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The pecullar advantages of crackmg the “high-
bmhng ‘fractions  of’ petroleum in the vapor
phase, in the presence of superheated steam has
long heen known, particularly when the steam
is used in such a large excess that it acts as the
carrier of all the heat required in ‘the reactiom.
The advantages are s better yield, a higher oc-

tane rating of the accepted distillate, and a very’

perfect elimination of sulphur

Such being the case, it is rather strange that
the commercmhzabxon of such use of superhest-
ed steam has not as yet progressed beyond the

embryomc stage in the few instances where its"

use has been attempted on a reasonably large
scale, until’we scan the reason for such failures.
First among these is the unfavorable heat bal-
ance of the steam carrier. With this eliminat-
ed there is no reason why such use of super-
heated steam can not be efficiently used. It is
in"the means whereby I eliminate this difficulty
that my -invention more particularly resides.

" Without using exact figures it ‘will be seen
that from the standpoint of heat utilization the
use of superheated steam is most unsound. 'To
raise one pound of water from say 52° F. to boil-

ing-requires 160 B. t. u. To convert the water

into steam requires approximately ‘1600 B. . .
To superheat said steam to a temperatire of
say 1200° F., which is about proper, requires an-
other §00 E. t. u., as the specific heat of steam
is a little less than % that of water. To raise
a pound of water to reaction temperature, thér e~
Iore ‘requires close to 1700 B. t. u.

The" critical temperature range for steam'in
the vapor phase cracking is from an initial of
say 1200° F. to only 1000° F. ‘when it becomes g
very. slow agent, so of this entire input of 1700
B. t. u. only about 100 B. t..u., or rather less than
6% of the total can be used in actual cracking.
It is this unfortunate property of superheated
steam which so much mitigates against its use.
I will ‘now describe how this difficulty can be
evaded to such a degree that superheated steam
becomes-an acceptable means of oil cracking.

The process is best considered under two as-
Dbects, namely the use made of the sensible heat
of the steam in treatment of the oil in certain
steps where distillation rather than cracking is
the object after its temperature ‘is’ too low - for
the latter step; and secondly the recuperamon of
the latent heat of the total vapors in the form
of latent heat of evaporation of water in the
process of condensing same so that the oil frac-
tion may be separated from the water fraction.

‘A preferred version of my process will next be
given which corresponds . to and is explanatory
of the attached flow sheet and drawing.”. Con-
sidered thusly it will be seen that the process
‘consists. of 7 separate stages. or steps, each: of
which will now be described in- detail. Individ-
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ually they are: A cracking stage, a coking
stage, a distilling stage, an evaporating stage, a
secondary cooling -stage, a fractionating  stage
and a compressor-superheater stage. Collec-
tively-they form one process from which issues a
low-boiling gasoline fraction, gas and coke as
the sole products.

In the first ‘or cracking step, steam with its
full quota of superheat is admitted to the sur-
face of a bath of oil, maintained in a state of
turbulence in a - cracking chamber. 'There are
consequently two actions progressing. simultane-
ously, namely, distillation from'the surface of
the comparatively cool oil and effective crack-
ing of the vapors thus produced in the hot vapor
‘space above - the distilling oil. The" relative
amount of oil distilled and cracked is thus con-
trollable by regulating the state of turbulsnce
of the bath-of cil. It should be noted that the
‘oil ‘operated upon is not charging stock direct,
but a residuum from the third step of the proc-
ess. - It- has, therefore, undergone a definite
amount of preparation before being admitted to
the cracking phase. In the drawing this step is
illustrated at' B, Fig. 2.

In the second or cooking stage, the residuum
from the’ first stage is completely distilled so
that coke is left as a résidue.. The flow sheet
shows the source of heéat as the total vapors
from the first stage. While these are too cool
‘to perform ‘the cracking stage effectively they
are amply ‘hot enough to coke the residuum if
same-be- properly exposed so as to abbmb the
availdble heat.  This may be effected in any
conventional manner, for instance by discharg-
irig the magma from stage 1 into shallow trays
placed upon cars and run into a closed chamber.
If: the vapors from stage I now be allowed to
flow through the cooking chamber, they will be-
come cocled in-accordance with the amount of
cil volatilized from the trays. Simultaneously,
they will become enriched with the oil : vapors
thus generated. In the drawing this step is rep-
resented by C, where the residual coke is repre-
sented ds a-solid mass upon-the bottom of the
coking chamber, -

In' the third or distilling stage, the vapors
from stage 2 are further cooled by admitting
them to. the charging stock proper -in such a
manner that liquid and vapor shall be effective-
1y - commingled, thus producing distillation of
the “low "boiling ' fractions. It follows that the
cooled vapors drop their high boiling fractions
to.a very large extent and these become an in-
tegral part of the fluid which now becomes the
raw magterial acted upon in the first stage.  The
cooling of the vapors in this distilling stage may
be as low as 400° P, as the accepted fractions
are far more volatile in the flow of superheated
steam.than when existing alone,
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This commingling of oil and vapor may again
be conducted in a variety of conventional ways
but I prefer to operate as indicated in the draw-
ing where D and E are scrubbers in which this
condensing~distilling operation is eﬁfected This
will be made ‘clear When ‘the drawino i Tully de-
scribed lnder its propér heading.

Stage 3 is thus seen to give a flow of super-
heated steam, commingled with low boiling oil

fractions and such permanent gas ‘ds has Be€h.

produced in the various reactions leading up to
this point in the process. T “$eparate ‘thése
from one another involves 'the necessity of con-
densing all the water vapor as well as the oil

vapors, for as has already been pointed out these -

vapors are far more volatile in an atmesphere
of. steam. than they are by themselves In such
condensatron by customary means all, the heat
resident in such vapors, as, latent heat as well
the sensible heat above_the temperature of. con-
densation are. perforce lost in the coohng water
of the condenser, and this loss is so much greater
than, everything else that, it v1rtually kills the
proposal to use. supelheated steam for the pur-
pose of, cracking,, ]

,condensatlon be conducted in fwo stages to w1t
An evaporating stage in which the maJor part
of this heat is converted into 1atent heat of
volatrhzatvon of water at a lower pressure than

that ruling in the, m1xtu1e of oil vapor and steam 2

that is undergomg condensatron, and a second-
ary . cooling stage in which the partlally cooled
products, of the ﬁrst stage are completely cooled
, The operatron in the: first condensation stage
is analogous to that of the multlple effect evapo-
rator in which: steam condenses on_gne srde of
a metalhc wall whlle the correspondmg amount
of water is converted mto steam on the other
’"y the expedrent of maintaining the ' pressure
slightly lower on the side where evaporatlon is
taking place.
,qtute small and is . often as low as 4: pounds 1n

excellent Havmg thus abstracted the maJor

Jart of the heat and converted it: ‘inte: steam - .

the secondary, coohng will_be obv1ous On _the
ﬂow sheet I have 1nd1cated this watery fluld
bcmg evaporated as, enterrng the evaporator and
ieaving as a. concentrate In: this manner solu-
ble 1mpurrt1es in the water are eliminated or
if des1red the. evaporator performs its natural
normal functlon .upon a- fluid that it is desrred
to concentrate To, cool the vapors, to raise a
correspondrng amount of steam and to perform
the functron of an evaporator is. therefore ac-
'comphshed at one and the same trme In the
drawing tnls dev1ce, i. e;, the evaporator is rep-
resented by F .

The dlscharge frorn tne calandrla of the evap-

orator, i. e., these partrallyvcooled fluids, is next ;

ueen on the flow sheet as entering and leaving

a secondary cooler followed by a separator’ which
chscharges a m1xed fluid of 0il and water, and
the non- condensable gas Wthh was produced
in the operation.
eral be used to heat the superheaters, which are
hlast furnace heating stoves used in the identi-
cal manner to superheat steam instead of to
preheat the blast entering the iron furniaces. Set-

tling finally separates the condetised water from -

the lighter oily products that float ‘upon it. ~In
the drawing, G and 'H, represent respectively
the post condenser and the séparator for con-
densed oils and water.

These oily products ‘are - next- fractronated

The d1fﬁculty is. solved if the .

This latter ‘item- will in-gen- 1y
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yielding an accepted product of the predeter-
mined boiling point and higher boiling frac-
tions that are returned to the cracking chamber
as re-cycle stock. The fractionating device may
be the orthodox column but I prefer to use the
dlstlllmg deVice already indicated in the draw-
ing. It will, thereforé, ‘consist of a series of
scrubbers, each one of which is cyclically irri-
“ghted by its own condensate, each one producing
‘5 definite product, the nature of which is gov-.
erned by the condensers.

-Having thus traced the path of the oil from
its entrance “to its exit from the circuit it be-
comes necessary to return to the stage marked
“FEyaporator” on the flow sheet. The steam pro-
duced within the evaporator, corresponding to the
abstractron of both sen51ble and latent hea.t from
the vapors undergomg coolrng, 1s seen as gomg
to'a compressor to ‘incréase ‘its Preéssure to ‘the
requlred amount and ‘then to a superheater ‘fo
raise 1ts heat fo the requ1red temperature, aftér

-turmng to the head of ‘the ﬂow ‘SHeét to fepéat

the heat “cycle as before

1n pressure between the condensmg steam “and
the steam’ produced 1n ‘the evapor ator By 1ts con-
densatron may be Bt a ' felw' pounds hence it w1ll
e evxdent that the cost of increasing 'its’ pres—
sure by mechanrcal means represents only a
fractlon of the' ‘oSt of submitting the’ equivalent
portlon of water to evaporatlon

“THe How 6f réacting substances may ‘also be
traced upon the drawmg Whrch ‘will now be tore
mmutely descrrbed ‘A isa supérheater “of ‘the
Orthodox blast firnace type Which delivers super-
heated steam to the ‘cracking ‘¢chiaimbér 1ndlcated
by B, Inthis figlire, | is'the shéll, 2 is an agita-
tor whose blades 3,3, keep the contaifniéd oil in
o state of turbillefice, The surface of the oil is
1nd1cated by 6 'and the superheated steéam’ enters

by 4 and 1eavés by the opening 5. A valvéed ‘pipe,
1, permlts the still ‘liguid residuum to be dis-
charged to the cok!ng chamber’ represented by C.

In ‘this figlite, 8 is the’ shell, k] the Tesiddal
coke {0 arid {1t the entrance and “exit open—
ings for the Hot "stgdim “and vapors froi the
cracking chamber The' coke is represented sim-
ply as forming a layer upon the bottom of the
chamber Lt if the residutim were Ilin itto trays
and those inh turn upbn cars thén the residial
coke would ‘be obtaihed as cikes ‘instead of as
a. srngle mass.

D represents a scrubber actlng as a dlst1lllng-
‘pass upwards through a9 beéd” of pebbles actmg
as packmg and escape by the duet 3. The peb-
bles'are ir rlgated by a, contintious flow of -a con-
densate rom the vapors themselves, ‘produced
by the dirculation’ of " said ¢ondensdate through
the bump 9 and the condenser 20, being retithed
as’a ‘douche by the spray p1pe 21,

It is evident that ‘the amount of ‘stieh con-
densdte is determmed 'solely by the amount of
condensation aild'is thus cohtrolléd’ by the con-
dedser - 20. The Chargifig stock “enters by the
pipe 33 and’ commmgles ‘with the crrculatmg
condensate. A deﬁmte portion “is by—passed
through the pipe: 22 to the eracking” chamber
thus constrtutmg the materral acted upon Tini-
tially by~ the" superheated ‘stéam.

InE I have illustrated s’ sithilar devme iden-
tical wrth D, except that the surplus COndensate
ledves by ‘the "pibe 26. "By rireans of-a- ‘séries " of
such’ scrubbers any desired Tractionation can be
obtained with ‘the lifnitation- presented” by ‘the
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large flow of superheated steam commingled with’

the vapors. E ‘ -
When such fractionation has beén completed
the steam and vapors enter the evaporator, P,
by the duct 15.  The vapors are indicated as be-
ing outside of the evaporator tubes and the par-
tial condensate leaves by the pipe 28.
while water for condensing purposes enters. the
- inside of the tubes by the opening 21, and leaves
as. steam by the pipe. 6. The necessary, dif-
ference in pressure is attained by the positive

pressure blower {7, which return the freshly made’

steam to superheater by means of the pipe 8.

G- represents the post-condenser wherein the
partial condensation of the evaporator is made
complete. Non-condensable gases are discharged
through the vent 29, and the condensate by the
pipe 38, to the separator H.  From this'in turn,
the condensed oils are discharged by the upper
pipe 22, while the water leaves by the lower
pipe 24. 31 and 33, respectively, ‘indicate the
layers into which the condensate naturally sep-
arates and the junction is indicated by the dou-
ble- dotted lines. :

The salient features of my invention are thus
seen to be in the field of heat conservation. 'The
superheated steam can be manufactured in toto
without the need of a boiler plant to produce
the same once the operation has been’ started,

" and the residual heat residing in the vapors aft--

er the temperature hsas dropped too low for
cracking is used progressively for coking the
residuum from cracking: and for “topping” the
charging stock. After having passed such usage,
it can still be used for raising all thé steam re-
quired in the process if such be desired or as
much thereof as may be wanted at the will o
the operator. ‘ :
While the cycle indicsted on the flow sheet is
an exceedingly advantageous way of combining
the items above referred to I do not slavishly con-
fine myself to this series of operations for it will
- be evident that the same can be widely varied
along well known lines” without interfering with
the specific advantages conveyed by my inven-
tion.. I will illustrate some such deviation in
detail.
ing the steam made in the operation of cooling
the resultant. vapors to the head of the circuit
in which it was generated, it might with equal
ease be passed on without compression to a sim-
ilar unit operating under 3 lower pressure and
" this might be repeated many times. -As the ac-
tual pressure under which an initial unit oper-
ates is almost optionsl, having but little effect on

It will be evident, that instead of return- -
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3

steam and vapors issuing from “secondly” are
further cooled by intimately commingling same
with the incoming charging stock thus yielding
two products;, namely, a liquid portion consisting
in part of the residual of the admixzed oil and in-

- part of high boiling oil fractons derived from con-
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densing Vvapors, and a gaseous portion consist-
ing of superheated steam and vapors of low bail-<"
ing oil fractions, said liquid portion being trans-
ferred to the  cracking' stage - described under
“firstly” and constituting ‘the oil scted upon
therein by the superheated steam first intro="
duced; fourthly, a condensing stage in which the
steam -and vapors from “thirdly” ars further
cooled by converting the heat resident, therein,
bsth sensible and latent, into latent heat of evap-
oration of water, maintained out of contact with
said oil vapors and steam, at a lower pressure than
that of the condensing steam, thus condensing
the mixture of oil vapors-and steam and simul- .
taneously producing a new supply of steam at a
lower ‘pressure than-that of the condensing va-
pors, said steam being then superheated, com-

.bressed and returned to the initial cracking stage

described under “firstly,” thus becoming the ficw
of superheated steam therein specified.
2.. A claim similar to claim 1, with the additive

‘step that the distilling stage as prescribed under

“thirdly” be carried out by scrubbing the oil va-
pors and steam with a controlled and re-circy-
lated douche of its own condensate to which the
new.charging stock is added. :
3.'The method of cracking and distilling an
oil which comprises:: firstly, a cracking stage in
which the source of heat consists of a flow of
steam superheated to the requisite temperature,
admitted to the surface of g body of oil within
a cracking chamber, the relative -amounts of oil
cracked and distilled being governed by the de-
gree of turbulence of the body. of cil, and yield-
ing two products, namely, g liquid residuum and
superheated vapors; secondly, a coking stage:
wherein the products yielded under “firstly” fur-
ther interact with-the production of a solid re-
siduum of coke, said coke being withdrawn from
the process; thirdly, a distilling stage wherein the
steam and vapors issuing from “secondly” are
further cooled by intimately commingling same
with the incoming charging stock thus vielding
two products; namely, a liquid portion consisting
in part of the residual of the admixed oil and in
part of high boiling oil fractions derived from

. condensing vapors, and a gaseous portion con-

the products and that rather favorable than oth= -

erwise, it follows that the compression. step might
be advantageously eliminated in favor of such a
series as here indicated. Such modifications T
therefore consider as part of my process as well
as the preferred version specifically ‘given. =~

Having thus fully' explained my process and
shown the advantages of same over the general
practice of today, I claim:

1. The method of cracking and distilling an oil
which comprises: firstly, a cracking stage in which
the. source of heat ‘consists of a flow of steam
superheated “to ‘the requisite temperature and
vielding two-products, namely, a liquid residuum
and superheated vapors; secondly, a coking stage
wherein the products yiélded under “firstly” fur-
ther interact with the production’of a solid resid-
uum of coke, said coke being withdrawn from the
process; thirdly, a distilling stage wherein the
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sisting of superheated steam and vapors of low
boiling oil - fractions, said liquid portion being
transferred to the cracking stage described under
“firstly” and constituting the oil acted upon
therein by the superheated steam . first intro-
duced; fourthly, a condensing stage in which the
steam and vapors from “thirdly” are further
cooled by converting the heat resident therein,
both sensible and latent, into latent heat of evap-
oration of water, maintained out of contact with
sald oil vapors and steam, at a lower pressure than
that of the condensing steam, thus condensing
the mixture of oil vapors and steam and simulta-
heously producing a new supply of steam at a
lower pressure than that of the condensing va-
pors, said steam being then superheated, com-
pressed . and returned to the initial cracking stage
described under “firstly,” thus becoming the flow
of superheated steam therein specified.

ALFRED M. THOMSEN.




