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1

This invention relates:to & -process: and.appar
ratius-for the refining: of heavy-oils:sucir as crude:
petroleum, straight -run-and cracked: residuuims;.

coker distillates, mineral oils such-as:those Yecov=

ered from shale, tar sand; dia;tnmite,i-and: mis-
cellaneous bituminous- sands which-may.-or nay.

not: pe: contaminated- Wit‘h‘i undesirable- elements
such .gs nitrogen,; oxygen and- sulfur-containing

Hydrocarbon-compounds, coal oil fractions,.par~
_ high density: recovered- from.
the ‘distillate produced during coal coking which:

ticularly:- those Of

may be contaminated with acid-or basically re-

geting constituents; for:the production-of-lighter
products such-as liquids boiling: below. about 800
. fractions: of whichy are -suitable: for. fuels <In.
internal’ combustion engines-and diesel engines,.

lubricating oils; solvents; miscellaneous naphthas,.

and the like. - P T
- More particularly this-invention relates: to-re=

fining processes ‘for the conversion: of J‘hig-h:‘- den--
sity-or low A. P. I gravity oils to. products: of"

16wer boiling range and:lower density-which in-

volve coking these oils-to' form coke and. a:-coker
distillate ‘and:hydrogenating the distillate in the
presence ‘of water; and a-metal capable. of -re=--

acting with water to form hydrogen.... - -
" The hydrogenation.of‘mineraloils; ahd

acco

ence of a hydrogenation catalyst usually compris-

ing one of the noble metals such. as platinum or
palladium, or oxides thereof. The principal dis--
advantages of ‘such processes:include. gxpensive

the like;.
iewell known in‘the art. Generally thig has been
plished by subjecting the oil: to be:-hydro~
cenated to temperatures of from:200°°1% tosabout.
600° F'. and from about:1:atmosphere to as high'as:
about 100 atmospheres: of hydrogen: in the:pres=-

-Oﬂ'.-. e

948; Serial No.-36,724.
‘33 Claims. (CL 196—49)

- generated solids-in: the*:_-_:'productionf of: hy,dro‘g‘éna |

and the simultaneous hydrogenation of the heavy:

A‘no_ther:' obj ect of this. invention: 15’60 promde |

- gn: improved process for. ther recovery .of . ele~

mental sulfur: -from sulfur: contaminated:crude:

- petroleum..
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15
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and: complex: hydrogenatiomn 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. - E L
Tt is an.object of this.invention to. provide an

easily controlled -and. efficient. brocess for the:
hydrogenation of heavy oils for the production of

lower boiling fractions.. .

 Another object of this invention is to ijrdvid'e: a

45°

process -for -converting high density oils™ which™
may-be contaminsted with undesirable constitu-

eri‘ljs'_r’t’o*’_dé‘_s‘ir'a:bl‘e”pro'ducts of ‘lower ‘boiling range"
ahd - density including- the steps of coking: the’
high ‘density oil in the" presence of spent solids’

from the hydrogehation operation, simultaneous=

1‘9_‘?—_Teg'_e”ner9jting‘-;th’e‘“ spent”solids and’ co‘n‘vei'-ting'
the coke"to-producer gas and- employing**-lth"e-‘ re-

50:

or to a lower oxide.for reuse.as:a; hdrogenation:

" as the descriptionthereof proceeds... ..
40: 3ti0:

- vention comprises.the 'high'_k.tempqefatur'e pPYroly=~

A further object of this:invention:is to. provide:
an. improved- process for:the:reduction -ofoxides:
of metals-such-as iron:to:lewer 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 10 pro=-
duce producer gas and-the metal:in:a:finely. di--

vided state. : . -

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:hydrogen:
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:

{

catalyst and as.a source:of hydrogem.. -~ ...

" A further object of this invention. is:to: provide:
an improved continuous: process for:the hydros- -
eenation of. oils:with ‘hydrogen:produced:-by:the:

‘reaction of elemental iron with- water or water:
vapor. o e e e

- Tt is: also an object of the present invention.
to provide an apparatus by which the aforemen= -
tioned processes may be effected. ~ . .

~ Other objects and advantages of this'invention
will ‘'become -apparent to those skilled in.the art

Briefly, the preferred modification of, this in=-

sis of hydrocarbon.oils in: the-presence of: parti=
cles: of a.spent.metal oxide:in.a.fluidized;coking;
zone.whereby- 2 layer.of-coke is laid:down:on:the:
particlesrand lower:boiling: hydrocarbon pyrolysis:
products.-are. formed,. separating. the: coke=laden:
oxid_e -particles from: thie: pyrolysis sproducts;: Yga-
acting: the :coke with the spent:oxide particles:in:
g. fluidized: reducing regenerating zone-to:form:
regenerated particles; combining a portion of ‘the-:
regenerated particles with: at:-least-a-part-of: the:
pyrolysis: product;: subjecting -the--mikture* thus:

~ formed' to: conditions of’ superatmospheric -tem=
55: e '

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

1t 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 & 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
20 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 gz,
condition of hindered settling. The gases move
upwardly while the solids slowly settle and s
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 oll, iron oxide, and unreacted water ete. are
introduced into a suitable separating device for

recovery of the individual fractions of the mix-

In 3
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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 o0il 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 confained 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 he
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.
oSince 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 cokz‘ng

Relerring now more particularly to the drawing,
260 barrels per day (42 U. S. gallons per barrel)
of Santa Maria (California) erude petroleum
amounting to 43.9 tons per day is treated accord-
Ing to the process of this invention. This heavy
oil is preferably topped for straicht-run gasoline
recovery. The crude petroleum passes via line {0
under pressure exerted by pump ff through line
12 controlled by valve 13 and is combined with
49 barrels per day of coker residuum recycled
through line (4 controlled by valve 15 and with
a stream containing 8 tons per day of hydrogen-
ated residuum, 2.76 tons per day of iron sulfide,
and 20.9 tons per day of ferric oxide flowing
through line 16 controlled by valve i{1. 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



then passes via line 18 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 Fe3Os and
FesO3 are maintained in a fluidized state due to

the mixing action of hydrocarbon liguid and vapor
being - introduced from heater i8a. The coke-
1aden 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
avists below which the:coke-laden-particles are

in rapid motion, hindered from settling, and-above

which the particles-tend to-settle 1 orming a-solid-
free-gas space. Present within- coker:29 is sepa-

2,614,087
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thus produced for hydrogenation amounts to0-21.2
barrels per day, or 3.24 tons perday. - -

 Metal ozide reduction
‘Returning now to the treatment of the -coke-

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

~ duced into reducer 25. ‘This solid material ana-

15

" rator 22°by means-of which particles of suspended

iron compound are removed from the hydrocarbon
pyrolysis product-and returned to the lower por-

20

tion of the vessel. -Coker 20 preferably is operated -

at:superatmospheric pressure {rom about zero to

as high as-200 pounds per square inch gauge, and.
preferably between about 30 and 100 pounds per

lyzes, in per cent by weight, as follows:

09

Constituent: | - Weight per.cent.
TIron sulfide . ceeee e ———— e B
Higher iron oxides ceeee—eelcmeeeee— 664

- Coke _-_..,._.._._,__.____;.._l___'.'.._;_'.;._._.__'..;_._..._ﬂ...___..'.,;22_;.i01
ChIoTide o o e e B2 T

SUIfUL e e e e e -0,
Total - i =100.0:

This material passes into the. reducer. at. about.

- 900° P,

jRe;
Gt

 ‘square inch. Coke-laden particleS,{-o'_f iron oxide

and iron sulfide are removed from coker 20 by

meains: of line 23: controlled: by '-_va'.lve 24 and are

sent thereby to reducer-£9. -

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 28 wherein they are

fractionated. Other forms of distillation column
such:as a packed tower may be used as well. The

overhead product passes by means of line 3% into
cooler 31 wherein g partial condensation of the

lower boiling hydrocarbons.is effected. The com-

bined liquid and gas ‘pass via line 32 inio sepa-
rator 33 wherefrom the liquid products-are with-
drawn via line 34. A portion of this-passes by

40

mesans of line 35-controlled by valve 36 into the
upper portion of fractionator- 2 8 gs-reflux ‘while

the remaining portion passes via line 37 controllied
by valve 38 to further processing facilities or

storage facilities -not shown. This hydrocarbon

stream comprises-a coker gasoline which, depend-
ing upon the operation of coker bubble tower 29,

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

i

 coker 20 is effected. The coke is burned in the

presence of an OxXygen-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 a substantially complete reduction of this.

ivon oxide to an iron compound of a lower oxida-

tion state capable of reacting with water to lib-

erate hyvdrogen such as particles of ferrous oxide

(Fa()) or particles of elemental iron in finely

i A

divided form. To effect  this operation. 1.95
MSCEF/Hr. (1,000 standard cubic feet per hour)
of apsorber dry gas or other hydrocarbon gas.
such as natural gas, which may be ‘preheated.

to g temperature of about 1200° F., is introduced

- into raducer 25 via line 52 controlled by valve

may have an end point of from as low as sbout -

150° F. to as high-as 400° I, ~In this operation

23.6 -barrels per
250° P, 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 liguid hydrocarbon fractions

from the gas.is effected. . To effect this removal, -

day, or 2:65 tons per day- of a

50

09

g gas oil fraction is removed from bubble tower .
23 by means of line 42, passed through cooler 43

and introduced into absorber 41 by means o1 line

60

a4 controlled by valve 48. 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. |

"The rich aborption oil produced in absorber 41 -

is removed therefrom Dy MmMeans of line 48 a por-

tion of which is returned via line 49 controlled

by valve 50 to. coker bubble tower ‘29 while : th_e
remainine ‘portion passes by means-of line 9 ba

controlled by valve 31 ;toli'b'e- hydrﬁg_ena;te d s here-
inafter described: The-quantity ofcoker distillate

70

53. At these temperatures, a hydrocarbon-iron

oxide reaction occurs which gives rise to the for--
mation of carbon monoxide, hydrogen, water and
elemental iron. To effect the coke burn-off, 3.81
MSCEF/Hr. of ailr 58 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 B55. By controlling the operation of

reducer 25, the contents of the vessel are main~
tained in such a condition that the solid particles:
‘gre hindered from settling and a suspension of

the solid particles having level 56 is maintained
in the lower part of the vessel. o
Above level 58 is collected a producer gas rich
in carbon monoxide and hydrogen which s
formed during the iron oxide reduction. To pro-
duce high purity iron from the reducer, itis pref--

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

used. This gas is introduced into separator 5T
~in which traces -of suspended particles are

o

removed -and returned to-the high -density ‘sus-
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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 1,000° F. and is passed by means

of line G0 into separator 61 wherein remaining

traces of suspended solid particles are removed.
These particles miay 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
1s sent via line 64 controlled by valve 85 for uss
as 1uel, such as in furnace i8¢ in which the

incoming heavy oil feed, recyecle coker residuum,

and hydrogenated residuum are raised to coking
temperatures prior to their introducticn into
coker 28. The remainder of the carbon rmon-
oxide gases pass via line §6 for further virocessing
in connection with the recovery of eiemental sul-
fur from the sulfur dioxide bearing gases pro-
duced during the conversion of iron sulfide to
iron oxide, as hereinafter more fully described.
‘The reduced solids are removed from reducer 2%
via line 112 and a portion may be passed through

line 112¢ controlled by valve ((3a¢ directly into :

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

Metal suifnde oxidotion

In oxicizer b1, 7.73 tons per day of solid mate-
rial containing 919, iron sulfide, magnetically
separated irom the reducing regenerator eflluent,
&s hereinafter described, are introduced and con-
verted to higher iron oxides. This reaction is
conducted at g temperature of zbout 1200° F.
aithough temperatures as low as about 1,000° 7.
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
ot line &8 controlled by valve €8 and the suspen-
sion' together with recirculated iron oxide is
passed vig line 10 through waste heat boiler Tt
wherein & 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 85.
The suspension is then passed from boiler 7
via line 12 into oxidizer 67. A level 73 is main-
tained in oxidizer 8T below 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 871 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 foy recir-
culation through waste heat boiler 7. 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

10
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reducer 80 at the rate of 7.1 tons per day and
has approximately the following composition:

Constituent: Weight per cent
FesOs 83.0
¥esO4 o 9.1
BeS o 7.9

100.0

Within auxiliary reducer 88 this downwardly
Hlowing solid mixture contacts a countercurrent
stream of gas removed from reducer 25 at a rate
of 1.4 MSCF/Hr. by means of line 88§ controlled
by valve 81 and which contains carbon monoxide.
This countercurrent contact effects a substan-
tially complete reduction of the Fe:03 to Fe3Oq,
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 Fe20s, 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
oxidized iron sulfide from oxidizer 67 passes via
line 80 controlled by valve 91 into oxidizer 671

Within oxidizer 67 the iron sulfide is oxidized
to a mixture of iron oxides with the simultaneous
proauction of gases rich in sulfur dioxide. Under
conditions of the present operation these gases
are removed from oxidizer 87 through separator
32 by means of which suspended particles of
Iron oxides are separated and returned to a
point below level 713. The solids-free sulfur
dioxide bearing gases are removed from sepa-
rator 82 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

brecipitated. 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/Hr, and are combined with 14.3 MSCF/Hr.
of producer gas containing a high concentration
of carbon monoxide flowing through line 66.

Sulfur production

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+4-8S02»>S-4+C0O- l.-heat

This gaseous mixture is conducted by means
of line 98 into waste heat boiler 989 wherein the
heat generated is employed to convert water to
steam. Water is infroduced by means of line
100 controlled by valve 101 and steam formeg
Is removed from separator {02 by means of line
by valve 104. The heat made
avallable by this reaction is about 300,000 B. t. u.
ber hour, a substantial portion of which is re-
coverable in the form of high pressure steam.
(Giases are removed from boiler 98 at a tempera-
ture of about 1185° P, by means of line {05
and are introduced into heat exchange means
106 wherein the gases are preferably cooled to
a temperature of below sabout 250° F. losing
their heat in this modification at a. rate of about
000,000 B. t. u. per hour in the generation of
steam. Sulfur is hereby precipitated in solid
form and liquid sulfur may be recovered, if




desired, by maintaining the-temperature -above
950° F..such as for example, at least 300°-F. . This
gas is introduced via line 107 into -separator
108 wherein the sulfur is separated. -Sulfur is
thus produced at a rate of about 1.8 tons Dper
day and is removed from separator 108 via line
108. The sulfur thus produced is of high purity.

The solid sulfur is in a finely divided form suit-

2,614,087
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wherein -a ‘substantially complete --_.-sep-_a,r_a,tignf ‘of

iron sulfides is-effected. - The- elemental -iron -and
“iron oxides thus recovered is removed. from’ sepa-

rator 121 via line 122 controlled by valve 123-at |

a rate of 25.1 tons per day. The stream has-ap-

proximately the:following composition: . ... -

' . - - . Ir e o e e Ay g R T i e e S e e N —— I T it S 4 ;9
able for a wide variety of uses, especially fruit _ _Fé’g R 137
tree dusting. . - B - 10 FESO;-T ______________________________ ’78
The reaction of carbon monoxide and sulfur RISV oo e e R T T s
. . = _ - Chlorlde e e e o i i il Bt e e A} T — T T O A i Aais ' 2-4 _
dioxide does not go to completion so that the Water. TR
gases removed from separator 108 by means of | bttt S U TR

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 ({8 con-
trolled by valve 111 is employed at a rate of
about 34.2 MSCF/Hr. to convey and simultane-
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ously to cool the iron efiluent removed from re-

ducer 25 at a rate of 26.2 tons per day by means
of line 112 controlled by valve {13. ‘These solids
are removed from reducer 25 at a temperature of
about 1650° F. and have approximately the fol-
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lowing weight composition;' o
‘Weight per cent

‘ess which will subsequently be deseribed.’ .o o
. Also removed from magnetic sepafator 421 .is . -~
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This slurry of iton and water is combined-With
912 barrels per day of. coker distillate temoved = . i
from the lower outlet of absorbéer 41 and flowing .
through lines 48 and 50a controlled by valve®b .
This material is subseguently passed-by dneans .. |

of line 124 to the hydrogenation step of thé proc--

a

5 stream of the relatively nonmagnetic materials
containing substantially all of the ‘iron -hlfide, -
and some iron oxide, the chlorides, and the like.

This material is removed by means of line 125
controlled by valve. {26 and ‘IS introduced into

Constituent: o _ secondary magnetic separator 127 wherein a‘sepas
TEOD - o mr e e mm e mmmmeee - 499 o0 vation of the ash and chlorides is effected from
Tron oxide (FeO) oo 17.0 the iron oxides and iron- sulfides. ‘The ash and |
Iron oxide (Fe304) om-mommeommmommm- 9.9 chlorides and other nonmagnetic materials are
Tron SUlfide. - —ooomoie—ceomm-m==- 213 removed by means of line 128 controlled by valve

- Chloride —-mammmmm e e e o 2.3 i29 and are discarded.. The iron sulfide cohcen= -
| —— 45 trate is removed by means of line 130 controlled
_ 100.0 °° py valve 131 at a rate of about 10.2 tons-per day -

In doing this an efficient contact of the residual and has approximately the following compesitions

sulfur-bearing gases with iron IS effected sub- o en e e PR CEE R o

stantially completely converting the sulfur to Cmsif,gélemr B ___Wélghﬁ: per. G;gni L

nonvolatile metal compounds such as iron sul- 40 Fes O‘;“"._"-'"'""'“f-':_‘.";“"I-".‘-_"T"'-f?".’."-”.'-I'f';"‘_.'-"_"j'_f_'_""_"_'i_ 6i4 P

fide. The metal sulfur compounds are recircu- Wate I‘—"““““"_H_—__'“-f“?"f'___1:7-"-5"4‘:5‘ o

lated through the system for reprocessing and [t e S S R S S 5 |

permit the discharge to the atmosphere of gases - _——?iﬁfﬁ@;ﬁ

substantially uncontaminated with sulfur and
a substantially complete sulfur recovery. The
caseous suspension thus formed passes by means
of line 114 into separator | {5 wherein the solids,
comprising a mixture of iron oxide and iron sul-
fur compounds together with iron, are separated
from the heated gases. The solids thus conveyed
and cooled are removed from separator LI at a
rate of aboub 26.7 tons per day at a temperature
cjf' about 825> F. These solids have approximately
the following composition: -

oUr

sion of iron sulf]

This material passes by means of line: 132-and

is combined with a large volume of gases removed -
from separator (15 via-line 16 at a temperature

cf about 825° F. This gas is again employed to
convey solid materials and simultaneously to re=

move last. traces of sulfur compounds. Water-is

evaporated to-form: a completely gaseous suspen=

means. of line 133 into separator 134 at o tem=
perature. of about.425° F. - Within-separator’ 134;

1 of ivon sulfide-and-a small quantity-of romw .
- oxide " (F'ez04) and- the-'_su-gpensiﬂn is parsse_da by

Constituent:  Weight per cent 9% gyspended particles of- FeS- and FesOs are re<
TYON. oo mmmmm—mmm== 48.0° " moved from; the suspended-gas. ' These are passed
L O R it it 16"6', by means. of line {35 controlled by valve 138 at:
Fe203 - m e m e T T 9,77__ a rate of. 7.7 tons-per day to ba combined Wwith®
FeS. cmmammm e m e e 26".5', 5ir for.introduction: into: oxidizer 61.: The'§ulfuf+ '-
‘Chloride - -mmsmmmm e e e 2.2" 60 f_re.&- gases: are. diseharged to’ t,he*—*-atm*ospﬁereiﬁgﬁ -

WIOO'D‘: means of line (37 at a rate-of about 34 MSCF/HE:

T | A substantially complete: sulfur recovery as ‘ele-
Gases are removed from separator (i5 at a  mental sulfur may be effected in this manner.’ - -
te_rfiﬁéra;ﬁﬁi:e_ of 825° F. via line 116 having a. sub-- o S | B S A R R
stantially reduced sulfur content.

The solid material containing recovered irom.
<ylfur compounds removed from Sseparator 113
passes via line 120 and may be quenched by di-
rect contact with about 80 tons per day of water
introcduced by means of line 1 {8 controlled by
valve 119. The temperature is thus reduced o
ahout 150° F- and 190,000 B. t. u. per hour of heat.
are recovered. The shuTy of. solids-in water pass.
via line 120 into primary magnetic.separator. 121

 Returning: now’ to thie" actual hydrogenation
through'line 50

.
I= oq, v~

. . - .
* .1*.'1-

 step,. thie:coker distillate flowin

at.a 212 barrel per:day rate is combined in ling
{264, with- 25.1. tons: per.day of g slurry of” niii;b“ﬁf |
and water-formed as descrivedabove: The slurry’
passes via line 124 into mixer-138:to-which’ addi=- |
tiorlal;wa,ter;may:'fbef-.adde'd:;by?m‘ea}ﬁ’s"ci-fi"'liﬁ’éi i38 B
controlled. by: valve: 140; if:-desired.. With> this® B
75 additional-water:maybe added water-solublesalts' - M

70,
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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-
plicable- 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 [38 passes by
means of line 144 into high pressure pump (42
by means of which the slurry is compressed to a
pressure which approximates that required in the
ultimate hydrogenation reaction. This slurry is

10

‘passed under high pressure through line |43 at

-a.rate of 59.6 tons per day controlled by valve
144 into heater [45.

heater /45 has the following weight composition:

Constituent: Weight per cent
- Fe __________________________________ 20.1
. Ped ;_'_.____.._____.__....__.._..........__.._...__........-_.._ 7.5
FesOe -—— 3.3
Chloride _____.___________-_____ 1.0
Water . __ 13.8
Coker distillate_.________________ 04.3

L - 100.0

In other operations, the composition may be
varied to obtain different degrees of hydrogena-
tion. From 5% to 35% iron. or ferrous oxide, 2%
to 25% water, and 30% to 909 oi] may be em-
Ployed, for example.

- This material is removed from
means of line 146 controlled by valve 147 and is
Introduced at a temperature between about 500°
F. and 1200° F. into hydrogenation reactor {48,
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 oi] containing the sus-
pended iron in one stream and the water which
may contain a dissolved hydrogen generation ac-
celerator in the other. In this modification, the
magnetic separation is effected in the absence
of water. The water is then introduced at high
préssure via line 149q¢ through g separate coil

by valve 158a

heater 145 by

be above or below that of the
and may in some instances pe al pressure and
temperature conditions above the critical. 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 eflective utilization of the hydro-
gen thus formed is effected.

- The pressure under which the hydrogenation
reaction i ' atmospheric
ranging as high as 15,000 pounds PEr square inch
(1,000 atmospheres). L.ower pressures may he

employed such as less than about 100 pounds per
Square inch, although in the hydrogenation of
such material as coker distillate obtained from
Santa Maria Valley crude petroleum, pressures
in the range of from 3000 to 9000 pounds per
Square inch are desirable. -

During its passage through hydrogenation
reactor 148 the mixture of iron, water and eoker
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 hyvdrocarbon 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 throuch reaction
with water to higher oxides of iron such as Fe:Og
with the simultaneous production of hydrogen
which is emploved 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 liq-
uids containing dissolved gases is removed from
hydrogenation reactor {48 by means of line 15
controlled by valve 152. A portion of the hy-
drogenation reactor eflluent thus removed may
be recycled through heater (45 via line (§ia
controlled by valve 152¢ by circulation pump
153a. In this manner the entire system, heater
and reactor, may operate under substantially iso-
thermal conditions so that hydrogen generated
Py reacting iron with water is formed at the hy-
drogenation temperature permitting a substan-
tially complete utilization as formed. Such 2
mixing of a portion of the hydrogenated efiyent
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 effluent
is introduced into the central lower portion of
hydrogenation efluent bubble tower 153. In this
fractionating column, the hydrogenated effluent
1s separated into its constituent parts. An over-
head vapor passes by means of line 154 into con-
denser 155 wherein o partial condensation of the
lower boiling constituents is effected. This
cooled product passes by means of line 156 into
separator 157 from which the gases are removed
by means of line (58 controlled by valve (5%
which also maintaing a back pressure on the col-
umn. The gas thus obtained may contain a cer-
fain 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 (60 controlled by valve 18]
and a portion is returned to the upper part of
the bubble tower by means of line {62 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
proportion with unsaturated hydrocarbon frae-
tions obtained from the coker gasoline product
produced from the upper portion of coker hubhb]e
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.
‘o -enhance destlfurization, catalysts such:as co-

‘palt molybdate; cobalt chromate,-and the.corre-
-spornding nickel :compounds: ‘may ‘be introduced

with the mixture of water, oil, and iron or ferrous .

 -oxide into:the hydrogenation:reactor. ./The ‘co-
“pbalt-and: nickel oxides and sulfides are.especially
-gpplicable since these-compounds .are: readily re-
-generated under: the existing conditions’ of ‘opera-
-tion in:which the oxides:of iron are reduced. - By
employing : catalytic squantities - of “these.. com-
~ pounds:in:the hydrogenation. reactor, consider-
“able.reductions in temperature and pressure re-
~e11lt. . ~Those pressures..and:i emperatures:-in. the
lower part.of the ranges f"giv:env:a‘bove':.-permit..-g.o.oid
~conversions; thatis; '.tﬁmp'eratures;hetween-f'a;bout
~700° P, and "800% F. and pressures of  less-than
"_T.'E;b(}utf}ﬁo.ﬂﬂ..T.pBUIldSL-’?DEI‘J.’.SQHEBI‘G.-h,iIlGh.. - s

.. Ammonia .is ‘produced :during -the -destructive

-hydrogenation:of-nitrog enscontaining hydrocar-

~hons. .In-orderto:éffect-an: efficient. recovery:. of
-this: compound, the reflux temperature :of- bubble
tower 153 may. be maintained at- about 210°.F.
-under: atmospheric p-ms-sure;::-o.p'er_ati.o_n"-twherebyf.a

~gubstantially -complete “Tecovery -of - unreacted

-water -containing dissolved. : ammonia .. may -be
. effected- by .continuously drawing .off this..com-
~modity from tray-165 through Jine 166 controlled
-y valve 161. A hydrodesulfurized gas oil having
‘o boiling; range -.of from about 2007 - P..to-about
-800° -F.-may.. b e -removed, if-'desired, "1 rom ;the
middle-portion of column- 153 via line 168:con-
«$rolled by.valve 169. This-commodity is produced
_at-a rate-of 157-barrels per.-day.. . . |

..~ The-bottom part of column’ 13 35!is:"im‘a:illtﬂiﬂéd: -
~at-a temperabture of .-between 700° F.-and 1000° .

“gnd.a small.quantity of hydrogenated residuum
.is-removed :via -line . 170.

-recycled-by means of:g:pump not; shown through
.line 17l .controlled by valve 112 -t9:a point some-
-what -above- the: inlet-of -the . material removed
from. hydrogenator -148. The -quantity -of this

~residunm:amounts:io -49 :barrels per. day. - This

i hih

‘ture, pressure, -composition,:etc., these conditions
sare:not:to be:considered. limiting:since :g :¢ertain

Jatitude -of :variation s permissible wherebythe

“desirable results may “be cobtdined. "It isrto be
“further understood that although the high dén-
-sity.-oil : treated ‘in ‘the. :above ‘description was"a
‘high ‘density.crude:petroleum havingan A. P.. L
ceravity -of .between -10.0 .and .12.0, other -high

density oilsmay:-be similarly treated-and the same

10
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A portion.-of ‘this:is

40

desirable results effected. .. L
The.operation -of -the reducer may he varied

~such as.by. altering the temperature-and:the car-
‘honn . monoxide . concentration 'to “form . ferrous
oxide, FeO, in.preference.to:élemental iron. "This
“theri.may. be reacted with:water: to yield the:hy-
“drogen required in the hydrogenation step. The

use sof . ferrous..oxide instead .ol celemental iron

“has ‘been: found to be-.of .advantage, since under
:some conditions of -operation, ssuch -asin the

' —_— —

o0 -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. pariicles and reducethe::active
-surface.of the material.. . - . | | |

_Tn another madification Of_'ith'é: prbbéss ofthis |

invention. Auidized 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
30"

sulfur: dioxide and in:the:reduction: ofiron oxide
to iron in which latter step the coke.lald: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: nroduce sulfur:/dioxide or
“elemental -sulfur ‘depending on oxidizing ‘condi-

.. In. this'modification the high:gravity: oil'such

-as . crude :oil, shale oil, tar:sand -oil, coal “oil,
-residuums, :and :the like, is -combined. with.:a
.hydrogenated residuum -.containing :suspended
.particles -of iron sulfide -and .iron : oxide. :"The

- :stream -is;then. combined:with.a stream: of :1Iron

4 ;-0Xide (Fe30s predominantly) ;and is.passed préf-
-erably. through .a .fired heater where :the tem-

rm e m e G E ‘perature is raised to hetween:about.700° F.. and
B S et ettt bt it _._...;_836 ,1200°-. F. to -initiate a ‘thermal. pyrolysis. - The
| "F@_; it et tiole e e 54;7 - heated material is. thenintroduced:into:a, fluidized
Chlorides .- M e ..:1'-9'__50_,.cg-king vessel. .In the coking vessel, - thermal
- ST »pyrolysis.of the heated combined -oil streams:is

- 10010 effected.in the presence of suspended particles:of
iron .oxides and: iron sulfides. -A levelds: main-
tained within.the coking .vessel below which the

material has the following ~weight ‘composition:

‘Constituent Weight per cent

‘Hydrogenated residuum .- 248

“This material is recirculated by means of line 18
“from bubble tower 153 to be cormibined with:the | | . e : g
.Santa Maria Valley crude. oil ‘passing with.the -heated. particles: of iron oxides and iron sulfides
“eoker bubble tower -residuum via line 18 into 21° maintained ina condition of hindered setiing
:szheatﬁrf.;l.aa:;t:ompleting'.-::the'.f:csﬂcle. Lo - “wherein the coke. resuliing . from. the ‘thermal
.. - According tothe modification of the: process of _:,_,;pyzg_olysdls ;aa_:ctmn:_-.ls .deposited: on the suspended

~ : .8olid. particles. Above:-this.level accumulates:the

.this invention, -as -above .described, -an -gfficient SO B . g . .
. pyrolysis  products comprising hydrocarbons. .in
.the . vapor .phase. These - hydrocarbons .pass .

economical and easily controlled process_for:the - 60
substantially:complete conversion:of high density - e
¥-O02 Y _through.a separator present.in the upper pertion
.of .the coking-vessel wherein: small quantities:of

oils into desirable hydrocarbon fractions.of lower -
-density and lower boiling range 'is provided.  “ .o o RN . .

. SR | ._-.susg{endedﬁ.pa_,rtmlesf are-separted-and:-returned to
*;Ii;]ge..;IQweIin;portion--,-_t}'f; the coking-vessel below:the

level of solid particles. . The:solids=free pyrolysis
_product-comprising -‘hydrogen and:saturated and
unsaturated hydrocarbons having ‘boiling’ points
AS high;é'as’._a;boutx"BOO°-i‘.-F.-_-;"a,11d.‘hi‘gherfare"feméved
-0 from the separator and introducéd into a coker

-bubble tower ‘where fractionation 6f the hydro-

scarbons:thus produced is-effected. .

bHd

Furthermore, the products which are ‘obtained
“throush application of the process are -substan- -6
-tially free from undesirable nitrogen, oxygen and
sulfur -compournd -:contamination ~and provide
_highly .desirable raw materials for-the formula-
_tion of internal combustion iengine: fuels such as
. gas, gasoline, ‘diesel fuel:and the.like, and may
also- provide.suitable stocks for. the preparation
-of high-gquality. lubricating:olls. and-greases. | luced 15 o |
1t is to be understood that although:the'f ore-  ..In the’coker bubble “tower ‘an overhead gas
: going description. of. the process:of this invention iproduet ‘containing “hydrogen, methane, satura-
“was one involving specific-conditions of :tempera- 75 -ted :and unsatufatéd /Cqidnd some Cs 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 hiech 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 ¢ from about 300° F. 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 emploved
as a raw material for road-building hydrocarbons
such as road oil, asphalt, and the like.

If desired, the coker gasoline and coker gas il
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-
g 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 (Fe3O4 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 Fe3zOs 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° P. and 2000° P., 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 hvdrocar-
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 g fluidized
state in the reducing regenerator. It is also to
be preferred that a portion of these suspended
solids be continuously removed, passed through
sultable heat exchange means, and reintroduced
in a closed cycle to maintain temperature con-
trol of the reaction. | |

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 elementfal iron. A stream consisting of
iron and iron sulfide essentially, and also 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 confinuously

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° B, In the oxidizing resenerator a suspen-
sion of solids is maintained in which a level of
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 elementa]l sulfur de-
pending upon the conditions of operation. Ele-
mental sulfur in liquid or solid form may be
produced 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
1s 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

been set forth above and are dependent upon the

quantity of olefinic or otherwise unsaturated hy-
drocarbons which are desirably converted to
paraflinic 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--4HoO- FezOs-1-4H>

This reaction supplies hydrogen required in the
hydrogenation reaction and is consumed substan-
tlally as it is formed. The quantity of iron and
water is selected to provide suflicient hydrogen to
effect the desiregd degree of hydrogenation. |

1t 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,
Thg slur_ry, containing the constituents above
-described, is pumped through a means for heat-
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ing whereby temperatures from about 500° F. to
- | | in the sys-
tem. The heated oil is introduced thereby into

- about 1200° F. or more are developed

o hydrogenation reactor at a pressure as high as
about 15,000 pounds per square inch. This vessel
is preferably eontinuously agitated to permiv uni-
form suspension of the reacting. solids in the

liguid -and to assist temperature control. Water,

" heated and under pressure, may be added s€pa-
‘rately from the oil and iron, or the slurry may ke

 combined with a part of the hot reactor effluent
and introduced into the reactor. = |

5
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" tothe coker that iron oxide withdrawn from the

oxidizing regenerator is combined with the heated
hydrocarbon stream from the heater and the two
are introduced simultaneously into the coking
vessel. Tn this manner a- substantial ufilization
of the sensible heat of iron oxide from the oxidlz-
ing regenerator is utilized .in causing thermal
pyrolysis of the heavy oil being coked. Also in

erator is passed through the coking vessel and a

 layer of coke ‘is deposited upon each particle.

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 suliur compound. The

" hydrogen sulfide ultimately reacts with either the

iron or the iron oxides present forming iron sulfide
in the system. Nitrogen-containing hydrocarbon

15

" The hydrocarbon stream from the heater may be
‘at a temperature of between about 700° F.-and

1200° . and usually at a temperature of about
950° F. and is combined with iron oxide fromthe

- oxidizing regenerator at a temperature of about

1200° F. prior to passing info the coking vessel.

" 'This operation may be modified somewhat by in-

20

compounds are similarly decomposed forming
ammonia. The hydrogenator effiient containing.
the above indicated constituents is subsequently
nassed from the hydrogenation reactor to a

means for effecting the separation of the various

25

constituents. In the preferred modification this

means for separation may comprise a distillation

column from which gasecous hydrocarpbons are
removed together with hydrogenation ‘hydrocar-
bon fractions, gas oil fractions and others. Pro-
vision is preferably made in the distillation

troducing the iron oxide directly from the oxidiz-
ing regenérator into the coking vessel. o

The operation of the coking vessel 1 --th&ii_ of a
fluidized system previously referred to wherein
s level of suspended solids is maintained. In:the

“upper portion of the coking vessel 1s situated a

centrifugal separator whereby the pyrolysis prod-

uets as vapors may be removed from the coker

 while retaining suspended solid particles-in-the

30

coking vessel. The pyrolysis product is subse-
quently introduced into a -distillation column
which may be of the bubble tray type wherein.

warious hydrocarbon fractions, gaseous and lig- A

column for the removal of water containing dis- 7

solved ammonia which may be substantially com-
nletely recovered by this means. From the lowest
- part of the distillation column a “hydrogenated

‘residue of higher boiling hydrocarbons is removed

.~ awhieh 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

40

with the heavy oil to be hydrogenated and 1is re-

turned with that stream to the coking vessel for
retreatment. e o
" In accordance with this modification a high
density oil is subjected to conditions ol thermal
 pyrolysis and destructive hydrogenation whereby
~ a substantially complete conversion to hydrocar-
bon fractions to more desiraple boiling range 1is
effected. By-products, including ammonia, sul-
fur dioxide, sulfur, and possibly various sulfides
angd oxides of iron may be produced, 1f desired.

One outstanding feature of this process is the fact

“that a 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 oflen easlly
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. L o

~ In an additiona] modification of the process
according to this invention, a fuldized coker, a
‘Auidized oxidizing regenerator and a fluidized re-
ducing regenerator are also employed. In this
particular operation the heavy hyvdrocarbon
stream to be treated is combined with a hydro-
genated residuum containing iron oxide and iron
“gulfide and with a coker residuum and introduced
wvig, @ fired heater into the coking vessel. The
oxidizing regenerator is so positioned with respect

SU
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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 C: saturated and unsaturated hydrocar-

bons from the upper portion of the column. In

one modification of this invention, the gas thus
nroduced is subjected o 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-

5. 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 subsequently deseribed..” ~ . -

The normally liquid portion .of the hydrocar-
hons in the pyrolysis product are further Irac-
tionated in the coker bubble tower to produce. a
coker distillate or coker gasoline boiling: from
about 100° F. tc 400° . and:a coker gas oil boil-

- ing from about 350° ¥. fo about 760° F. These

individual fractions may be produced and sent
to storage, individually hydrogenated according
to 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.. - ST Lam e
Fyom the lowest portion of the coker ‘bubble

tower is removed g 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-

70

ably combined with the hydrogenated residuum
and with the high density oil to be treated and.
the combined stream is introduced into the coker
for pyrolysis. - . L

From the lower portion of the coking vessel is

removed a stream of finely divided solids com-

- = F

prising a mixture of iron oxide, iron sulfide and

coke. In-this modification of the invention a.

this manner iron oxide from the oxidizing regen-
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minor portion such as from about 10% to 50%
by weight of the stream is suspended in air or
other oxygen-containing gas and introduced at
a temperature of about 850° F. info 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 femperature 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 cc-

- to maintain temperature control.

.

10

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 guantity is intro-
duced directly into the coker where 2 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 about 56%
to about 90% by weight, is introduced into the
‘reducing regenerator which may operate at g
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 zas or o pPro-
ducer gas and introduced as g fluidized systam
into the reducing regenerator. Within the reduc-
Ing regenerator at a temperature of about 1750°
I'. 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 ang 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 2a.5eS
produced in the production reaction are with-
drawn. From below this level is withdrawn 2
stream of solids comprising finely divided iron.
- The gas removed from the uprer portion of
the reducing regenerator passes through a sepa-
rator wherein it is freed from suspended solids
and the colids-free gas comprises a 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
a moderate amount of purification as 5 source
of a mixture of carbon monoxide and hydrogen
which may be employed as a synthesis in a cata-
Iytic carbon monoxide hydrogenation conversion

for the production of synthetic organic chemi-
cals and liquid fuels. Such catalytic conversions
are typified by the I. G.-Bereius 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

Fo
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of the hydrogenator efil
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this stream Iis 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
susceptibilify. The -finely divided iron is intro-
duced at a controlled rate into a mixer to which
is also added a controlled quantity of water and
at least part of the coker distillate hydrocarbons
cbtained as products froin 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 hvdrogenation 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° . to 850° I, are suitable for
moderate hydrogenation of olefinic constituents
while temperatures in the upper portion of the
range such as from 850° F. to 1100° B, are well
adapted to effect cracking in the presence of
nhydrogen in which case a thermal decomposition
of the hydrocarbons in the coker distillate is
effected accompanied by immediate hydrogena-
fion 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 cocunstituents 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 hydrogcenation re-
actoir Is preferably provided with means for
maintaining a continuous and efficient agitation
of the contents of the vessel in order to insure
uniform ftreatment and to prevent settling of the
50lids contained in the system.
- The hydrogenation reactor effluent comprises
a hydrogenated o0il 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

oI separation in which the hydrocarbon phase
uent 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
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an overhead product, -cooled, and the ‘normally
paseous-constituents are separated from the-con-

densate. This condensate comprises a hydrote~

sulfurized gasoline, a portion -of which is re-

turned to the bubble tower as reflux while the

remainder is ‘produced froem fhe celumn as a

gasoline product. Also 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 @bout 400°

7. to 800° . The higher Dboiling hydrecarbon
constituents are produced as a hydrogenated re-

10

sidquum from the lower part of the bubble tower

and carries with it iron oxide and iron sulfide

formed from ‘the elementdl iron during the hy-

15

drogenation reaction. This residuum is pref-

erably treated to recover the iron compounds-and
may ‘be combined with the heavy -oil as feed

stock to the process and returned therewith ‘to

the coking vessel. | |
This modification of the process, according 1o
this invention permits & substantially complete

conversion of ‘low value high density oils to de-

sirahle “hydrecarbon fractions uneontaminated
by sulfur, having lower boiling ranges and suit-
able for internal combustion engine -fuels-.or as
feed stock in the preparation .of high guality
lubrieating oils .and lubricating greases.
usual hydrogen -compression facilities. and ihe
expensive = sensitive catalyst required In Some
hydrogenation ‘processes /are hereby eliminated.
Tn the foregoing modificavions 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 bubhle tower to assist 12
conveying this residuum. Recycling the coker
bubble residuum as the hydrogenated residuum
diluent has been found effective. -Generally, the
quantity of hydrogenated residuwr s notf large
and not sufficient to carry the amount -of solids
present. S B
Another modification of ihe processof this In-
vention exists in which a substantially complete
vaporization of the hydrogenated effiuent is et-
feeted to "permit  guick separation of the -solid
particles from the product. - -
A high density oilsuch as low A. P. 1. gravity
crude petroleum is combined ‘with a eoker _bu—bh&e
tower residue and with-a hydrogenated residuum
containing a small guantity ef ironm oxide par-
ticles-and the mixture is heated to a temperature
between about 760° F. and 1200° . -and intro-
duced into the coking reactor. Higher iron oxide
such -as FesO: and Fe:Os produced from iron
sulfide in the-oxidizing regenerator is also Intro-
duced mto-the coking reactor in whieh ihe de-
posit of coke is laid down on the pariicles. L.ower
molecular weight unsaturated hydroearben-irac-
tions are simultaneously formed. The hydroeat-
hons thus produced are fractionated in a -cokey

bubble tower with the produetien oI gas, coker

gasoline, and coker gas oil. The coker distillate
is employed as feed stock to the hydrogenation

unit and includes the gasoline, gas oil, and-other |

fractions. o R R
The coke-laden iron oxide passes romt 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-
peperator 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 “0xi-
dation and carbon reduction reactions are ef=
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fected. A streara of iron particles.substantlally
free of carbon and containing iron sulfide, ash:
and sodium chloride in minor gmounts, is re-
maoved. The gas produced. from the upper por-

" tion of the reducing regenerator contains a high

concentration of carbon monoxide and also con-
tains hydrogen and comprises suitable pro-
ducer €as which may be used as fuel or in the
conversion of hydrogen sulfide or sulfur dioXide
to elemental sulfur in a suitable reactor. Do

This stream of solid particles removed from the
reducing regenerator is divided into.{wo frac-
tions, the major proportion of which is combined
with the proper quantities of cexer Adistillate and
with water for introduction into the hydregena-
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 the iron compounds.
The ash and sali-free matter obtained in the
magnetic separator is combined with the major
portion referred to previously and employed 1In
the hydrogenation reaction. |

A slurry is prepared containing coker distil-
late, water, and iron in the proper proporiions .
so that the reaction of iron with water will
produce a guantity of hydrogen sufficient. to ef-
fect the desired degree of -coker distillate hydro-
cenation. This slurry is -picked up by a hizh

pressure multistage pump and is passed together -

with additional water, if desired, at & controlled
rate through a heater capable -oi raising the
temperature of this mixture o bhetween about
508° . and about 1200° . TFor the hydrogena-
tion of o -ecker distiHate ‘preparéd from a low
A. P. 1. gravity crude petroieum such-as that ob-
tained from the Sante Maria Valley of California,

g hydrogenation temperature of about 760° .40

=

800" . is desirable and & pressure of about 5000
to 7060 pounds per square -inch -althcugh pres-
sures as- high as about 1000 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 liquid contents thor-
cughly agitated and the solid particles suspended
in the fluid. - It is highly desirable to maintain

- a . completely liquid _phase.'hydl';jgé_ﬁaticin.. With-

o0

1
ot

in the hydrogenation vessel under co

ditiens of

temperature and pressure given above, water
readily reacts with metallic iron with the evolu-

tion of hydrogen and the formation of iron oxide.
The hydrogen reacts with the coker distillate to

_ be hydrogenated before molecular hydrogen (2-

hydrogen atoms per molecule) is formed. The
freshly formed hydrogen is known as atomic Gr .
nascent hydrogen. By consuming the hydrogen

 immediately and while it is in its atomic state,

60

6o

a highly efficient degree ..of,-mk;ea:' distillate hydro-
genation is effected. It is- alse possible in the
hydregenation reactor under temperatures above

800° . {0 cifect a destmct-iv?e hy-dr.ageﬁéaftien in
‘which the boiling range of the hydrogenated

product is lower than that of the coker distiilate
being hydrogenated. and the ‘hydrocarbon -pro- -
duced from the reactor may be readily vaporized,

A desulfurization reaction also cccurs simul-

75

taneously with the hydrogenation whereby sul-

fur~-containing hydrocarbon molecules are.de-

composed and the fragments hydrogenated with

the formation of hydrogen sulfide and of.hydro-

carbons. At least a part of the hydrogen sulfide

thus formed reacts with the iron 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 alsc 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 ammonig,
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 exnansion
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 subse-
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
drocarbon stream thus produced carries with it
suspended particles of iron which may be 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 supporited in the upper
portion therecf. By means of the separator the
suspended solid matter is removed and passes
over a series of baffles down throuszh the tower
countercurrent to a stripping gas such as steam
which serves to remove remaining traces of lig-
ulds 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 fluidized 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 effluent with
the proper proportion of reducing regenerator
effluent or preducer gas so that the following re-
action occurs: |

2C0 +S0z—>S-4-2C0z2--heat

3?' -

A substantial liberation of heat results which
may be employed in a waste heater boiler to
generate high pressure steam and simultaneons-
ly cooling the sulfur-bearing gases to below about
250° F. to permit centrifugal or electrieal precipi-
tation of the solid sulfur particles.

Returning now to the hydrogzenated efiuent
separator, a vapor stream comprising vapor phase
hydrocarbon and water is removed from the
- separator and introduced into the hydrogenator
bubhle 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 oll 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 hottoms product
from the hydrogenator bubble tower and is re-
turned and combined with the feed stock to the

system whereby 1!; 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 efluent 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-
ly 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 cases except that of the hydrogenation are
at or near atmospherie pressure. It 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 eiflected 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 been
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 has been 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 zinc, cobalt, nickel, man-
ganese, and the like. This includes the metals of
atomic Nos. 25 througsh 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 is accomplished
in the hydrogenation reactor under the tempera-
ture and pressure and other conditions described
above. Another modification exists by means of
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 elementa] 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.
In the modifications: of the process of this in-

vention described above, exclusive reference has

heen made to the treating of heavy gravity crude

petroleums by means of which these hydrocar-

bong 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 Iis
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.
should not be understood that the process o1 this

jnvention is exclusively applicable to the treating

of petroleum hydrocarbons: Since similar desir-
ahle results may be brought about in empioying

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 arematic

as well as heterocyclic 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 aromatic bases of the pyridine type also
oceur. 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. I - L
The process, according to this invention may
be further applied to the hydrogenation of nor-
mally solid carbonaceous materials of wiich ex-

It
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combined operation of coking in the présence of
5 metal oxide, depositing a carbonaceous solid on
the metal oxide, and hydrogenating the thermal
pyrolysis product obtained during the coking
operation by reacting the metal with water under
hish pressure and temperature to produce hy-

drogen. The process eliminates the disadvan-

 tages inherent in previous hydrogenation proc-

10

esses, namely, the requirements for expensive and
sensitive hydrogenation catalysts the require-
ment for extensive hydrogen co'_mﬁ-fe'ssiﬁn‘ facili=

~ ties, and others.

15

20

39

A particular embodiment of the present inven~
tion has been described in considerable detall by
way of illustration. It should be understood that:
various other modifications and adaptations
thereof may be made by those skilled in this par-
ticular art without departing from the spirit and
scope of this invention as set forth in the &p-
pended claims. - o |

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-
senerated particles in the presence of oxygen-
containing gas, combining at least a portion of
said regenerated particles with at least-a portion
of sald 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

40

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 & tar

recycle to form & paste or & liquid suspension of
coal solids in the oil. This tar recycle may: be
one obtained from. the coker wherein the. pasie
is- coked with the liberation of further auantities

of aromatic type coal tars or it may be a residual

oil from the hydrogenation effluent bubble tower
which desirably is reprocessed. During the:oper-
stion of this modification of the process iron ox-
ide produced from the oxidizing regeneraior is
combined with the paste and introduced info 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 may be treated in a manner
similar to that described above for handling car-
wonaceous solids.such ascoal. o
~ 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-

‘stantiglly free of co_ri_ta;-mina;ting‘ elements by a

50

spent particles and recirculating said particles:

2. A process which comprises coking a hydro-
carbon oil in the presence of fluidized particles
of an oxide of a metal above hydrogen in the
electromotive series to form coke-laden metal
oxide particles and a coker distillate, said netal

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 higher

~ oxidation state, separating. this higher metal

&
Lot
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finely divided carbonaceous solids aré particles of
| co‘a‘l. . . [ . Ll L B
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oxide from the hydrogenated product and recir-
culating said higher metal oxide.
- 3. A process according. to claim 2 wherein said
hydrocarbon contains suspended. carbonaceous
solids. - o L
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 recirciilat-

ing the mixture thus formed to ‘hydrogénate said

solid carbonaceous solids. _

5. A process according to claim 4 Wherein said

6. A process which comprises ¢oking & 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 sdid coke-laden higher iron oxideé particles at
a temperature sufficient to cause reaction between
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tﬁé"iﬁhigher oxi'de and the coke thereby-h fornﬁng'

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
sald 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 6 wherein said
higher iron oxide particles are reduced with coke
to ferrous oxide (FeQ).

8. A process according to claim 8 wherein said
higher ircen oxide particles are reduced with coke
toiren. |

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 eifect 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 inferaction of water and said iron
forming a desulfurized hydrogenated product, iron
sulfide, and ferric oxide, distilling said hydrozen-
ated product to recover desulfurized hydrocarbon
fractions, separating particles of iron suilfide
formed in desulfurizing said coker distillate, fiuid-
1zing said particles of iron sulfide in an oxygen-
containing gas thereby forming ferric 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 ccke-laden
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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, fluidizing said iron sulfide in
an oxygen-containing gas thereby oxidizing said
iron 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
‘said sulfur dioxide to produce elemental sulfur.
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- 11. A process according to claim 10 wherein the
effluent gases from the reaction involving carbon
monoxide and sulfur dioxide are coocled to a tem-.
perature above about 225° P. to separate sulfur
in liquid form. |

12. A process according to claim 10 wherein the
effiuent gases from the reaction involving carbon
monoxide and sulfur dioxide are cooled o a tem-
perature below about 250° F. to 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 elemental
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.

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

16. A process which comprises coking a hydro-
carbon o0il in the presence of fluidized particles
of Fe3Oq4 to form a coker distillate and coke-laden
Fe3O4 particles, fluidizing said coke-laden e; 0Oy
Darticles 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 £85€es, re-
acting said reduced particles with water in the
liguid phase undex superatmospheric pressure in
the presence of at least a portion of said coker
distillate to hydrogenate olefinic constituents
thereof while reforming said Fe3O: and desul-
Iurizing said distillate forming iron sulfide, frac-
tionating the hydrogenated product to obtain a
hydrogenated. residuum containing FezO4 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 YesO3 at
an elevated temperature, contacting said particles
of Fe203 with at least a portion of said carbon
monoxide gases produced in the Fe;Os reduction
thereby reducing said particles of Fe203 to
¥e30s and recirculating the particles of Fe3;Oq4
thus formed,

17. A process which comprises establishing a
fluidized coking zone, a fluidized reducing regen-
erating zone, a fluidized oxidizing regenerating
Zzone and a liquid-phase hydrogenating and de-
sulfurizing zone, combining a hydrocarbon 0il
contaminated with sulfur compounds  with a

coker distillate residuum and 2 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 FeiOq prior to introduc-
ing the mixture thus formed into said fluidized
coking zone to form coke-laden Fe304 particles

and 2 coker distillate, separating coke-laden par-

ticles of Fe;Os from said coker distillate, dis-
tilling said coker distillate to produce said coker
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atstillate - residuunt ‘and selected:
fractions of said coker distillate, introducing the
separated particles of Fe;0s into said fluidized

reducing regenerating zone wherein-said Fe304

is reduced to an iron compound in a lower oxida-
tion state forming a gas containing carbon mon-
oxide, magnetically separating the reduced iron
 compound from relatively less ‘magnetic solids

such as iron sulfide 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

hydréearbon

$.614,067

coker digtillate residuum and. o hydrogenated
product residuum containing suspended solid
particles of FesOs and FeS; heating the combined.

 liquid stream thus formed, contacting the heated

Gt

10

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-

senated product thus formed to separate desirable

sulfur-free hydrocarbon fractions thereof leavirig
a hydrogenated residuum containing FezO4 and
iron sulfide, recirculating said hydrogenated re-
siguum to said fluidized coking zohe, oxidizitig

said iron sulfide magnetically separated from said -

reducing regenerating zone in said fAuidized oxi~
dizing regeneration zone to form ferric oxide and
a gas containing sulfur dioxide and recirculating
the FesOs thus formed to said fluidized reducing
regeneration zone. IR - |

18. A process according to claim 17 wherein &b

east o portion of the solids withdrawn irom said &

fluidized reducing regeneration zone are intro-
duced with the combined hydrocarbon streams 1o
said fluldized coking zone wherein at least g por-
tion of the sulfur compounds are decomposed 1o
form iron sulfide. S :
19. A process according to clalm 17 wherein
hydrocarbon compounds of nitrogen are present
ivi said hydrocarbonh 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 irom
said hydrogenated zone. *

'90. A process according 1o
saig coketr distillate is introduced into & distilla-

tion zone to produce an overhead gas stream con~

taining normally gaseous hydrocarbons, con-
tacting said gas thus produced with an absorber

oil to remove normally liquid hydrocarbon com-

pgounds leaving a 4ary gas, desulfurizing said dry
gas t6 remove hydrogen
the desulfurized dry gas I .
said fluidized reducing regeneration Zone.:

- 91. A process according o Gl
the steps of dividing the reduced particles re-

moved from said reducing regenerating zone into

a.major portion and a minor portion, introaucing

said major portion with said _
yectly into said hydrogenating and desulfurizing
zones, subjecting the minor. portion 10 magnetic
separation of iron sulfide theretrom, 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 according to claim 17 wherein
catalytic quantities of a hydrogenation catalyst

are circulated with the stream

particles.

23. A process Which comprises"festablishing a

sulfide, and introducing .
thus formed directly into

20
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stream with heated particles  of FesOs in

said fluidized coKing zone to. ‘form. o COkE‘l‘

distillate and ‘coke-laden Fe3Os and FeS par- . |
ticles at a temperature between about 700° -
F and 1200° F. and st -a pressure of between o

zero arid 250 pounds per square inch gauge, dis+
tilling said coker distillate fo recover: said ecoker -

distillate residuum which is recirculated -to the -
coking zone, separating coke-laden particles: of
Pea04 and FeS from said fluidized coking zone,
introducing said coke-laden particles info- said
fluidized reducing regeneration zomne whereinn a
FesOs reduction is effected at a temperature of |
from about 1400° F. to about 1800° P, to forin
coke-free particles containing iroin i1l loweroxi-
dation statés and a gas containing carbon’ Mmon- -

oxide, removing the reduced particles thius
formed from sald reducing regeneration - Zole,
separating FeS from said particles containing
iron in a lower oxidation state, fluidizing said F'eS
in an oxygen-containing gas in said oxidizing re-
seneration zone at a temperature between 1000°
B and about 2000° F. to form & gas containing
sulfur dioxide and particles of FesOu, recirculat-

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: irom said oxidizihg

- regeneration zone in & controlled ratio to form

L3
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claim 17 wherein
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elemental sulfur combining at least & portion of

said coker distillate with said ‘reduced particles
containing iron in lower oxidation states, react-
ine said particles with water at a temperature of
from 500° . to about 1200° F. at & pressure up to
about 15,000 pounds per square. ineh to-hyadro-
senate and desulfurize said coker distillate there-
FeS from said hydrocarbon - com-

pounds of sulfur and ammonia. from- said hydro-

carbon compounds of nitrogen, distilling the

hydrogenated product  to recover desulfurized
hydrogenated hydroearbon -fractions - thereof

' Jeavine a hydrogenated residuum containing FeS

and Fe;04, and recirculating said hydrogenated

residuum . with  said hydrocarbon ¢il and said
‘coker distillate residutm - to said fluidized coking

zone, - o | . S
24, A process according to claim 23 wherein

said reduced particles containing iron‘in a lower

* ‘oxidation state removed from sald reduciiig re-

to claim 17 including

seneration zone comprise’ particles- of - ferrous

55 Oxide (FeO) formed in sald reducing regenera-

tion zone while maintaining a circulating gas

 stream in said reducing regenerdtion zone having

coker distillate di-

60

Nils
of iron compound

10

fluidized coking Zzone, o fluidized reducing Tre-

generation zone, & Tidized oxidizing regenera-
tion zone and a liquid phase hydrogenation Zone,
combining a hydrocarbon oil containing hydro-
carbon compounds of sulfur and nitrogen with &

gas stream containing
. carbon dioxide ratio of

& carbon monoxide to carbon dioxide ratio of

wetween 0.5 to 3.0 and while introducing a stream
of hydrocarbon gas into said reducing regenerd-
tion zone. T
" 95, 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

a carbon monoxide to
from about 2.5 to 5.0 and
while introducing a stream of hydrocarbon gas |
into said reducing regeneration zone.

96. A process according to claim 23 wherein
the particles of iron compound removed from .
said fluidized oxidizing regeneration gone com=-

 prise Fe:03 and which is reduced to Fe3O4 by '

78

‘countercurrent contact with a part of the carbon.
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monoxide bearing gases at a temperature between
1400° . and 1800° F. removed from said fluidized
reducing regeneration zone and said PFezOs 1S
subsequently recirculated.

27. A process according to clann 23 wherem
said liquid phase hydrogenation zone is provided
with a continuously recirculating stream of
hydrogenated effluent containing suspended par-
ticles which is combined with said coker distillate
containing particles of iron compound in its lower
state of oxidation and is recir culgted 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 sub-
stantially instantaneous heating of said coker
distillate and iron to temperatures between about
500° F. and 1200° ¥. required to effecb hydro-
genation and desulfurization. |

28.. A process according to claim 232 wherein
said Auid to be hydrogenated comprises from
about 5% to about 35% by weight of 5 water-
oxidizable compound of iron such as iron and
ferrous oxide (FeQ), from about 2% to about 25,
by weight of water and from about 309% to about
90% by weight of coker distillate, to which fuid
has been added a small quantity of a hydro-
genation accelerator selected from the group con-
sisting of water-soluble halides of calcium, mag-
nesium, iron, manganese and ammonium.

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, separaiely heating
water under superatmospheric pressure, intro-
ducing the heated water into said hydrogenation
zone so that the hydrogenation reaction talkes
place completely within the hydrogenation zone.

30. A process according to claim 22 wherein
the residual gases remain after the separation of
elemental sulfur produced in the sulfur dioxide-
carbon monoxide reaction contains unreactesd
sulfur dioxide which is recovered by the step of
contacting such residual gases with the coke~ires
particles removed from the reducing regenera-
tion zone.

31. A process according to claim 2 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
formed, - and recirculating the hydrogenated
residuum.

32. A process according to clalm 31 wherein

sald 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 OKldIZ- |

ing regenerating zone.

33. A - process which comprlses thermally

iy |
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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 90% by weight of the
solids stream thus removed to a fuidized 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 about 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
nigher iron oxide thus. formed to said fluidized
coxing 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 compound partlcles 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 reecircu-

lating the residuum thus formed to said fluidized

‘coking zone.

HOMER C. REED.
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CHARLES B. LEFFERT.
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