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The present invention relates to the manu-
facture of combustible gas by a cyclic process,
which involves the pyrolysis of fluid hydrocarbon
material, and in which heat is stored in & gas
making path, during a heating period of the cy-
cle, by the passage of hot combustion gases there-
through: and in which the stored heat is sub-
sequently utilized for the pyrolysis of the fluid
hydrocarbon material, by its passage through the
healted path, during a gas making period of the
cycle. .

Typical of such cyclic processes for the manu-
" facture of combustible gas are the well known
cyclic oil gas processes, carburetted water gas
processes, and. hydrocarbons gas reforming
processes. I '

Typical of the fluld hydrocarbon materials

~ pyrolyzed in such processes are crude petroleum

oll and fractions thereof, such as naphtha, gas
oil, fuel oils and residuums; natural gas; refinery
ofl gas; and sometimes tars derived from the

~ pyrolysis of petroleum oil or coal. Some of these

materials contain non-hydrocarbon components
in addition to their hydrocarbon constituents.
The invention, for convenience, will be de-
scribed in' connection with the employment of
crude petroleum oil or & fraction thereof, which
for convenience will be referred to generally as
oil, aithough it is to ke understood that the in-
vention is applicable to the pyrolysis of other
fiuid hydrocarbon material. S o
The invention, also for convenience, will be de-
~ seribed in connection with the introduction of
the oil to the cyclicly heated gas meking path in
the liquid phase. for vaporization therein, - al-
thousgh it is to be understood that the invention
‘is applicable to processes in

vaporized, for example in a continuous tube still,

‘before its introduction into the cyclicly heated-

‘path. . .
In the cyclic manufacture of oil gas, & gas set
comprising a vessel or vessels, provided with a
refractory lining or linings and with refractory
checker brick, is heated during the heating pe-
riod of the cycle, termed the “blow,” by the com-
bustion of fuel such as ofl, tar or combustile gas,
and by the pessage of
tion products through the vessel or vessels, there-
by raising the refractory lining or linings and
checker brick to elevated temperatures and stor-

ing heat therein to provide a path of stored heat.

After the “blow” has been terminated, a “run”

is made in which oll is sprayed into the gas set
“in the presence of & diluent gas, such for example
as steam, and vaporized therein,

which the oil is”
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‘ucts of combustion to the

“blasted with air and

- stored heat. After
.a water gas “run”

erating blue water gas,

vapors beiné passed along the path of stored heat

‘with the steam and cracked therein by the stored

heat to produce oil gas. : :
The cycle also includes steps for purging prod-
atmosphere, and for

purging oil gas to storage. ‘ : .
" 1In the manufacturer of carburetted water gas,
an ignited bed or soiid fuel, in a generator, is
raised to a high tempera-
blast products are burned

ture. The resulting

with: secondary air, and their heat stored in the -

refractory lining and checker brick of a carbu-
retting vessel or vessels, producing & path of
the blast, termed the “blow,”
is made in which steam is
passed through the highly heated fuel bed, gen-
which together with the
excess steam -is passed along the path of stored
heat in the heated carburettihg vessel or ves-

-gels, in which the blue water gas 1s carburetted

with oil, which is sprayed into the set, vaporized,
and the vapor cracked by the .stored heat in the
presence of the blue watergas. .

- Purging steps are performed in the cycle to

 purge blast products to the atmosphere, and to

purge carburetted water gas to storage.

In normal cyclic oil gas and carburetted water
gas practice, by far the larger part of the petro-
leum oil, which customarily comprises the less
costly fractions of the crude such as gas oil and
heavy residuums, finds its way into fixed gas or
in other words into gases which are liquefied with

- difficulty, such as hydrogen, methane, ethylene,

40

the resulting hot combus- .

the resulting oil 88

35 fines. Nevertheless a

. . The tar, drip oil and

“tected in small quantities or

and possibly other gaseous paraffines and ole-
certain portion of the oil .
is used up in the production of tar, drip.oil and
lower temperature'condensates, the quantity of -

temperature
delivery to & gas holder for distribution.

lower temperature con-
densates contain & wide variety of hydrocarbons,
the number and quantity of which vary with the

fnal temperature to which the gas is subjected.

.. As an example hydrocarbon such as benzene,

toluene, xylene, naphthalene, anthracene, indene,
styrene, methyl styrene, cyclopentadiene, '1iso-.
prene, piperylene, butadiene, etc., might be de-
recovered in sub-
stantial amounts. All of these hydrocarbons are
valuable, the unsaturated resin forming . com- -
pounds perhaps more 30 than the others, because
under normal gas - manufacturing ‘ conditions
small quantities only are produced.

" Prom the standpoint of the manufacture of .
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gas for cemzﬁmbuumﬂ these oyslic processes heve

been developed io & high degres of efiiciency. -

‘However, from the standpolnt of securing high
vields of selected individual hydrocarbons while
the employment of g cyclic cperation of their gen-
eral character is highly desirable, the usual meth-
ods of opsration are not so satisfactory. .

In securing high yields of many valuable in-
dividual hydrocarbons from petroleum oil, &
severity of pyrolysis is required which inevitably
resulis in the production of & very considerabie
guantity of carbonr or at least of hydrocarbon
material which is extremely poor in hydrogen.
If o continuous process such as tube cracking
is employed, the deposition of this carbon on the

interior of tho tubes presenis opsrating difficul-

tiea,, bhesides in some cases exeriing an unde-
red cetslytic efiect wupon fhe course of the

'oyuolysls

In oyelic processes of the gencral character of
tihicse above, the conblaual recurrence of the hegt-
ng perlod affords regular and freguend oppor-
vuadby for burning of any deposited cartbon, pro«
venting s sceumulajion and providing 2 sub-
stantially cerbon free path of pyrolysis ot ths be-
ginning ¢f esch gas making “run.”

In the usual methods of operating these gyslic
processes for the producsion of gas for disiri-
bution, however, even shiould ths reguired con-

ditions for & high yisld of 2 given hydrocarbon of o

good quality be accidentally atiained in g portion
of the gas making path, and during & portion of
the gas making “run,” other portions of the gas
making psth and other portions of the gas mak-

ing “run” may provids cracking conditions far g

removed from thoss which ave desirabls from the
standpoint of production of the desived hydrocar-
bon materisl.

In the heating step of the cycle In establish-
ing temperaturs congitions approximeating the de~
sired temperature conditions in the downstream
portion of the path of the heating gases suitable
for effecting the desired pyrolysis therein, it is ex-
tremely difficult to avold setting up temperature
conditions in the upstream portion of the hesting
path, which are entirely too severe for the desired
pyrolysis.

During the gas making “rum,” due to the fact
that the stored heat in the path of pYrolysis is
being continually abstracted in the vaporization
of the oil and the pyrolysis of the resulting va-

" pors with consequent cooling of the heat storage

material, there is & continuel shifi, during the
run, toward pyrolysis conditions of decreased se-
verity as the “run” proceeds, which is indicated by
the swing, with respect to time; of observed tem-
peiitures at various points in the gas making
pa ’

The swing in pyrolysis condltions, throughout
the gas making “run,” may be decreased by the

28
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emplioyment of i-efractory heat storage material -

of relatively high heat conductivity as compared
with that of the usual fire clay brick, such for

example as bricks of ‘bonded silicon carbide or .

. carborundum.  Buch refractory material has the

capability of rapidly transferring heat from:the

65

outside surface to the interior during the “blow,” -

and from the interior to the outside: surface of
the brick, during the “run,” thereby maintam:lng
more uniform surface temperatures. =

upon opcrations with any given oll input rate.
There is & practica] limit to the shortening of

cycie time, however, in that, with continued short-

70.
Short cycles with short “runs” also: tend to Jess- -
en the swing in pyrolysis conditions atiendant .

2,899,888

felem

gning, velve opsrations begln 6o ol up o dise
proporiionate portion of the cvele, Ths fims m-
cupied by purges msy also be disproporiicnats,
or if it is not, an undue conftamination of the
make gas with combustion gases, or an undue loss
of make gas to the atmosphere may take place.

The present invention is directed to the provi-
sion of & novel cyclic process of the above general
character in the performance of which & greater
uniformity of pyrolysis may be effected aund great-
er yields of desired valuable hydrocarbons in good
quality secured.

According to the present invertmn, during the
first portion of the run, only & portion of the
entire path of stored heat established during the
blow is employed as the path of nyr okws, aad
during the run the path of pyroiysis
longitudinelly within the path of
such manner that the succeeding
run s conducted uzder pyrolysis
closely approXimeiing in pyrolysi
existing in the path of pyrolysis

{ she run, than did those exzisting

o

Ln the path
of pyrolysis immediately before fhe shift.
Siated otherwise, during the vun after the py-
relysis conditions existing in the path of pyrolysis
. ab the beginning of the run have been modsrated
due the ¢ccoling action of the pyrolysis upon that

portion of the path of stored hsat cmployed as
the path of pyrolysis, the path of myrolysis is
shifted lengthwise within the path of stored heat,
8o as to alter the pryrolysis condifions in the di-
rection of greater intensity of cracking and so as
to approximate more closely the initensity of the
geracking effecied at the begivuing of the run,
whereby greater uniformity of cracking is at-
tained.

‘The shift of the path of pyrolysis within the’
path of stored heat during the “run” may be made
in & number of ways depending, among other
things, upon the temperature conditions set up
in -the path of stored heat during the “blow,”
upon the particular portion of the path of stored
heat employed during the initial part of the run,
and upon the degree of compensation in pyrolysis
conditions to be effected by the shift of the path
of pyrolysis,

The restoration of pyrolysis effect produced by
the shift of the path of pyrolysis during the run
may be obtained by shifting the path of pyrolysis
50 as to compensate for reduced temperature con- .
ditions by increased time of contact, or by shift-
ing the path of pyrolysis so as to operate during
the succeeding portion of the run with substan-
tially the semetemperature and time of contact
as at the start of the run, or even by shifting the
vath of pyrolysis so as t0 operate undetr inore
severe temperature conditions and with shorter
time of contact, than those obtaining at the start
of the run,

The shift in the path of pyrolysis within the
path of stored heat may be conveniently made by
shifting elther the point of admission of the oil
to the path of stored heat, or the point of exit of
the products of pyrolysis therefrom, or both.

"Other features of the invention reside in the

~ steps, combination of steps,: sequence of steps,

and- in the construction, combination, and ar-
rangement of parts, all of which together with
other features will become more apparent to per-

.. sons skilled in the art as the specification pro--

ceeds, and upon reference to the drawings, in

. .which .

7%

Figures 1 to 5 are diagrammatic flow’ sheets '
}llus_trating_ the process of the present invention.
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Pigure 6 is an elevation partly in section, illus-
trating, somewhat diagrammatically, an oil gas
set adapted for employment in the process of
the present invention. ’

The invention will be more. particularly de-.

seribed in connection with, the manufacture of -

oil gas, although it is applicable as before stated

to other processes in which fluid - hydrocarbon -

material is pyrolyzed.
Referring to Figures 1 to 5: o

. In all of the Figures 1 to 5, the path of stored
heat established during the blow portion of the
cycle is indicated by the shaded rectangle hav-
ing an upstream end at { and a downstream end
at 2. ; . :

In the operation diagrammatically illustrated
in Figure 1, during the first part of the gas mak-
ing “run,” ofl is introduced to the path of stored

10

15

heat at 3, which is downstream from |, while a . -

diluent gas such as steam is introduced at |, the
products of pyrolysis and steam leaving the path
of stored heat at 2. - ]

During a later portion of the gas making run,
and after the moderation of excessive tempera-
tures in the upstream portion of the path of
stored heat by the cooling effect of the steam,
the admission of the oil is shifted upstream to
4, the products of pyrolysis and steam still leav-
ing the path of stored heat at 2. .

Tt will be seen that the path of pyrolysis in the
first portion of the “run” extended within the
path of stored heat from 3 to 2, while in the sec-
ond portion of the “run”-the path of pyrolysis
.was shifted so that it extended from 4 to 2. The
time of the shift and the degree of the shift and
other conditions are chosen s¢ that while the
pyrolysis conditions existing in the longer path
from # to 2 at the time of the shift are somewhat
more severe than those existing at the time of
the shift in the shorter path from 3 to 2, they

closely approximate in effect the conditions of

pyrolysis existing in the shorter path at the out-
set of the “run.” A measure of the intensity of

20

25
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the cracking effected in the several portions of

the run may be obtained by a comparison of-

the density relative to air of the gas produced

45

in the several portions of the “run,” .as will be .

more particularly described hereinafter.
In the operation diagrammatically illustrated

in Figure 2, during the first. portion of the “run,”

the oil is introduced to the path of stored heat

‘mitted to the path

‘of Figure 1 except

| . 3
the oil is introduced downstream at 1, while a dil-
uent gas such as steam is introduced at 1. The
resulting products of pyrolysis and steam leave
the path of stored heat at 2,

During the second portion of the “run,” after
the upstream portion of the path of stored heat
has been sufficiently cooled by the passage of
steam therethrough, the admission of the oil is.
shifted upstream to 9, and the point of removal
of products.of pyrolysis and steam shifted up-
stream to 8. . ' .

In this case, the path of pyrolysis in the latter
part of the “run” extending from 9 to 8 may be
longer, shorter or the same length as the path
of pyrolysis in the first portion of the “run” ex-
tending from T to 2. In any case, other condi-
tions such as temperature, rate of oil ahd steam
admission etc. are such as to produce a pyrolyz-
ing effect in the path of pyrolysis from 9 to 8
somewhat more severe than that existing in the
path of pyrolysis trom 1 to 2 at the time of the
shift, but closely, approximating pyrolyzing effect
of the pyrolysis conditions in the path from T
to 2 at the outset of the “run.” :

In the operation diagrammatically illustrated
in Figure 4, during the first portion of the “run,” .
oil is introduced to the path of stored heat at
{0, while & diluent gas such as steam is introduced .
at §.. The products of pyrolysls and steam leave -
the path of stored heat at . .

During a later portion of the run, oil is ad-
of stored heat at 12, which
10, and downstream from f{,
steam continuing to be admitted at 1. During
this portion of the “run,” the resulting products
of pyrolysis and steam are taken off at 2, which
is downstream from (f." R .

As in the case of the previously. described op-
erations, the shift in the pyrolyzing‘-’fi)f"s‘.th, during
the “run,” is to compensate for. moderation of
pyrolyzing conditions during the earlier portion
of the “run” and to secure-greater uniformity
of cracking. o
. In Pigure 5, the

is upstream from

operation is similar to that. .
that the upstream portion
of the path of stored heat is divided by partition
i3a into two parallel portions, 13 and 14. :
During the first portion of the “run” oil is
admitted to the path of stored heat downstream
at. 15, with steam supplied at | to either or both

. of the parallel portions {3 and 14, the resulting

at 5, a diluent gas such as steam being introduced -

steam leave the path of stored heat during the
first portion of the run at 6 which is up stream
from 2. . N S

During a later portion of the “run,” with the

oil and steam admissions unchanged, the point
_of removal of the products of pyrolysis and steam
is shifted downstream to 2.

During the first portion of the “run,” the path
of pyrolysis extended within the path of stored
heat from § to 8, while during the latter portion

: ng ,thze “run” it was shifted so as to extend from

to2. . : o

As in the previous operation, the time, degree
and other conditions of the shift are chosen so

" upstream at . The products of pyrolysis and.

55

pyrolysis products and steam being taken off at 2.

During a later portion of the “run” the oil ad-
mission at I8 is terminated and oil admitted at 18,
which is upstream from 8 and downstream from
f.. Steam Is admitted at f to both parallel por-.
tions of the path of stored heat i3 and 14, the

" steam admitted through portion 14 providing a
. diluting medium in the oil vaporization Zone as

60

well as -carrying heat from the upstream end -of
the path of stored heat into the path of pyrolysis.
The steam admitted through {3 carries heat from
this portion of the path of stored heat into a

. downstream portion of the path of pyrolysis, hy-

-85

that the pyrolyzing effect of the longer path of }

pyrolysis, while somewhat more severe than that
of the shorter path of pyrolysis at the time of
the shift, closely. approximates the pyrolyzing
eﬂect'of the shorter path at the outset of the
l‘run.!: N . .

In the operation disgrammatically illustrated

in Pigure 3, during the first portion of the “run,”

70

8

-pyrolysis. Appropriate

. of pyrolysis from I§ to

passing the upstream portion of the path of
proportioning of - the
steam admitted through I3 and #4 provides a
further control of the uniformity of cracking.

The resulting pyrolysis products and steam
during the later portion of the “run” dre taken
off at 2 as before. oot

The greater time of contact of the longer path
‘ 2 as compared with that
from {5 to-2, compensates for lower temper-
ature conditions, with a result that the intensity




of wyrolysis efecied n¢ the beginning of the
“run” is substantislly restored, 'thereby securing
increased uniformity.

In the operations diagrammatically illustrated

in Figures 1 o 5, sicam may be admitted to the-

path of stored heat simultaneously with the oii,
at the same point or points as the oil.

Also, if desired; the upstream admission of he
oil to the path of stored heat, during the lstter
part of the run, in the operations of Figures 1, 3,
4 and 5 may be at {, the upstream end of the path

&

0

‘of stored heat mstead of somewhat downsiream -

therefrom ag shown in these figures, providing
however that in such event the temperature con-

ditions in the shifted path of pyrolysis are not-

sxoesgive.
In the operations of Figures 1, &, & an~ 8 I
admiqsmn of L}‘e steam upsir

the downsm'e& 'f:m bi
hieat, which Is the
- pyrolysis, ther by e r_h
conditions therein, &
pyrolysis. Reference da, §
1o copsnding ar‘phwtiax Sc T Wo. 191,441, filed
Februsry 18, 19838, by Bdwin L. ¥all now Patent
2,372,197 dated Lfaveh 27, A.,fféi

In the operation of the present inveniion, as
exemplified in the operations of Figures 1, 3, ¢
and §, this passage of steam niay Have the fur-
vher function of moderating, during the earlier
portion of the “run,” femparature conditions in
the upstream portions of the paih of stored heat
in and adjacent to the zone of combustion, which
are excessive from the standpoint of oil vaporiza-
tion and pyrolysis, so that when the point of in-

et‘

1 Gl connection,

troduction of the oil is shiffed upsiresm, the

temperature conditions in this upstream portion

of the path of stored heat are no longer too severe

for use as & portion of the path of pyrmyvis
Referring to Figure 6:

L%

8.
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21 generally indicates an oil gas generator pro- .

vided with the refractory lining 22. In the gen-
erator chosen for illustration, there are provided

three refractory checkerbrick masses 24, 25, and

26 suitably supported on arches 27, 28, and 28

respectively, and, together with the lining, form- .

ing the combustion space &8, and the oil vaporiza-
tion spaces 3! and 82. Below checkerbrick 28,
the generator is in communication by way of con-
nection 3% with the superheater 34, provided with
the refractory lining 285.

In the superheater chosen for illustration,
there are provided $wo checkerbrick masses 36
and 3%, suitably supported by arches, one of
which is shown at 28.

The superheater is further provided with the.

stack valve 40, and with the gas offtake 4§, which
is provided with valve £2, and which leads to the
wash box £8. The superheater may be provided
with the additional gas offtake 44, provided with
valve 48, which leads from the space between
checkerbrick masses 38 and 37 to the offtake &1
and thence to the wash box. From the wash box,
gas offtake 46 leads to condensation, gas purifica-
tion, and gas storage apperatus.

In an operation of Figure §, chosen for illus-

tration and similar to that diagrammaticaily ii-

lustrated in Pigure 1, during the “blow,” with
- stack valve 48 open and valve 42 closed, (valve 48
is also closed, if connection &4 and valve 45 ave
provided) finid fuel such as crude petroleum oil,
fuel oil, residuum oil, tay or combusiible gas is
- admitted to the combustion space 38, through
fuel supply means 89, and burned with sir sup-

46
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80

‘of the generator, and through the chesk

%,509,889

plied through sir supply means §(. The hofcom-
bustion gases traverse the combustion' spsee: 88,
the checkerbrick 24, oil vaporizing “space 3%,
checkerbrick 25, oil vaporizing-space: 32, aid
checkerbrick 26.. Prom the gehevdtvribase, the
hoi combustion gases pass: through ‘connection
33 to the superheater 34, and through ithe super-
heater checkerbrick to the stack valve ﬂa and
thence to the atmosphere.’

During the “blow” the refracbory }fmings and
checkerbrick of the vessels are heated to o high
temperature . and heat stored therein.

The path of stored heat, so produced, extends
from the combustion chamber 38, through checl-
erbrick 24, vaporization chamber 34, checkerbrisk
23, vaporization chamber 82, and checkerbmﬁ: 2&2

masses 3§ and §T of the superhester, w *m ’a.w
highest tempersturs conditions being establishes
in combustion chamber &3 snd checkerhr
and lower temperature cm.ali:‘a in ven
chamber 31, checkerbrick 28, vaporizatio
ber 32, checkerbrick 28, and the =
checkerbrick 35 and 37.

When the desired tempersture coid
the oil vaporization and pyrolysis in o
aownstfﬁam _portion of the path, that is,

tration, in the generator balow the arch
in the superheater, have been set up, the
is terminated by shutting o8 the fuel
threugh 88, and the alr supply through &,

A purge may now be made with stegrm s
a} 8E, purging combustion products out tf
si,ack valve 48,

The stack vslve 49 may then be
42 opened (valve 43 remaining close
and the gas making “run” begun.

The admission of steam through stesm supply
§2 is continued, while simultaneously oil iz spreved
intc the vaporizing chamber 83, through oif sup-
ply means 53. Additional steam may be slmul-
taneously supplied, if desired, through
supply means 34.

The oil is vaporized in the lower portion of the
generater, in the presence of the steam, at leas
& part of which is heafed in passing down through
checkerbrick 24 and 25 into the vaporizing chame
ber 382. The steam and the resulting oil vapors
pass through the generator checkerbrick 28 and
the superheater checkerbrick 36 and 37, in which
the desired pyrolysis of the oil hydrocarbons is
effected.

The resulting oil gas passes through the gas
offtake 41 to the wash box 42, and thence through
offtake 46 to storage, condensing, purification,
and fractionation apparatus (not shown) for the-
removal and separation of impurities and valu-
able constituents therefrom.

The wash box is illustrated as continuousiy sup-
plied with water through connection §5, so as to
maintain a body of sealing liquid, in the wash

3
sleam

. box, at & level sufficiently high to seal the end of

85

connection 41, and to prevent the retursd of gas
to the set during the “blow,” but insufficiently
high to prevent the ready passage of the oil gas
to the offtake 46 during the “run.”

The oil gas is cooled in the wash box, and
considerable quantity of tar containing valuable
hydrocarbons is condensed therefrom. This tar
is continuously removed with sealing water in the
form of an emulsion, through connection 86,

As the gas passes through the gas ofiske 48,
it may be continuously sampled, the sSampiled ges
passing through connection 57 to the’scrubber-
cooler B3, The scrubber-cconex 85 g Mustrated




a8 provided with the supply. means 88 of a cool-
ing and scrubbing liquid such &8 water. .

As the gas sample passes ypward through the
scrubber-cooler,. it is scrubbed and cooled to re-

move entrained tar particles or other entrained-

material, and to cool the gasto a definite selected

temperature indicated by thermometer 60. The

~ removed entrained material and any condensate

produced by the cooling leaves the scrubber with _

scribbing and cooling liquid through connection

6l. Other means for removing entrained par-

ticles such as the use of packing with or without
. scrubbing might be employed. - :

The cleaned and cooled gas sample passes
through connection 62 to the relative density reg-
ister 83. The pressure of the gas may be con-
trolled by valves to maintain & desired pressure
approximating atmospheric and indicated by the
meanometer 84, o ‘ o

. The gas passes through the relative density
register 63, in which its density is compared with
- that of air, which is drawn in through connection
85, by way of the drier 68.  The gas sample and
"the comparison air leave the register by way of
connections 87 and 88 respectively. The relative
" density register may be arranged to continuously
indicate and record the density with respect to
air of the produced oil gas at chosen standard
- conditions of temperature and pressure, for ex-
ample at 60° F. and slightly above atmospheric

- pressure. _
An example of a type of relative density register

2,898,888 o
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cracked in passage through the vaporization

space 31, checkerbrick 25, vaporization space 32,

checkerbrick 26, and superheater checkerbrick
36 and 31, the resulting products of pyrolysis

passing through offtake &1, to the wash box, the

uncondensed gas passing through connection. 46

as before. During its passage through connec-

tion 46, the gas may be sampled, scrubbed, cooled, -
and its relative density measured as before de-

scribed. v -

A -comparison of the relative density of the
gas after the shift of the path of pyrolysis with-
in the path of stored heat with the relative dens-
ity of the gas produced at the outset of the “run,”
furnishes a measure of how closely pyrolysls con-.
ditions in the shifted path of pyrolysis approxi-
mate those existing in the original path of py-
rolysis at the outset of the “run.”

According to the present invention it is pre-
ferred to shift the path of pyrolysis during the
«run” so that the change in pyrolyzing condi-

» .tions during the “run” produces a swing dur-

28

of not more than 0.03 in density of
relative to air, at 60°
pressure, by

ing the “run”
the oil gas- when measured
F. and slightly above atmospheric

" the method above described or by an equivalent

'which may be advantageously employed is that -

known commercially as “Ranarex.” - -

_ 'The relative density of the gas, 80 determined,
may be employed as a4 measure of the intensity of
the pyrolysis effected in the several portions of

_the “run.” -

As the gas making
ature conditions in the
and in the checkerbrick 28 and the superheater-
are reduced due to the abstraction of heat for
vaporization of the oil and for the cracking of
the resulting vapors. This cooling is ‘reduced in
rate, however, by the passage into the vaporiza-

“run” proceeds, the temper-

tion .chamber 32 of the steam admitted to the

combustion chamber 30, through steam supply 52
and superheated in passage through the combus-'
tion chamber and the checkerbrick sections 24
and 285, while simultaneously cooling these up-
stream portions of the path of stored heat. - -
After a. considerable portion of the gas making’
“run” has elapsed, for example after the expira-
tion of 60, 70 or 80% thereof at the end of which
time pyrolysis conditions in the path of pyrolysis
have been moderated somewhat due to cooling of
that portion-of the path of stored heat by the
which time, the temperature conditions in the
portion of the path of stored heat upstream from
the point of oll admission have been sufficiently
moderated by the passage of steam therethrough,
the admission of ofl through supply means 63 is
terminated (steam supplied through 54 may also
be shut off). : :
. During the succeeding portion of the run the
path of pyrolysis is extended upstream in the
path of stored heat by supplying oil through ofl
supply means T8 to vaporization space 3i. Steam
may be continued to be supplied to the combus-
tion space 38 through steam supply 82, and addi-

the vaporizing chamber 32 %

method. o :

. More preferably this swing in relative density
doels not exceed 0.02 and still more. preferably
0.01. ' - :

Those skilled in the art will understand that
care should be taken, in comparing relative den-
sities of the oil gas’ produced in the several por-

. tions of the “rums,” to avoid the inclusion of

significant proportions of other gases such for

" example as unpurged combustion gases from the

40
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rolysis. :

Al

«blow,” or correction should be made therefor in
order to calculate the swing in relative density
which is due to changes in conditions Qf oil py-

At the end of the run the supply of oil to
vaporization space 81, through oll supply means
10 is shut off, and the gas set is purged, for ex-
ample, by continuing the admission of steam
thereto through steam supbply §2, purging the py-
rolysis products out of the set through offtake

The steam may then be shut off and the cycle

" repeated.

‘50

" tions of the “run’™

66

pyrolysis, and providing also that at the end of |
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Tt will be understood by those skilled in the
art that the points of admission of oil and of
steam in the respective portions of the “run,”
as well as the durations of the respective por-
may be so chosen that the
pyrolyzing effect of the shifted path of pyrolysis, -
very closely approximates. that of the original
path of pyrolysis at the outset of the “run.” .

~Within a very considerablé range of variation,
the influence of changes in temperature upon
cracking intensity may be.closely compensated
for by appropriate changes in the length of the
pyrolyzing path. e

Under certain conditions, it may be possible
to move the point of oil admission upstream in
the path of stored heat, and simultaneously move
upstream the point of exit of the pyrolysis prod-
ucts from the path of stored heat, maintaining

" the length of the path of pyrolysis substantially

70

tional steam may be supplied simultaneously to . .

the vaporization space 31, through steam supply
means 11. - - . i .
The ofl is vaporized and the resulting vapors

76

the same as before, providing temperature condi-
tions in the shifted path are appropriate. _
For example in the later portion of the “run,”
the oil may be admitted to the vaporization space
31, through supply 10, while with valves 40 and
42 closed and valve 45 open, the products of py- .
rolysis are taken off from the superheater through
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oiftake 44, withewt massing through the down-
- stream cnecxerm‘ic& 8%. In such czse, the upper
. portion of the superheater may be kept free of
oil gas and purged by steam admitied af 2.
This operation is in general similar to that dia-
grammatically illustrated in Figure 3.

During the later portion of the run, in either
of the operations before described, if desired the
oil may be admitied directly to the combustion
space 36, providing temperature conditions there-
in and in checkerbrick 28 have been sumciently
modifled.

It will be obvious to those skilled in the art
that the apparaius of Figure 8 may also he read-
ily employed with whatever modification may be
necessary to effect any of the operations described
in connection with Figures 2, 4 and 5.

An exempie of 2 cycle, employed in the opera-
tion of g 12.0 ft. dlameter oll gas set somewhat
similer to the apparsius of Figure 6, and having
silicon carbide linings and checkerbrick down-
stream In the peth of stoved %eel from the fop
of the downsircam ofl vaporizing zone, and the
ordinaxy firehrick ining and checkerbrick up-
stream therefrom, I3 as follows. '

[Cyele length 1.0 minutes]

Percent of

eycle tima Opsration

Alr and fuel a(mtﬂ‘m to combustion zone.,
----{ Hoaking pericd
~22_} Steam to combustion zone {purge).
.| Bteam to combustion zone, |
01il to downstream veporizing zone.,
Steam purge of downsiream oil admiislon MGEDE,.
Steam to combustion rone.

Steam to combustion zone (purge).
Expansion psried.
Alr to combustien zwe (&ir purge)

In connection with the above mentioned soak-

ing weriod in the cycle, reference is made to my
- copending application Serial No..514,489, filed
December 16, 1843. -

It will be seen that the total oil pyrolyzing time
of the above cycle is less than 35 seconds, dur-
ing approximately 784 of which, oil was admit-
ted to the downstream vaporization zone, while
the upstream vaporization zone was cooled by

Oil to upstream vaporization zone (combustion gone).

%
5 DD

10

%

80
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. silicon carbide refractories.

eﬁz;mm’i"z Zone. Ihwe k! ""ms, Erea
proved uniformity of pyrolyais could »,e
under these conditions of operation with Yery
meaferially increased set capaciiies as compared
with operations in which the path of pyrolysis
was not shifted within the path of stored hest,
during the run. Increases in capacities of the
order of 30% and more may be so obtained with-
out sacrifice of yleld and quality of desired unsst-
urated hydrocarbon products.

In the practice of the invention, it has been
found that variations of observed tempersture
through the set and through the cycle may be
very materially reduced. For example, the ob-
served temperature swing, throughout a cycle of
the above length, in °F. (shielded iron-constantan
thermocouple) at the middle of the downstream
vaporizing zone may be only 30° F. or less; af
the bottom of the downsiream vaporizing zone
only 15° ¥, or less; in the lower superhenier
chieckers only 14° ¥, or less: while in the middle
of the superhester and in the top of the super-
heater, the chserved temporoiltive sWing may 1:5
reduced to 0° 7,

In operations without the shifs in the poth
of oil pyrolysis during the rum, but ctherwise
comparable, these swings wWere very much grest
resulting in much less uniforn emd"?:‘;g‘
example, swings
the downstream vegorizing zone were frequently
of the order of 106° . and more, dven with o
cycle of the shove length r‘nd with the use of
Likewiss, the varis-

_tion in temperature throughous the seb i3 much

less when the path of pyrolysis is shifted in
aceordance with the present invention.

In operations, in which neither the process of
the above referred to copending application by
BEdwin L. Hall nor the process pf the present in-
vention are employed, swings of observed tem-
peratures of the order of 300-400° P in the oil
vaporization zone have been frequently encoun-
tered, while without the use of refractory heat

" storage material of relatively high conduectivity
as compared to that of ordinary flrebrick, still .

greater swings in observed temperature may oc-

_ cur, even though a short cycle be employed.

the passage of steam therethrough, and during

the remaining 22% of which, the 6il was admitted
with steam to the upstream vaporizing zone, in
- this case the combustion zone. The products of
pyrolysis were taken off from the superheater top

in both portions of the pyrolyzing period, the .

operation being generally similar to one deseribed
in connection with PFigure 1.
Of course, sc short a cycle so hlghly subdivided

is only practicable with efficient automatic valve .

operation.
The following temperatures were average ob-
_served temperatures through the cycle as meas-
ured by shielded iron-constantan thermocouples

Degrees F.
Top of downstream va.porizing zone--_.... 1520
- Middle of downstream vaporizing zone____ 1495

The above temperatures are purely illustra-
tlve. Those skilled in the are will understand

that . the required intensity of pyrolysis varies -

widely depending upon the character of the fluld

“hydrocarbon material pyrolyzed and upon the

particular hydrocarbon products desired.
: when unsaturated aromatic .

For example,
resin-formihg hydrocarbon material in good
yields and in good quality and other aromatic
hydrocarbon material in good quality is desired,
there is a preference for relatively severe condi-
tions of pyrolysis and for a naphthenic oil, auch
as a crude petroleum oil falling within classes 5
to 7 and particularly class 7, when classified by
the method of Bureau of Mines Report of Inves-
tigations R. 1. 3279, or a fraction of such an oil.

. On the other hand, when highest ylelds of ali-
" phatic or alicyclic conjugated diolefines are par-

ticularly desired, milder pyrolysis conditions and

" @& more parafiinic oil may be chosen.

Base of downstream vaporizing zone_..___ 1595
Base of superheater. oo ____ 1535
Top of -superheater_ __ . ________.____ 1395

. In general, in such operations. the high com-
bustion. temperatures of the combustion- zone,
—at-the end of the “blow,” were reduced to ob-

It will be further understood that in cyclic op-

_ erations of the character described. for the same

70

served temperatures (by optical pyrometer) of -

the order of 1700° F. ahd lower, by -the steam
passing therethrough, during the first portion
of the ‘Tun, prior to the introductlon of oil to the

75

intensity of cracking, the observed temperatures
in different portions of the apparatus and in
different portions of the cycle, as well as cal-
culated times of contact therein, may vary widely
aependinz. among other things, upon the par-

loulsr apparatus and cycle employed and upon

in the ocbeerred fem pe:’:sume ef -
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. the particular method of measuring tempera-
ture. Some of the influential variables are the
character of the fuel and the method of com-
bustion, the character, quantity and arrange-
ment of the heat storage material, the character,

subdivision, and rate of input of the hydrocarbon -
material pyrolyzed, the character and quantity of

the diluent gas, whether or not the hydrocar-

bon material is vaporized as well as pyrolyzed by
the stored heat, and the length and subdivision of
the cycle, , :
In the operations particularly deseribed in the

- foregoing, the path of pyrolysis was shifted within
the path. of stored heat but once during the
“yun.” Those skilled in the art will readily un-
derstand, that the path of pyrolysis may be so
shifted a plurality of times, and that the manner
of the shift need not be the same. For example
the first shift of the path of pyrolysis during the
“run” may be made by shifting the point of re-

moval of the products downstream in the path of

stored heat, without changing the point of oil
admission, while the next shift may be made by
moving the point of oil admission upstream in the
. path of stored heat, without changing the point
of removal of the products. :
Other modifications of the process and of the
apparatus illustrated will occur to those skilled
in the art without departing from the spirit of
the invention. For example, it may be preferred,
especially when “heavy oils” and residuums are

_employed, which yield particularly large quan-

tities of coke on vaporization, to further sub-
divide the gas set, so as to provide separate shells
for the upstream and downstream vaporizing
_zones either or both of which may be devoid of
checkerbrick below the point of oil admission
thereto. If the vessels are of large diameter, a
central refractory pier may he provided in each
otherwise empty vaporizing chamber.

The set may be further subdivided for other
reasons, or on the other hand may be consoli-
dated into a single shell. ’ )

Although it is preferred to flow the fluid hydro--

carbon material through the path of stored heat
in the direction of the flow of the heating gases,
as above described, the invention may be applied
in cases in which these. flows are in opposite
directions to each other. S
From the foregoing, it will be obvious to those
skilled in the art that the invention may be read-
ily applied to the manufacture of carburetted

water gas. For example, during the first portion

of the up “run” the carburetting oil may be ad-
mitted into the path of stored heat -downstream

1o~
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water gases compared as to relative density, or
the determined relative densities should be cor-
rected for the presence of such combustion -
products. : ' o

The application of the invention to'the reform- -
ing of such hydrocarhon gases as natural gas
and oil refinery gas will likewise be readily under-
stood by those skilled in the art without the
necessity of detailed explanation. !
Other modifications will readily occur to those
skilled in the art and may be made without de-
parting from the spirit of the invention. -

I claim: . . '

1. In a cyeclic process for the pyrolysis of fluid
hydrocarbon material in which in a heating pe-

riod of the cycle refractory heat storage mate- -

rial is heated by the passage of hot combustion
gases in contact therewith to establish a path

of stored heat and in which in a fluid hydrocar-

bon pyrolyzing period of the cycle fluid hydro-
carbon material is passed in vapor phase along
said path of stored heat in contact with said
heated refractory heat storage material and

. cracked by said stored heat, the steps which com-

25
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prise employing during a relatively early portion
of said pyrolyzing period a part only of said path
of stored heat as the path of pyrolysis; and dur-
ing said pyrolyzing period after the moderation
of pyrolyzing conditions obtaining in said part
of said path of stored heat shifting said path
of pyrolysis longitudinally within said path of
stored heat in-such & manner that the intensity
of pyrolysis effected during the succeeding portion
of said pyrolyzing period by said shifted path
of pyrolysis more closely approximates the in-
tensity of pyrolysis effected during said relatively
early portion of said pyrolyzing period by said -
part of said path of stored heat previously em-
ployed as the path of pyrolysis. ‘ )
2. In a cyclic process for the pyrolysis of fluid
hydrocarbon material in which a heating period

. of the cycle refractory heat storage material is

45

‘heated by the passage of hot combustion gases in
contact therewith to establish a path of stored
‘heat and in which in g fluid hydrocarbon pyrolyz-

. ing period of the cycle fluid hydrocarbon mate-

50

- rial is passed in vapor phase along said path of
stored heat in contact with said heated refrac- .

tory heat storage material and cracked by said
stored heat, the steps of improving the uniform-
ity of cracking during said pyrolyzing period

. which comprise initially during said ‘pyrolyzing

55

from the top of the carburetter, and during a .

later portion of the up “run” the admission of .

the oil may be to the top of the carburetter, the
carburetted water gas in each case being led

- from the set at the top of the superheater. .
_ In comparing the relative densities of the car-
burretted water gas produced during different
portions of the run, it should be remembered that
the composition of the blue water gas component
of the carburetted water gas varies with the tem-
perature of the fuel bed, and that this affects the
density of the carburetted water gas. Those

skilled in the art will understand how to correct

for varying blue water gas composition and will
be able to employ the corrected relative gas dens-
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ity to control the uniform pyrolysis of the car- .

buretting oil. .

Ag In the case of oil gas manufacture, signifi-
cant quantities of combustion products from the
“blow” should be excluded from the carburetted

76

period cracking said hydrocarbon material in
vapor phase in only a part of said path of stored
heat: and in & later portion of said pyrolyzing
period after the intensity of cracking effected by
said part of said path of stored heat has dimin-
ished due to cooling, increasing the length of the
part of the path of stored heat employed for
eracking in such a manner as to compensate for
said cooling sufficiently to substantially restore -
the intensity of cracking initially obtaining in
the original path of pyrolysis. . o
3. In a cyclic process for the pyrolysis of fiuid
hydrocarbon material with the production of gas
in which in’ a heating period of the cycle refrac-
tory heat storage material is heated by the pas-
sage of hot combustion gases in contact there-
with to establish a path of stored heat and in .
which in a fluid hydrocarbon pyrolyzing period
of the cycle Huid hydrocarbon material is passed
in vapor phase along said path of stored heat
in contact with said heated refractory heat stor-
age material and cracked by said stored heat, the
steps comprising employing during a relatively
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early portlon of aaid pyrolyzing period s down-
stream pari only of gsald path of stored heat as
‘the path of hydrocarbon pyrolysis while simul-
taneously traunsferring heat o said path of pyrol-
ysis from an upstream portion of said path of
stored heat by passing a diluent gas through said
upstream portion of said path of stored heat
into said dowustream portion employed as the
path of pyrolysis; after a lessening of the in-
tensity of cracking  effected in said path of
pyrolysis, lengthening said path of pyrolysis with-
in said path of stored heat in such manner as

16

fo increase the intensity of cracking effected :

therein as compared with said lesseneqd intensity -

of cracking, and during the succeeding and rela-
tively later portion of said pyrolyzing pericd em-
ploying for cracking seid lengthened path of
pyrolysis; and conducting said pyrolysis in a
maner to maintain in said vespective pyrolyzing
portions of said path of stored heat during hydro-
- carbon pyrelysis therein pyrolyzing conditions
such that change in intensity of cracking during
seid pyrolyzing period preduces e swing during
said pyrolyzing periocd of not more thean 0.08 in
the density of the gas resulting from said hydro-
carion pyrolysis when measured relative to air
ab approximately 60° F. and slightly above atmos-
pheric pressure.

- 4, In a cyeclic process for the pyroljsis of fuid

hydrocarbon material with the preduction of gas <
in which in & heating pericd of the cycle refrac-

tory heat storage materisi is heated by the pas-
sage of hot combustion gases in contact therewith
tc establish a path of stored heat and in which
in a fluigd hydrocarbon npyrolyzing period of the
cycle fluid hydrocarbon material is passed in
vapor phase along said path of stored heat in
contact with said heated refractory heat storage
material and cracked by said stored heat, the
" steps which comprise during a relatively early
portion of said pyrolyzing period admitting fluid
hydrcearbon to s downstream portion of said
path of stored heat and cracking said fluid hydro-
carbon material therein in vapor phase while
simutaneously cooling an upstream portion of
said path of stored heat by the passage of a
diluent gas therethrough, said diluent gas being

passed therefrom into said downstream portion of

said path of stored heat and therethrough to-
gether with said hydrocarbon material undergo-
ing cracking therein; and after the cooling of said
upstream portion of said path of stored heat by the
passage therethrough of sald diluent gas and after
“the cooling of sald downstream portion of said
path of stored heat by the pyrolysis carried on
therein, lengthening the path of pyrolysis by shift-
ing the admission of said hydrocarbon fluid mate-
rial to & point removed upstream from the point of
previous admission thereof, and thereafter during
a relatively later portion of said pyrolyzing pe-
riod pyrolyzing said fluid hydrocarbon material
by passage through the lengthened path of
pyrolysis in the presence of diluent gas also
passed therethrough; and conducting said py-
rolysis in a manner to maintain in said respective
.pyrolyzing portions of said path of stored heat

during hydrocarbon pyrolysis therein pyrolyzing.

conditions such that change in intensity of crack-

" .ing during said pyrolyzing period produces a

swing during said pyrolyzing period of not more
than 0.03 in the density of the gas resulting from
said hydrocarbon pyrolysis when measured rela-

. tive to air at approximately 60° F. and sllghtly
above atmospheric pressure.

hiydrosarhon ma.renal in which in & heating ne-

+lod of the cycle refractory heat storage material
is hested by the combustion of fluid fuel and the
passage of the resulting hot combustion gases in
contact therewith to establish a path of stored
hesat and in which in a fluid hydrocarbon pyrolyz-
ing period of the cycle fluid hydrocarbon mate-
rial is passed in vaper phase along said path of
stored heat in contact with said heated refrac-
tory heat storage material and cracked by said
stored heat, the steps which comprise during a
relatively early portion of said pyrolyzing period
introducing fluid hydrocarbon material to said
path of stored heat at a point removed down-
stream from the upstream end thereof and

- pyrolyzing said fluid hydrocarbon material in

20
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vapor phase by passage downstream through said
path of stored heat in the presence of steam
heated in-a portion of said path of stored heat
removed upsiream from said point of intrcduc-
tion of seid fiuld hydrocarbon material; zfiter
the cooling of sald upstream portion of the path
of stored heat by the passage of steam there-
through and after & diminishing of the cracking
intensity obfaining in the downsiream portion
of the path of stored heat employed for pyrolysis,
inereesing the length of the path of pyrolysis by
changing the point of admission of hydrocarbon
meterizl to o point removed upstream in the

‘path of stored heat from the point of previous

- admission; and thereafter in the succeeding and

38
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rélatively later portion of the pyrolyzing period
pyrolyzing sald. fluid hydrocarbon material by
passage in the presence of steam through said
lengthened path of pyrolysis; the intensities of
the cracking produced in the respective portions
of the pyrolyzing period being closely similar,
8. In a cyclic process for the pyrolysis of fluid
hydrocarbon material with the production of gas
in which in a heating period of the cycle refrac-
tory heat storage material is heated by the com-

~ bustion of fluid fuel and the passage of the result-

45
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ing hot combustion gases in contact therewith to
establish a path of stored heat and in whichina
fluid hydrocarbon pyrolyzing period of the cycle
fluid hydrocarbon material is passed in vapor
phase along said path of stored heat in contact
with said heated refractoiy heat storage mate-
rial and cracked by said stored heat, the steps
which comprise during a relatively early portion
of said pyrolyzing period introducing fluid hydro- -
carbon material to said path of stored heat at &
point downstream from the upstream.end there-
of ; eracking said hydrocarbon mafterial by passing
said material downstream through said path of

_stored heat in the presence of steam introduced

to said path of stored heat at a point upstream
from the point of introduction .of said hydrocar-

. bon material, removing products of pyrolysis and

steam from the path of stored heat at a point
upstream from the downstream end therectf;
after the cooling by said cracking of the portion
of the path of stored heat employed for pyrolysis,

" moving downstream in said path of stored heat

a5
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5. In a cyclic process for the pyrolysis of fluid 76

the point of removal therefrom of said products
of pyrolysis and steam to increase the length of
the path of pyrolysis, and during the succeeding
portion of said pyrolysis period cracking said
hydrocarbon material by passage with steam
through said lengthened path of pyrolysis: and
conducting said pyrolysis in a manner to main-

“tain in said respective pyrolyzing portions of said

path of stored heat during hydrocarbon pyrolysis
therein pyrolyzing conditions such that change

in intensity of cracking during sald pyroiyzing
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period produces a swing during said -pyrolyzing
period of not more than 0.03 in the density of the
gas resulting from said hydrocarbon pyrolysis
when measured relative to air at approximately
60° F. and slightly above atmospheric pressure.

7. In a cyclic process for the pyrolysis of petro- '

leum oil in which in a heating period of the cycle
refractory heat storage material is heated by the
combustion of fluid fuel and the passage of the
resulting ‘hot combustion gases in contact: there-

9

ing In sald upstream portion of said path of stored
heat by said passage of steam therethrough, shift-

.ing the introduction of said vapor phase petro-
leum oil to said previously cooled upstream por-

“tion of said path of stored heat thereby length-

ening the path of pyrolysis employed during the

_succeeding portions of the pyrolyzing period; said

10

with to establish a path of stored heat and in -

which in a petroleum oil pyrolyzing period of the

cycle petroleum oil is introduced into said path -

of stored heat for vaporization and for the crack-
ing of the resulting vapors in contact with said
heated refractory-heat storage material, the steps
~ of improving the uniformity of the cracking of
the petroleum oil which comprise jntroducing pe-
troleum oil during a.relatively early portion of
said oil pyrolyzing period into an oil vaporizing
. zone arranged in & portion of said path of stored
heat downstream from the upstream end thereof
in the presence of steam introduced into said path
of stored heat at a point upstream from said oil
vaporizing zone; passing the resulting oil vapors
together with said steam downstream through
said path of stored heat for cracking therein;
after the cooling of the downstream portion of
said path of stored heat employed as the path of
pyrolysis and after the cooling of the portion of
said path of stored heat upstream from said
vaporization zone by the passage of said steam
therethrough moving the point of oil admission
. upstream in the path of stored heat to a second
. vaporizing zone and thereby increasing the length
of the path of pyrolysis within said path of stored
heat; and during the succeeding .portion of.
oil pyrolyzing period vaporizing petroleum oil in
said second vaporizing zone in the presence of
steam, and passing the resulting oil vapors there-
with through said lengthened path. of pyrolysis
for cracking therein; the increased length of said
path of pyrolysis during said succcading portion
of said pyrolyzing period sufficiently compensat-
ing for reduced temperature conditions therein
_ to effect an intensity of cracking at the begin-
ning of said succeeding portion closely approxi-
mating that originally effected at the beginning
of said pyrolyzing period. o
8. In g cyclic process for the pyrolysis of pe-
troleum. oil in which in & heating period of the
cycle refractory heat storage material is heated
by the combustion. of fluid fuel and the passage
of the resulting hot combustion gases in contact
therewith to establish a path of stored heat and
in which in a petroleum oil pyrolyzing period of
the cycle petroleum oil is passed in vapor phase
along said path of stored heat in contact with said
heated refractory heat storage material and
cracked by said stored heat, the steps which com-~
prise during a relatively early portion of said oil
pyrolyzing period introducing petroleum oil in
vapor phase to sald path of stored heat at a point
_ downstream from the upstream end thereof;
passing said petroleum oil in vapor phase down-
stream through said path of stored heat for crack-
ing therein together with steam, said steam being
passed into said portion of the path of stored heat

employed as the path of pyrolysis after having

been superheated by passage through a portion
of said path of stored heat upstream therefrom;
after the cooling effect of said cracking has di-
minished the intensity of cracking occurring in
said path of pyrolysis and after the moderation

of the temperature conditions previously obtain-
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increase in the length of said path of pyrolysis
compensating sufficiently for reduced tempera-
ture conditions therein to effect an intensity of
cracking at the start of said succeeding portion
of said pyrolyzing period closely approximating
that initially effected in said early portion of said '
pyrolyzing period. B ’ ,
9, In a cyclic process for the pyrolysis of fluid
hydrocarbon material in which in-a heating pe-
riod of the cycle refractory heat storage madterial
is heated by the passage of hot combustion gases
in contact therewith to establish a path of stored
heat branched in an upstream portion thereof
and in which in a fluid hydrocarbon pyrolyzing
period of the cycle fluid hydrocarbon material

_ is passed in vapor phase along said path of stored
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heat in contact with said heated refractory heat
storage material and cracked by said stored heat,
the steps which comprise during a relatively early
portion of said pyrolyzing period introducing fluid
hydrocarbon material to said path of stored heat
at a point downstream from the upstream end
thereof, passing said fiuid hydrocarbon material
downstream in said path of stored heat for py-

_rolysis therein in the presence of steam intro-
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duced to said path of stored heat at a point up- )
stream from said point of introduction of fiuid
hydrocarbon material, said steam in its passage
through. the upstream porfion of said path of
stored heat cooling said upstream portion and
carrying heat into the downstream portion which
is being cooled by said pyrolysis; thereafter ter-

‘minating said downstream introduction of said

fluid hydrocarbon material and introducing steam
and fluid hydrocarbon material to one branch of
said path of stored heat upstream from said pre-

- vious point of introduction of said fluid hydro-

45

50

58

carbon material and passing said steam and fiuid
hydrocarbon material downstream through said
path of stored heat to effect the pyrolysis of said
fluid hydrocarbon material; and simultaneously
with said last recited step, passing steam down-
stream through another branch of said upstream

-portion of said path of stored heat for down-

stream union with the flow of steam and hydro-
carbon material issuing from said first. mentioned.
branch of the path of stored heat; the tempera-
ture conditions and flow of materials being so
controlled and the lengths of the paths of py-
rolysis so selected as to closely approximate the

. cracking intensities effected in the respective por-

tions of the pyrolyzing pericd. ‘ .
10. In a cyclic process for the pyrolysis of pe-

troleum oil in which in a heating period of the

cycle refractory heat storage material is heated

. by the combustion of fiuid fuel and the passage"

of the resulting hot combustion gases in contact

"therewith to establish 'a path of stored heat

and in which in a petroleum oil pyrolyzing pe-
riod of the cycle petroleum oil is passed in vapor
phase along said path of stored heat in contact

° with said heated refractory heat storage mate-
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rial and cracked by said stored heat, the steps
comprising during a relatively early portion of
said pyrolyzing period spraying petroleum oil .
into a vaporizing zone arranged in said path of
stored heat downstream from the combustion
zone end thereof, vaporizing said petroleum oil
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in the presence of steam passed through a por-
- tion of the path of stored heat upstream from
said vaporizing zone and thence into said va-
porizing zone, passing said steam and the result-
ing oil vapors downstream through said path of
stored heat for the pyrolysis of said vapors
therein; thereafter during a relatively later por-
tion of said pyrolyzing period spraying petroleum
oil into a second vaporizing zone arranged in the
path of stored heat upstream from said first
mentioned vaporizing zone, vaporizing said pe-
troleum oil in said second vaporization zone in
the presence of steam, passing the resulting va-
pors downstream through the path of stored
heat from said second vaporizing zone with said
steam for pyrolysis therein, and removing the
resulting products of pyrolysis and steam from
the path of stored heat at a point upstream from
the point of removal during said earlier portion
of said pyrolizing period; the temperature con-
ditions and flows of materials being so controlled
and the lengths of the paths of pyrolysis so
selected as to closely approximate in the later
portion of the period oi pyrolysis, the cracking
intensity obtaining in the esrlier portion of the
period of pyrolysis. )

11. In a cyclic process for the pyrolysis of
~ fluid hydrocabron material with the production
of gas in which in a heating peried of the cycle
refractory heat storage material is heated by the
passage of hot combustion gases in contact there-
with to establish a path cof stored heat and in
which in a fluld hydrocarbon pyrolyzing period
of the cycle fluid hydrocarbon material is passed
in vapor phase along said path of stored heat
in contact with said heated refractory heat stor-
age material and cracked by said stored heat,
the steps which comprise employing during a
relatively early portion of said pyrolyzing period
a part only of said path of stored heat as the
path of pyrolysis; during said pyrolyzing period
after the moderation of pyrolyzing conditions
obtaining. in said part of said path of stored heat
shifting said path of pyrolysis longitudinally
within said path of stored heat in such a manner
as to increase the intensity of pyrolysis; and
conducting said pyrolysis in a manner to main-
tain in said ‘respective pyrolyzing portions of
said path of stored heat during hydrocarbon py-
rolysis therein pyrolyzing conditions such that
change in intensity of cracking during said py-
- rolyzing period produces a swing  during said
. pyrolyzing period of not more than 0.03 in the
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‘pressure,
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density of the gas resulting from sald hydro-
carbon pyrolysis when measured relative to air
at approximately 60° ¥. and slightly above at-
mospheric pressure. .

12. In a cyclic process for the pyrolysis of pe-
troleum oil in which in a heating period of the
cycle refractory heat storage material is heated
by the passage of hot combustion gases in contact
therewith to establish a path of stored heat and
in which in a petroleum oil pyrolyzing period of
the cycle petroleum oil is introduced into sald
path of stored heat for vaporization and for the
cracking of the resulting vapors in contact with
said heated refractory heat storage material with
the production of gas, the steps of improving the
uniformity of the cracking of the petroleum oil

- which comprise introducing petroleum oil during

a relatively early portion of said oil pyrelyzing
period into an oil vaporizing zone arranged in a
portion of said path of stored heat downstream
from the upstream end thereof in the presence
of steam Introduced into said path of stored
heat at a point upstream from said oil vaporizing
zone; passing the resulting oil vapors together

‘with said steam downstream through ssid path

of stored heat for cracking therein; after
the cooling of the downstream portion of said
path of stored heat employed as the path of

.pyrolysis and after the cooling of the por-

tion of said path of stored heat upstream from
said vaporization zone by the passage of sald
steam therethrough moving the point of oil ad-
mission upstream in the path of stored heat
to a second vaporizing zone and thereby increas-
ing the length of the path of pyrolysis within
said path of stored heat; during the succeeding
portion of said oil pyrolyzing period. vaporizing
petroleum oil in said second vaporizing zone in
the presence of steam, and passing the resulting
oil vapors therewith through said lengthened
path of pyrolysis for cracking therein; and con-
ducting said pyrolysis in & manner to maintain
in ‘said respective pyrolyzing portions of said
path of stored heat during hydrocarbon pyrolysis .
therein pyrolyzing conditions such that change
in intensity of cracking during said pyrolyzing
period produces a swing during said pyrolyzing
period of not more than 0.03 in the density of
the gas resulting from said hydrocarbon pyroly-
sis when measured relative to air at approxi-
mately 60° P. and slightly above atmospheric
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