0 . W By
“ =% UB3ske  Buigoodl M m
-.Qﬁw 5 Buiyoy o H
Te] e } Q
o~ T | ® . Ry N
W M.\R\ 1oy juo D=7 110100 8T8 Lopaasip W
o ¢ o W M
28 t,, € -2 P Y .m: ", %
o BDIIAd3L uabouphy Lkl 7
% of e e ™™ | e
STV ieE PoNIRID O ob oS A

1BAIPI2L 23D 43514

“AIMo) YSPY

HOLLAND

PROCESS FOR THE PRODUCTION OF VAPOR
T
t
~

u0yus0dDA]
==
©
\ RN
ey

WIISAS  AUDAOIILI O] sTO

+£ Gg

W.

W.

PHASE CONVERTED HYDROCARBONS
Filed July 17, 1947

Ly
1o3ouUclPPvYy

Ie

Dec. 26, 1950



Patented Dec. 26, 1950

2,535,418

UNITED STATES PATENT OFFICE

2,535,418

PROCESS

FOR THE PRODUCTION

OF

VAPOR PHASE CONVERTED HYDRO-

CARBONS

William W. Holland, Baltimore, Md., assignor to
The Gyro Process Company, Detroit, Mich., a

corporation of Michigan

Application July 17, 1947, Serial No. 761,516

1

This invention relates to improvements in the
methods of refining hydrocarbons, and is di-
rected primarily to the vapor phase conversion
of heavy oils into lighter products, certain of
which having the characteristics of high grade
motor fuel.

The present invention is adapted particularly
to the conversion of hydrocarbons in the vapor
phase at temperatures within the range of 1000°
to 1550° F., wherein the oil is first charged to a
primary heater coil in which its temperature is
raised until it reaches a state of vaporization,
without appreciable cracking. The vapors are
then separated from the unvaporized portions of
the oil admixed with steam, if desired, and are
directed to a secondary heater coil maintained
at a higher temperature than the primary coil
and in which any entrained vesicular particles
are converted into dry vapors. The thor-
oughly dried vapors are next conducted  to
a still higher temperature conversion ecoil
wherein molecular decomposition of the vaporous
hydrocarbons is effected under temperature and
pressure conditions suitable to the grade or
character of the hydrocarbens under treatment
and so regulated as to produce maximum yields
of the end products desired. Usually the lighter
grades of oil, such as kerosene, for example, re-
quire higher conversion temperatures than the
heavier charging stocks, such as topped crude,
gas oil or the like. Also the conversion tem-
perature depends largely upon the character of
the final products desired, the flexibility of the
process lending itself readily to the molecular
decomposition of any grade of hydrocarbons,
whether in the solid, liquid or gaseous state under
normal temperature and pressure conditions, or
whether the final products are to be used as
motor fuel or for the synthesis of chemical com-
pounds or for both. Thus, the process is readily
adapted not only to the cracking of wax or
liguid petroleum but also to the pyrolysis of
hydrocarbons normally in the gaseous state, such
as natural gas from the oil fields or refinery by-
product gas, for the production of unsaturated
hydrocarbons so widely used in the field of
chemical synthesis. When it is desired to pro-
duce a high yield of cracked normally gaseous
hydrocarbons, conversion tempearatures of the
order of 1400° to 1550° F. may be employed.
However, the present invention deals primarily
with the conversion of hydrocarbons normally
in the liguid state, for the production of motor
fuels of high anti-knock value in which case
conversion temperatures of the order of 1050°
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to 1150° F. are usually employed. It also relates
to improvements in the methods of cracking, and
to separating and fractionating the condensable
and non-condensable fractions released from
the conversion zone, together with treatment of
the liquid fractions without undue loss in volume
or octane number.

In carrying out the present invention, vapor-
ized hydrccarbons are charged to a vapor-phase
cracking coil where their conversion is effected,
and after which they are immediately and sub-
stantially instantaneously quenched by inti-
mate contact with a relatively cool oil. A heavy
unvaporized oil fraction, withdrawn from the
hottom of an evaporator ahead of the cracking
coil, may be reduced to coke for the production
of additional charging stock, or it may be sub-
jected to a viscosity-breaking operation for the
production of other materials such as road oil
or bunker C fuel, or it may be “cut’” with lighter
material for other grades of fuel oil. The cracked
vapors leaving the quenching chamber are
flashed in a tower preferably with the aid of
steam, the overhead from which passes directly
to a fractionating column. The relatively small
amount of bottoms withdrawn from the hottom
of the flash tower usually contains some tar
formed in the cracking operation, rendering it
unsuitable for recycle charging stock. This ma-
terial, however, is quite suitable for plant fuel,
for which purpose it is generally used.

The raw charging stock enters the system at
an intermediate point in the fractionating
column, which is preferably of the bubble tower
type of construction, where it serves as a cool-
ing medium for the heated cracked vapors en-
tering the column at a somewhat lower level, each
flowing in counter-current direction to the other,
insuring intimate contact between the two. The
liquid accumulating in the bottom of the tower,
consisting of a mixture of fresh feed and cycle
stock condensed within the column, comprises
the charge to the primary heating and vapor-
izing coil of the system. The uncondensed
vapors leaving the top of the fractionating col-
umn are the products of the conversion reaction
and consist primarily of motor fuel fractions,
both saturated and unsaturated hydrocarbons,
and fixed gases, each of which are subjected to
appropriate refining means hereinafier referred
to.

A noteworthy feature of this invention is the
method employed in checking the hydrocarbon
decomposition reaction in the cracking opsration
by shock chilling the highly heated cracked
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vapors with a eclean quenching hydrocarbon of
intermediate boiling point range, selected from
2 tray in the bubble tower at a point somswhat
above the introduction of the fresh feed stock.
Tha fraction withdrawn from the tower for this
purpose must be free from sediment and car-
bonaceous material and sufficiently low in boil-
ing point range to evaporate substantially com-
pietely when brought into contact with the hot
o0il vapors, and it should contain no fractions
readily suseeptible to coking. This material is
dirscted through a cooler and collected in a
working tank from which it is pumped to the
wop of the quenching chamber where, by appro-
priate means, it is brought into intimate con-~
tact with the hot vapor, the temperature of
which is reduced almost instantly to a dsgres
below the critical temperature at which cokihg
takes place, usually between about 608° and
650° .- As the crackihg of the hydrocarbon
charge proceeds, certain fractions psculiarly
adapted to the quenching operation collect on
the bubble tray selected for the purpose, so that
this material or its equivalent is alfernately
vaperized and condensed as it circulates through
its prescribed course, while the overall oper-
aticn progresses smoothly. .

Another feature in the practice of the presen
invention resides in the treatment of the cracked

distillate following fractionation thereof. In g

some vapor phase cracking processes, the prac-
tice of filtering the distillate through fuller’s
earth under high pressure and at elevated tem-
peratures is employed for the removal of gum-
forming constituents and compounds which tend
to discolor the finished product. However, such
methods of treatment have not proven altogether
effective in rendering the finished gasoline from
vapor phase cracking operations entirely stable
against gum formation and loss of color. This
is' due mainly to the presence of unsaturated
hydrocarbons, hoth olefins and diolefins, in the
cracked distillate which under favorable condi-
tions polymerize to form gum.  Yet, the com-
plete removal of these unsaturated compounds
would seriously affect the high anti-knock prop-
erties of the gasoline. For this reason, it is
not practical to subject the distillate to conven-
tional methods of treatment with reagents such
as sulfuric acid without first. having taken steps
to guard against over-treatment and excessive
losses in volume and octane rating.

I have discovered that mild hydrogenation of
vapor bphase cracked distillate, or fractions

thereof, not only reduces the degree of unsatura~ 5s

tion sufficiently to permit of its treatment with
sulfuric acid but that its octane rating may ac-
tually be improved by the resultant structural
rearrangement of the hydrocarbon molecule,
effecting conditions which favor the addition of
branched-chain. groups  to the straight chain
compounds, together with a partial shifting of
the multiple bonds from the end positions to the
middie of the molecule, thereby reducing the
number of olefinic linkages.

I have also observed that any of the well known
catalytic hydrogenation processes may be used
to this end, although I prefer those which employ
iron, nickel, cobalt or copper, or their salts or
oxides, as the active catalytic agent because of
the lower operating temperatures required in
such hydrogenation processes. A catalyst which
appears to be particularly well adapted to the
partial or - non-destructive hydrogenation of

vapor phase cracked distillate, for example, com= 7
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prises a mixture of activated catalytic black iron
and powdered activated nickel sulphide, which
mixture apparently is less susceptible to  the
poisonous effects of impurities such as oxygen
and sulphur normally found in cracked distil-
lates. Furthermore, hydrogenation with the so-
called “fluid” catalysts in the liquid phase is
preferred when hydrogenating vapor phase
cracked distillate, in which case temperatures
of the order of 300° to 400° F. will suffice, whereas
when operating in the vapor phase with the
catalyst in the form of pellets, temperatures of
600° to 800° F. may be required to effect the de-
sired hydrogenation reaction, resulting generally
in rapid deterioration of the catalyst and neces-
sitating frequent reactivation. However, I do not
specify any particular catalyst or hydrogenation
‘proceéss as forming a part of these specifications,
the selection of same being left to the choice of
the individual refiner.

Vapor phase cracked distillate responds readily
to partial or limited non-destructive hydro-
genation; and since sufficient saturated hydro-
carbons are usually present, acting as a diluent,
to prevent rapid and excessive rises in tempera-

" ture as a result of the heat of reaction, the con-
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trol conditions may be readily established by one
skilled in the art.

This invention will be clearly understood by
reference to the accompanying simplified flow
diagram forming a part of these specifications
and representing in partial section a side eleva-
tion of apparatus and eguipment adapted to the
continuous operation and performance of the
methods and processes herein described.

Referring to the drawing, the numeral { repre-
sents a pipe line leading from a bulk supply of
relatively heavy feed or charging stock such as
topped crude, gas oil, kerosene or the like, which
is delivered by means of pump 2 through line 3
into a iractionating tower or column 4 where it
is mixed with the reflux condensate formed
within the column. This mixture is withdrawn
from the bottom of the column through line 5,

5 controlled by valve §’, and is charged by means

of pump 6 through line 7 into a primary heating
coil 8 located in the convection section of a fur-
nace 9. Heat is supplied to the furnace by means
of burner 9, raising the. temperature of the
oil 'in coil 8 somewhat above the vaporization
point but not sufficiently high to cause appreci-
able cracking. Thistemperature may range from
650° to 800° F. depending upon the character
of charging stock, but the flue gases I{ usually
leave the furnace through outlet {1’ at a tem-
perature of about 850° to 875° F.

The heated cil leaving the primary coil 8 passes
through line {2, controlled by valve {3; and is
discharged into an evaporator 4, into the bottom

1w; -of which steam may be admitted to assist in the

vaporization of the oil under partial pressure con-
ditions. - A heavy residue oil, withdrawn from
the bottom of the evaporator, may be disposed

of in any manner suitable to the economic op-

eration of the process. For example, it may
be run to coke for the production of additional
charging stock, or it may be further processed
in a, viscosity-breaking operation or “cut” with
lighter stock for road oil or bunker C fuel.. The
vapors. leaving the top of evaporator 14 pass
through line 15 into a- secondary heating coil
{8, also preferably located in the convection sec-
tion- of the furnace, where they are further
heated and thoroughly dried before entering the
vapor phase cracking coil 11, the latter being
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positioned partly in the radiant section of the
furnace. In this coil, the actual vapor phase
cracking takes place under temperature condi-
tions ranging from 1000° to 1550° F.,, depending
upon the character of the charge and the end
products desired, although the normal operat-
ing temperature for the production of motor fuel
is usually within the range of 1100° to 1250° F.

The cracked vapors leaving coil 17 are directed
through line (8 into a quenching chamber 19
where they are brought into direct and intimate
contact with a relatively cooler oil supplied
through line 20, suddenly reducing the tempera-
ture of the vapors to a degree below that required
for cracking. The quenching medium is nor-
mally a clean tar-free distillate withdrawn from
an intermediate point in the fractionating tower
4 through line 21 controlled by valve 2i’. Pass-
ing through cooler 22 into a working tank 23, the
quench oil is delivered to the quenching chamber
by means of pump 24. In this operation, the rela-
tively light quench oil is practically completely
vaporized, although the cracked vapors are not
appreciably condensed. The mixture of cracked
vapors and substantially vaporized quench oil
leaving the bottom of the quenching chamber is
then directed through line 25 into a flash tower
26 where gz second vaporization step is effected
under partial pressure conditions with the aid of
steam injected into the bottom of the flash tower,
which is maintained at a lower pressure than
the cracking coil so that almost complete vapor-
ization takes place. There is, however, a small
amount of bottoms containing a little tar pro-
duced in the cracking operation. This material
is unsuitable for recycle charging stock because
of the tar, and it may be disposed of in any con-
venient manner. It is withdrawn from the flash
tower through line 28 controlied by valve 21, pass-
ing through cooler 29, and is generally used as
a part of the plant make-up fuel.

The overhead vapors from the flash tower pass
through line 30 into the fractionating column 4§
at a point of entry below that of the charging line
3, the charging stock acting as a reflux for the
ascending vapors. Steam is introduced prefer-
ably into the bottom of the fractionating tower,
acting as a stripping medium in effecting separa-
tion of the light and heavy fractions under partial
pressure conditions. The vapors passing upward-
ly through the fractionating column are con-
tacted repeatedly in a plurality of bubble trays
with the descending liquid reflux, produced in
part by condensation of the heavier fractions
within the tower, while additional reflux is sup-
plied in the form of condensed overhead vapors,
a portion of which is pumped back to the top tray
of the tower as a temperature control medium.
The overhead vapors leaving the top of the tower
through line 34 are directed through a condenser
32 and the liquid distillate is collected in a re-
ceiver 33, which is provided with g gas release line
34 controlled by valve 35, and a distillate line 35
controlled by valve 31. Provision is also made for
withdrawing water, resulting from condensation
of the steam, from the bottom of the distillate
receiver.

The temperature of the top tray in the frac-
tionating column is governed by the amount of
liquid distillate returned to the top of the tower
through line 38 by means of pump 38, which in
turn governs the boiling points of the distillate
produced. The uncondensed gases leaving the
top of the distillate receiver 33 are conducted to
a gas recovery system, which through the agencies
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of absorption, compression, polymerization and
other gas recovery means, contributes to the over-
all gasoline yield.

The vapor phase cracked distillate withdrawn
from the bottom of receiver 33 (or any portion or
fraction thereof within any range of boiling poinés
resulting from rerunning or other fractionating
operations) through line 36 controlled by valve
31 is delivered by means of pump 40 through line
41 controlled by valve 41’ to a heating coil 42
located in g furnace 43. Simultaneously hy-
drogen is injected into the distillate stream
through line 44, and the two are heated together
to a temperature suitable for catalytic hydro-
genation. The effluent from the heater coil 42 is
conducted through line 45 into a catalytic reac-
tion zone 46 maintained under hydrogenating
conditions, the hydrogenated product being with-
drawn from the bottom thereof through line 47
controlled by valve 52, passing through cooler 48
into a separator 49. Hydrogen leaving the top
of the separator through line 50 is recycled to the
hydrogenating system by means of pump 53
through line 5§ controlled by valve 53, any ex-
cess of hydrogen being conducted to storage
through line 56 controlled by valve §1. The hy-
drogenated distillate, now in suitable condition
for treatment by conventional means, such as sul-
phuric acid, without undue loss in voiume or
cctane number, is withdrawn from the separator
through line 54 controlled by valve 55, and sent
to a continuous treating system, not shown on
the drawing.

It is to be clearly understood that all or any
portion or fraction of the vapor phase cracked
distillate produced in accordance with the above
described methods, within any range of boiling
points resulting from rerunning, distilling or re-
fractionating the distillate, may be subjected to
hydrogenation for the purpose of reducing the
degree of unsaturation and at the same time im-
proving its amti-knock characteristics, without
departing from the spirit and scope of this in-
vention. It is also specifically understood that
the terms charging stock, feed stock, raw feed and
the like, as variously used in these specifications,
are employed in a desecriptive rather than a limit-
ing sense, and do not define the scope or breadth
of this invention with respect to the physical
characteristics of the charge, whether it be in the
solid, liquid or gaseous state, as typified by waxes,
liquid hydrocarbons or hydrocarbons normally in
the gaseous state; nor are limitations to be placed
upon the boiling points of such charging stocks.

Obviously certain variations in furnace design
and the arrangement of heating elements within
the furnace may be desirable for certain grades
of charging stock. For example, if the charge
is in the gaseous state under normal conditions
of temperature and pressure, the primary coil
8 which serves the purpose of vaporizing a liquid
charge may be eliminated, together with the
evaporator and feed line 3, under which condi-
tions the gaseous charge would be admitted
directly into the system through the secondary
coil 16, which would then serve as a preheater
for the conversion coil 11. Other minor changes
and additions, such as means for recirculating
uncracked gases through the heating elements,
will be readily apparent from a consideration
of the flow diagram.

In the production of gaseous products from a
gaseous charge, such as the production of eth-
ylene from normally gaseous saturated hydro-
carbons, additional equipment involving the steps
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of reheating, refrigeration, compression, frac-
tionation and the like, as followed in convention-
al practice, is necessary, but is-commonly known
to the art, and therefore requires no special men-
tion in this connection.

I claim:

1. A process of converting hydrocarbons into
other hydrocarbons of generally lower boiling
points and initially of a higher degree of un-
saturation, comprising the steps of charging a
hydrocarbon to a primary heating element located
in a convection section of a furnace and therein
heating it to a vaporization temperature, separat-
ing the vaporizable and unvaporizable fractions
under partial pressure conditions with the aid
of steam injected into the bottom of the vapor-
ization zone, diverting the liquid residue from
the bottom of the vaporization zone, drying and
superheating the separated vapors in a secondary
heating element also located in the convection
section of said furnace, cracking the dried vapors
in a third heating element located partially in
the convection section and partially in a radiant
heat section of said furnace, immediately there-
after and substantially instantaneously shock-
chilling the cracked vapors to a temperature be-
low that at which active vapor phase cracking
takes place by quenching said vapors through
intimate contact with a relatively cooler sedi-
ment-free and carbon-free liquid hydrocarbon
not readily susceptible to coking, flashing the
mixture of quenched vapors and  unvaporized
quench oil in a flash zone maintained at reduced
pressure and operating under partial pressure
conditions with the aid of steam introduced into
the bottom of said flash zone, withdrawing the
unvaporized oil from the bottom of the flash zone
and diverting it from the system, fractionating
the separated vapors, condensing the fraction-
ated vapors into a highly unsaturated distillate,
reducing partially the degree of unsaturation by
subjecting at least part of the distillate to mild
non-destructive hydrogenation -and treating the
hydrogenated distillate with sulphuric acid to re-
move undesirable gum-forming and color impart-
ing compounds therefrom.

2. A process of converting hydrocarbons into
other hydrocarbons of generally lower boiling
points and initially of a higher degree of un-
saturation, comprising the steps of charging a
hydrocarbon to g primary heating element lo-
cated in-a convection section of a furnace and
therein heating it to a vaporization temperature,
separating the vaporizable and unvaporizable
fractions under partial pressure conditions, di-
verting the liguid residue from the botitom of the
vaporization zone, drying and superhedting the
separated vapors in a secondary heating element
also located in the convection section of said
furnace, cracking the dried vapors-in g third
heating element located partially in the convec-
tion section and partially in a radiant heat sec~
tion of said furnaee, immediately thereafter and
substantially instantaneously shock-chilling the
cracked vapors to a temperature below that at
which active vapor phase cracking takes place
by quenching said vapors through intimate con-
tact with a relatively cooler sediment-free and
carbon-free liquid hydrocarbon not readily sus-
ceptible to coking, flashing the mixture of
quenched vapors and unvaporized quench - oil in
a flash zone maintained at reduced pressure and
operating under partial pressure conditions,
withdrawing the unvaporized oil from the bot-
fem of the flash zone and diverting i6 from the
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system, fractionating the separated vapors, cori-
densing the fractionated vapors into a highly
unsaturated distillate, reducing partially the
degree of unsaturation by subjecting at least
part of the distillate to mild non-destructive hy-
drogenation and treating the hydrogenated dis-
tillate to remove undesirable gum-forming and
color-imparting compounds therefrom,

3. A process for converting hydrocarbons,
comprising passing vapors of the hydrocarbons
to be converted through & converter zone in
which the vapors are heated to temperatures
within the range of 1000° to 1550° F,, immediately
thereafter and sSubstantially - instantaneously
shock-chilling the cracked vapors to a tempera-
ture below that at which active vapor phase
cracking takes place by quenching said vapors
through intimate contact with a relatively cooler
sediment-free and carbon-free liquid hydrocar-
bon not readily susceptible to coking, flashing
the mixture of quenched vapors and unvaporized
quench oil in g flash zone mainfained at reduced
pressure and operating under partial pressure
conditions with the aid of steam introduced into
the bottom of said flash zone, withdrawing the
unvaporized oil from the bottom of the flash zone
and diverting it from the system, fractionating
the separated vapors, condensing the fraction-
ated vapors into g highly unsaturated distillate,
reducing partially the degree of unsaturation by
subjecting at least part of the distillate to mild
non-destructive hydrogenation and treating the
hydrogenated distillate with sulphuric acid to re-
move undesirable gum-forming and color-im-
parting compounds therefrom.

4. A process for converting hydrocarbons, com-
prising passing vapors of the hydrocarbons to
be converted through a converter zone in which
the vapors are heated to temperatures within
the range of 1000° to 1550° ., immediately there-
after and substantially instantaneously shock-
chilling the cracked vapors to a temperature be-
low that at which active vapor phase cracking
takes place by quenching said vapors through
intimate contact with. a relatively cooler sedi-
ment-free and carbon-free liquid hydrocarbon
not readily susceptible to coking, flashing the
mixture of quenched vapors and unvaporized
quench oil in a flash zone maintained at reduced
pressure and operating under partial pressure
conditions, withdrawing the unvaporized oil from
the bottom of the flash zone and diverting it from
the system, fractionating the separated vapors,
condensing the fractionated vapors into a highly
unsaturated distillate, reducing partially the de-
gree of unsaturation by subjecting at least part
of the distillate to mild non-destructive hydro-
genation and ftreating the hydrogenated dis-
tillate to remove undszirable gum-forming and
color-imparting compounds therefrom.

5. A process for converting hydroearbons, com-
prising passing vapors of the hydrocarbons to be
converted through a converter zone in which the
vapors are heated to temperatures within the
range of 1600° to 1550° F'., immediately there-
after and substantially instantaneously shock-
chilling the cracked vapors to a temperature be-
low that at which active vapor phase cracking

_ takes place, fractionating the vapors and sub-
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Jecting the same to condensation to produce a
highly unsaturated distillate of motor. fuel boil-
ing range and cracked hydrocarbon gases under
normal conditions of temperature and pressure,
reducing partially the degree of unsaturation by
subjecting the unsaturated distillate to mild non-
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destructive hydrogenation, and thereafter treat-
ing the hydrogenated products with sulphuric
acid to remove therefrom objectionable gum-
forming and color-imparting compounds.

6. A process for converting hydrocarbons, com-
prising passing vapors of the hydrocarbons to be
converted through a converter zone in which the
vapors are heated to temperatures within the
range of '1000° F. to 1550° F., immediately there-
after and substantially instantaneously shock-
chilling the cracked vapors to a temperature be-
low that at which active vapor phase cracking
takes place by quenching said vapors through
intimate contact with a relatively cooler sedi-
ment-free and carbon-free liquid hydrocarbon
not readily susceptible to coking, distilling the
mixture of quenched vapors and unvaporized
quench oil at reduced pressure under partial
pressure conditions, fractionating the separated
vapors in a fractionator in which raw charging
stock enters and serves as a cooling medium for
the cracked vapors, withdrawing at a point above
the entry of the charging stock in the fraction-
ator a fraction of intermediate boiling point
range constituting the aforesaid sediment-free
and carbon-free quenching liquid, condensing the
separated vapors from the fractionator into a
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10
highly unsaturated distillate, hydrogenating the
unsaturated distillate to partially reduce its de-
gree of unsaturation, and treating the hydrogen-
ated product with sulphuric acid to remove un-
desirable gum-forming and color-imparting
compounds therefrom,
WILLIAM W. HOLLAND.,
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