CIPO - Patent - 535746

strategis.gc.ca

| L4 I

industrie
Canada

Strategis Index:

Page 1 of 2

| 5]

Canada

c TR AN
N Lo idn .
e RS O U
RAEST

Canadian Patents Database

(1)

(54) METHOD OF PRODUCING HYDROCARBONS AND OTHER VALUABLE PRODUCTS FROM
CARBONACEQOUS MATERJAL

Patent:

122072001 - 1620900
(11) CA 535746

{54) METHODE DE PRODUCTION D'HYDROCARBURES BT AUTRES PRODUITS DE QUALITE DE MATIERE

CHARBONNEUSE
(72 - (Country): GEORG B. WILLFANG (Not Available)
(73} {(Country): GEORG B. WILLFANG
on (Country):
{74
{43) Jan. 15, 1957
{22)
{43)
£52) 196/5.4
Bh N/A
No

(30 Nonre

N/A

Unknown

*#% Note: Data on abstracts and claims is shown in the official language in which it was submitted.

View or Download Images

I

-

Cover Page Image

Abstract Image

G
Claims Image

-

Disclosures [mage

htip://patents[ic.go.caldetails?patent number=535746& language—EN CA

12/20/01



el T LRI e e o e

19

15

20

25

035746

Thia invention relates to the production ¢f hydrocarbens
and other valuable producte from carbonaceous material capable
of belng hydrogenated, and more partlecularly to a low temper-~
ature hydrogennting, isomerizing and craocking process.

One object of this invention conslsts 1ln providing a

erackling pbecess which producess a surprlsingly high yleld of

"valuable hydrogenated and lsomerlzed cracked products.

Another object of thls inventlon consists In providing
a hydrogenating and lsomerlzing cracking process whilch operates
at comperatively low temperature and more partioularly at a
‘tegperatura below 2006 C. and by the reaction conditlons of
which the danger of corrosion of the apparatus used, 1ls greatly
reduced.

8t1i11l another object. of this invention eonsists in
providing a hydrogenating and ilsomerizing process whloh re-
quires much less energy than any of the kmnown hydrogenation,
isomerisation, and eracking processes, thus alleowing a more
economical recovery of valuable reaction products from low
carbonaceons materlal,

A further object of this lnvention 1s to provlde,
in a slmple manner, very effeetive hydrogenation,'isomeriaatibn,
and oracking catalysts which enable to subject various kinds
of starting material to the hydrogenating, lsomerizlng, and
cracking process accordlng to this invention.

Obther objects of thls invention will become apparent

hereinafter in the speciflcation and in the c¢lalms annexes hereto.



10

15

20

25

535746

The proocess of thls lnventlon consists in subjecting
ocarbonaceous material capable of belng hydrogenated, to the
action of hydrogen containing gases in %the presence of metals,
of elem#nts which, by loass of an electron, attain metalllce
character, or of organc-metal complex compounds of such metals
or elements on the one hand, and of non-metallic elementa of groups
VI and VYII of the perlodlc system, or of thelr compounds which
are capabia of splltting off protona either directly or from
thelr reactlion mixture on the other hand. The hydreogen partial
pressure during such reactlon ls at least 1 atmoaphere and is
preferably between 20 and 200 atmospherss. It may even be higher.
The reectien 1s advantageously carrled out at lnoreased temper-
ature, preferably at a temperature between 45° ¢. and 280° C. The
organo=-metal complex compounds may be separately syntheslzed and,
after formmatlon, are then added to the carbonaceous materlial to
be treated. Sulteble lntermedimie compounds and waste materials
which are capable to form sald complex organo-metal compounds,
mey also be used. Purthermore, one may proceed ln such a mamner
that sald organo-metal complex compounds are formed ln the
¢racking chamber, for instance, by adding the corresponding met-
als or alleys of such metals to the reactlon mixture and by ad-
juating the reactlon conditions so that the reguired amount of
said extremely labile complex organo-metal compounds Is always
present 1n the reaction chamber and the resction mixture. By
these means, it 1s posslble to adjust the process to any glven
requirement and to any commerclal and/or technlcal need which

may arise,

Complex organc-metal compounds, intermsdiate and waste

products which may be used 1ln the procesa according to thils
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inventlon ars, for_instance; the followlng:

Realdues of the ostalytle eracking process with alum-
inﬁm ¢hloride apoording to McAfeo.

Organo-metal;oompounds according to Grignard.

Residues of the catalytic lsomerisation process by
means of aluminum chloride.

Resldues of Friedel-Kraft processes, for lnstanse, of

"alkyiating aromatic oqmpounds by means of aluminim chloride,

'Rééidues of the q#talytio‘reduotion of aldehydes and
ketgﬁas-acoordihg‘to Meerwein and Ponnderf.

Reaidues of the reduction prodess according to
Bonvault-Blanc.

Organo-metal compounds, such as lead alkyl, lead phen-
¥l, zinn,alkxl, ‘aluminum alkyl compounds, metal carbonyl
coqﬁéﬁh@ﬁiaﬁ@.pt@era more,

lsiﬁiifﬁréb and‘alléjs‘of such metals and elements of
metallio natura with themsalvea or with organo~metal compounds

. oF mixtures of said organa-metal compounds may also be used as

Most probably go-called ansolva acld resldues are fermed
“ﬁhich contain, oombined therewith by means of secondary valences,
arganic rasidues, said residues adhering %o the exbternsal sphere

of the anion or the cation regpectively,., Sald realdues are ar- .
ranged ancording to Roaenheim's heteropoly acids or around a

metallic;uentm& atom-in said ansolvo complexes accordling to

| Mearwein'a‘theory. Hydrngen 1s added to said complex by replac-
:.ing ne ar sevaral bonds wherehy an organo-metal hydrogen com-
plex compound da. formed.

When adding matals or metallie elements to the organic

starting mgterial, it 18 of advantage and a preferred smbodi-
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ment of the invention to provide chemloal compounds in the re-
action mixture whlch ceuse formation of complex organo-meial
compounds. Such chemical compounds are, for lnstance, the
rollowlng:

Halogen,

halogen compeunds,

alkyl halogenldes,

carbonyl compounds,

carbon oxldes, ’

carbon oxyhalogenldes,

aarbon sulfldes,

carbon oxysulfides}

mercaptanea,

thiocethers, halogenated ethers,  *
L R . -

ketones, . = ‘ -

aldahydes anQ others more.

It is‘contfafy to expeotations that hydrogenation
according to this invention d;es not take plﬁce in definite
stolchlometrlic préportiona. On the contrary, when maintaining
& suitgple_hydrogen partial pressure in the reaction mlxture of
at least 1 satmosphere above afmospharic pfessure, an amount of
hydrogen 1s congumed whlch exceeds many times the amount of
motal nased, caloulated upon the average molecular weight of saild
metal., In some instances the hydrogen consumptlon reached the extra-
ordinarily high amount of about 15 % of the charged starting
material, Thereby, in all cases, only & fractlen of the amount
of metal expected according to Law of constant and multiple

proportions is required and consumed.
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It is lknown to convert wnsnturated compounds by mosns
of hydrogen in statu nascendl in the presence of metals into
saturated compounds,- Hqgfver, it could not ne expected and i
entirely unobvlous that it is posuible bo add much larger amounts
of hydrogen as correspondse to the stoichiometric proportion, to
such meballic catalysts when mailntainin;: ocuiltable conditions of
temperature and pre:surs which may be waried according Lo the
requirements., The jeneral rule may be postulsted that the organo-
metal hydride complex compounds at o molecular weighl, which
inecreases with increasing partial pressure of hydrogen in the reaction
mixture, Temperature iluncrease above 200° C,, in gsenersl, is of
no marked influence. Vhen using aluminum complex compounds, a
ﬁemperature of sbout 160-170° C, is usually sufficlent,

As starting materlals for the hydrogenation, cruckiﬁg,
and ilsonerisation process according to this invention there may
be uged all those carbonaceocus materials which are alsc used in
the known Bergius process, such as natural and/or synthetic hydrom
carbona snd/or their derivatives, such as, for instance, fats,
oils, waxesg, coal extracts, bituminous materials, pitches, zoud-
ron (mixture of hard asphalt with hich beiling mineral oils),
stearin piitch, masut, low temperature distillation and carboni-
sation products of coal, lignite, peat and other organic mater-
ials (light oils, medivm oils, heavy oils, tars, low temperature
tar), distiliation products from oil bearin; shalss, mineral oils,
and their distillation residuss, residues from crackine proc-—
esses, acid sludges and tars, residues of the oil and fat cons-
uming and working up industry, peat, wood, liznin, cellulese
conteining meterials, any other ligquid oily mnterial rich in

carbon, such as asphali, aaphall base oilg, fuel oils, and in

“general organic materials, sueh as phenols, alcohels, ethers,
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egters, acetals, aldehydes, ketones, elther separately or in
mixture wlith each other.

The re;;tion is carried out in sultable shaklng, stlrr-
ing, rotating and the like spparatus in continuous operation
and/or in batch precesses in one and/or in several stages.

The steel used for the reactor should contain as little
carbon as possible since ths carbon wlll be remeved in the course
of time by hydrogenation. It is very surprlsing, for lnstance,
that the aluminum dust and the aluminum turnings used are not
substantially attacked during the process although free hydro-
chloric aold 1s present in the reaction mlxture. Due to the fact
that hydrogenation may be carrled out below 200D Cs the oritio-
al temperature range’ of 280—380° C. wikthin which halogen attacks
the apparetus, ls avolded.

The reactlon products may be subjeeted to a fraoct-
lonating treatment elther before the reaction or immedliately
thereafter or during intermedlate stages of operation., The
material to be hydrogenated may be passed through the correspond-
ing metal compound under increassed hydrogen pressurs in the llquid
or in the slurry phase. It mey he conducted in gas or vapor form
over the metal compeounds whloh may be deposited on sultable
carrippa., The metal may also be added to the starting slurry.

Or the metals may serve as fillers in the rwection chambers and
towers. It 1a of great importance to Intimately mix the reactioen
mixture with and to very thoroughly distribute the hydrogenatlng
gas therein. Thils 1s accomplished by spraylng or Injecting or
atomizing the starting materlal In the reaction chamber, for
instance, throﬁgh auitable nozzles or other feed devices. Flller
bodies, distributing baffle plates and other sultable means

Hhould be provided to cause such intimate mixing and contacting
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of the startlng materlal, the hydrogenating gas, and the catalyst.
Asaoon ag the reactlon i1s partly or fully completed, the reaction
products are wlthdrawn from the reaoctlon chamber and are worked
up and separated from each other in sultable sepsrating, fract-

5 lonating and the like devices. They may then bs used for further

reactlons or worked up to useful and valuable products. Catalyst

material whioh might be entrained in and carried along by the

resctlon products may he recysled into the process according teo

this lnventlon.

2 AR

iR

10 As source of hydrogsn there may be used eleotrolytio-

ally produced hydrogen, fusl gaa, illumlnating gas, natural geas,

£

S A o v T LB
i AW s e B

oil atill ges, coke oven or coal gas, or any other gas contalne
ing suffioclent amounts of hydrogen, l.e. the hydrogen gas need
not be very purse,

ig. The usual auxlllisry plant lnstallations, suoh as plants

for producing hydrogen contalining gases, compressors, olrcul-

ating, distilling, refining apparatus, installationgyfor re=
moving phenolle components ln the starting oll and éhe reaétion
products, for conditloning of c¢oal, for converting waste gases
20 in hydrogen contalnlng gases, for produclng high pressure steam
for heating purposes and others more should be provided. Come
bination of the new hydrogenation cracking process with a low temp-
erature distillation plant, with sources of natural gases, with
alkgll eleotrolysls plants, aluminum or other light metal factories
25 eto. may furthermore reduce the costs of the process.
In contrast to the synthetlc process according to

Fischer-Tropsch, the process of destructive hydrogenation as

developed by Berglus and later, by I.G. Farbenindustrie A.G., 1ia
based on the decompositlien of garboenaceous material and hydro-

30 ecarbons by the addition of hydeogen under high pressure.

- B8 -
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The temperature and the pressure smployed when working
according to said proaess are, 1n gensral, as high as }10-}600 ¢,
and 200-700 atmospherea. Such high temperatures require not
only large amounts of energy in order to iniltlally heat the
starting material, but the necessary equipment, apparatus,and
devioes must be hlghly reslstant to orrosion and hydrogen
diffusion. Purthermore, sald proceas approaches the limlts
whereby sponkaneous methane formatlon takes place to such an
extent that 1t 1s diffilecult to operate fully automatically and
contlnuonsly. As construction materlal, a highly reslstant and
expensive ohromlum molybdenum stalnless steel must be usad.
Thls oconatruction material and the_equipment for heating the
reaction glxiure under high pressuré render the process very
Bipansive and ralse the costs of the finished products cons-
idérhbly. Furthermore, the waste catalyst sludge is useless
and must be sspeelally worked up which operation, again, in-
ocreases the oosts of the process. Anofther disadvantage of the
process 1s the dangerous and obneoxions coke formaition in the
reastion vessels and the pipe lines when operation has to be
Intérrupted or stopped.

Fhe present lnventlon endeavora to overcoms the
disadvantages of sald known process. It allows to reduce the
hydrogenation temperafure to balow 200° ¢. This means that the
corrosion problems are not as difficult to overcome a&s in the
high temperature process. Very valuable products are obtalned
according to the new process, especially heavy olls, such as Dis=
gel olls, lubricating olls, gaseline, fuel gases and others more.

Yields and properties of the reactlon products vary
in accordance with the starting material wsed. The following

table may i1llustrate the composition of the various products




which'hay.be obtalned by the new proocess: .
' A. Gaseous products: 3-6 % of the charge. They consilst
chiefly of lso~butane. Methane, ethane, propane, n=

butane pentanes may als 53 present, beslides carbon

L5 monoxide, ecarbon dioxidé, and hydrogen sulfide.
B. bLiquld reasction products: About 95 % of the charge. The
" o _ crude oil has a density, at 20° ¢., of 0.775-0.850.
' ' The boiling rangs of sald crude oll 1s between L0° ¢.
e and over 500° ¢. (calculated from values determined by
gJ' 10 - vaouum distillation).
: Plash polnt: 129D Cs
i} ’ ) ~ Burning point: 216° @,
) : Fractions: 31 % of the crude oll distill between
: 110-320° ¢.,
15 & 7 25 % betwsen 200=-360° ¢.,
' ' IS5 % between 320-500° ¢,
On fractional distillation the following fractions
are obk&ined:
a, Gasoline and light olls:
20 }o5=16 % of the charge. *
Density, at 20% C.: 0{%35—0.?59,
Flash distillation of a mixture of several
d: chargess
Initial boillng point: U43° ¢.
25 54 69° ¢,
| 0% 79 c.
20%. 98 o¢.
fé 304 113° c.
o £ 126° c.
30 50 % 139° ¢,

- 10 -
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60 £ 153° ¢,

70 % 172° ¢,

80 % 195° c.

90 % 223° ¢,

95 % 295° c.

End point: 295° ¢.

Qoler: White, clear, 1ike water.
Odor: Agreeable, aromatic, "sweet",
Dotane number; About B0 (wiﬁhout lead tetraethyl).
Limits of bolling polnt:

'Up to 75° Q.1 6%
75-100° G.3 17 %
100-145° ¢, 30 ¢
145-200° ¢, 30.%
110-320° ¢.¢ 60 %

b. Heawy olils:
‘ About 80 % of the ch&rgq;
Density, at 20° ¢c.: 0.80 - 0.85.
Boiling point at 760 mm3 Betwgen about 185° C. and
over 500° g.
Color: Light yellow to amber yellow, with green
Tluorescence.
Appearance: Very olly iiquid.
Stégnates at a ﬁemperatura betwesn 2 -~ 50 C.
Paraffin content: About 20 %
Sulfur content: 0.2 - 0.y %
Conradson test: 0.5 - 1,0 %
Viscoaitles after removal of paraffins:
OE/50° C.: Prom 6 to about 25.
VP -t 2.

- 11 =
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c. Sludge:

Density: About 1.2 - 1.8,

Liquid to solld mass.

GColor: Black.

0dor: Aromatic, but blting.

Carbon content: 30 - 66 %

. Hydrogen content: 3.8 « 7.5 %

Mol ratic of ¢ §+ H ¢ Between 1:1.69 and 1:0,99.

Moleoular welght: About 750.

gontent of inorganlec materiel: 25.6 - 44.9 %.
Surprisiﬁgly 11ttle or no corroslon was observed when carrying
out the process aceording to this invention.
‘ The process according to this inventlon 1s especlally
gaefu; for the mamifaecture of lubricating oils., It is, of course,
not 1imited thereto but may find extensive application also for
the production of gasoline and fuel olls. it 13 especielly sult-
able for working up resldues defivad from various manufacturing
processes and may even be applled for the economio dispesal ef
acld sludges from the petrolauﬁ and the like reflnery.

.‘ One of the most important factors of the process
according to'this;invention is to recognize the right moment of
completed catalyst formation, because at that mement hydrogen-
ation 1n the advantageous menner as described above, sets in and
psan be readily continued untll the bsst possible yilelds of
valuable reaction products ars obtained.

Phe followlng examples serve to Lllustrate the 1n-

vention without, however, limiting the same to them.

- 12 -
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Example 1%
100 partas by welght of & low temperature dlstillatlion

o1l bolling hetween about 100° . end about 400° ¢., are fntim~
ately mized wlth 5 parts by welght of aluminum dust, Sald mixe
5 ture is intlmately mixad'with hydrogen under a partial pressure
of about 50 dfmospheres and 1s continuously Iinjected, by means
of a nozzle;‘inté a‘faaotiou tube which is ioesily filled wlth
- aluminum furﬁiﬁgg. The o11w-aluminum dust-hydrogen mixture pasases
_ thereby through a liquid Gustavaon's compound, thus,_is
e diatributad over a large Ares. Tha temperature, during the re~ -
action, 1 maintained at about 185° 0. Gustavsonts compound 1is
- produced, for instnnoe, aocordlng to "Journal of the Chemlgoal
Sooiety (Lendon)” volume L2, page 27 {1882). After about 10 hours,

fonﬂation of the catalyst 15 ommpleted and very effeotive hydro-

18 _,genation~seta 1n;-Tha reaction mixtnre of oll, aluminum dust,
and hydrogen 1s then cantinuously passed through the reaction
chamber. At ”ha same time small amounts of chlorine are also

=intreduced into the chamber.

A: aturated redotion product of dark color together

20 'with excess hydragenating gas and gaseous reactlien preducta is
aontinuously withdrawn from said chamber. It 1s freed, in a

manner known par ss, from any aludge antrained therein. The

 3&$90us renctio;.preducts amount to about 6 % of the oharged

. oll, The 'are ehiefly composed to about 60 % of laobutane. The

25 - liquid reaotion produot consists of saturated hydroarbons boll-

ing batween about 350 e and, &bout 350 €. The yield 1s about

92 9% aalculated with raspect to the amount of oll subjected to

hydroganation. About 8 ‘% of hydrogen, calcum&ted with respect
to the cparged-oil,_ara-uonaumed. Space veleolty: 1.0 kg. per

30 kg. of oéﬁaljht per hour.
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About 90 % of the excess hydrogenatlon gas are re-
cycled while about 10 % of fresh hydrogenating gas, for instance,
containing 95 % of hydrogen end 5 % of cerben monoxide, carbon
dioxlde, methene and other low-molecular hydrocvarbons, oxygen,
and nitrogen are added thereto. The dndge separated from the
reaction product 1s passed through a sludge pump and ls aleo
returned to the reaction chamber. The liquld reactlon prodpect,
after washing with water or wlth aqueous acid and lye; 1s sub-

jeeted to fraeotional dlstilliatlon.

Exsmple 2.

The saﬁe low temperature distillation oll as used
in exﬂﬁple 1, is intveduced by injectlon lnto the reastlon
chamber. At the same time hydrogen is pumped into sald chamber
under a é?épssura of about 300 atmespheres. The oll which 1s there-
by saturété& with hydrogen, 1s then passed at about 200° C.
through ligquefied sodlum comtelned in sald chamber. The wlth-
drawn reaction preduet ls separated from accompanylng sclld
particles and sludge. Sald solld particles and sludge are re-
turned to the reaction chamber. The regetion product itself is
subjected to fractional distillatlon.

100 parts by welght of the starting oll yleld GO
parts by weight of an oll bolling between about 300 C. and
about 3300 Ce Furthermore about 10 parts of gaseous produots
are obtained. The liquld as well as the gaseous reaction
products'are saturated and are free of phenols, alcohols and
alao of sulfur. The sulfur may be recovered from the waste

gases wherein 1t ls present in the form of hydrogen sulfide.

- 1 -



10

15

20

30

535746

Example 3.
Aluminum dust i1s activated by treating with an

alcoholic merourichloride solution. Such activated aluminum
dust 1s then intimately mixed with a liquefled soft bitum-
inous coal having a softening polnt of about 25° according

to Kraemer-Sarnow'!'s method (in the following examples design-
ated by "Kg"). Tyé mixture 18 injected Into a reactlion chamber
at 170° d.‘énd under & hydregen pressure of about 40 atmo-
spheres. From a:mixture of 6 parts by weight of activated
sluminum dust and 100 parts by welght of sald bitumlnous
materlal there are obtalned, by contimous recirculation,
about 96 parts by weight of withdrawn reasetlon product, about
6 parts of sludge, and about 5 parts of gaseous produects.

Sald gaseous produsts consist chilefly of ise~butane, they
gontain a 1little propane and some butane but almost ne mothane
and ethane} pentanes are also net detectable in sald gas.

The liguld pertion of sald reaction product bolls
between about 20° ¢, and a temperamture somewhat higher than
4150° ¢. The latter bﬁiling point is calculated from the bolling
polnt datermined on vacuum distillatien. 55% of sald oil are
gesoline bolllng below about 200° C., 20 % are of the medium
oil type, 15 % of the heavy oll type while the remalnder

{about 10 %) are paraffine of emcellent power of cryatallisation.

Example L.

Purnings of electron metal AZ 91 (an alloy of
B89.5-89.8 4 of megnesitm, 9 % of alumimm, 1 % of zlnec, and
0.2-9.5 % of menganese are reacted, according to themmthad
of Krausé and Wendt, Berichte der deutschen chemlschen Ge-

ssllachaft" volume 56, page 166 (1923), with ethylbromlde

- 15 ~
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in ether. A mixture conslsting chlefly of alumlnum, zlne,
and magneslum organo-metal compounds 1s obtalned thereby.
20 parts by welght of said compounds, wlithout lsolating

the same, are reacted gradually with altogether 160 parts
by welght of a naphthenic residual oil, the benzlne and
Diesel oll fraotions of which were topped off, in a shsaking
eutooclave at a {emperature of 170° ¢. and a hydrogen pressure
of about 50 atmospheres. About 8 4 by weight of hydrogen
are abgorbed. The liquld saturated resction product 1s asub-
Jected to fractlonal distillation‘whareby a orude oll 1s
cbtained in a yleld of about 98 % of the starting oil, sald
crude oll having a bolling range between about 20° ¢, and
about 450° g, (ecaleoulated from the boiling point determined

by wacuuwm distillation.)

Example 5.

S parts by weight of ecommercial tetraethyl lead
{so~galled Q~fluld) are dlsseolved in 100 parts by weight of
paraffin oll. The mixture ls forced at 200° ¢. under a
pressure of about 100 atmeoapheres of hydrogen through &
reaction chamber fllled with pleces of earthenware or the
like. Yield: About 100 % of an oll boiling between about

20° ¢. and about 360° C.

Exemple 6.
A naphthenic residual oil as used In example h

is subjected to dlastlllation with eluminum chlorlde at

170° ¢. whereby decomposition takes place and "Gustavson's
compound"is formed, sald compound belng prasenﬁ in the férm
of a dark tar. 50 papts by weight of said "Gusta-vson's
compound® are mlixed wlith 5 parts of aluminﬁm powder aﬁd the

mixture is intro&uced under & pressure of aboub 50 atmo-

- 16 -
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T spheres by means of a sludge pressure pump into the reactlion
choamber. At the same time 50 parts of liquefled soft bli-
uminous coal having & softenlng polnt of 25° é. K8, are injected
into said reactlon chamber at a temperature of about 170° C.

5 and under & hydrogen pressure of about 60 atmoapheres, 'The
reaction takes place under generation of heat. The bltuminous
naterlal is cracked and hydrogenated whereby the space
veloolty 1a ébout 0.5 liters per 1llter of catalyst per hour,.
An oll is formed which bolls between aboutb 20° ¢. and about

10 hSOO C. (oalculated). Bald oll contains 53 .% of a benzine

fraction bolling up to 200° C., 21 % of middle oil, 16 % of

heavy oll, and L0 % of paraffin. The yield, calculated with
respect to the soft bltumineus coal charged, amounts to

95 %e 4 % of gaseousrproducts are formed contalning about

15 60 % of iso-butane. The 1iquld sludge separating in the sep-

arating device, has s density of about 1.3 and 1s recycled

into the reaction chamber. The gaseous products may also be
fj ‘ recycled, The completely saturated oll obtalned ls sub]lected
to fractlional distillatlon and is worked up te various

ﬁ; 20 valuable products, in a manner knewn per se.

Example T.
Illuminating gas and a low Gtemperature diastillation
oll are Torced at 168° ¢. and under a pressure of about 180
aetmospheres through a reactlon chamber. Sald reactlon chamber
25 is loosely filled with turnings of electron metal AZ 91,
A 11guid residue, obtalned on alkylating hydrocarbons
according to Friedsl-Kraft's method, 1s at the same time

introduced under pressure into the reaction chamber. After

- 17 -
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pasalng through the reaction chumber, the saturated fractlons
of the reactlion mixture are separated from the liquld sludge
In a separating devlce. The sludge ls returned into the re-
actlon chamber. The pressure of the gaseous fractlons is re-
duced and the gnses are also partly recycled into the reactlon
chamber. The llguld oll fraction ls filtered through coal,
washed neutral, and subjected te fractional distiBatlion,
Yield: 95-98 % calcuelted with respect to cherged low temp-
erature distillatlon oll. Bolllng range of said oll: Between

about 20° ¢. and about 450° ¢. (calculated).

Exemple 8.
STudge obtalned 1n e hydrogenatlion cracking process

acocording to one of the preceeding examples 1s allowed to stand
for several weeks in comtact wlith alr. The siudge is then
lilquefied by heating while covered with bltuminous coal of

25° G. KS. After intimately mizing sald llquefied sludge and
said bltuminous ceal, the mlxture is fed under & hydrogen
pressure of about 150 atmospheres into a reaction chﬁmbsr
filled with aluminum wool. 97 % of the charged bliuminous

coal ars converted into oil while at the same time 5 % of
gassous products are formed. The oll boils between about 20° g,
and about h50° C. (celculated)., Tha heavy wlidge ssprabing

ont of the thinly 1liguld reasction oil has a density, at 20° .,
of 1.2 I%t ls reoycled into the reactlion chamber. The oll is

further worked up and refindd in a mennsr known per se.

Example 9.
5 parts by welght of iron pentecarbonyl are lntim-

ately mixed with 100 parts by welght of a residual oll from

whlch benzine and Diesel oll fractions were stripped off.
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The mixture is fed together with 1lluminating gno contoininag
5 parts by volume of ethyl chleride, through = reaction
chamber at a bemperature of about 2509 ¢, and uwnder o totnl
pressure of abeout 150 atmospheres. aid renction chamber
iz packed with filler bodies of sluminum silicate. A satur~
ated crude oll is obtained which boils within a range of
about 209 C to 400° G, (caleulated). It is worked up to
various products in a manner known per se.  Yield on one
passege through the reaction chamber: 30 %,

Example 10,

Albogether 200 parts by welght of a benzine having
n boiling point between 60° G, and 180° C. and - obtained
by high pressure aynthesls according to Derglus, are mixed
with 0.4 pgrts by weight of sulfur chloride. The mixture is
gradunlly paased through a reaction tubs at a temperature
of about 75° C. and a hydrogen pressure of smbout 150 atwmo--
gpheres. The resction tube is filled uith piecea of earthen-
ware which are impregnated with e liguid molecular com-
pound of aluminum chleride and gulfur ehloride. 44 soon as
the catalyst is formed and vigorous reazction sets in, the
pressure 1s reduced to about 50 atmospheres. The reaction
vields about 60% of a liguid fraetion hich starts to boil
at about room temperature and distills up to about 190% C,

About A0¥% of guseous products nre formed, Said gaseous

fraction contains about 60% of ise-butane, indicating that
about 24% of thz starting maberial are converted into

iso=-butans, The 1iquid fraetion is isomerized to a2 large
exbent and centains, in contragt to the starting material,
1503 more compounds with tertiary carbon atoms, 'The tertiary

carbon atoms were determined acecording to the method of
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Lifschltz and Moldawskil "Journal of General fhemistry
U.2.8.R." volume 67 (8}, pages 122-131 {1935}. Said fraction
ia free of chlorine and of sulfur (the sulfur content 1s

below 0.05 %),

Example 11.

A mlxture of hydrocarbons (synthetle benzine
obtalned by hlgh pressure hydrogenation), free of aromatle
components and chlefly conslsting of npaphthenlic and paraffl-
inlec hydrocarbons, 1s saturated with about 2 % by welght of
chlorine, The hydrocarbon mixture bolls between about oo ¢,
and 200° ¢. and has a denslty, at 20° C.s of sbout 0.76l.

The hydrocarbon-chlorine mixture is passed under pressure
through & reaction tube which is filled with magnesium scrap.
At the same time a crude hydrogen gas contalning 96.7 % of
hydrogen, 0. % of carbon diexide, 0.3 % of carbon monoxide,
2.3 % of air, and 0.3 % of hydrocarbons, is fed lnto sald
rezction tube under a pressure of abount 100 atmospheres.
Within 11 hours the ocatalyst 1Is fommed and hydrogenatlon sets
in., Thereupon, the above mentloned mlxture of hydrocarbons

1s continuously passed through the reaction chamber. 300
liters of hydrogen are consumed by 1 kg. of the hydrosarbon
mixture. Space veloclty: About 1 kg. of hydrocarbon mixbure
per 1 kg. of catalyst per hour. The products obtalned boll
between about -40° g, and about 250° c.. L2 % by volume

of said‘fraction conslats of benzlnes with an octane number
of 83 and bolling between ?Oo ¢C. and 180° ¢. The preducts are
saturated and practleally free of chilorlne. Furthermore, &bout
10 % of gaseous products are formed containing about 60 % of

iso~butane.
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Bxample l2.
Ferrlc chloride is dlssolved in sulfur chlorlde, The

solutlon 1s passed through a reaction tower contalning mont-
morillonibte granules of 5 mm edge length. Sald montmor-
illonite granules are thoroughly impregnated with an alum-
inum chlorlde=potassium chloride double compound by treating
sald granules with a melt of molecular amounts of alumimum
chleride and potassium chloride and decanting excess of

the molten mass from the granules. The granules are then
spread out In a dry, cool atmesphere to cool the ssme, and
are Introduced into the reactlon tower as soon as possible,

A residual oil of a density, at 20° ., of 0.889, obtalned
from German naphthenle petrcleum, sald reshdusl oil boiling
above 360%° ¢,, is injeoted by means of an atomizing nozzle
inte the reaction tower. 3imultaneously, the abovementloned
ferric chleride saluéion 13 1nlected inte sald reaction tower
whereby the amounts of ferric chleride solution and residual
0il are supplied in the proportion of 1 3 50. At the mame
time & hydrogen contalning gas with 96 4 of hydrogen, is
introduced into the tower under a pressure of about 120
atmoPpheres. As soon as the catalyst has formed upon the
carrier material, sponteneous hydrogen absorption takes place
at 8 temperature of about 185%° ¢, The reacted oil-ferric
chloride mixture is continuocusly dlscharged and replsced by
corresponfiing amounts of mon-reacted mixture. The discharged
material is separated in a separating device. The gaseous
products are removed end hydrocarbons are separated therefrom
by washing and fractional condensation whereby excess hydro-

gen and the waste gases are drlven off. The resigdual gas 1s
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added to fresh hydrogen sontalnlng gas ln an ameunt of about
30 % by volume and 1ls returned into the rezctlon tower. The
hydfcoarbons obtained thersby are converted and the hydrogen
racovered therefrom ls alse returned and added to fresh hydro-
gen gas introduced lnto the resctlion tower. The 1lguld fraoct-
len withdrqwh Irom the aseparating devlioce, 1s washed neutral
and 1s subjected to fraotional distillation under pressure.
Several fractions are obtained. §0% of the liquld reaction
broduct donsiaf of s benzlne fraotidn having a bolling polnt
between 70° C. and 180° ¢, The fractions with a beolling pelnt
above 180° ¢. are elther worked up directly to paraffin and
lubriecating olls, or they are returned into the remstion

tower for further hydrogenatlon and cracklng,

‘Exanple.l3.

! éﬁiiéﬂngturallparaffin of a melting point eof

- 45° g 151ﬁ§1ﬁ§ﬁ;t‘i part of a solutien of squal amounts of
aluminumﬁchlﬁiidg and thionwl chloride, 1s added to 100 parts
of said Qﬁiﬁén:parafﬂino The molten mixture is paased under
pressure through a_rea@tion-chambar filled with alvminum
.turningsﬂ?ig:thé'presénee of hydrogen gas containing lj % of
hfhrogen vhleride. Thereby the temperature is maintained
at about 170° C. and the total pressure is about 100 atmo-
spheres. The catalgst 13 formed within about § hours. There-
after about 40O liters of hydregen are absorbed by 1 kg. of
paraffiﬁa.ﬁdr'eaCh;kg. of catalyst {econsisting of aluminum
turnings andlmglqbular\compound adhering thereto), 0.9 kg.
.of ﬁaraffin are feaétad ber hour. The yilsld 1s sbout L5 % of
a benziné beiling between 70° ¢. and 185° C., 6 % of gaseous

products comtaining about 60 % of lso-butane, and about 49 %
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of high boiling olls and waxes having a bolling point
between 185° ¢, and 460° ¢, The lodine number of the benzine

is 0.0, the cotane nmumber higher than 80.

bxample 1.

5 ‘ Aluminug chloride ocontalning 10 parts by welght
of zinc chlorlde, 10 parts by welght of ferric chleoride, and
1l part by weight of chromlum chloride per 100 parts by welght
of eluminum chloride, is mixed to form a paste with twlce
1ts amount of soft bituminous meterlial having a flew point

10 of 35° ¢, All the halogenides should be in the anhydrous

state although a small content of hydrate does not cause

disturbances and, therefors, 1s without denger. Sald paste,
together with a ecracking gas comtalning L5 % of hydrogen, about
50 % of hydresarbons, and 5 4 of alr te whileh 3 % of chlor-

15 ine gas are admixed, and together with three times 1ts amount
of the sbft bituminqﬁygmaterial nsed for pasting, are passed

under prggsqre thi6 '\‘a reaction chamber filled with small

pleces oﬁimontmofilionit%whereby s temperature of 168° ¢.
and & total preésure of about 120 atmopsheres is meintelned.
20 Aftqé 9 hours the catalyst la formed and hydrogen 1s brlakly
absgrbed; Hydrogen absorption amounts to about 500 1lters
per 1 kg. of biltuminous meterial. Abomt 0,8 kg. of said bit~
uminous materlal are conbtinucusly passed through the reaction
chamber for esach kg. of ocatalyst per hour. The reaction
25 mixture,[before working up, is passed through & second chamber

whlch 1s also filled with pieces of montmorillonite. Any solild

particlesa present in ths reactlion product precipltate therein
and adhere to the montmorillonite. As socon as the first reaction

chamber does not operate properly, hydrogenatlion and crackling
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1s continued in the second resctlon chamber. The catalyst
in the first chamber 1s regenerated by treating with hydro-
gen and hydrogen chloride (1 : 1) at a temperature of about
150° ¢.

5 Example 15.

A rezction chamber is used as 1t 1a descrlbed by

Kroenig "Dis katalytlsche Druckhydrleriing von Kohlen, Tepren
und Mineraloelen" Berlin~Goettingen-Heldelberg 1950, page 2ho.

About one quarter of the volume of sald chamber ls filled
10 wlth a mixture of I part by welight of finely ground mont-
g? morillonite and 1 part by welght of a low temperature dist-
E@ illation o1l from brown coal or lignite or from oll bearing
: shale, sald oil bolling sbove 140° ¢. and containing
gé about 17 % of crecsote, 76 % of paraffins, 6 % of water,
g 15 end 10 4 of coke and ash. Hydrogen contalning about 95 %
of hydrogen, ls then intreduced into the reaction chamber
under a pressure of about 100 atmopsheres and at & btemp~
erature of about 1900 C. The hydrogen enters the chamber
ﬁ} from the bottom, and, therefore, causes the mixture of mont-
k 20 morillonite end oll te whirl and to be thoroughly mixed and
contacted with sald hydrogen. At the same time, an amount
of about 5 % of the chamber volume of hydrogen halogenlde
gas 1a added to the hydrogen gas. Into said thoroughly
gl rred and whirled mass, there 1s Injected the llquefied
25 catalyst residue of & previous hydrogenation charge con-
talnlng, as an average, about 30~35 % of aluminum, 10-12 %
of chlorine or another halogen, and residual organic matter,
and, 5 % of fresh, techniocal grade, anhydrous aluminum

chleride. The temperaturs, during reaction, ls malntalned
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at about 150° ¢, A hydrogen pressure of sbout 100 stmo-

spheres ls kept for about 8«10 hours. By continuous pecyocling

the reactlion mass by means of pumping, it is thoroughly

mixed and brought in contact with the hydrogen. Formation of
s catalyst and setting in of the reaction can be resdily recogn-

ized by cloaslng the feed valves whereby the pressure dew

creasas. As soon as the catalyst is formed, the reactlion

products are sontinuously withdrawn from the chamber and

fresh low temperature distillation oil ls continueusly
10 charged lnto the chembsr. Sald fresh oil is mixed, before ad-

misalon to the chamber, wlith 30 % by volume of finely ground

brown coal or lignlte dust. #resh hydrogen and about 60 %
of the waste gases, lf necessary, after conversion inte hydro-
gen, are also introduaad continuously into the chamber; in

15 oniter to replass the consumed hydrogen. It 18 also necessary
to continuéutly add about 1 4 of aluminum chlorids dissolved
in sulfur chleride In order to replace the loss of aluminum
chloride entrained in the withdrawn reaction gﬁfdﬁcts and, thus,

: whic

removed from the chamber. The withdrawn liquid7is undar

-

20 a8 pressure of about 100 atmospheres, is Ilntroduced into a

second hlgh pressure reaction chamber fllled with freah mont-

morillonite dust, In smid second chamber the organo-metal
rortions of the liguld are preclpltated on the surface of
l;x gald mineral dust. The lliquld wlthdrawn from said secend

25 chamber 1s worked up &s described in the preceeding examples,

after gaseous reaction products have been ssparated thersfrom.

ho-ii5 % of a highgrede benzine boillng between 70° ¢. and

190o Cey, Dissel olls, lubricating olls, and paraffins are

obtained. About 6 % of gaseous products are formed, said gas

g a5
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senteining about 65 % of lso-butane, When the mineral dust

in the second ochamber 1s saturated sith the catalyst com-
pound, sald chamber ls swltohed and‘b;comes the first reaction
chamber whlle & third chamber which 1s also filled with
montmorillonite dust 14 used as seﬁond chamber. The {irst
ohamber contsining the spemt catalyst 1s subjeoted to & reg-

enerating treatment, for instanoe, by treating the spent

 catalyst with halogenated hydrocarbons, sush as ethylene

chiloride, or with hydrogen chlorlide and/or hydrogen sulfide

' whereby the pressure 1s malntained at about 100 atmuspheres.

Example 16,
Fuel oll boiling above 250° ¢, 1s mixed with about

the seme amount by velume of‘waste aluminum chlorlde sludge
dgrived from a Friedel-Kraft synthesis, The mixture is heated
at 180-225% ¢. until all the oconstituents of lew bolling

poilnt aref@istxiléd off. Durling sald heating prooess, sya-

thétie montniorillenite powder 1s added to the mixture while

stifﬁing ﬁigprqﬁsly by means of a strong 9tirring device.
Thafmasa, qhilé-atill hot, 1's dlscharged from the reactlion
éonéyiner wharaby;hnmid atmospherie alr is to bb excluded
and, ﬁfterncobling and solidlifylng, is crushed to pea-sized
grenules. The granﬁle; are filled into a rsaction chamber

as desoribed by Kroenig:(l.c.) until ebout 1 % of 1ts space
volume are taken up byrﬁhe same. They are treated thersin
fer 12 hours, under vigorous whirling, with recirculated
hydrogen:qontaining gaé,:such a8 cracklng gas, illumlnating
gas, gas from low temperature dlstillation, hydro-

gen gas obtelned by_elpctrolysis and the like., The temperalure

i1s thereby maintalned betwesn about 100 ° C. and ebout
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about 150° ¢, and the pressure at about 50 atmospheres.
Thersafter shale oll of any composition ocontalning admixed
thereto about 3 % by volume of a mixtume of equal parts of
alumlnum chloride and zinc chloride 1s introduced into the
reaction chamber. The pressure 1s lneresassd to about 150 atmo~
spheres and the temperature to about 185o C» Hydrogen which

is not consumed during reection 1as returned Inte the reaction
chamber ahd the consumed hydrogen is replaced by fresh, hydro-
gen contalning gas. At the same time the reactlon producte

are continuously withdrawn abt suoh a rate that 1.5 tonas

of oll per 1 ton of catalyst per hour ars reactsd whereby
about 3I00-500 m3 of hydrogen are absorbed by each ton of shale
0il. These ratlos must, of course, be malntained only if a
fully saturated reastion product is desired. The reaction
product correaponds in general in its composltion to that of

the preceeding examnlea.

Example 174

Lignite dust 1s mixed with low temperature dist-
11lation oil to a paste containing about 35 % of coal. Sueh
paate 1s passed, together with a mixbture of 80 % of a gas
contalning about 95 % of hydrogen (so-called 0O-gas), 10 %
of cracking gas, and 10 % of hydrogen sulfide, through molten
sodlum metal, The reactlon chamber i1z provided with zine
baffle-plates whichh are arranged lIn such a menner that the
gases bubbling through the molten metal, distribute sald
metal over g‘large are&., The Lemperature 1s about 190-220° ¢.,
the total pr;ssura ebout 200 atmopsheres, After several hours,
the oatalyst is formed and hydrogen sbsorptlon sets In spont-

aneously. Hydrogen 1s absorbed with an hourly speed of 0.6
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parts of paste for each part of metal having absorbed at 1ts

surface the cataly$lc molecular compound. About 500-600

1iters of hydrogen are absorbed by each kg. of paste., The

withdrawn resctlon product 1s separated into about 10 % of
gaseous compounds, 12 4 of benzine boiling below 200° Cay
Diesel oil, lubricating oil, and paraffins. G50 % of sald
paraffinic reactlon products, corresponding to about 39 % of

the total yleld, conslst of high melting paraffin wax.

Example 18.
Pit-wet peat contelning 6 % of solld substances

is fiprst éiried, for instance, ascording to the process of
Stadnikoff {"Neuere Torfchemle® Dresden and Leipzlg 1920} or
according to-any other sultable method, %o s dry content of

about 60-70 #. It 1s mized to form a paste in the proportion

of about 1ik, with a heavy oll boiling betwsen 250° ¢. Said

slurry, after mixing with 1 % of zlnc dust, is fed under
pressure into a chamber according to Kroenig (l.e.)., A Press-
ure of ebout 100 atmopshered is maintained within sald reactlon
chamber by introducing hydrogen gas of any purlty contalning
admixed thereto sbout 3 % of chlorine gas or about 5 % of hydro-
gen chloride.gas. A temperature of about 250° ¢, 1s malntalned,
while reacting the mixture. Spontaneous reaction set# 1ln.

The solid peat substances liguefy and, at the same time,

weter 1s released. At the top of the reaction ecolumn a slurry
of water and calcium hydroxide with about 30 4 of caleium oxlde
1s fed to the reaction mixture. 'lhe withdrawn reaction pred-
nets apre then separated. The alkallne or neutral agecua layer
is removed. The gaseous compounds are either direckly or after

conversion recycled into the reastlon chember. The olls eobtained
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are gsubjected to fractlonal dilstilklation. The high belling
fraction 1s used for forming a paste with peat, and the oila

of lower bollling polnt are worked up to valuable preducts.

Examplo 19.

5 In the place of peat, as described in examplse 18,

wood flour is used and subjected to the same hydrogenatlon

oraocking process, Saturated olls, alcchols, and tars are

obtalined.

" Example 20.

| 10 In the plase of peat, llgnine l1s used and 1s sub-
jected, in mixture wlth a heavy oll, as described in example 18,
to hydrogenation. Saturated olla, phenols, and hydrogenated

phenola, such as c¢yclohexanol and methyl cyclohexanols are

obtalned thereby.

iz Example Z1.
Llignine and heavy oil are subjected te & hydrog-

enating and oracking treatment as described in exemple 18,

Instead of ndding zine dust te the paste, the reaction
chamber 1z loosely packed with duraluminum wool. The hydrog-

20 enating gas is mixed with about 15 % of hydrogen sulfide., The
catalyst is formed after about 10 houra. The lignine ls com-
pletely cenverted to light and heavy olls,

Example 22,
A paste of lignine and heavy oll 1s, as deseribed

25 in ememple 18, subjected in a rotating pressure reslstant

contalner to an Iintermittent hydregenating and crackling proc-
i , s88. The aluminum slloy {durslumimm) is employed

in the form of serap amdl the paste is thoroughly mixed there-
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with by means of heavy metal balls provided in sald rot-
ating reaction chamber, to cmuse Ilntimate contact with the

hydrogenating gas.

Example 23.

Tar containing about 35 % of alumlnum chloride,
as it is obtalned as regidue from the lubricating oll syn-
thesls is forced by pressure pumps into a hlgh presaure
electrolytic apparatus provided with alumlnum electrodes.
Electrolysis 1s then ocarried out at about 150° 0. under a
hydrogen pressurs of about 90 atmospheree end with an altern-
ating voltage of about 20 volts and a current density of
about 0.7 amperes per square declmeter. As soon as hydrogen
absorptlon begins, residual eil from cracking processes con-
talning admixed therete about 30 % of brown coal dust, 1s cont-
inucusly introduced lnto the elecﬁrolytic device and the

abaorbed hydrogen ls replacsd by freshly produced hydrogen.

The examples glven show the effect of the new organo-
metalllc metal hydride complex compounds according to the
present invention. They exhlblt a surprisingly high hydrogen-
ating activity, allowing hydrogensilon at a temperature below
200° ¢. Said hydrlde ocomplex, &3 13 evident, must be used in
the preformed state or must be formed in the reaction mixturse
before actusl hydrogenation of the ocarbonaceous material
in the presence of hydrogenauing gases sets in.

In the place of the catalysts used in the fore-
going examples, other catalysts may be employed likewise. Esp«
eclally sultable are those organo-metal complex compounds
whioh sre derived from metals, such as lead, and elements which

form sulfides, sald sulfides belng readily decomposed by dilute
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mineral eepids. Such slements are, for lnstance, beryllium,
calelum, sodlum, potassium, beron, tiltanlum, chromlum, and
those mehtloned in the sxemples. Presence of elements whleh
are ocapable of formlng sulfldes stable against aqueous mlneral
acids, is sometimes of advantage. They should not be present,
howsver, in emounts of more than lj % by welght of the organo-
metal complex compound.

It is of greatest lmportance that the carbonaceous
material to be reacted 1s lntimately mixed with the crganco-metal
complex compound catalyst and the hydrogenatlen gases, For
this purpose the reaction mixture 1s preferably dlistrlbuted
over a large surface area and hydrogenatlon gas and carbon-
aceaus materlal are brought Inte Intimate contact with each
other and the catalyst. Ways of effectlng said Intimate con-
toet ere desoribed inthe examples. Other methods than those
mentioned may aslsec he used for enlarging the ocatalytleally
sctive surfacef

Of course, mény other changes and variations in
the reaction conditlons, the reactlon tempersture, the pressure

under whleh the reactlion iz carrlied out, the starting meterials

" used, the hydrogenatlon gases employed, the catalysts formed or

added, the apparatus uased, the metheds and devices for in-
creasing the actlive surface employed, the means of introduscing
the reaction ocomponents into the reaction chamber and of wlth-
drawing the reaction produets from sald chamber, the methods of
working up and recyeling the reaction produocts, and others mors
may be made by those skilled in the art in accerdance with
the prineclples set forth hereln and in the claims annexed

hereto,
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THE EMBODIMENIS OF TUE THVENTION IN “MICH Al EXCLUSIVE
PROFERTY OR FRIVILEGE IS CLAIMED ARE DEFLYED AS FOLLOUS:

1. In & method of producing hydrocarbons znd other
valuable products from carbonaceous material, the stepo com-
prising reacting such carbonaceous materiasl with hydrogen con-
taining gsses in the presence of a catalyst selected from the
group consisting of metals, clements which, by locs of an el-
ectron, attain metallic character, and organc-metal complex
compounds of said metals and elements, and o substance selecled
from the group consisting of non-metallic elements of groups

VI and VII of the periocdlc system at a hydrogen partial pragsure
of alt least 1 atmosphere above atmospheriec pressure, and
recovering hydrogenated, isomerized, and cracked resction products

from the reaction mixture,

2 In a method of producing hydrocarbons and other
valuable products from carbonacecus materinl according to
¢lalm 1, vherein the reaction is carried out wwier a hydrogen

partial pressure of 20-200 atmoapheres.

3. In 2 method of producing hydrocarbons and other voluable
products from carbonaceous material zsccording teo claim 1, wvherein

the reaction is carried oul at elevated lemperatures.

de In a method of producing hydrocarbons and other valuable
products from carbonaceous meterial according bto Claim 1, wherein

=¥

o the reaction is carried out at a temperature of 45-280° C.
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5 In a method of producing bydrocarbons and other
valuable products from oarbonaceous material, the steps come
prising first. forming an organo~metal complex compound, then
: reacting aald carbonacoous material. with hydrogen containing
gases, gaid orgnno:no'ni complex compound catalyst, and a sub-
e stanoe salected from tha group consisting of & non-metallic
“element of the.groups VI and.VII of the poriodlc system,
-said reaction. heing carrled out at elevated temperature and
undar a hydrogen proaaure of at least 1 atmosphere above atmoapheric

"pressure, and racovaring hydrogenatad, isomarimad, and cracked

reaction products from the raaction mixture.

7:f6. In:n me%hbd of nroducing hydrocarbons and other
'valuable products from carbonaceous material according to
claim l, wherein the subsbance selected from the group con-

' *fslstlng of Q‘ngn;motalllc olament"qf‘the groups VI and VII

"of5ﬁhe‘perio&£o;s&stamjis admixed to the hydrogenating gas.

‘”:70' o In a method ‘of producing nydrocarbons and other
'5valuab1e products from carbonacoouq matorlal according to
nolaim;l, uha:o}n;the qnbstance selocted'from_the_group_con—
sisting ofuéjnon;nétoiiic-slemont of'the groups VI and VII
‘-of the perlodio syatnm 1s admixed to the carbonacecus starting

ma.terialo
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8. In a method of preducing hydrocerbons end other
veluable preoducts from oarbonaceous materlal accordlng to
cleim 1, wherein said carbonaceous starting material, said
catalyst, sald substance, and sald hydrogenating gas are
dlstributed over a large surface area and are reacted with
esch other 1n a finely divided form and in intimate contaot
with sach other.

9., In a methed of produecing hydrecarbons and other
valuable produocts from cerbonaceous materlal accordlng to
¢lalm 1, whereln the‘metal of which the organc-metal complex
oomﬁounduqatalyst Istomposad, 1s arranged in the reaction
chamber in condustive sonnection with the matebiml.af the
chamber ﬁdils, sald material being of mere noble potential

than seld catalyst metal,

10, In & metho& of producing hydrocarbons and other
valueble products from carbenaceous material, the steps com~
prising reacting such éarbonaceous matorial belng liquefled
at reaction temperature, with hydrogen ocntaining gases In
the presence of ergano~meial complex compound catalysts eof
metals selectaa froﬁ the group consisting of lead and metals
whioh form sulfides, sald sulfides being decomposed by dilute
mineral aeids, #ald reactlon being ocarried out under a hydr-
ogen partlal pressure of ab least 1 atmosphere above atmo-
spherlc pressure and&&t elevated tewmperature, end recovering
hydrogenated, isomefized,'and opracked reaction products from

the rsa#tion mixtﬁre;

11, In & method of producing hydrocarbons and
other valuable produscts from carbonaceons material, the steps

comprising intimately mixing sald carbonaceous material wlth
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about 5-6 % of alumlpmum éust end with a hydrogen containing
ges, continuoualy pagging saild mixture, at a temperature of
ahout 170-1909'0. and under a hydrogen partial pressure of
about 405100 atmospheres tﬁrough 8 previously prepared
Gustavaon's compound catalyst, said catalyst belng distributed
within the reactlion chamber so as to expose a large surface
area of catalyst to sald mixture, ad justing thereby the space

velooity of said mixture to mbout 0,5-1.0 kg. of earbonaceous

meterlal per 1 kg. of catalyst per hour, contlnuouely wilth-

drawlng thes hydrogehabted and completely saturated reactlom
product from sald reaction chamber, separating ehRtrained
catalyst sludge from sald reaction product and recycling
sald separated catalyst aludge into the reaction chamber,
separating thereafter the gaseocus reactlon products from the
liquld fraection of sald reaction product, washing and sub-
jecting said liquid frsetion to fracticnal distlllatlion to

recover therefrom gaseline, medium oil, heavy 0il, and paraffin,

12. In a method of producing hydroecarbons and other
valuable preoducts from sarbonaceous material accordling to
claim 11, wherein the carbonaceocus materisl 1s a low temp~

erature distillation oil of a boiling polnt abave 100° C.

13. In & method of producing hydrocarbons and other
valuable products from carbonaceous material aceording o
clalm 11, wherein the carbonacedus material is a mixture of
8 residual mineral eil and a solld but liguefiable bitum-

inous material.

1. In a method of producing hydroecerbona and other
valuable products from carbonaceous material according to

clalm 11, wherein the carbonaasecus material is = pasty mixture
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of & residusl minersal oll and a solid carbonaceocus materlal

in finely divided form.

15, In a method of producing hydrocarbons and other
valmable products fivom carbonaceous materlal, the sateps com~

5 - prising intimately mixing a liquefied soft bitumlinous materlal

with about 5-6 % of finely diqiqqgﬁaluminum actlvated by a

L <y
treatment with an &lcoholiéﬁmégeuni'bhlopide solutlon, contin-

]

uously Injecting sald mixtﬁ?é urider & hydrogen partial pressure

of about 40 atmoﬁphé;es and a temper&ture of aboﬁt 170° c.

10 into a reaction'chamﬁar, continuouslykwithdrawing the reectlon
" product, separating frgm sald reaction product catalyst sludge
carrled aldug by the sam; and recycling said catelyst sludge

into the reaction chamber, separating sald liguid Fgaction

i producst inte gaseous reaction products and a liquid frastion,

15 and working up said liquid fraction to gasoline, medium oll,

13 heavy oil, and paraffin.

16. In a method of producing hydrcocarbons and other
valuable produchts from earbonaceous meterial, the steps com-
prizing reacting a residual mineral oll in mixture with &

20 Grignard compound obtained from electron metal, ethylbromide,
and ether, with a hydrogenating gas at about 1700 ¢. and unbder

& hydrogen partial pressure of about 50 atmospheres, and re-

covering from the reaction preduct & llguld fraction conteln-

-

ing substantially saturated hydrocarbons of lower bolling

25 point than that of the starting material,

5 . 17. In & method of producing hydrocarbons and other
valusble products from carbonaceous material according to
claim 1, wherein motmorillonite is employed a&s carrier mat-

'i erlal for the orgeno-metal complex compound catalyst.
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18. In a method of producing hydrocerbons and other
valuaeble products from carbonascecus materlal ascording to
claim 1, whereln the organo~metal complex compound catalyst
i1s formed from aluminum metal, aluminum chloride, and thionyl

chloride under addltion of hydrochloric acid.

19. In a method of producing hydrocarbons end other
valuable produofs from carbonaceous meterial according to
elaim 1, wherein the organo-metal complex compound cetalyst
is formed from aluminum chloride containing about 10 % of
zinc ohloride, 10 % of ferric chloride, and 1 % of chromium

cshloride, under addition of chlorine.

20, In a method of preducing hydrocarbons and other

valuable products from carbonaceous material according to

claim 1, wherein the organc-metal complex compound catalyst
ls formed from en alumimum-magnesium elloy under addltion

of hydrogen sulfilde.





