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This invention relates:to a.process: and appa=

ratus-for the refining’ of heavy-oils:such: as crude:
petroleum, straight- run-and :cracked: residuums;
coker distiliates; mineral oils such-as: those recov~
ered from shale, tar sand; diatomite, ~and: mis-
cellaneous bituminous- sands’ which-may-or may.
not-pe’ contaminated: with: undesirable-elements
such .as nitrogen; oxygen and’ sulfur-containing
Hydrocarbon-compounds, coal: oil fractions;.par-

ticularly: those of high. density: recovered. from:

tHe distillate produced: during coal coking which'
may be contaminated with acid:or. basically re-
geting constituents; for:the’ production-of Hghter
products suchi-as liquids boiling-below. about 800°
F; fractions: of whiclr are suitable: for- fuels ‘in-
internal’ combustion engines-and diésel engines,.

lubricating-oils, solvents; miscellaneous naphthas,-

and the like. R R
More particularly this-invention relates: to-re-:

fining processes for the conversion: of high-den-.

sitg-or low A: P L gravity oils to. products: of
lower: boiling: range and-lower density -which in-

volve coking. these oils-to form: coke and.:g-coker:

distillate ‘and: hydrogenating the:distillate in-the

presence ‘of water;: and ‘a-metal capable: of ire--

aeting with water to form hydrogen....-.= - -

: The‘hydrogenation.;ofiminera;l:ons; and the like;
is:well known inthe:art. Generally this has been:
gecomplished. by subjecting the :0ilito Ke:hydro~

genated to temperatures of: fron 200°°F: toigbout.
600° F. and from shout:1.atmosphere to as high'as:

about 100 atmospheres: of hydrogen: in the:pres=-
ence of 2 hydrogenation catalyst usually compris-
ing one of the noble'metals:such. as platinum or
palladium, or oxides thereof. The principal dis-
advantages of isuch processes- include: expensive
and: complex: hydrogenation equipment,. exten-
sive-compression facilities for raising the hydro-
gen pressure:to. the level required: by the process;
expensive; sensitive and easily poisoned catalysts
which. -must. be: employed, and. the: problem . of
catalyst recovery.. ‘ .
Tt is an.object of this.invention to.provide.-an
easily .controlled ‘and: efficient. process for the:
hydrogenation of heavy oils for the production of
lowerboiling fractions. . o

“ Another object of this i'nvention.'i‘s to‘lprovide:a'

process for - converting high density oils~ whieh®

may-be contaminated with undesirable constitu-
erits: to-desirable products of ‘Jower ‘boiling range

ahddensity ‘including- the" steps: of coking the’,
high- ‘density’oil" in ‘the" presenice of spent-solids’

from tHe hydrogehation® operation, simultaneous=

1y regenerating-the spent solids and: converting-
thecoke to-producer gas and- employing the re—

33 Claims. (ClL 196—49)

10

15

20.

25.

35"

40:

45°

50:

557

2

generated- solids-in: theproduction- of: hydrogen:
and the simultaneous hydrogenation of the: heavy:
oil. R o T A
Ancther object of this. invention. is:to provide:
an improved process for. the: recovery -of ele~:
mental sulfur from sulfur: contaminated: crude:
petroleum. S SRR A TR SR
A further object of. this:invention:is to. provide:
an improved- process for:the:reduction.of’ oxides:
of metals-such as iron-to:lower oxidation:states:
or-to- their elemental form: which;involves-steps:
of laying:down a-layer of-coke on the: oxide:par=~
ticle and-reacting:the coke-laden: oxide:at:ele~
vated: temperatures in: a: fluidized vessel to.pro-
duce producer gas and:the metal.in:a:finely, di=-
vided state..: L O P S S
Another object.of this invention-is: to: provide:
an . improved  method: for: the: hydrogenation:of
heavy oils which comprises reacting: a:finely di--
vided metal or oxide of-a metal above:shydrogen:
in.the electromotive: series: of metals - with: water
in the presence of the-oil to be:-hydrogenated:to:
form the metal oxide; recovering: the metal oxide:
from -the hydrogenated.material, laying:down: a
layer of.coke.on the:oxide particles-and convert-:
ing the coke-bearing:oxide:to the elemental metal.
or to -a. lower. oxide. for reuse.as: & -hdrogenation:
catalyst and as a source of hydrogem. == ..
A further object-of this invention:is:to:provide:

_an improved continuous process for:the hydros:. -

genation of oilsrwith hydrogen: prodiced: by:the:
reaction of elemental’iron with: water-or water:
Vapor. R S - Sia
- Ttris  also an object of the present invention.
to provide an-apparatus by -which the aforemen=
tioned processes'may-be-effected. ~~ . o
: O’pher ‘objects and advantages of this-invention
will'become -apparent to those skilled in.the.art.
as the description thereof proceeds....: “. ... . .
Briefly, the preférred modification .of, this ina-
vention comprises. the high temperature pyroly=:
sis of hydrocarbon.oils in: the:presence of parti=
cles: of .a.spent.metal oxide-in.a.fluidized;coking;
zone.whereby- a -layer-of coke is.laid:down;on:the:
particlesand lower:boiling: hydrocarbon: pyrolysis:
products.-are. formed;. separating: the: cokezladen:
oxide particles from: the:pyrolysis -products;: re=--
acting:the :coke"with ‘the spent oxide:particles:in:
. fluidized: reducing: regenerating zone: to-form:
regenerated.particles; combining-a-portion of ‘the*
regenerated particles with: at:least g part: of* the:
pyrolysis: product;- subjecting -the>-mixture- thus’
formed' to: conditions of’ superatmosplieric ‘tem-=:
perature. and pressure in the:presence-of ‘water:
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thereby hydrogenating the pyrolysis product and
forming a spent metal oxide, separating desirable
fractions of the hydrogenated product thus
formed, recovering the spent oxide and recycling
it with the high density oil to be coked.

The process of the present, invention eliminates
virtually . all of the aforementioned disadvan-
tages and employs an inexpensive rugged cata-
lyst. The process further utilizes hydrogen gen-
erated under superatmospheric pressure in the
presence of the oil to be hydrogenated thereby
eliminating the compression facilities usually re-
quired for high pressure hydrogenations. The
hydrogen is generated from water and a metal
or a metal compound which also acts as a cat-
alyst. The solids employed are readily recover-
able if desired, and such small losses as do oc-
cur are not important since the material is read-
ily and inexpensively obtained.

In the process of this invention, the solids ¢

employed preferably comprise a finely divided
metal above hydrogen in the electromotive se-
ries of metals, which may or may not contain
a minor quantity of oxides or sulfides of that

metal, and which is also capable of reacting :

with water for the liberation of hydrogen. Such
metals as iron, zine, cobalt, nickel, and the like,
may be employed, those of atomic number from
25 to 30 being suitable with exception of copper
as well as the lower oxides of these metals.
the preferred modification of the process, finely
divided iron of the type generally known as
sponge iron, is preferred. These materials are
rugged, easily recovered, highly reactive under
the conditions of the process, and relatively in-
expensive. The iron particles may be prepared
In a variety of manners, although the preferred
method involves the reduction of finely divided
iron oxides known as mill scale obtainable from
such sources as rolling mills and the like. The
solid particles may also be prepared by the re-
duction of finely ground and naturaily-occurring
iron oxides or from other sources.

In the coker, reducing regenerator, and the
oxidizing regenerator, “fluidized” suspensions of
solids are established in gaseous mixtures in a
condition of hindered settling. The gases move
upwardly while the solids slowly settle and a
thorough countercurrent contact is effected as
well as precise temperature control. The iron
serves to decompose water to produce the re-

quired hydrogen and also perform as s mild

hydrogenation catalyst.

During- the hydrogenation step of the com-
bination process of this invention, the sponge
iron catalyst is commingled with the oil to be
hydrogenated and a predetermined quantity of
water to form a slurry. This slurry is intro-
duced at high pressures through a heater into
an agitated hydrogenation vessel. A completely
liquid phase reaction occurs at temperatures suf-
ficiently high to effect the reaction of water and
elemental iron and which may be as high as to
cause further decomposition of the hydrocarbon
to be hydrogenated. By carefully controlling the
temperature of the hydrogenation, a variable de-
gree of destructive hydrogenation or combined
hydrogenation and cracking may be effected in
the presence of iron which may also act as a
hydrogenation catalyst as well as the source of
hydrogen. During this hydrogenation reaction,
the iron is converted to iron oxide. Hydrogen-
ated oil, iron oxide, and unreacted water ete. are
introduced into a suitable separating device for
recovery of the individual fractions of the mix-
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ture. Such a separation may be effected in &
conventional fractionating column of the bubble
tray type in which hydrocarbon fractions of any
desired boiling range may be recovered along
with the iron oxide and any residual oil. In
such a system, the residual oil contains iron
oxide formed in the hydrogenation vessel and
this residual fraction is preferably combined with

‘the high density oil to be treated and reproc-

essed.

Occurring simultaneously with the hydrocar-
bon’ hydrogenation step is an efficient desulfuri-
zation by means of which sulfur compounds are
decomposed with the ultimate formation of iron
sulfides which are removed with the iron oxides
in the residual oil from the hydrogenation prod-
uct fractionator. The process provides means
for separation of iron sulfides from the iron ox-
ides and the oxidation of such sulfides to form
sulfur dioxide. The sulfur dioxide is subse-
quently converted to elemental sulfur by effect-
ing a reaction of sulfur dioxide with carbon
monoxide contained in producer gas. The sul-
fur may be recovered either as a finely divided
solid or as a liquid depending on the tempera-
ture. If desirable, this sulfur dioxide may be
further oxidized and converted to sulfuric acid.

The nitrogen compounds which may be pres-
ent in certain types of high density oils to be
treated are decomposed under conditions of hy-
drogenation with the formation of ammonia.
Since the hydrogenation is accomplished in the
presence of water, the fractionator may be op-
erated under such conditions so that the over-
head temperature permits the removal of an
aqueous phase containing dissolved ammonia
from the upper portion of the column.

The process and apparatus of the present in-
vention may be more clearly understood by ref-
erence to the drawing in which a schematic flow
diagram of this invention is shown. To further
facilitate the description and to also provide a
practical operating example of the process, the
following description of the drawing will be con-
ducted in the form of an example in which high
density crude petroleum produced from the oil
fields of Santa Maria Valley (California) is the
oil to be treated and in which the catalyst em-
ployed is sponge iron. Flow quantities are given
and operable ranges of pressure and tempera-
ture as well as preferred operating pressures
and temperatures are included.

Heavy oil coking

Referring now more particularly to the drawing,
260 barrels per day (42 U. S. gallons per barrel)
of Santa Maria (California) crude petroleum
amounting to 43.9 tons per day is treated accord-
ing fo the process of this invention. This heavy
oil is preferably topped for straight-run gasoline
recovery. The crude petroleum passes via line (0
under pressure exerted by pump 1 through line
12 controlled by valve I3 and is combined with
49 barrels per day of coker residuum recycled
through line (4 controlled by valve (5 and with
a stream containing 8 tong per day of hydrogen-
ated residuum, 2.76 tons per day of iron sulfide,
and 20.9 tons per day of ferric oxide fowing
through line 16 controlled by valve i1. The com-~
bined stream is introduced via line 8 into heater
18a wherein it is heated to a temperature of from
about 700° F. to as high as about 1200° F. and
preferably to about 900° F. The heated stream
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then passes via line (8 into coker 20 ‘wherein:

pyrolysis-of the hydrocarbons is effected with the
formation. of hydrocarbon pyrolysis products of
lower boiling range and a mixture of iron oxide
and iron sulfide particles laden with coke.
Coker 20 is a vessel in which the particles of
iron compounds such as higher oxides FesOs and
FeaOs are maintained in a fluidized state due to
the mixing action of hydrocarbon liquid and vapor
being - introduced from heater I8a. The coke~
Jaden  iron -compound particles -are present :in
vessel 20 in a state of hindered-settling -and -act
much ‘as‘a high density fluid which accumulates
in-a lower portion of the vessel. Thus-a level 24
exists below which the-coke-laden-patrticles ‘are
inrapid'motion, hindered from settling, and-above
which the particles-tend to-setfle forming a-solid-
ireegas space. Present within-coker 29 is-sepa-

10
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rator 22 by means-of which particlesof suspended -

iron-compound are removed from the hydrocarbon
pyrolysis product-and returned to the lower por-
tion of the vessel. Coker-20 preferably is operated
at:superatmospheric pressure from about zero to

as high-as 200 pounds per square inch gauge, and-

preferably between about-30 gnd 100 pounds per
square inch. Coke-laden particles of iron exide
and iron sulfide are removed from coker 20 by
means:of line 23 controlled- by valve 24 and are
sent thereby to reducer -25. )

The hydrocarbon pyrolysis products; as'a vapor

phase, pass from separator:22 by means of line 26
through ‘cooler 27 ‘and -subsequently via line 28
into :coker bubble ‘tower 29 wherein they are
fractionated. Other forms-of distillation column
such:as & packed tower may pbe used-as well. The
overhead product passes by means of line 3% into
cooler ‘31 wherein a partial condensation of the

20
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thus produced for hydrogenation amounts:to-21.2
parrels per day, or 3.24 tons per-day. :

Metal. omz’de. reduction

Returning now to the treatment-of the-coke-
iaden iron oxides and iron sulfides which .are
formed in coker 20, these solid particles are.col-
lected in one portion of coker 20 from which they
are removed by means of line 23 controlled by

- valve 24 at a rate of 31.4 tons per day and intro-

duced into reducer 25. ‘This solid material ana~
lyzes, in per cent by weight, as follows:

Constituent: ‘Weight per cent.
Iron sulfide - oo - 88
Higher iron oxides _ 664
COKE - o e mmmm = - 320
Chioride - I RS %
SUIUL e cmm e e e /0.9

Total 210000

This. material passes into the reducer. at.about
900° . ' o

The operation of the reducer is such. that .an
effective carbon or coke burn-off from the solid
particles upon which the coke was laid down in

- coker 20 is effected. The.coke is burned in the.

lower boiling hydrocarbons is effected. The com-

bined liquid and gas ‘pass via line 32 into sepa-
rator 33 wherefrom ‘the liquid 'products-are with=
drawn via line 34. A portion of this-passes by
means of line 35-controlled by valve 36 into the
upper portion of fractionator 29 gs-reflux ‘while
the remaining portion passes via line 3T controlled
by valve 38 to further ‘processing facilities or
storage facilities-not shown. This hydrocarbon
stream comprises-aicoker gasoline which, depend-
ing upon the operation of coker bubble tower 29,
may have an end point of from as low as about
150° F..to as high-as 400° ¥, In this operation

23.6 barrels per day, or 2.65 tons per day-of &

250° . end point gasoline are produced.

The-gas phase present in separator 33 is re-
moved therefrom via'line 38 controlled by valve.

40 and is introduced. into.absorber 41 in which the
removal of normally liquid hydrocarbon fractions
from the gas.is effected. . To effect this removal,
a gas oil fraction is removed from bubble tower
28 by means of line 42, passed through cooler 43
and introduced into absorber 41 by means of line
44~ controlled by valve 4B. This hydrocarbon
fraction, a. coker gas oil, passes downwardly
through . absorber 41 countercurrent to the up-
wardly rising gases and a dry gas consisting sub-
stantially of hydrogen, methane, ethylene, ethane,
and the like, is removed: by means of line 46 con-
trolled by valve 41. v

The rich aborption oil produced in absorber 41
is removed therefrom by means of line 48 a.por-
tion of which is returned via line 43 controlled
by valve 80 to. coker bubble tower 29 while the
remaining ‘portion: passes by means--of -line ‘50
controlled by valve 51 4o:be hydrogenated as here-
inafterdescribed: The-quantity of coker distillate
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50

55

60

presence of an oxygen-containing gas such as
air to produce mainly carbon monoxide. This
coke burn-off .is carried off -at temperatures
petween about. 1400° F. and 1800° F. or higher.
A suitable temperature for this reaction is about
1650° F. Simultaneously with the coke burn-off,
the .coke present on  the iron.oxide particles
offects o substantially complete reduction of this
iron oxide to an iron compound of a lower oxida-
tion state capable of reacting with water to lib-
erate hydrogen such as particles of ferrous oxide
(Fe) or particles of elemental iron in finely
divided form. To effect this operation. 1.95
MSCF/Hr. (1,000 standard cubic feet per hour)
of absorber dry gas or other hydrocarbon gas-
such as natural gas, which may be preheated
to a temperature of about 1200° F., is introduced-
into reducer 25 via line 52 controlled by valve
53. At thege temperatures, a hydrocarbon-iron
oxide reacticn occurs which gives rise to the for=-
mation of carbon monoxide, hydrogen, water and
elemental iron. To effect the coke burn-off, 3.81
MSCF/Hr. of air as the oxygen-containing gas,
which also may be preheated to a. temperature
of about 1200° F., is introduced into the lower-
portion of reducer 25 via line 54 controlled by
valve 5. By controlling the operation .of
reducer 25, the contents of the vessel are main-
tained in such a condition that the solid particles
are hindered from settling and a2 suspension of
the solid particles having level 56 is maintained
in the lower part of the vessel. ‘

Above level 56 is collected a producer gas rich
in carbon monoxide and hydrogen which is
formed during the iron oxide reduction. To-pro-.
duce high purity iron from the reducer, it is pref=:
erable to maintain a carbon monoxide to carbon
dioxide ratio (volume) of greater than about 1.0
in the producer gas such as between about 2.5

" and 5.0. A ratio of about 3.0 is preferred to

70

75

insure reduction of the oxides to elemental iron.
For reduction to ferrous oxide (FeO), a ratio of
from about 0.5 to-as high as about 3.0 may be

wused. This gas is introduced into separator §1

in which traces -of suspended particles are
removed ‘and returned to-the ‘high ‘density ‘sus-
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7
pension phase below level 56. From the upper
portion of separator 57, 5.39 MSCF/Hr. of a pro-
ducer gas analyzing about 80% carbon monox-
ide is removed at a temperature of about 1650°
F. via line 58. This producer gas passes subse-
quently through heat exchange means 58
whereby it is cooled considerably losing its heat,
in one modification of this invention, in indirect
heat exchange with the hydrocarbon gas and air
introduced, as previously described, into reducer
25. The producer gas is thus cooled to a tem-
perature below 1,0600° ¥. and is passed by means
of line G0 into separator 61 wherein remaining
traces of suspended solid particles are removed.
These particles may be recovered from the pro-
ducer gas in a high voltage electrical precipitator
or in a specially designed centrifugal type sep-
arator such as a cyclone. Recovered particies
may be returned to reducer 25 via line 62. The
solids-free producer gas is removed from sepa-
rator 61 by means of line 63 and a portion of this
is sent via line 64 controlled by valve 85 for uss
as fuel, such as in furnace i8¢ in which the
incoming heavy oil feed, recycle coker residuum,
and hydrogenated residuum are raised to coking
temperatures prior to their introduction into
coker 20. The remainder of the carbon mon-
oxide gases pass via line 66 for further vrocessing
in connection with the recovery of eiemental sul-

fur from the sulfur dioxide bearing gases pro- 3

duced during the conversion of iron sulfide to
iron oxide, as hereinafter more fully described.
'The reduced solids are removed from reducer 25
via line {12 and a portion may be passed through

line 112¢ controlled by valve (i3g directly into -

the coker in which part of the desulfurization
may be effected at coking temperatures.

Metal sulfide oxidation

In oxidizer 8%, 7.73 tons per day of solid mate-
rial containing 91% iron sulfide, magnetically
separated irom the reducing regenerator efluent,
&5 hereinafter described, are introduced and con-
verted to higher iron oxides. This reaction is
conducted at a temperature of zhout 1200° .
aithough temperatures as low as about 1,000° .
to as high as about 2,000° ¥. or higher may be
employed, if desired. The ircn sulfide is sus-
pended in an air stream introduced by means
of line G8 controlled by valve 3 and the suspen-
sion together with recirculated iron oxide is
passed via line 19 throucgh waste heat boiler 71t
wherein a portion of the heat generated during
oxidation of the iron sulfide is dissipated in con-
verting water introduced via line 81 controlled
by valve 82 into steam which is removed from
separator 83 via line 84 controlled by valve 83.
The suspension is then passed from boiler 7i
via line 12 into oxidizer 7. A level 13 is main-
tained in oxidizer €7 helow which iron sulfide
and iron oxide particles are maintained in a con-
dition of hindered settling as a relatively high
density suspension. The solid particles are
removed from oxidizer 81 via line 74 controlled
by valve 15 and a portion thereof is returned via
line 16 controlled by valve 17 to be recombined
with the incoming iron sulfide and air for recir-
culation through waste heat boiler ¥i. The
quantity of this recycle stream amounts to about
108 tons per day, although higher or lower recycle
rates may be employed in order to maintain the
oxidizer temperature at the desired value. The
remaining quantity of oxidized material passes
via line 18 controlled by valve 19 into auxiliary
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8
reducer 80 at the rate of 7.1 tons per day and
has approximately the following composition:

Constituent: Weight per cent
PeaOs 83.0
FesOs 9.1
eSS oL 7.9

100.0

Within auxiliary reducer 88 this downwardly
flowing solid mixture contacts a countercurrent
stream of gas removed from reducer 25 at a rate
of 1.4 MSCF/Hr. by means of line 86 controlied
by valve 81 and which contains ecarbon monoxide.
This countercurrent contact effects a substan-
tially complete reduction of the Fe:0z to Fe3Oq4,
and simultaneously the solids are heated to
approximately the temperature existing within
the reducer, that is, about 1650° F. The FeiOq
thus produced, containing about 8.0% iron sulfide
and substantially no Fe:0s, is passed from aux-
iliary reducer 80 by means of line 88 controlled
by valve 89 into reducer 25. The gas removed
from auxiliary reducer 80 after contacting the

5 Oxidized iron sulfide from oxidizer 67 passes via

line 90 controlled by valve 81 into oxidizer 61.

Within oxidizer 81 the iron sulfide is oxidized
to a mixture of iron oxides with the simultaneous
production of gases rich in sulfur dioxide. Under
conditions of the present operation these gases
are removed from oxidizer 67 through separator
82 by means of which suspended particles of
iron oxides are separated and returned to a
point below level 73. The solids-free sulfur
dioxide bearing gases are removed from sepa-
rator 92 by means of line 93 controlled by valve
94 and are introduced into separator 95 which
preferably is of the high voltage type, by means
of which remaining traces of very fine solids are
precipitated. The solids thus recovered may be
disposed of or returned to the system by means
of line 96. The sulfur dioxide bearing gases,
free from suspendegd particles, pass from sep-
arator 95 by means of line 97 at a rate of 22,0
MSCF'/Hzr. and are combined with 14.3 MSCF/Hr.
of producer gas containing g high concentration
of carbon monoxide flowing through line 66.

Sulfur vroduction

The gaseous mixture thus formed has a tem-
perature of about 1100° F. and contains carbon
monoxide and sulfur dioxide under conditions
at which they readily react to produce elemental
sulfur according to the following reaction:

2 CO+-802»>S-+CO2--heat

This gaseous mixture is conducted by means
of line 98 into waste heat boiler 99 wherein the
heat generated is employed to convert water to
steam. Water is introduced by means of line
100 controlled by valve {01 and steam formed
is removed from separator 102 by means of line
163 controlled by valve {04. The heat made
available by this reaction is about 300,000 B. t. u.
per hour, a substantial portion of which is re-
coverable in the form of high pressure steam.
Gases are removed from boiler 99 at a tempera~
ture of about 1185° . by means of line {05
and are introduced into heat exchange means
106 wherein the gases are preferably cooled to
& temperature of below about 250° F. losing
their heat in this modification at g rate of about
500,000 B. t. u. per hour in the generation of
steam. Sulfur is hereby precipitated in solid
 form and liquid sulfur may be recovered, if
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desired, by maintaining the-temperature -above
950° F. such as for example, at least 300° F. This
gas is introduced via line 407 into -separator
108 wherein the sulfur is separated. -Sulfur is
thus produced at a rate of about 1.8 tons per
day and is removed from separator 108 via line
109. The sulfur thus produced is of high purity.
The solid sulfur is in a finely divided form suit-
able for a wide variety of uses, especially fruit
tree dusting.

The reaction of carhon monoxide and sulfur
dioxide does not go to completion so that the
gases removed from separator 168 by means of
line 110 are contaminated with unreacted quan-
tities of sulfur dioxide and small quantities of
hydrogen sulfide formed through the reaction
of sulfur dioxide with water vapor. In order
to recover these quantities of sulfur, the gas
removed from separator 108 via line {18 con-
trolled by valve I1i is employed at a rate of
about 34.2 MSCF/Hr. to conyey and simultane-
ously to cool the iron efiuent removed from re-
ducer 25 at a rate of 26.2 tons per day by means
of line 112 controlled by valve 113. These solids
are removed from reducer 25 at a temperature of
about 1650° F. and have -approximately the fol-
lowing weight composition: i

Constituent: ‘Weight per cent
51+ ) o R, e i e e i o 4.95
Iron oxide (FEO) o oemmeomroraemme 17.0
Iron oxide (Fe304) nomivommocmmmem e 9.9
Tron SUlAde. - —mr oo i e - 213
CHIOTIAE oammmmm e m s mom mimr e m o 23

100.0

In doing this an efficlent contact of the residual
sulfur-bearing gases with iron is effected sub-
stantially completely converting the sulfur to
nonvolatile metal compounds such as iron sul-
fide. The metal sulfur compounds are reeircu-
lated through the system for reprocessing and
permit the discharge to the atmosphere of gases
substantially uncontaminated with sulfur and
a substantially complete sulfur recovery. The
gaseous suspension thus formed passes by means
of line 114 into separator |15 wherein the solids,
comprising a mixture of iron oxide and iron sul-
ffur; compounds together with iron, are separated.
from the heated gases. The solids thus conveyed
and cooled are removed from separator Li5 at a
rate of about 26.7 tons per day at a temperature.
of about 825° F. These solids have approximately
the following composition:

Constituent: Weight per cent
TYOIL e oo e e s st e 45.0
FEO e e 16.6
FEIOE: e e e e e 9.7i
FES. oo oo 26.5
Chloride - v e e 2.2

' 1000

Gases are removed from separator (15 at a
temperature of 825° F. via line 116 having a. sub-
stantially reduced sulfur content.

The solid material containing. recovered iron:
sylfur compounds removed from separator Li5.

passes via line 120 and may be quenched by di-
rect contact with about 80 tons per day of water
introduced by means of line 118 controlled by
valve 119. The temperature is
about 150> F. and 190,000 B. t. u. per hour of heat

are recovered.. The.slurry of; solids in water. pass.
vig, line. 120, info primary magnetic.separator. 124.

thus reduced to.

10

15

20

25

40

65

- 60

65

70:

75

10
wherein .a ‘substantially eomplete -separation ‘of
iron sulfides is-effected; - The-elemental-iron and
iron oxides thus recovered is-removed. from-sepa-
rator t21 via line 122 controlled by valve 123-at
a rate of 25.1 tons per day. The stream has-ap+-
proximately the following-composition:. .= - .7
Constituent: - “IWeight ‘per-ceht

Iron : D | £

Fe30a4
Chloride —.———=lo
Water

This slurry of iton and watef is combined. With-
212 barrels per day of coker distillate remeved -
from the lower outlet of abisorber 81 and flowing
through lines 48 and 50a controlled by ValvE®¥.
This material is subsequently passed-by eans
of line 124 to the hydrogenation step of théproe--.
ess which will subsequently be described” . -~
Also removed from magnetic separatér 121 is
a stream of the relatively nonmagnetic Thatérials
containing substantially all of the iréd ‘siifide,
and some iron oxide, the chlorides, and the like.
This material is removed by means of line 125"
controlled by valve 126 and is introduced into
secondary magnetic separator 127 wherein a-sepa»
ration of the ash and chlorides is effected from
the iron oxides and-iron sulfides. ‘The ash and
chlorides and other nonmagnetic. materials are
removed by means of line {28 controlled by valve
129 and are discarded.: The iron sulfide coficen=
trate is removed by means of line 130 -controlled
by valve (31 at a rate of about 10.2 tons-per day
and has approximately the following compesitio:

Constituent: » . Weight per cent
FeS oo im e St e . 692 o

S LT 1000
This material passes by means of line: 132 and
is combined with a large volume of gases removed
from separator £15 via-line 116 at a temperature
of about 825° F. . This gas is again employed o
convey solid materials and simultaneously ‘to re=
move last traces of sulfur compounds. Water-is
evaporated to form: a- completely gaseous suspen=
sion of iron sulfide and-a small quantity-of rof
oxide (FesOs)- and- the: suspension is passed:by
means. of line 133 into separator 134 at o tem=
perature. of alout. 425 F..- Within- separator’134;
suspended. particles of- FeS- and FesOqs dre re¥
moved from: the suspended-gas:* These are: passed!
by means. of line 35 controlled by valve 138 at:
a rate of. 7.7 tons- per day io: be combined’ with"
air for.introduction: into: oxidizer 61.: "The§ulfiF~r
free- gases: are. disecharged to’the* atmosphere’ ¥
means of line 137 at a rate.of: about 34 MSCE/HE
A substantially complete- sulfur recovery as:ele-
mental sulfur may be effected: in this manmer: - *

Hydrogenation ... . ..-- o =50

Returning: now’ to- the" sctual hydrogenat;
step,. the coker- distillate: flowing through'li
at.o 212 barrel per day rate is combined in Iine”
128, with- 25.1. tons: per-'day of & slurry ofiron!
and water-formed as deseribed above; The slurry’
passes via line 124 into miker~138 to>which ‘addi--
tional -water. may be-added by means of: lirie 139
controlled. by: valve: 140; if:-desired: Witk tHi§
additionalwatermay be added water-ssluble’salts®




2,614,087

11

'of various types which enhance the hydrogena-
tion reaction or these hydrogenation accelerators
may be added, if desired, directly to the hydro-
genation reactor. Hydrogenation accelerators ap-
blicable in this respect are the water-soluble
halides of metals such as calcium, magnesium,
Iron, manganese, and the like, as well as the
halides of ammonia.

The slurry prepared in mixer 138 passes by
means of line 148 into high pressure pump [42
by means of which the slurry is compressed to a
pressure which approximates that recuired in the
ultimate hydrogenation reaction. This slurry is
passed under high pressure through line (43 at
- rate of 59.6 tons per day controlled by valve
144 into heater [45. Material introduced into
heater {45 has the following weight composition:

Constituent: Weight per cent
Pl 20.1
FeO 7.5
FesOe 3.3
Chloride ___.___________ - ___ """ 1.0
Water . __._______ 13.8
Coker distillate_______________ 54.3
100.0

In other operations, the composition may be

varied to obtain different degrees of hydrogena-
tion. From 59 to 359 iron, or ferrous oxide, 2%
to 25% water, and 30% to 90% oil may be em-
ployed; for example.
- This material is removed from heater 145 by
means of line 146 controlled by valve 147 and is
Introduced at a temperature between about 500°
F. and 1200° F. into hydrogenation reactor 148.
In-this particular operation a temperature of
about 750° F. was employed in the hydrogenation
of. the coker distillate. Hydrogenation reactor
148 is provided with agitator 149 and driving
means {50 whereby the contents of the reactor
are maintained in a condition of thorough agita-
tion during the entire reaction.

"It is sometimes desirable, where heating of the
combined hydrogenation reactor feed is not feasi-
ble, to separately heat the oil containing the sus-
pended iron in one stream and the water which
may contain a dissolved hydrogen generation ac-
celerator in the other. Tn this modification, the
magnetic separation is effected in the absence
of water. The water is then introduced at high
bressure via line 149q¢ through a separate coil
In heater 145 at a rate controlled by valve 158q
directly into reactor 148. The temperature may
be above or below that of the inlet oil stream
and may in some instances be at pressure and
temperature conditions above the eritical. Such
an operation permits the complete iron-steam
reaction for hydrogen production to take place
under the conditions best suited for hydrogena-
tion. - A very effective utilization of the hydro-
gen thus formed is effected.

The pressure under which the hydrogenation
reaction is accomplished is above atmospherie
ranging as high as 15,000 pounds per square inch
(1,000 atmospheres). Lower pressures may be
employed such as less than about 100 pounds per
square inch, although in the hydrogenation of
such material as coker distillate obtained from
Santa Marig, Valley crude petroleum, pressures
in the range of from 3000 to 9000 pounds per
square inch are desirable. .

During its passage through hydrogenation
reactor {48 the mixture of iron, water and coker
distillate reacts for the conversion of the un-
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saturated hydrocarbon constituents of the coker
distillate to saturated or paraffinic fractions, the
destructive hydrogenation of the higher molec-
ular weight and higher boiling hydrocarbon con-
stituents for the production of saturated hydro-
carbons boiling in the lower temperature ranges,
the destruction of nitrogen, oxygen and sulfur-
containing hydrocarbon compounds with the for-
mation of ammonia, water, and hydrogen sulfide,
respectively, and substantially completely hy-
drogenated remnants of these constituents, the
conversion of the iron and FeO through reaction
with water to higher oxides of iron such as FesOq
with the simultaneous production of hydrogen
which is employed substantially as it is formed
in the aforementioned hydrogenation reactions,
and the conversion of a portion of the iron or
iron oxides to sulfides of iron through reaction
with hydrogen sulfide or with the sulfur-contain-
ing hydrocarbon compounds.

The heterogeneous mixture of solids and lig-
uids containing dissolved gases is removed from
hydrogenation reactor 148 by means of line 151
controlled by valve 152. A portion of the hy-
drogenation reactor efluent thus removed may
be recycled through heater 145 via line (8ia
controlled by valve 152¢ by ecirculation pump
153a. In this manner the entire system, heater
and reactor, may operate under substantially iso-
thermal conditions so that hydrogen generated
by reacting iron with water is formed at the hy-
drogenation temperature permitting a substan-
tially complete utilization as formed. Such a
mixing of a portion of the hydrogenated effluent,
with the feed to the reactor permits quick heat-
ing and avoids the condition encountered where-
by- the hydrogen is generated at temperatures
during heating which are not sufficiently high to
effect the desired degree of hydrogenation.

The remaining portion of the reactor effuent
is introduced into the central lowér portion of
hydrogenation effluent bubble tower 153. In this
fractionating column, the hydrogenated effluent
is separated into its constituent parts. An over-
head vapor passes by means of line 154 into con-
denser (55 wherein a partial condensation of the
lower boiling constituents is effected. This
cooled product passes by means of line 156 into
separator (57 from which the gases are removed
by means of line (58 controlled by valve (59
which also maintains a back bressure on the col-
umn. The gas thus obtained may contain a cer-
tain amount of hydrogen as well as the normally
gaseous hydrocarbon constituents. This gas may
be employed as fuel in the process, or may be
sent to storage or further processing facilities
not shown. The condensate is removed from
separator 157 via line 160 controlled by valve 16
and a portion is returned to the upper part of
the bubble tower by means of line 162 as reflux,
while the remainder is produced through line
163 at a rate of 55 barrels per day controlled by
valve 164. This liquid fraction comprises a hy-
drodesulfurized gasoline which is substantially
free from nitrogen and sulfur contamination.
The gasoline may be blended in any desirable
broportion with unsaturated hydrocarbon frac-
tions obtained from the coker gasoline product
produced from the upper portion of coker hubble
tower 290, previously described,

The conditions of temperature and pressure
which are employed in the hydrogenation step of
the process may be modified by the incorpora-
tion of catalytic quantities of such hydrogenation
and/or desulfurization catalysts as nicke] and
cobalt oxides or sulfides. Molybdenum or tung-
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“sten-oxides -or:sulfides may :also-be.employed.
. "_I‘Q}enhan'ce’dvesulturizatiqn-, -catalystssuch:as co-
‘palt melybdate; cobalt ghromate,-and the:corre-
-sponding - nickel :compourids- mMay ‘he introduced
-with the-mixture of water,oil,/and iron or ferrous
~pxide into-the hydrogenation: reactor. .“The ‘co-
“palt-and nickel oxides and sulfides are:especially
~gpplicable ‘since these-compounds are. readily re-
generated urider:the existing conditions of ‘opera-
- tion:in:which:thie. oxides-of’iron are reduced. | BY
‘employing . catalytic .quantities -of ‘these.. com-
pounds:in:the hydrogenation.reactor, consider-
-able. reductions-in temperature :and pressure Ie-
-sult. - Those pressures. and:temperatures -in..the
lower part.of-the ranges given:above permit. good
~conversions; that is; temperatures between about
“700°:F.:and 800°. F. gnd pressures of less.than
~about: 6000 .1pounds:perg:squareu.ineh. BRI
. - Ammonhia is ‘produced iduring -the -destructive
hydrogenation. of hitrogen=containing hydrocar-
Jpons: In-orderto: éffect-an:efficient. recovery:of
-$his-compound, the reflux temperature -of-bubble
tawer 153 may. be maintained at about’ 210°.P.
-under: atmospheric pressure-operation whereby-a

-gubstantially -complete rrecovery -of : unreacted -

water -containing dissolved. ~ammonia ..may -be
- effected by continuously. drawing off this..com-
-modity from tray-185 through line.i166-controlled
~py valve 161. A ‘hydrodesulfurized:gas oil having
. & boiling; range -of from about 2007:F. o -ahout
.800° -F.. may..be -removed, [if - desired, from:ithe
~middle-portion of column- 153 via :line -168-:con-
:grolled by.valve £69. - This commodity is produced
at-a rate-of:157 barrels. per-day.. . . . - -
- The.bottem part of: column 153:is maintained
. at-a demperature; of Jpetween 700° F.:and 1000° ¥,
sand-a:small-quantity-of hydrogenated residuum
is+removed:via-line - {710. A :portion.-of  this. is
srecycled-hy:means of-gpump not -shown through
Jine 171..controlled by valve {12-to>a point . some-
«what -above-the inlet-of -the. material: removed
from. hydrogenator -148. The quantity ‘of this
sresidunm;amounts:to: 49 :barrels per. day. This
material has the following -weight composition:

“Constituent | . - Weight per cent
‘Hydrogenated residuum - ———ce—wn- 248
TS oo mmm e mmm 8.6
‘Fezgg____,____________-;;_______....-.,. 64.7
CRIOrides . o mmmmm e 19

'100.0

«This-materialis recirculated ‘by. mearnis of line {6
“from bubble tower 158 ‘o' be conibined with: the
~Santa-Maria Vélley :crude: oil ‘passing wwith-the
- goker bubble . tower sresiduum - via line 18 into
<heater-18a completing:the cycle. - N

.. :According to the modification of the. process of
+this . invention, -as -above .described, -an efficient

economical and easily controlled process for::the -

substantially:.complete conversion:of high density
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oils into desirable hydrocarbon fractions.of lower

density -and lower boiling. range is provided.
-Furthermore, “the ‘produets " which are obtained
‘through application -of the process are “substan-
‘tially free from undesirable nitrogen, oxygen and
sulfur -compourid -:contamination ~gnd provide
.highly .desirable raw materials ‘for-the formula-
.tion of internal combustion engine fuels such as

.gas, gasoline, -diesel’ fuel;-and the-like, and may .

also. provide:suitable -stocks for.the preparation
-of high quality lubricating oils:and:greases.

Tt is to be understood that although:thefore-
«going description. of. the process:of .his invention
~was:one involving speciﬁc:cbnditions:‘of:.te'x'npera-

5
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*itui'e,;_:pré'ssui‘e,;c‘mfnp‘osit‘io’n,::fetc.';.thése;::c'on‘ditioﬁs
-are-not:to be:consideréd limitingsince i wgertain
15titude -of :variation:is: permissible: wheréby the
“desirable -results: may “beé tobtdined. "It.is o be
“further understood that although fhe high den-
-sity.-6il tredted ‘in ‘the.:above deseription wasa
high ‘density. crude:petroleuim having -an AP L
:gravity -of “between 10.0 1and .12.0, other :high
-density oils:may besimilarly treated-and the same
‘desirable results effected. . L oo

“The.operation -of ;the reducer may be varied

-such as.by:altering the temperature:;and:the car-

bon movnoi:i‘o'le concentration 'to “form . ferrous
:oxide, FeO; in preference toelementaliron. "“This

“theri- may. be reacted with:water:to yield the:hy-
“drogen required in ‘the:hydrogenation step. .The

-use sof ferrous..oxide instead -0 -elementaliron

“has ‘been:found to be-of .advantage, since: urider
-some conditions of -operation, ssuch -a§in the
" higher temperature: range, there is:no tendency
- for the: ferrous:oxide to:sinter or -agglomerate;or

otherwise to.form larger particles:at the:expense

- of-the ‘smaller : particles -and -rediice-the -active

-surface of the material.. . . .
_In-another modification of the: process:of:this
-invention, fluidized operations:are:also performed
in:the: coking: of :the-oil feed.in the presence” of
coker-residuum :and .hydrogenated .residuum,: in
.the oxidation of.iron sulfide:to iron oxide'to'form
sulfur: dioxide: and. in:the: reduction:of iron oxide
to iron in which latter step the coke laid:down
on. the.iron oxide during the-coking: operation.is
-removed by, combustion:with .the formation of:a

~gas rich in.carbon:monoxide:similar. to the:pre-

ferred process described:above. ..Herein: the: oxi-

- dizing regenerator may.produce sulfuridioxide or

.glemental -sulfur ‘depending on .oxidizing ‘condi-
jons. . . . B P

.. In this‘modification the high:gravity:oil “such
-as . crude .oil, shale oil, tar-sand -oil, ‘coal~oil,
residuums, :and ‘the Jlike, .is ~combined ~with .a
hydrogenated . residuum -containing :susperided
.particles -of -iron. sulfide ~and .iron :oxide. ‘The

:stream .is-then. combined: with: g stream:of iron

43
-erably through .a .fired .heater where: the item-

.oxide: (FesOs predominantly).;andis.passed pref-

perature is raised .to hetween about.700° F. and
,1200°. F. -to - initiate a thermal. pyrolysis. - The
‘heated material is. thenintroduced:into:a fluidized
coking vessel.In the :coking vessel, ~thermal
.pyrolysis. of the heated combined .oil: streams: is

.effected.in the:presence.of suspended -particles:of

dron .oxides and; iron sulfides. -A level.is:main-
_tained within.the coking vessel below:which the

-heated. particles: of iron oxides-and-iron- sulfides
- are maintained in:a condition of hindered settling
-wherein the cokeresulting from. the :thermal
.pyrolysis reaction is .deposited-on the-suspended
,80lid. particles:
.pyrolysis .products comprising ‘hydrocarkons in

60 .the . .vapor..phase.

Above this.level accumulates:the

: These -hydrocarbons :pass
‘through.a separator present in the upper: pertion
.of .the coking-vessel -wherein:small quantities;of

.suspended particles-are-separted:and returned to
sthe lower,portion. of the coking:vessel below:the

:léyel, of-solid particles. = The:solids:free pyrolysis

_product comprising ‘hydrogen and:saturated ard

unsaturated hydrocarbons having boiling: points
.as high:as about-800° F. and higher ‘are removed

“from .the $eparator and introduééd' ‘into‘a-coker
+bubble:tower -where ‘fra¢tionation '6f ‘the hydro-
-carbonsthus. produced is-effected. '

“In thecoker bubble ‘tower ‘an overhésd gas

sproduet. coritaining Thydrogen, “methane, satura-
“ted and’ unsatutateéd Gz and some €z hydrocar~
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“bons is produced. Condensation of a portion of
the vapor removed from the upper portion of
the column forms a coker gasoline having a boil~
-ing range from about 70° F. to as high as about
400° F. The end point of this coker gasoline
may be varied by varying the overhead product
temperatures’ of the coker bubble tower. A

coker gas oil may be removed from the coker

bubble tower at a point intermediate between
the pyrolysis product inlet and the overhead
vapor outlet. This product contains saturated
and unsaturated hydrocarbons boiling in the
range cf from about 300° P. to as high as about
800° F'., the actual boiling range depending upon
variable operating conditions of the column.
From the bottom of the coker bubble tower, a
coker residuum is removed which may be recir-
culated and combined with a feed stream and
reintroduced into the coking vessel for repro-
cessing. This residuum may also be employed
as a raw material for road-building hydrocarbons
such as road oil, asphalt, and the like.

If desired, the coker gasoline and coker gas oil
may be combined to form a coker distillate which
is hydrogenated for the formation of desulfur-
ized and saturated hydrocarbons suitable for
internal combustion and engine fuels, lubricat-
ing oils and greases. If desired, these streams
may also be treated individually by hydrogena-
tion as will be subsequently described, or by other
processes.

Returning now to the coking vessel, a stream
is removed from below the level maintained in the
coking vessel which comprises coke-laden par-
ticles of iron oxide (FesOa predominantly), and
iron sulfide. This material is suspended in a
gas, if desired, or is otherwise directly intro-
duced into a fluidized reducing regenerator.

The reducing regenerator effects the combus-
tion of carbonaceous materials such as coke
present on the iron oxide and iron sulfide par-
ticles, and also effects a substantially complete
reduction of the FeiOs to finely divided ele-
mental iron or to lower iron oxides such as FeO.
The temperature of operation at which the re-
ducing regenerator effects these conversions may
be between about 1000° F. and 2000° F,, a tem-
perature of about 1650° F. being typical. An
oxygen-containing gas such as air is introduced
directly into the reducing regenerator in con-
trolled quantities to effect coke combustion
which favors the formation of carbon monoxide
-and liberates heat aiding the iron oxide reduc-
tion. Introduced at.a separate point in the re-
ducing regenertor is a gas containing hydrocar-
bons and/or carbon monoxide such as natural
gas, producer gas, or mixtures and the like,
which assists the reduction of oxides of iron to
lower oxides or elemental iron. These gases, the
oxygen-containing gas, and the producer gas or
natural gas are preferably introduced below the
level of suspended solids maintained in 2 fluidized
state in the reducing regenerator. It is also to
be preferred that a portion of these suspended
solids be continuously removed, passed through
suitable heat exchange means, and reintroduced
in a closed cycle to maintain temperature con-
trol of the reaction. i

In the reducing regenerator conditions are
controlled so that the gases produced during the
reaction contain hydrogen and water vapor in
a ratio of about 2.0 and carbon monoxide and
carbon dioxide in a ratio of at least 3.0. Under
a pressure of operation which may range from
near atmospheric to as high as several hundred
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pounds per square inch and under the conditions
of temperatures disclosed above the production
of a gas containing the constituents recited in
the ratios given insure a substantially complete
conversion of coke and of the iron oxide intro-
duced into the reducing regenerator to finely
divided elemental iron. A stream consisting of
iron and iron sulfide essentially, and alse con-
taining small quantities of iron oxide is contin-
uously removed from the reducing regenerator
and subjected to a magnetic separation wherein
the iron and the other materials with high mag-
netic susceptibility are separated from the iron
sulfide. The iron thus recovered is employed in
the hydrogenation of the coker distillate.

The iron sulfide recovered from the magnetic

" separator is combined with air and continuously

introduced into an oxidizing regenerator in which
the oxidation of iron sulfide to iron oxide is con-
ducted under conditions suitable for maintain-
ing the solids in a state of hindered settling and
at a temperature of from 1000° F. to as high as
2000° ®. In the oxidizing regenerator a suspen-
sion of solids is maintained in which a level of
fluidized solids is present. In the upper portion
of the oxidizing regenerator the gases produced in
the oxidation reaction are passed through a cen-
trifugal separator for the removal of suspended
solid particles. Suspended solids-free gases are
subsequently removed from the separator con-
taining sulfur dioxide or elemental sulfur de-
pending upon the conditions of operation. Ele-
mental sulfur in liquid or solid form may be
broduced in the system by operating with a min-
imum quantity of air required in the iron sulfide
oxidation and by controlling the effluent gas tem-
perature so that at least part of the iron sulfide
is converted to iron oxide and sulfur. In this
modification the iron oxide formed from the iron
sulfide oxidation is continuously removed from
the oxidizing regenerator, cooled, and combined
with the hydrocarbon feed to be coked and is
introduced therewith through the heater into the
fluidized coking vessel.

As indicated above, the stream of solids re-
moved from the reducing regenerator is mag-
netically treated to recover g concentrate of ele-
mental iron. This is mixed to form a slurry with
at least part of the hydrocarbons obtained from
the coker bubble tower and with water. The
actual quantities of iron and water in relation
to the amount of oil to be hydrogenated have
dependent upon the
quantity of olefinic or otherwise unsaturated hy-
drocarbons  which are desirably converted to
paraffinic or saturated compounds. Under the
conditions of the hydrogenation, iron reacts with
water with the formation of iron oxide and the
liberation of hydrogen according to the following
reaction.

3Fe+4HaO—->F9304+4H2

This reaction supplies hydrogen required in the
hydrogenation reaction and is consumed substan~
tially as it is formed. The quantity of iron and
water is selected to provide sufficient hydrogen to
effect the desireq degree of hydrogenation.

It is desirable to assist the hydrogenation re-
action’'and the hydrogen generation by the addi-
tion to the slurry of halides of ammonia, or vari-
ous metals such as iron, Inanganese, magnesium,
calcium, and the like, which function as ac-
celerators,

The slurry, containing the constituents above
-described, is pumped through a meang for heat-
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ing whereby temperatures from about 500° F. te
about 1200°. F. or more are developed in the sys~
tem. The heated oil is introduced thereby into
a hydrogenation reactor at a pressure as high as
about 15,000 pounds per square inch.  This vessel
i preferably eontinuously agitated to permit uni-
form suspension of the reacting solids in the
liquid -and to assist temperature control. Water,
heated and under pressure, may be added -sepa-
rately from the oil and iron, pr the slurry may be
combined with a part of the hot reactor effluent
and introduced into the reactor.

In the hydrogenation reactor, sulfur-contain-
ing: hydrocarbon constituents are decomposed
presumably by destructive hydrogenation with
the formation of hydrogen sulfide and the hydro-
carbon remnant of the sulfur compound. The
hydrogen sulfide ultimately reacts with either the
jron .or the iron oxides present forming iron sulfide
in the system. Nitrogen-containing hydrocarbon
compounds are similarly decomposed forming
ammonia. The hydrogenator efiiient containing
the above indicated constituents is subsequently
passed from the hydrogenation reactor to @
means for effecting the separation of the various
constituents. In the preferred modification this
means for separation may comprise & distillation
column from which gaseous hydrocarbons are
removed together with hydrogenation hydrocar-

bon fractions, gas oil fractions and others. Pro-
vision. is preferably made in the distillation
eolumn for the removal of water containing dis-
solved ammonia which may be substantially com-
pletely recovered by this means. From the lowest
part of the distillation column a ‘hydrogenated
residue of higher boiling hydrocarbons is removed
which contains suspended. solids including iron
oxide, iron sulfide, and possibly some unreacted
iron. This residuum may be magnetically sepa-
rated for the recovery of solid particles, or in the
preferred modification is combined in its entirety
with the heavy oil to be hydrogenated and is re-
turned with that stream to the coking vessel for
retreatment. 2 ]

In accordance with this modification a high
density oil is subjected to conditions of thermal
pyrolysis and destructive hydrogenation whereby
a substantially complete conversion to hydrocar-
bon fractions to more desirable boiling range is
effected. By-products, including ammonia, sul-
fur dioxide, sulfur, and possibly various sulfides
angd oxides of iron may be produced, if desired.
One outstanding feature of this process is the fact
that @ high pressure hydrogenation may be

_effected in the complete absence of the extensive
gas compression facilities normally required in
high pressure hydrogenation operations and also
in the absence of an expensive and offen easily
poisoned hydrogenation catalyst. Another ad-
vantage of this modification comprises the use of
the magnetic separating means for the control of
iron sulfide by separating this material continu-
ously and converting it by oxidation to iron oxide.
This eliminates recycling of iron sulfide uselessly
through the process.

Tn an additional modification of the process
aceording to this invention, a fluidized coker, a
‘Auidized oxidizing regenerator and a fluidized re-
ducing regenerator are also employed. In this
particular operation the heavy hydrocarbon
stream to be treated is combined with a hydro-
genated residuum containing ircn oxide and iron
sulfide and with a coker residuum and introduced
_vig & fired heater into the coking vessel. The
oxidizing regenerator is so positioned with respect
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to the eoker that iron oxide withdrawn from the
oxidizing regenerator is combined with the heated
hydrocarben stream from the heater and the two
are imtroduced simultaneously into the coking
vessel. In this manner a substantial utilizafion
of the sensible heat of iron.oxide from the oxidiz-
ing regenerator is utilized in causing thermal
pyrolysis of the heavy oil being coked. Also in
this manner iron oxide from the oxidizing regen-
erator is passed through the coking vessel -and a
layer of coke is deposited upon each particle.
The hydrocarbon stream from the heater may be
at a temperature of between about 700° .F..and
1200° F. and usually at a temperature of -aboud
950° F. and is combined with iron oxide from the
oxidizing regenerator at a femperature of about
1200° F..prior $o passing into the coking vessel.
This operation may be modified somewhat by in-
troducing the iron oxide directly from the oxidiz-
ing regenerator into the coking vessel. )

The operation -of the coking vessel is that of a
fuidized system previously referred to wherein
& level of suspended solids is maintained. In:the
upper portion ef the coking vessel is situated.a
centrifugal separator whereby the pyrolysis ‘prog-
ucts as vapors may he removed. from the eoker
while retaining suspended. solid particles in.the
coking vessel. ~ 'The pyrolysis product is suhse~
quently introduced .into a distillation column
which may be of the bubble tray type wherein.
various hydrocarbon fractions, gaseous and lig=
uid, are separated from one another. During
coking, a certain quantity of hydrogen sulfide is
generally formed from the decomposition of sul-
fur-containing hydrocarbon constituents. :This
material is removed together with the hydrogen,
C1 and Ce saturated and unsaturated hydrocar-
bons from the upper portion of the column. In
one modification of this invention, the gas thus
vroduced is subjected to a treatment adaptable
to removing the hydrogen sulfide thus contained
such as by -absorption in basically reacting ad-
sorbents such as agueous solutions of alkalimetal
salts, absorption in sclutions of organic com-
pounds such as ethanolamines, and the like.. The
hydrogen sulfide-free hydrocarbon gases are in-
troduced into the reducing regenerator. to effect
the reduction of iron oxide to finely divided me-
tallic iron as subseqguently described.. :

The normally Houid portion -of the hydrocar-
bons in the pyrolysis product are further frac-
tionated in the coker bubble tower to produce.a
coker distillate or coker gasoline boiling: from
about 100° F. to 400° . and a coker gas oil boil~
ing from ahout 350° ¥. to about 760° F. These
individual fractions may be produced and sent
to storage, individually hydrogenated according
{o the process of this invention, or produced from
the bubble tower as a single coker distillate
stream the total quantity of which is:then hy+
drogenated.- SE i

From the lowest portion of the coker ‘bubble
tower is removed a coker residuum consisting of
the higher boiling hydrocarbons which may be
employed as fuel oil, road oil, in the ‘preparation
of asphaltic road-building material, and the like.
This residuum in the present invention is prefer-
ably combined with the hydrogenated residuum
and with the high density oil to be treated and
the combined stream is introduced into the coke
for pyrolysis. ' S

From the lower portion of the coking vessel is
removed a stream of finely divided solids com-
prising a mixture .of iron oxide, iron sulfide and
coke. In-this modification ‘of the invention a
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minor portion such as from about 10% to 50%
by weight of the stream is suspénded in air or
other oxygen-containing gas and introduced at
a temperature of about 850° F. into the oxidizing
regenerator. Preferably about one-third of the
stream withdrawn from the coker is thus treated.
Within the oxidizing regenerator, which may op-
erate from a temperature of about 1000° F. to
2000° P, and preferably at about 1200° F. to 1500°
F. the coke is burned to carbon monoxide and
carbon dioxide and the iron sulfide is oxidized to
form sulfur dioxide and the higher iron oxides.
This reaction is conducted in the oxidizing re-
generator in the presence of fluidized solids
whereby a level is maintained within the vessel.
From below this level and from that part oc-
cupied by the suspended solids is removed a con-
tinuous stream of solids consisting predominant-
ly of the higher iron oxides at a temperature of
about 1700° F. A portion of this is combined with
the higher iron oxide, iron sulfide and coke re-
moved from the coking vessel and recirculated
to the oxidizing regenerator to effect tempera-
ture control. The remaining quantity is intro-
duced directly into the coker where a carbona~-
ceous deposit of coke is laid down on the par-
ticles to permit iron oxide reduction and a por-
tion of which is converted to iron sulfide and
treated as just ahove described.

‘The remaining portion of iron oxide, iron sul-
fide and coke removed from the coker comprises
the major portion of the stream, from a2bout 56%
to about 90% by weight, is introduced into the
reducing regenerator which may operate at a
temperature of about 1400° F. and 1800° ¥. In
transporting this fraction of solids removed from
the coker to the reducing regenerator the solids
may be suspended in a hydrocarbon gas or a pro-
ducer gas and intreduced as a fluidized system
Into the reducing regenerator. Within the reduc-
ing regenerator at a temperature of about 1750°
F.iron oxide is actively reduced to elemental iron
by the action of hydrocarbon gas which may con-
tain considerable quantities of methane and eth-
ane and may, if desired, comprise desulfurized
gas produced as the lightest product from the
coker bubble tower as previously described. The
operation of the reducing regenerator is prefer-
ably such that the gas produced therein contains
carbon monoxide and carbon dioxide in a molar
ratio of about 3.0 or more and hydrogen and wa-
ter vapor in a ratio of preferably 2.0 or more. A
level of fluidized solids is maintained within the
reducing regenerator from above which gases
produced in the production reaction are with-
drawn. From below this level is withdrawn a
stream of solids comprising finely divided iron.

The gas removed from the upper portion of
the reducing regenerator passes through a sepa-
rator wherein it is freed from suspended solids
and the solids-free gas comprises g producer gas
containing - substantial quantities of carbon
monoxide and hydrogen. This gas may be em-
ployed as fuel, as a source of hydrogen, or with
& moderate amount of purification as a source
of a mixture of carbon monoxide and hydrogen
which may be employed as a synthesis in 2 cata-~
lytic carbon monoxide hydrogenation conversion
for the production of synthetic organic chemi-
cals and liquid fuels. Such catalytic conversions
are typified by the I. G.-Bergius process and the
Fischer-Tropsch process.

A stream of finely divided iron containing
some iron oxides is removed from the lower por-
tion of the reducing regenerator and a part of

- to maintain temperature control.
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this sfream is recirculated with the material
introduced into the reducing regenerator in order
The remain-
ing portion is cooled such as by passing through
a waste heat boiler and is subjected to a magnetic
separation or other separation wherein a stream
of substantially pure elemental iron particles is
recovered. The nonmagnetic material may be
returned to the process for retreatment since an
appreciable quantity of this may comprise oxides
and sulfides of iron of relatively lower magnetic
susceptibility. The finely divided iron is intro-
duced at a controlled rate into a mixer to which
is also added a controlled guantity of water and
at least part of the coker distillate hydrocarbons
obtained as products from the coker bubble tower.
A slurry of this material is prepared in the mixer
in which the ratio of iron to water is such that
under conditions in the hydrogenation reactor
iron will react with the water to produce a suf-
ficient quantity of hydrogen to hydrogenate to
the desired extent the unsaturated olefinic and
aromatic hydrocarbon constituents present in the
coker distillate. This material is removed from
the mixer by means of a high pressure pump
and passed through a heater capable of quickly
increasing the temperature of the slurry to be-
tween about 500° F. and 1200° I, depending upon
the nature of the coker distillate and the type and
severity of hydrogenation desired. Temperatures
of the order of 700° F. to 850° . are suitable for
moderate hydrogenation of olefinic constituents
while temperatures in the upper portion of the
range such as from 850° F. to 1100° . are well
adapted to effect cracking in the presence of
hydrogen in which case a thermal decomposition
of the hydrocarbons in the coker distillate is
effected accompanied by immediate hydrogena-
tion of the hydrocarbon fragments formed.

The hydrogenation operation is preferably
carried out at superatmospheric pressures which,
for example, may be as high as 1000 atmospheres
or 15,000 pounds per square inch. Suitable op-
erating pressures for the hydrogenation reaction
may run lower than this maximum such as be-
tween about 250 pounds per square inch and
7000 pounds per square inch. Under these con-
ditions of pressure and temperature the hydro-
genation not only saturates the unsaturated hy-
drocarbon constituents present, but also decom-
poses sulfur, nitrogen and oxygen derivatives of
hydrocarbons with the formation of hydrogen
sulfide, ammonia, and water, respectively. The
hydrogen sulfide, at least in part, is found in
the hydrogenation reactor efluent as iron suifide,
while the ammonia formed accumulates in the
unreacted water phase. The hydrogenation re-
actor is preferably provided with means for
maintaining a continuous and efficient agitation
of the contents of the vessel in order to insure
uniform treatment and to prevent settling of the
s0lids contained in the system.

The hydrogenation reactor efluent comprises
a hydrogenated oil phase, unreacted water and
solid particles comprising iron oxide, iron sulfide,
and possibly some unreacted elemental iron.
This entire material is introduced into a hy-

drogenated product bubble tower or other means

of separation in which the hydrocarbon phase
of the hydrogenator efiluent is fractionated into
portions having any desired boiling range. De-
pending upon the severity of the hydrogenation
conditions, a variable quantity of gas containing
saturated hydrocarbon gases may be produced.
This gas is removed from the bubble tower as



2,614,087

an overhead product, -cooled, and the normally
gaseous-constituents-are -separated from the-con-
densate. This condensate comprises & hydrode~
sulfurized gasoline, a portion -of -which is re-
turned to the bubble tower as reflux ‘while the
remainder is produced frem the celumn as a
gasoline product. Alse removed-from the column
is ‘an aqueous phase containing ammonium hy-

droxide. A gas oil product may be-also produced.

which may have a boiling range from gbout 400°
. to -800° F. ‘The higher boiling hydrecarbon
constituents are produced as a ‘hydrogenated re-
siduum from the lower part of the bubble tower
and carries with it iron oxide and iren sulfide

formed from ‘the elemental iron during the hy~

drogenation reaction. This ‘residuum s pref-
erably-treated to recover theiren compounds and
may ‘be ecombined with the heavy oil as feed
stock 1o the process and refurned ‘therewith to
the coking vessel. o ’

This medification of the process, according to
this invention permits & substantially -complete
conversion of low value high density oils to de-
sirahle “hydrecarben fractions uncontaminated
by sulfur, having lower ‘oiling ranges and suit-
able for internal combugtion engine ‘fuels .or as
feed. stock in the preparation .of high quality
iubricatinig " oils and lubricating greases.
usual hydrogen compression facilities. and the
expensive - sensitive catalyst rtequired in some
hydrogenation ‘processes :are hereby eliminated.

“In the foregoing meadifications of the process
of this invention it.has been found desirable,
particularly in those cases -when heavy or viscous
‘hydrogenated residuums are formed which carry
suspended solid ‘particles; to convey a diluent oil
into the hydrogenator bubkle tower to assist in
conveying this residuum. Recycling the coker
bubble residuum as: the hydrogenated residuum
diluent has heen found effective. ‘Generally, the
quantity of hydrogenated residuum is net large
and not sufficient to carry the amount .of solids
present. ‘ : '

Another modification of the process of this in~
vention exists in which a substantially complete
yaporization of the hydrogenated -effiuent is ef-
fected to permit guick separation of the -solid
particles from the product. S o

A high density oil such as lew A P. I. gravity
erude petroleum is combined ‘with a eoker bubbie
tower residue and witha hydrogenated residuum
containing a small guantity of iron-oxide par-
ticles amd the mixture is heated to a temperature
between about 760° F. and 1200° I and intre-
duced into the coking reactor. Higher iron oxide
sueh as FesO: and FezQs -produced from iron
sulfide in the-oxidizing regenerator is also intro-
dueed 1nto-the coking reaclor in whieh the de-
posit of coke islaid down on the particles: Lower
molecular weight unsaturated hydroearben frac-
tions are simultansously formed. The hydroear-
bons thus preduced ave fractionated in a -coker
bubble tower -with- the production of gas, coker
gasoline, and coker gas oil. The ccker distillate
is employed as feed stock to the hydroegenation
unit and includes the gasoline, gas oil, and other
fractions. i :
 The coke-laden iron oxide passes from the cok-
ing vessel to the reducing regenerator into which
air and part of the gas produced from the coker
bubble tower are introduced. The reducing re~
generator is a vessel in which a fluidized sus-
pension . of solids is maintained with the exist-
ence of a level of solids below which carbon oxi-
dation and carbon. reduction reactions are ef-
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fected. A stream -of iron particles substantlally
free of carbon and containing iron sulfide, ash
and sodium chloride in minor amounts, is e~
meved. The gas produced from the upper por-
tlon of the reducing regenerator contains a high
concentration of carbon monoxide and also con-
tains hydrogen and comprises a suitable pro-
ducer gas which may be used as fuel or in the
conversion of hydrogen sulfide or sulfur dioxide
to elemental sulfur in a suitable reactor.. o

This stream .of solid particles removed from-the
reducing regenerator is divided into.two frac-
tions, the major proportion of which is combined
with the preper quantities of ceker Qdistillate-and
with water for introduction inte the hydrogena-
tion step of the process. The minor fraction is
subjected to the action of the magnetic separator
by means of which the ash and sodium chloride
contents are separated from theiron compounds.
The ash and salt-free matter obtained in the
magnetie separator is combined with the major
portion referred to previously and employed in
the hydrogenation reaction.

A slurry is preparefl comtaining coker distil-
late, water, and iron in the proper proportions
so that the reaction of iron with water will
produce a quantity of hydrogen sufficient to ef-
fect the desired degree of -ceker distillate hydro-
genation. This sturry is -picked up by a high
pressure multistage pump and is passed together
with additicnal waber, if desired, at a controlled
rate through a heater capable -of raising the
temperature of this mixture to between about
506° T, and about 1208° F.  For the hydrogena-
tion of & ecker distiHate -preparéd from- a low
A, P. 1. gravity erude petroleum such-as that ob-
tained from the Santa Maria Valleyof California,
a hydrogenation temperature of about 700° F.-to
806° 7. is desirable and & pressure of about 5000
to 7060 pounds per sguare-inch altheugh “pres-
sures as high' as about 1600 atmespheres or
15,000 pounds per square inch may be used. '

The heated mixture at superatmospheric pres-
sure is passed from the heater into a hydrogena~
tion reactor which preferably is provided with
means for maintaining the lguid contents thor-
cughly agitated and the solid particles suspended
in the fluid. Tt is highly desirable to maintain
a completely liquid phase hydrogenation. With-
in the hydrogenation vessel under conditions of
femperature and pressure - given above, water
readily reacts with metallic ivon. with the evolu-
tion of hydrogen and the formation of iren oxide.
The hydrogen reacts with the coker distiliate to
be hydrogenated hefore molegular. hydrogen (2-
hydrogen atoms per molecule) is. formed. "The
freshly formed hydrogen is known as atomie or
nascent hydrogen. By consuming the hydrogen
immediately and while it is in its atomic state,
a highly efficient degree of eoker distillate hydroe~
genation is effected. It is-alse possible in the
hydregenation resetor under temperatures above
800° ¥. to effect a destructive hydrogenation in
which the boiling range of the hydrogenated
product is-lower than that of the coker distillate
being hydrogenated. and the hydrocarbon -pro-
duced from the reactor may be readily vaporized,

A desulfurization reaction also cecurs simul-
taneously with the hydregenation whereby sul-
fur-containing hydrocarbon molecules are . de-
composed and the fragmenits hydrogenated with

‘the formation of hydrogen sulfide and of hydro-

carbons, At least a part of the ydrogen sulfide
thus formed reacts with the irgn or the iron
oxide to form iron sulfide which is removed with
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the hydrogenated hydrocarbons from the reac-
tor. Oxygen and nitrogen derivatives of hydro-
carbons are alse decomposed with the formation
of water and ammonia, respectively. The water
thus formed may react with additional quantities
of iron to form hydrogen while the ammonia
dissolves in any excess water and may be recov-
ered as an aqueous phase from the hydrogenated
material.

The hydrogenated hydrocarbon stream passing
from the hydrogenation reactor is suddenly de-
pressured from the superatmospheric operating
pressure through one or a plurality of expansion
valves to a pressure at or near atmospheric pres-
sure such as from about 15 to 100 pounds per
square inch absolute. The material is supse-
quently passed through a coil in a heater and
the combinaticn of the expansion and the heat-
ing effects a substantially complete vaporization
of the hydrogenated effluent. The gaseous hy-
drocarbon stream thus produced carries with it
suspended particles of iron which may bhe un-
reacted and with the iron oxide and iron sulfide.
This vapor stream passes into 2 suitable separa-
tor which may comprise a cylindrical tower with
a centrifugal separator supperted in the upper
portion thereof. By means of the separator the
suspended solid matter is removed and passes
over a series of baffles down through the tower
countercurrent to a stripping gas such as steam
which serves to remove remaining traces of lig-
uids or gases from the solids.

The solids are removed from the lower part of
the vessel, suspended in a stream of air and con-
veyed as a suspension into the oxidizing regen-
erator referred to above in which the oxidation
of iron sulfide is effected in a fuidized system.
The combustion of iron sulfide to form iron oxide
results in gases containing considerable quanti-
ties of sulfur dioxide. This gas may be chemi-
cally reduced by reaction with carbon monoxide
by combining oxidizing regenerator efluent with
the proper proportion of reducing regenerator
efluent or producer gas so that the following re-
action occurs:

2C0O+802—>S4-2CCz2+heat

A substantial liberation of heat results which
may be employed i a waste heater hoiler to
generate high pressure steam and simultaneous-
1y cooling the sulfur-bearing gases to below about
250° F. to permit centrifugal or electrical precipi-
tation of the solid sulfur particles.

Returning now. to the hydrogenated efuent
separator, a vapor stream comprising vapor phase
hydrocarbon and water is removed from the
separator and introduced into the hydrogenator
bubble tower whereby a fractionation of the hy-
drogenated effluent is effected. Gases are pro-
duced from the upper portion of the tower as
well as a hydrogenated and desulfurized gasoline,
gas oil and other hydrocarbon fractions of dif-
ferent boiling range. From one tray in the tower
an aqueous phase containing ammonium hydrox-
ide may be produced. The hydrogenated hydro-
carbon fractions thus produced comprise suitable
raw materials for the preparation of high grade
internal combustion engine fuels, solvents, Iubri-
cating oil and lubricating greases, etc. A small
amount of residual material remains in the sys-
tem and may be produced as a bottoms product
from the hydrogenator bubble tower and is re-
turned and combined with the feed stock to the
system whereby it is recoked.

[
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‘The fundamental advantage of this modifica-
tion lies in the hydrogenation step wherein a sub-
stantially complete separation of the unreacted
iron if any and the solid iron compounds from the
hydrogenated product is effected by expanding
the hydrogenator effluent from its superatmos-
pheric pressure to substantially completely va-
porize the stream followed by a centrifugal
separation of the solid products suspended in the
gas. This modification of the operation is readi-
1y carried out particularly when the lower boiling
products are desirable such as the gasolines and
gas oils.

In the modifications of the process of this in-
vention as given above the operating pressures
in all eases except that of the hydrogenation are
at or near atmospheric pressure. Tt is preferable
to operate a fluidized system at pressures some-
what in excess of that of the atmosphere to aid
in effecting proper control of the operation. Con-
sequently the preferred pressure range for the
operation of the fluidized coker, the reducing re-
generator and the oxidizing regenerator is from
about zero pounds to about 100 pounds per square
inch gauge, a pressure of about 30 pounds per
square inch gauge being well suited to this par-
ticular operation. The operation of the coker

- bubble tower and the hydrogenated effluent
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bubble tower in which hydrogenation distillations
are effected are preferably operated at pressures
in the same approximate pressure range.

As previously stated, the hydrogenation opera-
tion may be carried out at superatmospheric
pressures as high as about 1000 atmospheres or
about 15,000 pounds per square inch. Operating
pressures for the hydrogenation step in the range
of from about 3000 to 10,000 pounds per square
inch are well suited to effecting the desired re-
sults and operating pressures of from about 4000
to about 7500 pounds per square inch have bheen
found suitable.

In each modification, hydrogen generation
arises from the reaction of water with a metal
above hydrogen in the electromotive series, that
is with a metal capable of displacing hydrogen
from water forming a metal oxide reducible by
carbon. In the modifications described above
iron hasbeen set forth as this metal. There are,
however, other metals which are capable of ef-
fecting this reaction to the desired extent.
Among these metals are zine, cobalt, nickel, man-
ganese, and the like. This includes the metals of
atomic Nos. 25 through 30 of Mendeleefl'’s
Periodic Table of the elements with the exception
of copper.

In the modification of the process of this in-
vention described above, a substantially complete
desulfurization of a hydrocarbon fraction may be
effected by hydrogenation. This ig accomplished
in the hydrogenation reactor under the tempera-
ture and pressure and other conditions described
above. Another modification exists by means ot
which desulfurization may be at least partially
effected in the coking reactor in which at least
a part of the elemental iron produced from the
reducing regenerator is combined with the hy-
drocarbon feed stream passing into the coker.
The presence of elemental iron at coking tem-
peratures sufficient to thermally decompose sul-
fur-containing hydrocarbon compounds permits
the hydrogen sulfide thus liberated to readily
convert part of the iron to iron sulfide. The im-
mediate effect of incorporating elemental iron
with the hydrocarbon stream to the coker is that
of reducing the sulfur content of the hydrocarbon
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fractions produced from the coker bubble tower,
and reducing the hydrogen consumption in the
hydrogenation step of the combination process..

Tn the modifications: of the process of this in-
vention described above, exclusive reference has
been made to the treating of heavy gravity crude
petroleums by means of which these hydrocar-
bons are coked in the presence of iron oxide, the
coke-laden iron oxide is suitably treated to re-
duce the iron oxide to iron, and the iron is
reacted with water in the presence of at least part
of the hydrocarbon products obtained during the
coking reaction to form hydrogenated and desul-
furized liquid and hydrocarbon fractions. It
should not be understood that the process of this
invention is exclusively applicable to the treating
of petroleum hydrocarbons since similay desir-
able results may be brought about in emplioying
the heavy gravity oils-and tars obtained from
coal distillation as feed stock. These tars and
oils are essentially aromatic in nature containing

high molecular weight condensed ring struetures

and include such materials as benzene, toluene,
xylene, naphthalene, anthracene, phenanthrene,
chrysene, picene, and other polynuclear arematbic
as well as heterocyelic compounds. Various con-
densed structures such as indene and fluorene, as
well as the higher molecular weight aromatic
acids known as phenols and the higher molecular
weight- arematic bases. of the. pyridine type also
occur. By employing such coal tar fractions as
feed stock in the process of this invention, desir-
ably lower boiling hydrocarbon fractions may be
obtained which may contain a variable quantity
of residual aromatic hydrocarbons and may also
contain variable quantities of cyclic saturated
hydrocarbons of the naphthene type as well as
paraffinic. hydrocarbons depending upon the se-
verity of the coking and of the hydrogenation
step. Highly desirable: hydrocarbon fractions
may be readily obtained from this type: of feed
stock. )

The process, according to this invention may
be further applied to the hydrogenation of nor-
mally solid earbonaceous materials of which ex=
amples are bituminous coal, lignite, peat, brown
coal, and thelike. The process of this invention
is modified to the extent that the carbonaceous
material or coal to be:treated is finely pulverized
in a suitable grinding mill and mixed with a tar
recycle to form a paste or a liquid suspension of
coal solids in the oil. This tar recycle may be
one obtained from the coker wherein the.paste
is- coked with the liberation of further quantities
of aromatic type coal tars or it may be a residual
oil from the hydrogenation efffuent bubble tower
which desirably is reprocessed. During the:oper-
ation of this modification of the process-iron ox-
ide produced from the oxidizing regenerator is
combined with the paste and introduced into the
coker or it may be introduced into the coker
directly. The hydrocarbon oils. liberated from
the coal during coking are subsequently mixed
with iron, for example, and water and hydro-
genated under high pressure as previously . de-
scribed. Such materials: as oil sand, tar sand,
gil-soaked diatomite midy be treated in a manner
similar to that described above for handling car-
bonaceous solids such as coal. B

The process of the present invention: described
in detail above permits the ready conversion of
carbonaceous materials whether they are solids
‘or liquids to desirable hydrocarbon fractions sub-
‘stantially free of contaminating elements by &
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combined operation of coking in the présence of
4 metal oxide, depositing a carbonaceous solid ol
the metal oxide, and hydrogenating tlie thermal
pyrolysis product obtained during the coking’
opéeration by reacting the metal with-water under
high pressure and temperature to produce hy-
drogen. The process eliminates the disadvan-
tages inherent in previous hydrogenation proc-
esses, namely, the requirements for expensive and
sensitive hydrogenation catalysts the require-
ment for extensive hydrogen compression facili~
ties, and others. , )

A particular embodiment of the present inven<
tion has been described ifi considerable detail by’
way of illustration. It should be understood that:
various other modifications and adaptations
thereof may be made by thosé skilled in this par-
ticular art without departing from the spirit and
scope of this invention as set forth in the 4ap-
pended claims.

We claim:

1. A process which comprises pyrolyzing & Hy-
drocarbon oil in the presence of spent solid par-
ticles to form a hydrocarbon pyrolysis product
and coke-laden particles, said spent particles
being formed by reacting regenerated particles
with water to liberate hydrogen therefrom, react-~
ing said coke with said spent particles to form re-
generated particles in the presence of oxygen~
containing gas, combining at least a portion of
said regenerated particles with at least-a portien
of said pyrolysis product, subjecting the mixture
thus formed to hydrogenating conditions of pres-
sure and temperature in the presence of water
in the liquid phase thereby hydrogenating said
pyrolysis product and forming said spent solid
particles, separating hydrogenated oils from said
spent particles and recirculating said particles:

2. A process which comprises coking a hydro=
carbon oil in the presence of fiuidized particles
of an oxide of & metal above hydrogen in the
electromotive series to form coke-laden metal
oxide particles and a coker distillate, said metal
oxide being in. a higher oxidation state, separat-
ing coke-laden particles from said coker distil-
late, heating said coke-laden iron oxide particles
to rémove coke and regenerate the metal oxide
particles to a lower oxidation state, reacting the
regenerated lower metal oxide particles ‘with
water in the presence of at least a portion'of
said.coker distillate thereby hydrogenating said
distillate and forming said metal oxide of highér

 oxidation state, separating. this higher metal
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oxide from the hydrogenated product and.recir-
culating said higher metal oxide. .
3. A process according to claim 3 wherein said
hydrocarbon contains suspended. carbonaceous
solids. B
4. A process according to claim 2 wherein said
hydrogenated product is fractionated. leaving a -
hydrogenated residuum, suspending finely divided
solid carbonaceous solids therein and reciretilat-

ing the mixture thus formed to hydrogénate said

solid carbonaceous solids.

5. A process according to claim 4 Whérein said
finely divided carbonaceous solids aré particles of
coal. ’ ’

6. A process which comprises coking & hydro-
carbon oil in the presence of fluidized particles of
a higher oxide of iron to forin coke-laden higher

‘jron oxide particles and a coker distillate, sepa~

rating said particles from said distillate, fluidiz-
ing said coke-laden higher iron oxidé particles at
a temperature sufficient to cause réaction betweeni
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the higher oxide and the coke thereby forming
coke-free reduced particles containing iron in a
lower oxidation state capable of reacting with
water to liberate hydrogen, contacting at least a
portion of said coker distillate with said coke-free
reduced particles thus formed in the presence of
water in the liquid phase thereby hydrogenating
said coker distillate to form said higher iron oxide
and a hydrogenated product, distilling said hy-
drogenated product to recover hydrogenated hy-
drocarbon fractions therefrom leaving a hydro-
genated residuum containing particles of said
higher iron oxide and combining said hydro-
genated residuum with said hydrocarbon oil to be
coked.

7. A process according to claim § wherein said
higher iron oxide particles are reduced with coke
to ferrous oxide (FeQ).

" 8. A process according to claim § wherein said
higher iron oxide particles are reduced with coke
to ircn.

9. A process which comprises coking a hydro-
carbon oil contaminated with sulfur compounds
in the presence of fluidized particles of ferric oxide
to form g coker distillate contaminated with sul-
fur compounds and coke-laden ferric oxide par-
ticles, separating said particles from said distil-
late, fluidizing coke-laden particles of ferric oxide
at an elevated temperature to effect reduction of
the ferric oxide to elemental iron, separating iron
particles thus formed, contacting at least a por-
tion of said coker distillate with said elemental
iron particles in the presence of water in the
liquid phase whereby said coker distillate is hy-
drogenated and desulfurized by hydrogen formed
through the interaction of water and said iron
forming a desulfurized hydrogenated product, iron
sulfide, and ferric oxide, distilling said hydrogen-
ated product to recover desulfurized hydrocarbon
fractions, separating particles of iron sulfide
formed in desulfurizing said coker distillate, fiuid-
izing said particles of iron sulfide in an oxygen-
containing gas thereby forming ferrie oxide and
sulfur dioxide and recirculating the ferric oxide
thus formed.

10, A process which comprises coking a hydro-
carbon oil contaminated with hydrocarbon com-
pounds of sulfur in the presence of fluidized par-
ticles of ferric oxide to form a sulfur compound
contaminated coker distillate and ferric oxide
particles laden with coke, separating said particles
from said distillate, fluidizing said coke-laden
ferric oxide particles in contact with an oxygen~
containing gas at an elevated temperature to
form carbon monoxide and particles of elemental
iron, separating iron particles thus formed, re-
acting said particles of iron with water in the
presence of at least a portion of said coker dis-
tillate in the liquid phase thereby hydrogenating
‘and desulfurizing said coker distillate forming
iron sulfide and ferric oxide, distilling the hy-
drogenation product to recover a desulfurized hy-
drocarbon fraction therefrom, recovering par-
ticles of iron sulfide, Auidizing said iron sulfide in
-an oxygen-containing gas thereby oxidizing said
dron sulfide forming sulfur dioxide and ferric
oxide, separating said ferric oxide particles, re-
.cycling said ferric oxide, combining at least a por-
tion of the carbon monoxide produced in reduc-
ing said ferric oxide with at least a portion of
the sulfur dioxide bearing gases produced by iron
sulfide oxidation, and effecting an elevated tem-
perature reaction of said carbon monoxide with
‘saild sulfur dioxide to produce elemental sulfur.
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11. A process according to claim 10 wherein the
efluent gases from the reaction involving carbon
monoxide and sulfur dioxide are cooled to a tem-
perature above about 225° . to separate sulfur
in liquid form.

12. A process according to claim 10 wherein the
effluent gases from the reaction involving carbon
monoxide and sulfur dioxide are cooled 0 a tem-
perature below about 250° F. {0 separate finely
divided particles of sulfur in solid forin.

13. A process according to claim 10 which
comprises contacting the residual gases from the
carbon monoxide reaction with sulfur dioxide
which contain unreacted quantities of sulfur
dioxide and hydrogen sulfide with the reduced
particles produced by elevated temperature re-
action of said coke-laden ferric oxide to form
further quantities of iron sulfide and the like, and
recirculating said iron sulfide to the process to ef-
fect a substantially complete recovery of the
hydrocarbon compound of sulfur as eiemental
sulfur.

14. A process according to claim 10 including
the step of combining ferric oxide produced in the
oxidation of iron sulfide with said hydrocarbon oil
to be coked to form further quantities of iron sul-
fide.

15. A process according to claim 10 including
the step of magnetically separating particles of
iron sulfide from said hydrogenation product.

16. A process which comprises coking a hydro-
carbon oil in the presence of fluidized particles
of Fe3Os to form a coker distillate and coke-laden
FesO4 particles, fluidizing said coke-laden Fe;Oq
particles in heated gases thereby forming carbon
monoxide and reduced iron oxide particles in a
lower state of oxidation, separating said reduced
particles from said carbon monoxide gases, re-
acting said reduced particles with water in the
liquid phase under superatmospheric pressure in
the presence of at least a portion of said coker
distillate to hydrogenate olefinic constituents
thereof while reforming said Fe3Os and desul-
furizing said distillate forming iron sulfide, frac-
tionating the hydrogenated product to obtain a
hydrogenated residuum containing Fe;O4 and
iron sulfide, combining said hydrogenated resid-
uum with said hydrocarbon oil to be coked, mag-
netically separating iron sulfide from circulating
solids streams in the process, fluidizing said iron
sulfide in an oxygen-containing gas thereby
forming sulfur dioxide and particles of Fe:03 at
an elevated temperature, contacting said particles
of Fe203 with at least a portion of said carbon
monoxide gases produced in the FeiOs reduction
thereby reducing said particles of Fe:03 to
Fe3Os and recirculating the particles of FeiOq
thus formed.

17, A process which comprises establishing a
fluidized coking zone, a fluidized reducing regen-
erating zone, a fluidized oxidizing regenerating
zone and a liquid-phase hydrogenating and de-
sulfurizing zone, combining a hydrocarbon oil
contaminated with sulfur compounds - with a
coker distillate residuum and g hydrogenated
residuum containing suspended particles.of solid
iron compounds such as iron oxides and iron sul-
fide, heating the combined hydrocarbon oil and
residuum stream, contacting the heated stream
with heated particles of Fe;Os prior to introduc-
ing the mixture thus formed into said fluidized
coking zone to form coke-laden Pe304 particles
and a coker distillate, separating coke-laden par-
ticles of Fe;Os from said coker distillate, dis-
tilling said coker distillate to broduce said coker
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dtstillate - residuuti ‘and selected: hydrocarbon
tractions of said doker distillate, introdueing the
separated particles of FesOs into said fluidized
reducing regenerating zone wherein-said FesOs
is reduced to an iron compound in a lower oxida-
tion state forming a gas containing earbon mon-
oxide, magnetically separating the reduced iron
compound from relatively less magnetic solids
sueh as iron suifide removed from the reducing
regenerator, combining the reduced iron com-
pound thus-recovered with at least a portion of
said coker distillate, reacting said iron compound
with water in said hydrogenating zone at an
elevated temperature in the liquid phase thereby
hydrogenating said coker distillate and simul-
taneously effecting a coker- distillate desulfuriza-
tion forming iron sulfide, distilling the hydro-
genated product thus formed to separate desirable
sulfur-free hydrocarbon fractions thereof leaving
4 hydrogenated residuum containing FesOs and
iron sulfide, recirculating said hydrogenated re-
siduum to said fluidized coking zone, oxidizirig
said iron sulfide magnetically separated from said
reducing regenerating zone in said fluidized oxi-

dizing regeneration zone to form ferric oxide and 2

a gas containing sulfur dioxide and recirculating
the FesOs thus formed to said fluidized reducing
regeneration zone.

18. A process according to claim 17 wherein at

least a portion of the solids withdrawn from said &

fluidized reducing regeneration zone are intro=-
duced with the combined hydrocarbon streams to
snid fluidized coking zone wherein at least a por-
tion of the sulfur compounds are decomposed to
form iron sulfide. :

19. A process according to elaim 17 wherein
hydrocarbon compounds of nitrogen are present
in said hydrocarbon oil and are hydrogenated in
said liquid phase hydrogenation zone in the pres-
ence of water to form ammonia, said ammonia
being recovered as ammonium hydroxide upon
distillation of the hydrogenated product from
said Hydrogenated -zone. : o

90. A process according to claim 17 wherein
said coker distillate is introduced into a distilla-
tion zone to produce an overhead gas stream con-
taining normally gaseous hydrocarbons, con-
tacting said gas thus produced with an abgorber
oil to remove normally-liquid hydrocarbon com-
pounds leaving a dry gas, desulfurizing said dry
gas t¢ remove hydrogen sulfide, and introducing
the desulfurized dry gas thus formed directly into
said fluidized reducing regetieration zone.

91. A process according 10 ¢ I
the steps of dividing the reduced particles re-
moved from said reducing regenerating zone into
‘a.major portion and a minor portion, introducing
gaid major porticn with said coker-distillate di-
rectly into said hydrogenating and gesulfurizing
zones, subjecting the minor. portion to magnetiec
separation of iron suifide therefrom, introducing
the thus separated iron sulfide into said oxidizing
regenerating zone, and passing the remaining
part of said minor portion to said hydrogenating
and desulfurizing zone.

99. A process aceording to claim 17 wherein
catalytic quantities of a hydrogenation catalyst
are circulated with the stream of iron compound
particles. ,

93. A process which comprises establishing a
fluidized coking zone, & fluidized reducing re-
generation zone, a fluidized oxidizing regenera-
tion zone and a liquid phase hydrogenation zone,
combining a hydrocarbon oil containing hydro-
carbon compounds of sulfur and nitrogen with &
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coker distillate restduum and. a hydrogenated
product residuuin containing’ suspended solid
particles of FesOs and FeS; heating the combined.
liquid stream. thus formed, contacting the heated
stream with~ Theated particles- -of  FeiOs in
said fluidized coking zone to form: a coker
distillate and coke-laden FesOs and FeS par-
ticles at a temperature between - about 700°
. and 1200° F. and 4at-a pressure of between
zero and 250 pounds per square inch gauge, dis=
tilling said coker distillate to recover said coker
distillate residuum which is recirculated to the
coking zone, separating coke-ladern particles: of
FeOs and FeS from said fluidized coking ZO1€,
introducing said coke-laden particles into said
fluidized reducing regeneration zone whereift a
FesO: reduction is effected at & temperature of
from about 1400° F. to aobout 1800 . to-form
coke-free particles contaihing iron in lower oxi-
dation statés and & gas containing carbon mor-
oxide, removing the reduced particles  this
formed from said reducing regeneration - zZone,
separating FeS from said particles containing
iron in & lower oxidation state, fluidizing said FeS
in an oxygen-containing gas in said oxidizing re-
generation zone at a temperature between 1000° -
P. and about 2000° F. to form & gas containing
sulfur dioxide and particles of FesOs, recircilat=
ing said Fe:Oq to said reducing regeneration zone,
combining a portion of carbon monoxide gases
from said reducing regeneration: zone with a:por=
tion of sulfur dioxide gases: from said oxidizing

 regeneration zone in & controlled ratio to form
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elemental sulfur contbining at least & portion of
said coker distillate with said reduced particles
containing iron in lower oxidation states, reget~
ing said particles with water at a temperature of
from 500° F, to about 1200° F. at 4 pressure up-to
about 15,000 pounds per square inch to-hydro-
genate and desulfurize said coker distillate there-
by forming FeS from sgid hydrocarbon - eomi-
potinds of sulfur and ammornia from said hydro-
earbori compounds of nitrogen, distilling the
hydrogenated product: to' recover desulfurized
hydrogenated hydroearbon -fractions - thereof
leaving a hydrogenated residuum ¢ontaining Fes
and Fe;04, and recirculating said hydrogenated
residutim . with said hydrocarbon’ oil and. said
coker distillate residuum to said fiuidized coking
zone.

24. A process according to claim 23 wherein
said reduced particles containing’ iron:in-a-lower

‘oxidation state removed from said reducinig re-

generation zone comprise’ particles: of - ferrous
oxide (FeO) formed in sald reducing régenera-
tion zone while maintaining a circulating” gas
stream in said reducing regeneration zone-having
a carbon moroxide to carbon dioxide ratio-of
between 0.5 to 3.0 and while introducing a stream
of hydrocarbon gas into said reducing regenera-
tion zone. :

25. A process according to claim 23 wherein
said reduced particles removed from’said reduc-
ing regeneration zone comprise elemental iron
produced in said reducing - regeneration zone
while maintaining therethrough a recirculating
gas stream containing a carbon monoxide to

. carbon dioxide ratio of from about 2.5 to 5.0 and

7%

while introducing a stream of hydrocarbon gas
into said reducing regeneration zone.

26. A process according fo claim 23 wherein
the particles of iron compound removed from
said fluidized oxidizing regeneration zone com-
prise Pe:03 and which is reduced to FesOs by
countercurrent contact with a part of the carbon
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monoxide bearing gases at a temperature between
1400° F. and 1800° F. removed from said fluidized
reducing regeneration zone and said FesO: is
subsequently recirculated. )

27. A process acecording to claim' 23 wherein
said liquid phase hydrogenation zone is provided
with a continuously recirculating stream of
hydrogenated efluent containing suspended par-
ticles which is combined with said coker distillate
containing particles of iron compound in its lower
state of oxidation and is recirculated in suffi-
cient quantities through a heating zone and sub-
Sequently through said liquid phase hydrogena-
tion zone in the presence of water to effect a sub-
stantially instantaneous heating of said coker
distillate and iron to temperatures between about
500° F. and 1200° F. required to effect hydro-
genation and desulfurization.

28. A process according to claim 22 wherein
said fluid to be hydrogenated comprises from
about 5% to about 35% by weight of a water-
oxidizable compound of iron such as iron and
ferrous oxide (FeO), from about 2% to about 259
by weight of water and from about 80% to about
90% by weight of coker distillate, to which fBuid
has been added a small quantity of a hydrs-
genation accelerator selected from the group con-
sisting of water-soluble halides of calcium, mag-
nesium, iron, manganese and ammoniun.

29. A process according to claim 23 which com-
prises combining said coker distillate with par-
ticles of an iron compound capable of reacting
with water to liberate hydrogen to form a slurry,
passing said slurry through a heating zone into
said hydrogenation zone, separately heating
water under superatmospheric pressure, intro-
ducing the heated water into said hydrogenation
zone so that the hydrogenation reaction takes
place completely within the hydrogenation zone.

30. A process according to claim 23 wherein
the residual gases remain after the separation of
elemental sulfur produced in the sulfur dioxide-
carbon monoxide reaction contains unreacted
sulfur dioxide which is recovered by the step of
contacting such residual gases with the coke-fres
particles removed from the reducing regenera-
tion zone. -

31. A process according to claim 232 wherein
said hydrogenated product is flash vaporized by

reducing the pressure thereby separating the :

hydrogenated product into a vapor and a hydro-
genated residuum containing iron sulfide and a
higher iron oxide, distilling the vapor thus
formed, and recirculating the hydrogenated
residuum.

32. A process according to claim 31 wherein
said hydrogenated product is substantially com-
pletely vaporized forming a vapor containing
suspended solid particles, the steps of separating
said solid particles from said vapor and recir-
culating the thus separated solids to said oxidiz-
ing regenerating zone.

33. A- process which comprises thermally
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pyrolyzing a hydrocarbon oil in the presence of
particles of a higher oxide of iron and iron: sul-
fide to form a coker distillate and coke-laden par-
ticles in a fluidized coking zone, separating said
coke-laden particles from said coking zone, in-
troducing between 50% and 909% by weight of the
solids stream thus removed to a fluidized reduc-
ing regeneration zone in which the higher oxides
of iron are reduced while maintaining a con-
tinuous gas recycle stream containing carbon
monoxide through said reducing regeneration
zone to form reduced particles, introducing be-
tween about 10% and aboui 509% of the solids
stream to a fiuidized oxidizing regenerator where-
in said iron sulfide is oxidized to forra further
quantities of higher iron oxide, recirculating the
higher iron oxide thus. formed to said fluidized
coking zone, combining said reduced particles
separated from said fluidized reducing regenera-
tor with at least a portion of said coker distillate,
reacting said reduced iron ecompound particles in
the presence of water at a temperature of about
750° F. and at a pressure as high as 15,000 pounds
per square inch in the liquid phase to desulfurize
and hydrogenate said coker distillate to form a
hydrogenated product, and said higher iron oxide
and iron sulfide, distilling said hydrozenated
product to form desulfurized fractions thereof
leaving a hydrogenated residuum containing said
higher iron oxide and iron sulfide, and reeircu-
lating the residuum thus formed to said fluidized
coking zone.
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