March 15, 1955 H. W. STRAUSS 2,704,242
APPARATUS FOR PYROLYSIS QF HYDROCARBONS '
Filed Dec. 5, 1950 2 Sheets~Sheet 1

C FREC/PITATOR)
GoLER —COLLECTOR

Bgl [5H5

28 29

26 70 Srack

i
| 2 8 RT T 99 2 s
<3 N /[ ]

\ N
) N
Y NN . N N 6 23
J . \ \

AN AV aaa Y XY RN S =, a3
Ay - AY A AYAY Ay Y ™, Ay N AY
AT i trart I ALV AR AR SRR ST AN SRAANN

A A Y
R ERY KRR WENEY NN \\’_}\‘ DI NSO AWRRERS
A - e
\ / 7 7 ARESY 77
AR / \ |- N
A o ’ NERAN -~ L
NN 29 NNy ’% .
2 s AN I
N = RARNY 2 \
NS 77 AR 55 oy
vy = R — - [ {
N ‘ o\ Z 0
cet 7 AN 7z B
Y BE XA 2 S
Ay AY
\ 5 A . i,i,'
\\\ CERAN - \
AR 77, N = |
X\ E AARANS frintn N
N AR ‘#‘
v = vy O
\‘\\\ AN X~ B RN
\ o . AR B56%
KW ANAN | g = Y
o 7 W = .
\\vv-l & AN -
X Vo e
Ry -, Wt 2
) NN ok
A = IR i
o DS E-
\ Ay -
AN e \\‘\\ \ %
\ A s E
ARS N A
Y, - AR P>
L < AN
% z \ o0
SN B | AXS
.
N G . AR 5
Yo S A
\ e - NN S R
RN ¢ Vet
oy a3 ' (AN 1
N % ' AN ' =
79— o | 3 '
NN - ' \\\‘\\: : ¥
AR [~ L)
\ > M ARRARALR AR
\\\\\\\\l‘;x e R \\\‘\\\‘\‘\‘.‘\\‘.‘.\‘\\\“‘\\\\\\\\\\\\\\\\\\Q\AL‘
4! \ )x\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\\\\\\\\\\ 4
-
P
l 1
'
7 ] - :
1

— -

VOVARE ‘ ) INVENTOR

70/ , s Howarp W STRAU S S
BY .

feo)d.
ATTORNEYS



March 15, 1955 H. W. STRAUSS - 2,704,242
APPARATUS FOR PYROLVSIS OF HYDROCARBONS

Filed De¢, 5, 1950 2 Sheets-Sheet 2

Dy

S SRR
NIRRT Y
&y \‘\\‘\\\\‘

INVENTOR
HowAarp W StrAusS
BY

Permar. ,Edmonde Mailor, 413

ashoerd.
ATTORNEY $§



2,704,242
Patented Mar. 15, 1955

ice

1
2,704,242

APPARATUS FOR PYROLYSIS OF
HYDROCARBONS

Howard W. Stranss, Port Arthur, Tex., assignor to Colume-
bian Carbon Compaxny, New York, N. Y., a corperation
of Delaware

Application December 5, 1950, Serial No. 199,245
1 Ciaim. (CI 23—279)

The present invention relates to the pyrolysis of gaseous
hydrocarbons and, more particularly, to operations of the
type in which the pyrolysis is effected by passing the
gaseous hydrocarbon in contact with hot refractory sur-
faces. The invention provides novel apparatus particu-
larly adapted to that purpose. .

The invention is especially useful in the production of
carbon black by the destructive pyrolysis of gaseous hy-
drocarbons, i. e., either gas or vapor, but may also be
used, with advantage, in the pyrolysis of hydrocarbons to
a lesser degree or in the reforming of such materials.

It has previously been proposed to produce carbon -

black from natural gas by intermittently passing the gas

in contact with hot refractory materials, e. g., brick:

checkerwork, and periodically reheating the checkerwork
by burning a combustible gas in contact therewith. That

procedure has the disadvantages of lack of continuity and -
lack of uniformity of temperature conditions and has been _

subject to the further objection that carbon deposits form
on the refractory surfaces and tend to clog the passages
through the checkerwork, through which the gas must
pass.

These carbon deposits tend to insulate the refractory
surfaces from the gaseous hydrocarbons and must be
periodically removed, as by burning, or otherwise. Fur-
ther, after the burning and the period of reheating, the
system must be purged before productive operation can
be resumed. Also, in order to prolong the period of
productive operation and to promote greater uniformity
of operating conditions during that period, extensive heat
retaining refractories have been required, and to avoid
objectional plugging of the system by carbon deposits, it
has been customary so to construct the checkerwork as
to provide relatively large passages therethrough, thus
lessening the rate of heat conduction to and from the
refractory mass.

The apparatus of my present invention avoids the diffi-

culties_heretofore experienced with that type of opera- -

tion. It may be operated substantially without interrup-
tion, is compact, relatively inexpensive and has other ad-
vantages as will hereinafter appear.

A primary advantage of my present invention is that
productive operation may be carried on continuously over
long periods without interruption, either for cleaning or
reheating. This is accomplished by providing the Te-
fractory surfaces in the form of a perforated refractory
cylinder adapted to be rotated about its axis. One seg-
ment of this cylinder is continuously heated in a heating
zone while the pyrolysis of the hydrocarbon is continu-
ously effected by passing the hydrocarbon in contact with
a different, previously heated segment of the cylinder in a
pyrolysis zone, the cylinder being so positioned that dur-
ing rotation successive segments of the cylinder pass suc-
cessively through the heating zone and then through the
pyrolysis zone and back to the heating zone for reheating.

In accordance with this invention, the gaseous hydro-
carbon is continuously passed through the perforation,
in contact with the freshly heated segment of the refractory
cylinder and in this way substantially uniform temper-
ature conditions are constantly maintained. Further, any
carbon deposits formed on a segment of the cylinder in
the pyrolysis zone may be burned therefrom in the heat-
ing zone, and in this way any accumulation of carbon
which would tend to insulate the refractory surfaces from
the hydrocarbons or to plug the passages through which
the gases must pass through the refractory, is avoided.
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Thus, the temperature of the refractory surfaces and
the rate of heat transfer therefrom may be maintained re-
markably uniform. Further, the temperature of the re-
fractory may be nicely controlled by adjustment of the
rate of heating, the speed of rotation of the cylinder, and
the rate of feed of the hydrocarbons, so as fo effect the
desired extent of pyrolysis, i. e., either to form carbon
black or a lesser degree of pyrolysis.

The invention will be further described and illustrated
by reference to the accompanying drawings which repre-
sent conventionally and somewhat diagrammatically one
particularly advantageous embodiment thereof. :

Figure 1 of the drawings is a vertical section of the fur-
nace along the lines 1—1 of Rigure 2, and

Figure 2 of the drawings is a horizontal section of the
furnace taken along lines 2—2 of Figure 1.

The furnace is enclosed by a vertically positioned, im-
pervious cylindrical wall 1, an impervious roof wall 2,
and an impervious floor wall 3. A cylindrical perforated
refractory partition wall 4 is positioned within the en-
closure, coaxially with respect to the wall 1, so as to form
an inner chamber 5 and an annular chamber 6. The outer
wall 1 and the roof wall 2 are stationary and are sup-
ported by supporiing members of any conventional type,
for instance, as more particularly shown by the elements
7 of Figure 2. The floor wall 3 is likewise stationary and
is supported by the column 8.

The perforated wall 4 is supported by, and, at its lower
end, is securely fastened to an annular shaped sealing
member 9. At its lower side, the member 9 is provided
with an annular track 18 which rests upon, and is sup-
ported by, a plurality of flanged rollers 11. The member
9 is further provided with means adapted to cause its ro-
tation about its axis such, for instance, as a toothed wheel
12, extending about the member 9 and securely fastened
thereto, the toothed wheel 12 being adapted to cooperate
with a driving gear, not shown in the drawing.

The floor wall 3, and the outer wall 1, are provided,
respectively, with flanges 13 and 14 extending down-
wardly into annular trough-shaped depressions 15 and 16
in the sealing member. These annular trough-shaped de-.
pressions are adapted to be filled with a powdered sealing-
material such, for instance, as silicon oxide, magnesium,
oxide, or silica gel.

Within the inner chamber, there is an effluent chamber
39 delineated by the impervious V-shaped wall 17 and a,
segment of the perforated partition member. This wall
17 is supported by, and securely fastened to, the floor
wall 3 and extends upwardly the entire height of the inner
chamber and is securely sealed to the roof wall 2. The

‘outer edges of the V-shaped wall terminate just short of

the inner surface of the cylindrical partition wall so as to
permit free rotation of the latter.
Also extending over the entire height of the partition

.wall, there is provided an inlet chamber 18 in open com-
“munication with the annular chamber and radially posi-

tioned with respect to the effluent chamber. This inlet
chamber is delineated by the walls 19 which extend in-
wardly to a position just short of the outer surface of the

.perforated partition wall so as to form an effective seal

"~ between the inlet chamber and adjacent segments of the
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annular chamber while permitting free rotation of the
perforated cylindrical partition. .
Leading to the inlet chamber are a plurality of valved

-hydrocarbon inlet conduits 20 spaced over the height of
““the chamber and connected at their outer ends with

the hydrocarbon manifolds 21. A plurality of blast burn-
ers, adapted to inject a blast flame into the annular cham-
ber so as to impinge upon the perforated partition wall

-4, are shown at 22 positioned diametrically opposite the
“inlet chamber and connected to the fuel gas manifold 23.

The inner chamber is provided with a stack gas outlet
24 and the effluent chamber is provided with an out-
let 25.

The severa] walls of the chamber, including the per-

" ‘forated partition wall, are composed of highly refractory

80

- :of the chamber should be well insulated

material, advantageously a ceramic material, such as con-
ventionally used as furnace refractories, and adapted to
withstand extremely high temperatures. The outer walls
to reduce heat



2,704,242

losses. Where desired, a -suitable catalyst may be de-

posited on the walls of the perforations to promote the
desired reaction.

In operation, the perforated cylinder is highly heated
by blast flames impinging thereon from the blast burners
22.  Under some conditions, it may be desirable ‘to use
a single blast burner, or some other type of heateradapted
to ‘heat the “perforated -cylinder substantially uniformly
over its entire height. For my present purpose, I ‘prefer
to use 'a plurdlity of blast burners uniformly spaced over
the ‘entire height of the furnace chamber, as shown.

During ‘the heating, the refractory cylinder is, with
advantage, rotated about its axis ‘and highly heated be-
fore -introduction ‘of ‘the hydrocarbon to be decomposed
isinitiated. Atleast'a‘'segment of the perforated cylinder
stfficiently ‘wide to-extend past the inlet chamber should
be thus preheated. 'When the segment of the perforated
cylinder within ‘the ‘injet zone has been brought to the
desired temperature, the ;gaseous hydrocarbon to be py-
rolyzed is ‘passed to the inlét chamber under sufficient
pressure to force ‘it through the perforations in that
segment of the refractory cylinder moving past the inlet
chamber.

1t is-desirable, of course, that the passing of the hydro-
carbons through the perforations be as uniform as possi-
ble over the entire height of the chamber :and, for this
reason, it is advantageous to introduce the ‘hydrocarbon
to the chamber through a plurality of inlet chambers uni-
formly spaced over its height.

Advantageously, the effluent chamber is maintained
under a subatmospheric pressure so-as to minimize loss
of the hydrocarbon through the narrow -clearances be-
tween the surfaces-of the cylindrical wall and the walls
of the inlet chamber and effluent chamber, respectively.
By maintaining the pressure just sufficient to minimize
such loss 'of .hydrocarbon, the influx of combustion gases
from the inner chamber is"also minimized.

After the apparatus had been brought up to tempera-
ture and other operating conditions established, the proc-
ess may be carried on continuously without interruption
of the productive cycle. "Temperature conditions may be
maintained constant, as previously moted, by regulation
of the blast flames, or other heating means, and the speed
at which the perforated refractory cylinder is rotated,

In ‘operations of this sort, whether in the production
of ‘carbon black, or to effect a lesser degree of pyrolysis,
some carbon ‘will almost inevitably be deposited on the
perforated refractory cylinder. In’'some types of opera-
tion, this is actually desirable, as the deposited ‘carbon
tends to catalyze the reaction. Also, a relatively thin de-
posit of carbon tends to seal the clearances between
the surfaces of the perforated cylinder and the walls
confining the inlet chamber and the effluent chamber.
However, where desirable, the blast burners may be so
adjusted as to burn-off, in the heating zone, any carbon
deposited on the perforated cylinder‘in the pyrolysis-zone.
Such burning-off ‘of the carbon deposits ‘may be facili-
tated by the use of a somewhat oxidizing blast flame .in
the heating zone.

Tt is generally preferred .that the perforated-refractory
cylinder be rotated continuously as more uniform ‘opera-
tion is thereby obtained. ‘However, if ‘desired, the cylin-
der may be intermittently rotated so as'to interpose a
fresh, highly heated segment in the path of - the hydro-
carbons when the previous segment has been cooled to
some predetermined temperature.

The dimensions of the apparatus are subject to con-
siderable variation depending. primarily upon the desired
capacity of the apparatus and extent of pyrolysis required.
In‘the particular-apparatus shown, the segment of the ro-
tating cylinder within -the pyrolytic zone is only about
one-seventh- of its circumference. This, of course, may
be increased, or decreased, as desired, without departing
from the spirit of the present invention.

As illustrative of suitable dimensions of the apparatus,
the perforated refractory cylinder may, for instance, be
three feet in diameter- and-three feet in height, the walls
thereof being four inches thick with perforations % inch
in diameter and positioned on % inch centers. The op-
timum ‘thickness .of the wall and size and-positioning: of
perforations will vary depending upon the contemplated
operation and the extent of contact and heating period
required. In the pyrolysis ‘of ‘natural -gas, for:instance,
the -temperature of the refractory rcylinder should ‘be
sufficient to-heat the gas to :a-temperature-of-about.2500° -
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‘F. and a contact time of the order of 0.01 second will
generally be found adequate. Where destructive de-
composition of the hydrocarbon to produce carbon black
is desired, the rate of throughput will ordinarily be re-
duced and, hence, the contact time will be very substan-
tially increased.

In the heating zone, the blast flames of the hot prod-
ucts of combustion will impinge directly on that segment
of the refractory cylinder within -that zone and will pass
through the perforations thereof into the inner chamber
5. The resultant flue gases may be withdrawn from the
chamber through the outlet 24 and pass to a stack, or
otherwise disposed of.

The hot pyrolysis gases from the effluent chamber are
withdrawn therefrom through the outlet 25 and may
be treated in various ways, depending upon the char-
acter and purpose :of -the .operation. In the production
of carbon black, the effluent gases, carrying particles of
carbon in suspension, :may be passed through conduit
26, through cooler 27 to carbon black precipitator-col-
lector 28, suitable coolers and precipitators being well-
known to the art. The carbon black is thereby separated
and collected at '29. From the precipitator-collector,
the residual gases pass off through line 30 and .may be
disposed of, as desired.

"Usually, this residual gas will contain a substantial pro-
portion of gas suitable for heating purposes and may
be used, to advantage, in the reheating of the rotating
refractory cylinder. When such disposition of the gas
is contemplated, ‘valve 31 may be closed and valve 32,
in conduit 33 opened and the residual gas passed through
the -check valve 34 and line 35 to the fuel gas mani-
fold 23. Where desired, this gas may be supplemented

‘by ‘other fuel gas supplied’through valved connection 36,

‘Where pyrolysis is of a lesser degree than that result-
ing in-carbon black, valve 37 ‘in line 26 may be closed
and the ‘effluent gases withdrawn through the valved con-
nection 38.

In the production of carbon black, for instance, the
hydrocarbon -to ‘be 'pyrolyzed, in accordance with my
present process, may consist primarily of methane, natural
gas, for instance, or ‘it may consist of hydrocarbons of
higher molecular ‘weight ' than ‘methane, -either normally
gaseous, ‘or adapted 'to vaporize without objectionable
coking. For instance, ‘natural -gas-enriched by mixing
the vapors of higher ‘molecular “weight therewith, may
be used either as such, or diluted with steam, or “other
diluent.

Suitable ‘means -for maintaining the effluent chamber
under ‘a reduced pressure are ‘well known to the art and
need not -here ‘be described. Tt'is, of course, usually de-
sirable to place such ‘means in the -effluent line beyond
the point:where the effluent gases-have been substantially
cooled. Advantageously, it may be interposed 'in line
33 or 35, where the gases are to be used for reheating
the refractory cylinder. Under other conditions, it would
be placed in line 30 or 38.

I claim:

Apparatus for the pyrolysis of ‘hydrocarbons. compris-
ing a vertically extending, stationary outer wall and top
and bottom walls délineating a vertically extending cylin-
drical furnace .chamber, a substantially uniformly, ra-
dially perforated refractory cylindrical  partition wall

-of -substantial thickness coaxially positioned in the fur-

nace. chamber, -extending substantially the full height of
said .chamber, having an imperforate portion extending
through -the said bottom wall and being rotatably sup-
ported by means. outside-of said. chamber, sealing: means
between-the lower-end: of said partition wall-and the side
and bottom walls of the furnace chamber, the said walls
forming .an ‘annular chamber and an inner chamber,
means - outside of . the furnace chamber for rotating said

-partition wall about its vertical axis, an impervious par-

tition wall within the inner chamber, aneffluent cham-
ber- within the inner:chamber delineated by said top and
bottom ~walls, said ‘impervious:partition walls within' the
inner chamber and a segment ofthe perforated parti-

-tion wall, ‘an inlet chamber separated from said annular

chamber and radially positioned with respect to the efflu-
ent: chamiber, the inner wall-of said inlet: chamber being
the segment of the perforated partition:forming a wall of
the . effluent chamber, a burner -port extending ‘through

:the outer-wall-and-removed from the inlet chamber, an

inlet for' passing hydrocarbons :into -said inlet chamber
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and separate outlets from the effluent chamber and the
inner chamber, respectively.
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