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. Talma frorm  the Iguid fuels

-~ [Second Edition.]

PATENT SPECIFICATION

Convention Date (Franes} :

Complets Aecepted ! duns 15, 1827.

March 27, 7925,

COMPLETE SPECIFICATION.

Improvements in or relating to the Production of Liguid Hydro-
~carbona and other Organic Dodies from Heavy Organic

Materials,

I, Gzomeus Pavart, 50, rue Bpontini,
Parig, Frence, © oiticen of the Fronch
Republic, do herehy declare the nature
of this invention snd fn what ‘wanmer
the samc i to ho porformed, to be par-
fienlarly described and escertained in and
by the following statement :(—

It hes baem ohsstved that lignid pro-
duate of great value mey be extrected
from the solid fuels such as cosl, lignite,
weat, woord and the like, and more gener-
ally from the orgenic compounds derived
frem the cerbohydesics # the simple
pyrogenic decompogition is repluced by =
trestment with liguid solvents, prefer-
ably mnder .pressure and at high tempera-
tures, or with hot gsses, for instanoce
hydrogen, peseing through the material
in a continuous and rapid corrent; it has
been further observed that snch methods
afford a more rapid operation, and the
seperotion of & grester amount of liguid
by-products, whilst the wmount of
methene and bhydrogen in the gws pro-
duets, due to a decomposition of these
cigamie eompounds, iz much smaller.

. The sasme method spplies to the extonc-
tion of the by-products of the greafiesd
such as
mincrsl oils or petrolemm, shele ofl,
vegetable or animel cils, or from the
residues  from manufae"‘nrmg operations
npon fuels of other classes such as tars,
mavuub, crevking resiGues, nsphthalencs,
pitches, roging and the like; the sepura-
tion of their differend components can
also be advantageously effectod by dis-
solving (hem in more voledile liguid sol-
veuts, preferubly under pressure and ub
& high temperature, or by distilling them
wnder pressure in a surremd of hot gas,
for instrnee n the presense of hydrogen,
which will have the clicet of countoract-

ing the dehydrogenising of cerfain
compounis.

But it hag been hitherto = dJiffcul)
matter to gencralise these
methods, duc Go the grest cost resulting
frome the compression o the auxlhwry
ligmida or gases in use, or the recovery
of the waste heat.

I have foomd, however, that in the
cxobhgrmic syathesizing operations
effected umder high temperature and
pressure, large quantilics of hobt gasss
and solvent liquidy, brought to a high
degree of vompression, are available, the
compoesition of the =aid pases and liquids
being quite suitable for the extraction of
the valuable by-products conteined in
the solid or Hquid fuels, and in general
in the organic compounds derived from
the earbohydrates. The  invention
acoordingly congists in fvcating the raw
material (corbonaceous ox  orgamic sub-
stences in the solid or liguid state) with
lignid solvents and/or hot gases in order
to exfraet the by-products contsined in
said substances, said liguid solvents
antl/or hot geses proceeding, while com-
pressed and at a high tempersture, from
the catalytio treatmont of on initial gas
mixture conbteining oxides of earbon,
hydrogen and, if desived, hydrocerbons
rich in hydrogen,‘ for the production of
liguid hydrosarbony sud hydroxygenated
compuunds of carbom, or from any other
exotiiermic synehesizing operation
efiected under pressure aud at a high
tcmperature ©f the cless of operations
hereipwiter referred to.

The exotherinic synthesizing opera.
tions thus roferrad to are ohiclly those
by which hydroostbons, alechols, aide-
bydss, letoncs end the iike are obtained
sy the towbined action of heat, pressivre
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and catalyzers npon a gas miztnre con-
sisting of oxides of earbom, hydrogen,
or hydrovarhons rich in hydrogen. The
reaetion producls are discharged from the
resciion chammber where the exothermic
eynthesizing operstion is performed, at
tempezatures verying from abont 200 1o
600 depress (., and af very high pres-
surg ; upom cooling, varions - liguids eon-
gisting -of hydrocarboos, " alechols, etoncs
snd the likie ave condensed wnder high

prossura and thoy may be rehopted pre--

forably by an exchange of heat with the
vapouzs conbering the condenser. T
class of exothermie synthesizing opera-
tigns offeoted under high tempsrature end
pressure o which the invention relabes
wiso compriscs the -following opsrations:

Synthetic menufacturs of amponiz by

mezns of hydrogen and nitrogen, at high
tomperatiure and pressure. )
" Synthetioc manufacture of cyanhydris
acdd stexfing from a mnixiure of carhon
monoxide Witk ammoniz. _
. Syathetle mumufecture of ures start-
ng feom carbon dioxide “and aInruonie.
_ 14 is obviously impossible o enumerzts
ull the indnstripl exothermic symbhesis
effected under high tempéavature and pres-
sure which are suitable for the irest-
ment referred fo. Those skilled in the
arb will be able to appreciate whether an
industrisl ~exothermic synbhesizing opera-
fion iz or not suitable for fhe process
scoording 1o the invention, provided it
has been ascertuined :-— :

1°) that hot geses under high pressurs
ar vepours of Iguid solvents wnder high
ressure  amud temperature ore avallable
ot the outlet of the reaction chamber;
where the operstion is performed.

9% thet such gases or liquids have no
destructive  action - at high temperaturs
sud pressure upon the products which
aze 1o be extracted from the raw rawterial,
and . which essentielly - comprise lquid
bydroesrbons. )
Al the esothermic synthesizing opera-
fions for whioh the two oonditiens wbove
indieated are fulfilled pertain to the class
of oporations suiteble for the process
recording tu the inventivn.

By the use of the aforesnid gases which
procecd, strongly cempressed upd at 2
high tompersture from tha reswtion
chambar where the synthesizing opera-
{ion js performied, or by the usc of the
aforcsaid liquids proeceding under high
pressure from the condenser ot the syn-
thesizing  installation  and suitably
heeted, or by the combined use of said
%ases and ligmids, I am enabled to eifect
he extraction operations above sef forth,
withont the grest expemso required
tefore, for ocompressing the anid gases

end lgquids. Moreover, in most onsos
the heat of swid geses is  directly
recovered, sud, in the case of liquids,
the heat of the vapomrs is wholly or par-
tially resovered by am exchange of heut,
whereby Lhe expense required for hent-
ing the gases and liguids is wholly or
pertially elimineted.

The substances cepable of undergoing
the trestment herein described ave, 2s
ahove stated, cither ecarbonaceous suh-
gtonces or liquid or solid orgamic sub-
stances, that is substances eonteining
free or cumbined earbom, which may be
normally subjected to ordinary pyrogenic
distillstion i order to cxiract valnable
organic  by-products, ~ chiefly  hydro-

. eurhons, aleohols, acids, ete. By wuy of

expmple, the following substances Inmy
bs trezted by the process herein desoribed :
Coal, lipnite, wood, peat, and other
orgunic or  carbopnceous  compounds
derived from fThe ocarbohydredes; liquid
fucls smeh ws  heavy hydrocarbons,
minerel oils, raw petrelewm, shale oH,
vegetable or wminersl oils, aracking
rusidies ; heavy or raw products from eosl
dissillation such es tar, pitches, rogins,
ails conteining naphthelene, eto.

The mnatuce of the gases and lHgnids
used depends upon the nstucc of the
gynthesizing operation in which said
gases end liguids sre produced. As sbove
shated, it is indispensable thet the gases
ghounld be ub high temperstuze end pres-
gwre. ‘The prosence of hydrogen or
hydrocarbons rich in hydrogen or goses
of @ roducing charevter is preferable in
order to wvoid oxidation or pyregenic
dehiydrogenation of the by-products to ho
extrocled.  Mixztuzes of carben  oxides
end hydrogen or hydracarbons rieh in
liydrogen, hydrogen and mitrogon, oarbon
monoside and emmoniz  gag,  carbon
doxide ond ammonin gos, for example,
ave quite suitable for this purposs. Bk
it is evidems thet oxidizing media such
48 pure air OT purc water yapour oz mix-
tures of gases susceplible of a destruc-
tive setion upon the by-produets are o
be avoided.

A large renge of liquids are availuble
for the purpose of the. Invention and par-
ticulerly the liquids which are L as
solvenss for the heavy hydroearbens, oils,
tar, pitch, sosin, nephthelene, fatty sub-
stenoss amd the like; said liquids are
daiefly aleohols, lketomes, ethers, alde-
hydss, sud light hydrocarhons which are
obtained =t high temperature and pres-
sure in some of the processes of the olass
refersed fo.

In usarying oub the process according
ko the inventiom, the compressed gases
digcharged from the reactionn  chamber
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where the exothermic synthesis is pez-
formed mey be ciroulafiud in a reguler
¢urrent into cne or morte digesters, which

are  specially arranged for the purpose,.

and which contain the organic material
to be decomposed snoh ag coel, lignite or
wood. cid  digesters  are  disposed
hetween the syuthesizing rezction cham-
ber und the condensers of the synthosiz-

ing operetion. The velatile by-products
thug  exlracted In  the  dipesters,
g well as  the vapomrs  which

have been fermed during the oxothermic
eynthesizing  operstion wnd were eireu-
lated with the geses through the
digesters, are withdrawn from the gases
in the oendemsers of the Installation
for the syathesising operation. [ then
scperate by evaporation, fractiemel dis-
tillation or (if necesszry) by reetificutdon,
tha various ecmponents of the complex
condensite thus obtained.

Alternztively, ¥ may use the solvent
Lquids only and, for this purpose, T firsh

remove from the condenzers of the instal. -

lation lor the main syothesis, a pert of
the condansate i the latter hws the
requived solvent properties; this lgquid,
which is still wnder pressuve, s firwh
heatad to the proper tempersture prefer-
ably by au oschenge of heat with the
vapours enbering the condenser, or by
sepurate heating or the two methods
either simultancously ur consecutively.
T then circulste the said liguid—hy
meens of a circnleting pump—iutc the
digester or digesters coofeining  the
prgania  material to be decomposed, from
which T thus remove the solmhle sub-
stences. The lquid digcharged frum the
digester may yield up its heat to the
lignid entering the sald digester.

Obviously, I muay wtilise at the semc
time the hot comprassed gases [rom bhe
synthesizing resction chsweber and the
lignids wndor pressure collectad in $he
sald cundensers and smitably re-heated,
. und cause them to aot simultensously or
suceessively wpon the organic compomnd
to be decomposed. In this cese the liquid
muy be cireulated downwardly in the
digester, whilst +the hot gases are
circutated upwerdly ; before entering the
digosher, the liguid is heated by womtect
with the liquid discharged from the said
digester.

The movements of the gases or liguids

. ey bs combined in a widely varying

Eul

mazmer according to the maberial to ha
trented, and the same is true for the
arraugement  of the meterinl in the
digesters, and for the construction of the

 latiter.

In the case of pulveralent solid sub-
stances, such ss coal, lignite and peat,

it is preferable to dispose them, in the
digester, upon platcs or like supporss
which are finely perforated and through
which the aseending geses and  the
descending  liquids will flow. In  the
case of lignid or pasty substonces, the
goses may bo cuused to bubble or the
liguids may be caused to flow through
the said maberial under ¢restment by
mezng of immerged tuwbes or of suitsble
plates.

The subsztances to be treated and par-
ticnlarly the solié substapces, may be
reliminarily  disposed in  cartridges,
E&skets or like zecipients of a slightly
taperad shape, the end parts whoreof arve
porforated or nobt; saud recipients fit
clewsly upon fhe corresponding tapered
internal wall of the digester. This
latter apparetns may bo closed by » mov-
able cover which can be held in place
by bydraulic means, 0 28 to provide for
its ready opening and closing, so that
the basket or like recipient containing
the exhuusted product can be readily
removed and replaced by a similar
recipient ocontaining & fresh cherge of
materiol to be treated.

I may dispose a plurelity of digu_aters'

in peries or in parallel on the sume gas
vr liguid circuit, so ss to proceed more
or less methodically with the exhaustion
of tho material wnder tveatment, or to
continue the aotion of the gases or
liguids, or the cuoling of the digester for
the necessary time without ddirainishing
the total cutput.

The gascous products which are pro-
duced by the trestinent of the material
to be decomposed and which are not con-
densed in the condenser, may be left in
the ges cirouit perteining to the main
gynthesis reaction or may he climinated
by sny lmown means, such as a partisl
liguefactivn, or an cypansion with or
without externsl production of work, or
& oooling under pressire by separate
cooling means. )

Thae weolid or ligeld residue in the
digester may be employed to advanioge
for the produstion—by known meang—
of the whole or & part of the gasecus
mixture bused wupon carbon  menoxido,
hydrogen, of hydrocarboms pich in
hydrogen, whish gerves [or the main
syntketic resction; or otherwise, sccord-
ing to the special quality of this rewidue,
this latter may be employed in a separate
maaner foz other purposes.

For the better understanding of the
characteristic featnres of my lnvention,
I will now set forth how the method
sccording to the invention may be earcied
out in three particalar cases; these ara

given solely by way of example and are
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in no wise to he cansidercd ss limibing
the seope of the invention.

Exawrre L.

Tt i5 essumed thet the main synthetic
rescton consists in the well lmown pro-
gess of menufaeture of hydrocarbons and
of  oxygensted dorfvatives of hydro-
garhons by - the  eatalytic  hydro-
genution. of carbon oxide at high fem-
peratuze snd woder high pressure. The
gomes nre circuleted in o closed circuit by
meens of o sirenlsting pump by which
the goses which have nob reacted, emd
thus 2re not cundenssd, are supplied hack
to the catslyzing chamber, wherein the
noriaxl pressure is 250 atmospheves.

- hedarding o my invention, I place
Between the last cabalysis ehamber and
the condenser, one or more digesters
which contwin the variety of coel kuown
as coking coal, conteining for instance
22 pev cont. of volgtile substances. 'Che
gnses lenve the catolysis chumber at 2
tomperature of 420—450 degrees C. and
at 260 olm. pressure, wnd poss upwardly
through the digester. [ter o Bhres
hours -trestment, the coal is reduced to
some 60 per cemb. of ity initlel welshe,
and Decomss porous, with a brilliant
blzok appearsnce, whilst the condensed
liguid oontains an increased amount of
volatile .praducts having . great ealorifl
power, of wamioniz and of clear tars.
The godes will coulain methane and
Slefincs, as the chief sddilion thereto.

_ The mmount of volatile substances meay

Do mueh increaged by artificielly heat-
ing up to 750—800 degrses, and belorc
they cator the digester, the gases issuing
from the vomobion chamber, and thé heat
which they ofill possess whon dssuing
Jrom tha digester, is recovered for heat-

-+ ing the gases entering the lafter.

4b

"~ The coke which is collected a8 =
residue in tho digester muy scrve fo pro-
duce the initinl gas mizture lor the

reaction.

- Fxarvere I

T4 ig assumed that the mmain synthetic
rcaction comsists in the synthetic mann-
facture of metbanol by the combinetion
in the presencs of catelyzers of the
Plements of & gas mixbure comsisting
ypproximately of one volume of carbon
monoside, twn volumes of hydrogen, and
vaviable emounts of methane znd
nitrogen, the temperatare of the reachion
chamber ~ being maintained 2t 800° C.
and the pressure at 300 atm.

Tn this cuse, between the condenser of
the last cafalysis apparatus and the con-
denser for the finasl produet, is or aro

** interposed,” one or’ more digesters which

contain broken fragments of pine wood
from the Landes regicn (waste from saw-
mills, or the small ends of beanches of
fatled trees), ond I circalate theru-
through at the swme time, (1) In the
upward direction the guscs from the
reaction ohamber which are wnot con-
densed in the methanal condenser, these
gages heing suitsbly rehesbed, and (Z) in
the downward direction,” by mesns of 2
small cirgulating pump, & gresber or less
amount of the Hgeid eontaining methanol
which is collected at the hottom of the
methanol  condenser, said liguid  being
heated by contact with the grses os well
as with the hot lignid discherged Ifrom
the digester.

Tn this mommer I obtain, in the lguid
discharged frem the digesters—in addi-
fion to the undecomposed methanol—pine
oil, aeetone, Isopropyl alewwhol and
acetic aeid which arc extracted from the
wood, whila the gases will draw over 2n
additional smount of hydrvogen, carbon
nonoxide and mothane together with an
appreciable amount of ethylene and s
hamologoes;, which latter will bo subse-
quently condensed upon the eatelyzer i
thy form of louid hydroesrboms, as seb
forth in my oopending Application No.
247,178 for “Method for the simul-
taneons production of methyl alcohol
end liquid hydrecarbons by synthesis ™.
The chaicosl collocted from the digester
may he employed for tho production of
the initis]l ges mizture or for ofher wuses.
.o fixampre IIL
- It iz sssumed that the main synthetie
tosotion is cerried out as seb forth in
my seid  copending Application Nw.
247,178 for “Method .for the simul-
tameots production of methyl sleohol and
Hquid  bydwessbons by  aysthesis™
employing for the purpose a Z2s mixture
consisting of ome volume of ethylene,
one volume of earbon monoxide and two
volumes of hydrogen, the standord pree-
sure hsing 500 atm., and the celalysis
chamber boing muintained af 2 tempers-
fure of 00 degrees (.

Between the lest catelysis apparatus
end the condenser, 1 iuferpose ome o
more digestevs conbaining heavy petro-
Jeurn  pil, naphthalene, or the residues
from ithe distillestion of vegetubly or
minegal oils, and the geses from the
yasetion chamber will be enused to kmbble
through the same hefore fhey vnier the
condenser, after optionally raising Lheir
temypezraiure wp to 430450 cdegrees C.
T thus greatly inerease the production of
light oils in the condensate, dus lo the
fact that & pert of the material placed
in-the digester-is drewn off and also that
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the proportion of olefinic hydrocurbons sure which may be derived from the eyele
oontained in the guses is increased. of the main synthetic reaction preferably

In addition %o the preceding indica- rceovering the heat of the reawgent, either 60

_ Homs and those which result from the directly m the case of hot gases, or by

5 above-mentioned examples, the method exohanges of heat in the -case of liquid-
aceording to the invention can be adapted solvents and sometimes also in the case
to all lvrms of operation which may be of gases. .
required for extracting from the orgsuie Heving now perticulzrly deseribed end 65
substances thus treated, any by-products ascertained the mature of my said inven-

10 preferably desived,  and this, withowt &ion and in what manmer the sams is
depurting from the prirciple of the o be performicd, I declare that what I
invention. For iustenve, the gases or claim is:— - o ]

Liquids preduved by the main synthetic I, Method for the distillation or 70
operation may be employed only partislly hydrogonasion of carbomaccous or orgenic

16 {for the trestment of the fuel or other substences in the solid or liqnid state,
organio substance to be decomposed. The which consists in freating the said sub-
liguid or gsseous products of this latter stences with liguid solvents and/or hot
treztment voight be collected apart from  guses in ordur fo extract the by-products 75
the products vr guses obtained during contained in said substances, said liguid

20 the main eoperation. Murthermorze, the solvents and/or hot gases proceeding,
gases  discharged from the resction while compressed aad ab o high tempera-
chatnber ight be preliminarily and  ture, from the catalytic treatment of an
wholly freed from the products of con- initizl gas wmixture containing oxides of 80
densation which they contain before cerbon, hydrogen arnd, if demved, hydro-

25 befng circviated jnte the digester or corboms rich 1n bhydvogen, for the pro-
digesters containing the orgemic meterial duction of lHguid hydrocuwrbons and
to be trested, and after they have been hydroxygenated compounds of carhon, or
heated by their contaot with the gases f(rom any other uvxothermie synthesiwing 285
isening from the rouction chember and  opersiion oficetcd under pressure sod b

30 ihe dmesters. The same is true for the a high temperature of the class of opara-
liguids. The exchanges of heat between tioms referred to.
the passs or hbetwecn tho lguids, or 2. Metbod  according Lo Claim 1,
between the gascs and the lguids, will wherein suiteble catolyzess are incor- 80
be much fucilitated by resson of the porated info the solid substanees or

35 considerable gpecific gravity given to immersed within the liquid substances
the gases by the high cuiopressivo constitubing thd raw matcrial.

Cortein  specinl catalyzers may be 3. Method according to Cleim 1, in
ncorporated into the solid fuels under which the residue of the treatmant of the 93
treatment or may be immersed in the <orbonsccons” or organic substances is

40 liquids which sre irested by the method utilised, for instmnce is bumed incom-
according  ta  the presemt invention. pletely, for gemerating a part of the
Accoxding to the nature of the rew imitiel ges mixlure used In  sald
muterial, of the gases or liquids used, exothermis synthesizing operation. 105
of the by-products to be obtained, use 4. Iostallation for oarrying ond the

45 may be made of hydrogemsting catolysts, method sweording to the Cleimg 1 and
condensing agents, etc., the chemist being 2, whereln the carbonacecus or - OFgumic
able to0 select the suitablsa known oata- substances o be freated are disposed
Iysts  whose  propertics have Dbesn within separafo rocepiecles which are 106
uscertained. removably disposed within  digesters

LYy Obviously, it is not possible to set  adapted to bs passsd through by the said
forth in thiy Specificetion ell the dotails liyuid solvemts or hot gases,
applying to each particular case; those 5. Method for the ‘wrestment of cer-
siilled in the art will eagily carry ithe bonaceouns or organic substances, sub- 110
Present process into prackice, alomp the stuntially as descrived.

55 lnc above ceplained by tresting the fuel

or the organic material with the hot gases
or the solvemt liguids umder high pres-

Dated this 15th duy of Mazch, 1926,
MARKS & CLERK.
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