a zone of
the chamber more or less removed from the end
block .3 by selection of one or the other of ‘the
sets of blast burner ports. The hydrocarbon to
Dbe decomposed -is injected into the .chamber
through the radial tubes 8 and, as previously de-
‘seribed, is extremely rapidly and uniformly mixed
‘with the swirling:stream-of blast flame gases,-and
is heated thereby and decomposed to form carbon
‘black in suspension in the furnace gases. As
the suspension continues through the downsfiream
cend of the chamber and through the vertical
-cooler, it is cooled by contact with the water
sprays 10. Any unvaporized water from .these
sprays,-together with any-carbon knocked-out-of

75 the suspension, passes downwardly through.the
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vertical cooler into the sump i1 and cooled sus-
pension passes from the upper end of the vertical
cooler through conduit 12 to conventional sepa-
rating and collecting apparatus, as well under-
stood in the art.

The number and diameter of the cn‘cumferen-

tial blast burner ports have not been found to be - -
critical so long as they have the capacity for fill-

ing the furnace chamber with the violently turbu-
lent blast flame gases. With a furnace chamber
approximating 1 foot in diameter, I have found
that a ring of four blast ports, each 2 inches I. D.
and positioned 3 to 6 inches from the inner face of
the end block 4 to be adequate for this purpose.

Similarly, the number and size of the hydro-
carbon injection tubes are subject to some varia-
tion. Pour Carbofrax tubes, ¥ inch I. D., posi-
tioned as shown in the drawings and located 1
to 4 feet downstream from the blast burner ports
have been found highly satisfactory.:

In using higher molecular weight hydroecar-
bons, such as herein described, I have found that
the period of time during which the hydrocarbon
and decomposition products thereof should re-
main in the reaction chamber at reaction tem-
peratures, in order to result in a carbon black
having certain desirable rubber compounding
characteristics, is less than the so-called “con-
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tact time” where natural gas is used as the

“make.” 'This contact time, i. e., the period of
time between injection of the hydrocarbon and
the quenching of the product to below the reac-
tion temperature, may be varied by providing a
number of spray heads along the downstream
portion of chamber | and selecting the proper
spray, or sprays, so as to cool the suspension at
the proper time to below the reactive tempera-
ture.

It will be understood, of course, that the con-
tact time is arrived at by calculation and cannot
otherwise be more positively determined in the
absence of more precise information as to the
exact path of the gases through the chamber.
Contact time so calculated has been found to be
a rather dependable guide in practical operation.

In general, contact time at temperatures above
2,000° F'. should not exceed 0.5 second. Satisfac-
tory operation has been obtained with contact
time within the range of 0.02 to 0.3 second. In
these operations, water spray was used to quench
the suspension. It will be understood, however,
that waste gases from the process, natural gas
or any convenient fluid of relatively low oxidiz-
ing potential may be used to effect cooling of the
suspension. .

The blast port velocities at which the combus-
tible mixture enters the furnace chamber is of
primary importance. Velocities within the range
of approxmiately 60 feet per second to 180 feet
per second have been successfully employed.
However, port velocities of about 80 feet per sec-
ond have been found highly satisfactory in com-
mercial operations.

In the apparatus shown in the drawing, the
burner ports are shown to lie in a plane perpen-
dicular to the longitudinal axis of the chamber.
‘It will be understood, however, that these ports
may be directed somewhat downstream without
departing from the spirit of this invention, pro-
vided the entering combustion mixture is injected
into the furnace chamber in a direction substan-
tially clrcumferentlal with respect to the cham-
her.. .

Likewise, the hydrocarbon injection tubes may
‘be inclined somewhat from the transverse plane
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of the furnace chamber so long as they are di-
rected substantially at the longitudinal axis of
the chamber.

In the usual operation of my process, the tube
4 for injection of secondary air is not employed.
However, operating conditions within the fur-
nace may at times be more satisfactorily con-
trolled by injecting a relatively small proportion of
the air requirement into the chamber ax1a1]y
through conduit 4.

The process will be further illustrated by the
following specific examples:

Example I

The 1nvent10n has heen utilized in a furnace
constructed as shown in the drawing, and com-
prising a cylindrical reaction chamber 12 inches
I. D. and 7% feet long, discharging into a vertical
spray cooler and having a set of four blast
burner ports 2 inches I. D. positioned 6 inches
downstream from the inlet end of the furnace
and a second identical set of blast burner ports
located 9 inches downstream from the first. A
ring of four hydrocarbon injection tubes 1% inch
I. D. was positioned 1 foot downstream from the
second set of blast burner ports and a further
identical ring of hydrocarbon injection tubes was
positioned 3 feet 6 inches downstream from the
second set of burner ports. In this operation,
the blast air and blast gas was distributed uni-
formly to two side burners of the first set and the
top and bottom burners of the second set and
was supplied at a total rate of 37,000 C. F. H. of
blast air and 3060 C. F. H. of blast gas, the ratio
of blast air to blast gas being 12.2. Secondary
air was supplied through the conduit 4 at the
rate of 2800 C. F. H. Highly aromatic oil was
supplied in vapor form at the rate of 40 gallons
per hour and diluted by mixing with steam at
the rate of 860 C. F. H. and injected into the
furnace through the first set of tubes 9. In this
operation, the yield was 2.4 pounds per gallon
of oil.

The blast gas, i. e., fuel gas, used was natural
gas of 960 B. t. u. The furnace temperature at
a point about 2 feet downstream from the end
block was 2,620° F. ‘The hydrocarbon oil to be
decomposed had the following properties:

ASTM distillation—
IBP e 362
109 e 420
50% .. e e e e e m 472
90 e e 550
E.P. _ e e 620
ReCOVerY m e e 98
ResidUe oo 15
API gravity e 23.3
Aniline cloud point . ___________ °F. ~38
Percentolefing - . 22.1
Per cent aromatics . -— 55.9

In substantially identical apparatus, the proe-
ess was carried on under the conditions and with
the results set forth in the following tabula-
tion, the temperatures T-1, T-2, T-3, and T-4,
being taken at the points approximately 1 foot, 2
feet 6 inches, 4 feet 6 inches, and 6 feet, respec-
tively, from the inner face of the end block. -In
each of these runs, the hydrocarbon to be de-
composed was injected through the tubes of the
first set only and evenly distributed, the num-~
ber of tubes of the set used in each instance be-
ing as indicated in the tabulation. :
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Example I sy v v VI: |” VI
Number-of Tubes... ..o i -
Total Blast-Air—C. F;, H. 45;000 | -45;200 | 40,000 { 50,000
Secondary.Air—C. F. H. none | none |. none | none
Total Blast Gas—C. F. H- 3,600 -3;760 3,080 |-.3,;840
Blast;Ratio—Air: Gas._ 12,51 12.0 13.0 { - 13:0:
OiF—Gal/Hr oo e 39 47.5 37 40
Steam—ILbs. Hr. .. siaaa. 37. 45 40.5 40.5
Steam—Per-Cent-of-0il Vapor ........ 125 125 169
Blast Port Velocity—it./sec. at 60° F___ 77.3 7.9 68.6 85.7
Make Stream Velocity—it./sec. at 60° 715 813 140 96..4:
Make Stream Velocity—It./sec. at 600° ¥ 146 178 284
Temperatures ° F.:
L PO SRRV 2,705{- 2,615} 2,620 |. 2,670
B AU U 2,715 1 2,680 | 2,680 |. 2,680;
i A S, 2,680 | 2,645 2,600 27580
b OO SO SOR 2,620 | 2,550:
Contact time to spmy—secouds L0418 | . 0420 . 285 L238
Yield—Lbs./Gal. of- 2.8 2.6 2.0 y
Rubber Properties:
Cure Titne—minutes.... ... 40" 4017 40 40 40 |. 40
Modt}lus at 300% elongation._ 1,610 1,746 1,400} 1;3207| 1,285 1,780
Tensile Strength__________ 4;050 § 3;950-]- 3,900 3,925:1 '3,925: 3,775
‘Elongation________________ 620 . 590 680 680.| 710 560,
- Hardness. - 62. 62 59 60 60 62
Electrical Resistivity, Log R..._..._ - 2.9 3.9: 2.7 2.4 2.2 .3.2
Rebound:(Optimum Cure)__ .. ... _. 59.0 59.0:1 61.0|. 57.4.{ 579 60,5,

The. rubber properties given in the forego-
ing tabulation are those obfained by compound-
ing the respective blacks with “low temperature
polymer” synthetic rubber by the formula indi-
cated below and vuleanizing the rubber comp051-
tion as indicated.

) 572 13 U 100.000
Black e 50,000
ZINe 0Xide o 3.5
ParafluX o e e 4.0
Cireosol (2XH) ac oo 4.0
Stearic acid - [ 2.0
SantoCUre e 1.125
SUIPhUY e 2.0

As illustrative of aromatic hydrocarbon distil-
1ates which have been used with outstanding. ad-
vantages, there may be noted two types of. oils,
the characteristics of which are set forth in the
following - tabulation.
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Sample # #2
Gravity (A P.X) oo o] 245 24.7
Aniline-Cloud Point—°F oo 60..1:1°108
Distillation
pP-—° -480
10%; Point.. 508 .
50%, Poin 530
0% Point..._ 568
End Point 583
‘Recovery, percent. L9857 99.0
Resuiue, percent_. 1.4. 0.8
Yoss, percent..___. 0.1 0.2
ASTM D875—46T —Test
Percent Naphthenes and Paraflins. ... 32.32 | 40.40
Pereent Aromatics: oo ioomaemaciiianan 46:97°1 40,71
Percent Olefins . .ol 20.-7k-} 18.89
A: distillate, . such.as. sample. 1, was_ used in: the

foregoing Examples IV, V, and VI and.a; distil-
late, such as sample 2, was used in.Examples.I,
III, and VII.

Depending somewhat upon.the desired. char-
acteristics of the carbon black product, the rela-
tive- proportions of-the- blast air; the-hydrocar-
bon fuel; -the- separately injected: hydrocarbon
and: the secondary air used:may be-varied-some-
what- as illustrated by- the: foregoing- exampies.
It will: be understood; of course; that-in.alliin-
stances, the proeportion-of- oxygen. supplied rwill
ne substantially less than that. required:for the
combustion of the fuel-gas -and%the:separatelysin—
jected hydroearbon. -The -inveniion. .contem-
plates- operations-in-which-the propertion-of’air
and gas-in the combustible mixture-tangentially
injected into the-chamber, are-sueh-as - to-produee
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either-an oxidizing; a neutral, or-a-reducing blast
flame. The proportions-of blast flame gases.to
the separately injected: hydrocarbon, :or mixture
of hydrocarbon, steam, and the like, may- like~
wise- be varied ‘somewhat. The proportion
should; of course, in each inistance be such-that;
upon mixing, the temperature of the:resultant
mixture will be-at least sufficiently high to.effect
the thermal decomposition: of: the hydrocarbon
to carbon black. Where.the operation: is:such
as.to-produce- an oxidizing blast- flame;.some: ad=
ditional heat may-be generated upon mixing:with
the-separately-injected hiydrocarbon by the.com-
bustion-of:a portion thereof.

It. is particularly -desirable that the- distance
between the blast flame injection point and:the
make- gas injection point' be-so.correlated: with
the flight angle of: the-spiralling: gas:stream, that
the respective- make-gas: jets are directly in: the
path of & fully-developed: stream. of the-blast
gases-and: that there:be:little or no overlapping
of the-make-gas streams: This-tends: to.reduce
uneven concentrations- of’ thie . make gas- in:.the
spiralling- gas stream.

In o preferred: method: of operation; vaporized
fuel oil, such as No. 2 cycle oil from- a- catalytic
cracking operation; is-vaporized and diluted with
steam; usually in the-ratio of-106-to-200-per-cent,
and normally 125 fo' 150 per cent; by volume,
assuming 16 cubic feet- of: vapors-per-gallon-of
the. oil. The.injected steam "appears to have
several desirable effects. In the first place; the
presence of steam appears materially to reduce
the -tendency. for carbon deposits.to.form on the
heater wall and within. the make. gas:injection
tubes.and. lines leading, thereto. Secondly,.the
steam. appears. to. act. as. an inert diluent. By
regulating. the. proportion.of steam, the fineness
of. the resultant carbon  particles, may,.to.seme
extent, be controlled. A third.advantage. de-
rived. from the:use:of steam.is- that.it. provides
means-for. controlling the-trajectory. of the-make

zas-streams; 1. e, the: extent: of. penefration into

the-layer of spiralling: blast flame:gases; while
maintaining: the: desired: ratio:of: airto. oil.
While: the: invention . is: particularly applicable
to operations.in which:the hydrocarbon:to be de~
camposed:is: an. oi}; i e;, normally-liguid: hydro=
carbon; the invention, in its:broader. aspeet,. is
independent of the particular hydrocarbon.de-
composed.  The hydrocarbonmay:be eitherliguid
orgaseaus;. but the presently preferred: hydro~



2,509,081

carbon is the petroleum distillate of the type
elsewhere herein described in detail.

By modifying operating conditions, the char-
acteristics of the resultant carbon black may be
varied over a range extending, for instance, from
2 normal MMF carbon having a surface area of
five acres per pound, to a furnace black having
8 surface area in excess of eleven acres per
pound. As normally produced, these blacks,
when compounded with an elastomer, produced
stocks of very high modulus and unusually high
wear resistance. The resultant black, then, as
normally produced, is characterized by a very
fine particle size with high modulus, or stiffness
characteristics.

The invention, in its broader aspect, is inde-
pendent of contact time. However, in normal
operation, a value of about 0.06 second has been
found adequate for complete reaction, where
normally liquid hydrocarbon is used as the pri-
mary make, and further time does not appear to
be necessary.

" Iclaim:

1. The process for producing carbon black
comprising in combination the following steps,
blasting into one end of an elongated cylindrical
reaction chamber a combustible mixture of a
fluid hydrocarbon fuel and air in a direction
substantially tangential to the inner wall of the
chamber, burning the combustible mixture with-
in the chamber to form a swirling stream of hlast
flame gases passing through the furnace cham-
ber at a temperature in excess of that at which
hydrocarbons are decomposed to form carbon
black, separately and forcefully injecting into
the swirling gases, at a point downstream from
the point of entry of the combustible mixture
to the chamber and in a zone near the periphery
of the swirling gas stream and in a substantially
radial direction, a stream of hydrocarbons,
and thereby immediately subjecting the said
stream of hydrocarbons as it enters the furnace
chamber to the impact and shearing forces of
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the swirling gas stream, whereby the hydrocar-
bons thereof are rapidly mixed with the blast
flame gases and decomposed by heat absorbed
therefrom to form carbon black in suspension in
the furnace gases, cooling the suspension, and
separating and recovering the carbon black
therefrom.

2. The process of claim 1 in which the com-
bustible mixture is blasted into the chamber at
& velocity within the range of 60 feet to 180 feet
per second.

3. The process of claim 1 in which the com-
bustible mixture is blasted into the chamber at
a velocity of about 80 feet per second.

4. The process of claim 1 in which the radially
injected hydrocarbon is a normally liquid hydro-
carbon and is injected into the chamber in a
vaporized state in admixture with steam.

5. The process of claim 4 in which the steam
and hydrocarbon vapors are used in proportions
of 1 to 2 parts of steam for each part of hydro-
carbon vapors by volume.

6. The process of claim 4 in which the injected
hydrocarbon is a petroleum distillate composed
of aromatic hydrocarbons to the extent of at
least 50 % by weight.

7. The process of claim 4 in which the injected
hydrocarbon has an end point not less than
725° P. and. an aniline cloud point within the
temperature range of 10° to 125° C.

WESLEY C. EKHOLM.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,163,630 Reed e ___ June 27, 1939
2,375,195 Krejei oo May 15, 1945
2,378,055 Wiegand et al. _____ June 12, 1945
2,440,424 Wiegand et al. —_____. Apr. 27, 1948



