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Process for the Generation of Synthesis Gas with the Simultaneous
Recovery of Aromatic Hydrocarbons
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hydrgearbons. .

It has previously becn proposed to pro-
duce 2 synthetie gas, which -consists
essentially of hydragen and rarbon

20 monoxide, from solid fuels in' externally-
beated continuvously-operating vertieal
reforts. In this process the gascous pro-
ducts of carbonisation are lad, togsther
ithsteam, downwardly ihrough the

25 Lilifhly-heated coke residue from ihe car-
nisation, an order to decompose com-
pletely the hydrocarhens.
cess also the coke residue was largely con.
verted into woter-gos by the infroduetion

30 of steam into the ﬂwer part of the rebort,
whilg the water-gas and the decomposi-
tion products of the gaseous hydrocarbons
were brought fogether in the inlerior of
the retort and then withdrawn together

85 from the retort as synthesis gas, 1t has
further been proposed in this process of
gynthesis gas generation, to draw off from

’ tﬁ retort a parb of the carbonisution pro-
ducts which originate in a special and

40 external pre-heating zone for the fuel and
which consis} principally of low-tempera-
tmre gases, tar and steam, and no} fo mix
thesa lest-mentioned products with the
other carbomisation products generated at

45 higher temperatures. ‘Thess geparated
wases are used (If desired after the separa-
tion of the tar and nom-aromatic hydro-
carbon vapours which are deposifed in
their primary state), for some other pur-

59 pose, for exumple, for healing ihe retort.
These gases are not suitahle for synthesis
gag, nar ave they suitable for admisture
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In this pro-.

with the synthesis gas produced, because
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through the fuel as far as a fuel tempera-
hzre_zfonﬁ of 5{I£,}-600d“ C. A mild crack- 10
ing of these gases and vapoute is theveby
effected, and from the gistiﬂation pro-
ducts of the lower tempersfure stages
(which. ave of an aliphatic nature) ydro-
carbons of an aromatic nadurs are furmed

by the" passage through the fuel in the 75
higher temperature stages, under the
inflnenee of the temperature und the
catalytic properties of the fuel, Benzene,
tolucne, xylene and higher homologues
are especially produced. The converted 80
gases and vapours are then draws off from
the retort in the temperature zone of
800—600°C. This paseous produci is
rich in_aromatic hydrocurbons ang has,

in addifion, alcevdy undergone a conver- g5
sion, of the gaseous components, so that
affer separation of the condeasible
vapoure a @as alrcady suitable for
synthesis purposes Is available, in which
the ratio of hydrogen to carbon monexide gg
elready approximates closely to the most
advantagecus proportion in syuathesis gas

(® : 1), and the proportion of these fwo
congtituents amomnts to ahouk 2 of the
total quantity of gas. This resuls iz 85
obtained by methane decomposition, by
partial reduction of the ca.rlt-:on dioxida,
and hy waler-gas production from the
moistore - preseny in  fhe eoal. An
adequate amount of wafer-vapour is re- 100

“quired in the retort mainly to ensure the
. Propexr vonversion of the methane in the

gases into iydrogen and carbon monoxide ;
if this water-vapour is nob availabls from
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Process for the Generation of Synthesis Gas with the Simultaneous
Recovery of Aromatic Hydrecarbons

We, Did-ze - WEREE ARTIENGREELL-
SOIATT, & Company orgunived aceording
to the Laws of Germany, of Westfilische
Strasse, 90, Berlin-Wilmersjorf, CGex-
many, do hereby declare the uaiure of
this invenjion, and In what manner the
gane is te be performed, to be particulurly
deseribed and ascertained in and by the
following statement:—

The present invention relates to a pro-
cess for the generation of synthesis gas,
for tha ]_Jru?luct-ion of motor fuel and
other synthetic produets, by the carhoni-
salion pnd gasification of solid fuels, with
the simullaneous recovery of aromatic
hydroearhons. )

It has previously been prepesed to pro-
duce @& synthetic gas, which congists
essentially of hydrogen and  carbun
monoside, from solid fuels in externaliy-
heated  continuously-operating  vertiesl
vetorts, I this process the guscous pro-
duets of carbonisation are lad, together
with steam, downwardly through the
highly-healed coke residue from the car-
Lonisation, in order to decompose eom-
pletely the hydroearhons.
sess alvo the coke residue was largely con-
verted into water-gus by the intreduction
of steam into the lower part of the retort,
while the water-gas and the decompusi-
tion producks of the gaseous hydrocarhons
were hrought together iu the interios of
the retort and then withdrawn fogether
from the refort ms synthesia pas. If has
further been proposed in this process of
gynthesis ras generation, tv draw off from
the retort o part of the carbonisation pro-
ducts which, originate in o speeial and
external pre-heating zone for the fuel and
which consist prineipully of low-tempera-
ture gases, tar and stenm, and not {o mix
these lnst-mentioned proﬁncts with the
otlier carbonisabion products generated ab
higher temperatures., These separated
wases arve used (if desived aficr the separa-
tion of the tar and non-arcmatic hydro-
rathon vapours which are deposifed in
their primary state), for some other pur-
pose, for example, for heating the retord.
These gascs are not suitable for synthesis
sns, nor are they suitable for admixfure

[Price 1{-]

In this pro-.

“after

with the synthesis gas produced, becanse
they are compo essentiolly of eub-
gtances which are either harmfu] iu, or
diluents of, the desirad synthesis gas.
According 1o the present inventiom,
golid fuels, usﬁrecially lignite, brown coal,
the yonnger hard cvals, peal, cte., are
carborised by external heating in con-
tinuously-operating verfical carhomising
retorts. hat purd of the gases and
vapours which iz menerated betwecn the
corpmencement of the heating and a fuel
temperature of about 500—6U0°C., is Ted
away from the regiom of generation in
the "direction. of imnereasing lemperature
fhrough fhe fuel as far as a fuel tempera-
tuze zvoe of 500-600°C. A mild erack-
ing of these gases and vapours is Ghereby

-effertad, and from the distillation pro-

ducts of the lower tempersturs stages
(which, axe of an aliphatic nature) hydro-
carbuns of an aromatic natyre are formed
by the passage througle the fuel in the
higher temperature stages, under the
influence of the femperature and the
ealalybic properties of the fuel. Benzene,
toluene, x<ylene and higher hoanologues
are especially produced, The converted
ﬁtges and vapours are thep drawn off from
e retorh in the temperature zome of
500—800°C. This guseous product is
rich in. avomatic hydrocarbons and has,
in eddition, slready undergone a conver-
sion 0f iha gaseous components, go that
separafiom  of 1{he condeusible
vapours o gag already suitable for
synthesis purposes is aveiloble, in which
the ratio of hydrogen to carbon monexide
already approxiviates closely to the moat
advantageony proportion in synthesis gas
2 : 1), and the proportion, of these weo
constituents amourts to about § of the
total quantity of 3az. Thig result is
obtained by methane decomposition, by
partial reduction of the car%on dioxide,
and by wafer-gas’ production from the
moisture preseny in he coal. An
adequate amoint of waler-vapour is re-
quired in the retord mainly to ensure the
proper conversion of the methsue in the
gases fnto hydrogen and carhon monoxide;
if this water-vapour is wol available from
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the fuel ifself, then it mmust he supplied
to the retort. The far vapours ure
almost completely decomposed. After
the withdrawal of the gases from the car-

5 bonisation chamber, the benzole and light
oi] are scpareted from the gas by cooling
and washing.

The fnel residune from which the gas
referred i In the preveding paragraph
Lhus been obtained, is further Eﬂated by
external healing fo such a high tempera-
ture that the Tast rarbonisation products,
which consist mainly of hydrogen and
carhon monoxide, are separaled from the

5 fuel.  Simultanecusly, water-gas is Tro-
dueed hy the infroduetion of stewm info
the hot degasified fuel. Boih gases (i.e.
carbonisation gas and water-gas) are
mixed in the interfor of the chamber and
led together omt of the inesndescent fuel
from the hottest zone of the carbonising
chamber. The water-mas, together with
the residual carbonisation gases from the
higher temperature pones, produees o
synthesis gas of the most sdvuniagecus

20

25

angd therefore the desired compositicn, as

it iz preferred for synthesds purposes and
which is designated normal synthesis gas
{ratio of 0O: H,=1:2),

This synthesis gas produeed as
described, 1o the preceding paragraph,
whieh reprezents in geners] the greater
quantity of the gas produced from fthe
{uel, is ndmized with the gus obiained at
the lower fuel temperaiunre, and which
hag been purified and freed from henzole
and other substances. The admixture
can take place by the simpls leading
together of the two gas streams while the
synthesis gas is still at a high tempera-
ture, The gases can, however, he mixed
alter previous cooling of the synthesis gas.
The mixture produces a synthesis gas of
normal compogition.

In the hitherto proposed process of
synthesls gas production by carbouieaiion
and gasification of solid fuels in axter-
nally-heated econtinuously-operating ver
tival retorts, Hie hydrocarbons resulting
g from. the carbonisation of the fuel are

completely destroyed, that is, converted

into gas, apd conseguently only gas, Ie.
synthesis gas, iz preduced. Alterna-

86

49

45

natively, in this process a part of the low-
5& lemperature distollstion produets formed

by the preheating or pre-distillation

~ {primary tar and small quantbities of low-
- femperature spirit) can be renoverad, bub
these however huve first to be worked-up

60 by specisl trealment to render them suit-
able for mge as motor fuels. According

to the present invention, on the other
hand, ’31&3& jrimarily-formed suhstances
are reeovered diveck ax ready-made fuals

65 with improved charucleristion, Lo, as

-motor fue] having desired anti-knock pro-
‘pertios.
‘of the aromatic products is considerably

aromatic hydrocarbons such as beuzene,
toluene, xylene, ete., The latter are, on
aceount of their speeial mature, high

" specific gravity and high octane namber,

cspecialy suifable for admixture with the 70
petrolic hydrocarbons produced fram tha
synthesis gas hy eatalysis (which later in
part exhibit low specifie grevity and a
low oclane number} {o produes a liguid

In addition, the economie value

higher than thal of the unconverted
primary distillation produets. The pro-
cess has proved to be particulerly adven-
tageous in the working-up of brown coal
and similar fuela. IH was not hitherto
possible te produce, by the earbonisation
of such fuels, arematic hydrocurbons
directly and in the relatively larse quan-
tities now rendered possible by the preseng
process.

An  externally-heated confinuously-
operated  vertical Tetort cerves as
apparates for carrying out the process of
the  present invemtion, The fuel is
charged inte the retort from obove und
passcs successively through ull the leat-
ing stuges uniil completo earhonization of
the fuel is aétainad. The resuiting pases
and vapours are drawn downwardly in the
direction of the moving fuel, in &wo
stocessive and separate streams. The firsh
strdam comprises the gases arising be-
tween the beginmine of the heatling and 100
8 " temperature of uboub 500—600°C.
These gases iravel from their place of
arigin so far through the fuel un#il they
remeh,  the  temperature zome  of
a00—600°C., where they are drawn off 105
from the refort. Il is essential that these
gases should not penetrate the higher
temperature zones, for then a desiruction
of the valuable hydrocarbons would oceur.

On the other hand, these mases must not 110
be drawn off in j0c low a temperaturc
znne, becaunse fhen the desired conversion
will not have been completed. The gases
are drawn off at the place af which the
farmation of sromatic hydrocarbons is 115
conipleted and further passage of the
aages inlo higher temperature zones wonld
Lring about destruction of the praducts
formed. With strongly reactive fuels,
as for example, with many kinds of hrown
conl, the formution of the uromalic hiydro-
carhens is already concluded at tempera-
titres approximating to the Tower limit of
the specified temperature range, while
with other fuels the ecegsation of forma- 125
tion of aromatics oceurs near the upper
témperature limit, The fuel then passes
down the retort into the zone of higheat
temperature and  yields om the way
the coarbonisadipn products stll  con- 130
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in the

tained fuel, These latier
iroduets , which consist mainly of
vdrogen and only contain 1te

small, quantities of bydrocarbons, form
5 the second wstream of gases referre

te above,- and are drawn off from the
hiphest tempersture zona, which lies be-
low the first gas-olftake. At the same
time, water-gas is produced from the car-

0 honised fuel by the iniroduction of steats
into the retort at the lower end thereof,
This water-gas riscs upward by ity naforal
buoyancy through ihe fuel to the lower
mas-offtake and there mixes with the caz-

15 honisation gas from the high temperabure
zope and is drawn off jogether with fhe
latter, By suitabls ra_gﬁﬂation of the gas-
offtake arrangements the gas withdrawsl
gan. be so arranged that no  high-

20 temperature carbonisation gas reaches the
upper gas-offtaks.

The secompanying drawing shows
diagrammatically an example of & retort
for earrying oub the presend process.

28 TMgure 1 is a veriweal secion perpen-
dicular to the major axis of tha retort, and

Figure 2 is a vertical section parallel
to the major axis.

In the drawings 1 is a_continuously-
30 yperaiing vertionl retort with exiernally-
arranged heating-flues 2, 1o which flues
air and heating-ges are supplied through
duels 3, 4, an through the burner open-
ings 5, 6. 'The retort is preceded by a
86 preheating chamber 8, provided with
heating-flues 7; the pieheater 8 is heated
l:zwt}m passage of wasie retort gases
through the heatingflues 7. Ab the
lower end of {he retort is the extraclor
40 davice 9 for extracting the residua of the
fuel, The Tetort is chrarged through the
opening 10.. Charging and discharging
take place continuonsly.

The gages and vapours formed hy heal-

45 ing ol the fuel in the prebeater 8, and in
the upper paxt @ of the Tetort, fow in the
direction of tha descending fuel to the
gus-offtake region 11. Here is situated
a_rwol-shaped offtake duct 12, the under-

50 side of whieh is open, In thig offtake
duct 12 the resulting gaseous products are
colleeted: and are led off through. the pipe
18 vonnected therewith. Tnstead of a
horizontal offteke duect 12, ofher ofifake

b deviess can be wsed, e.g., veriical
apron-plates which lying adjecent to the

ort side of the chamber, project therein -

as far as the offtake region 11, and form
narrow upwardly extending ducts betwecn

0 themsclves and the front wall of the
chamber, throngh which ducts the gassons
products are led vertiealiy upwards into an
eduction pipe connected to these ducts.
The offtaka regien 11 lies in a fuel fomn-

85 perature wone of B500—G00°0. Below

- this, in the highest temperature zone &,

which attaing at teast 800°0. and suitably
has 2 temperaturs level of 900—1000°C.,
is gitnated 2 second offtake region 14. The
remoyal of mas from thiz region can be
effected with arrangemenis similar o
those at the offtake 11, nr other grrange-
ments can also be uged. The withdrawal
of gas at regions 11 and 14 can even be
eficoled simply through latersl openings
in the end wall of tha ratort 1. A roof-
shaped ontlet duct 15 open on the under-
side and connacted to the offtake pipe 18
is again illustrated. Here the Tesidual
carhonisation gases from, section b of the
retort, and the waler-gas formed in section
& of lhe retort by the introduotion of
steam into tho lower end of section. o, aTe
drawn off. The pipes 16 and 13 can be
lod to o junchon eatside the oven,

With young fuels (e.g. brown eoal),
suffcient water vapour Is, in gencral,
given off in the early stages of digtilla-
Hon for the cunversion of the gases up to
o temperature of 500—800°C, =~ Tlowever,
addilional steam may be required for the
conversion process in the higher tempera-
ture stages, and this steem is preferably
passed into the Tetorb in the wpper part
of the Tegion b,

When freating hard or hiteminvus coals
gufficient . water  vapour may nod
gonerated from the fgel itself, and in
such cases it is desirable to make good the
deficiency by injctting steam into the top
of the brickwork retort in the manner
hifherto proposed in synthesis gas pro-
duetion. e

Having now particulsrly described and
agcertained the Tature of our said inven-
Hon, and in what manner the same is to
be performed, we daclare that what we
claim is:—

1. Process for the generation of
syathesis gas, for the production of motor
fuel and other synthetic products, by the
carbonisation and gasification of soli
fuels jn  continmously-operating exter-
nally-keated vertical Tetorls, with the
gimultaneous resovery of aromatie hydro
carbons, characterised in this, that the
tofal gases and vapvuzs evolved from the
tuel at temperatures below 500—6007C.
ars led dowowards through the moviz
fnel as far as @ Inel temperiture zone ol 120
about A00—B00°C. and ave there drawn
off from the retort, and the gas so with-
drawa from the rebort, afber removal of
benzole and light oil, is mized with the
earbon monnxlﬁs' and hydrogen econtain- 125
ing gas subseqiently produced from the
partly carbonised fual

2, Process ' for fthe generation of
synthesis gas; for the production of mator
fuel and other synthetie products, by the 130
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catbonisation and gasification of solid

fuels in continuously-operating exter-
nelly-heated vertiend retorts, with the
simullaneous recovery of aromatic hydro-
5 carbaxs, charactarised in this, that the
fuel passes through successivae
from low-temperature dis.

ing zones :
tillution {0 complete eorbonisation,
and the gases and vupours pro-

10 dueced between the hegining of the
heating and o fuel temperatura of ahout
500—600°C. are led down through the
moving fuel fo a lemperature zone of
A00-—600°(,, and in thiy zona ave drawn

16 off from, the refort, while the gases result-
ing from the subsequent complete eor-
hduisation of the fuel in the succeeding
more highly beated zones, as well as the

" water-gus oblained by the infroduetion of

20 gteam into the degasified fuel are led away
out of the hottesi; fuel zene, and hoth gas
streams, the former after henzole end
light il removal, are mixed together.

8. Process for the production of DIiguid

25 fuels from solid fuels, which comprises tha
following steps: subjecting the solid fuel
to carbonisation pnd gasifieation in an
externally-heated continuously-operaiing
vertieal retort and leading the tolal gases

80 generated hetween the heginning of the
heating and a fucl temperature of aboud
500—600°C. down through the moving
fuel and in this tempersture zone of the
foel withdrawing these gases from the

35 retort end removing aremetic hydro-
earhone therelrom; coumpletely carbonis.
ing the remidue of the fnel in succeedine
higher temperatura zones of the retort and
generating water-gas by the action of

40 gteam on the residue of the fuel, the res
sulting gases being withdrawn from the
retort and mixed with the gases remain-

‘dueing liguid fuvels by submitting the last-

heat-.

“ing from the first stage after the aromatie

hydrocarbons bave hesn extracted; pro-

mentioned mized guses fo a known
catulytle process, and finally mixing a
proportion of the ahove mentioned
aromatic hydrocarhons with the product of
the catalytic proeess to produce a liguid 60
fuel having desired anti-knock properties.

4. Apparaius for carrying out the pro-
cess claimed i Claim 1 or 2, characterised
in this, that iz a coniinuously-operating
externally-heated vertical relort two mas- 09
offtale deviees ave provided, of which one
Hes in the fucl temperalure zone of about
500—-000°C, and serves for the with-
drawal of the gases formed in the upper
part of the retort, whilst the lower gas-
olftake device is situated in the highest
temperature zons of the fuel,

§. Apparatus as claimed in Claim 4,
characterised in this, that the retort has o
pre-heating ochamber for the foel pre- 65
ceding the relort proper.

6. Apparatus for carrying ont the proc
cess claimed in Claim 1 or 2, substantially
dy deseribed with referenee to the accom-
panying drawings.

7. DProcess for the generatiom of
synthesis gas and of sromatic hydro-
cafbons, substantinlly as hereinbefore
deseribed.

"8, 8ynthesis gas for the production of

80

70

i

‘maotor fuel, and aromatic hydrocarbons,

when produced by the process eleimed in
either Claim 1 or 2.
Tated this 17th day of July, 1999,
For the Applicants:—
T, GRORGT LEWIN,
Chartered Patent Agent,
Ebhury House, 150, Vieloria Streef,
London, 8. W.1. :

Tezmington Spa: Printed for His Majesty's Stationery Qffice, "y $lhe Courier Presz.——1941,
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