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COMPLETE SPECIFICATION

Process for Cracking and Refining Synthefic Hydrocarbons

We, RURROHEMIE ARTIENGESRLESCHART of
Oherhansen-Holten, CGermany, and Lomel
(CRSBIISCHEAFT TUXR  YWABRMETHECHNIE

-m.h.H. of Frapkfurt a.Main, Germany, both

of German nationality, do hercby dedlare the

invention, for which we pray thst a_patent '

may be granted to us, and the method by
which it is to be performed, to be particujarly
deseribed in and by the following state-
prent-—

The invention relates Lo & Process for
cracki and refining the hydrocarbuns
obtained by the catalytio hydrogenation of
carbon monoxide,

Synthesis products which may boil within
wide Limils are, obtained by the catalytic
hydrogenation of earbon manoxide; the pro-
ducts obtained depend on the synthesis con-
ditions end the catalyst nsed. Tmmediately
downstream of the reactor, Tiguid, bydro-
carbon mixtures boiling above about 300°C.
are usually-separated in the form of the
“renctor parafine.” Thercafter, the tempera-

e of the reactor gases is deorcosed to about
"100°C. by means of heat exchangers, thereby

recovering & ‘‘heat exchanger eondensate.”
Further cooling to approzimately normsl
room temperatnre resuits in the separation
of the so-called “cold condensate.”” The
residual gases, by heing subjected to ofl
scrubbing or to cooling 0 a temperature a8
low as —40°C. or to & suitable treatment with
active carhon, give the “Jow-temperature
oondensate.” '

To ohtain us Jarge as possible a quentity.

of mator fuels, the products which, ab the
Jifferent boiling ranges and ab normal pres-
sure, are sepurated in the Tquid stele, are
processed without the reaction water and the
produects in solution in the reaction water.
These products to be provessed include a
primary gascline fraction, a diecet oil fraction,
and higher boiling hydrocarbons. The higher
boiling hydrocarbon mixtures (reactor paraf-
fing) are snbjected to thermal or catalytie

[Price 3g. fid.]

cracking. Since the prodects of the catalytic
hydrogenation of carbon monoxide consist
preponderantly of straight-chain and safu-
mated hydrocarboms, the cracking of these
products, in contrast fo the craeking of
petrolenm producks, may be cffected without
ihe formution of coke or hydrogen-poor fuel
oile and withoud the formation of aromatic
hydrocarbons, Tesins and cracling resiGues.

'fhe primsy gasolines and eracked gaso-
lines obtained arve subjected o an after-
treatment (hot pefining) with bleaching sarths
or other aluminium’ silicates at. - vated
temperature (450°C., for example}, This
results, on the one hand, in an isomerisation
and, on the other band, in & displaceent of
earbon-to-carhon deuble bonds from the
terminal to the middle or an intermediate
position in the molecnle.

Tt hag now been found that by virtne of the
fach that synthesis products nbtained by the
hydrogenation of carbon ‘monoxide may he
avaoled with practivally mo yesidme, it is
possible to combine the thermal cracking of
the high boiling hydrocarbons, the fractiona-
tion of part of or of the whole of the hydro-
carbon product and the isomerisation of the
hydrocarbons builing in the gasoline range,
in a manner which Js surprisingly advanta-
geous from the operativnal standpoint an
with regard to the supply of heat which is
required.

According to the invention, a prooess for
treating o hydrocarbon mixpurs of wide boil-
ing range obtained by the catalytic hydro-
genation of carbon monoxide and containing
o nstibuents boiling shove 300°C, comprises
craoking the hydrocarbons boiling above
300°C to yield hydrocarbons boiling in the
gasoline range ~andfor diesel oil wvange,
frnotionating products “of crucking and ab
Teast part of the origrinal hydrocarhon mixture
in 8 common fractionating unib, wnd with-
drawing hydrocarbons bujling in the gasoline
range from the common fractionating unit
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and gubjecting them to iscmerisation in the

vapour state, the steps of cracking of the
hydrocarbons boiling above 300°C, fractiona-
ting the part of the original hydrocarbon
mixture and the cracked praducts in the
common fractionating unit, and isomerising
the hydracarbons boiling in the gasoline Tange
being earried out in such manner that part
af least of the heat of the exit vapours from
the cracking stage is employed to heat the

feed to the isomerisation stage whilst part at -

least of the heat of the exit vapours from the
isomerisation sboge is used tn héat an jnter-
mediate hydrocarbon fraction huving an
initial boiling point of about 100°C and
obtained by [mictional condensadion of
efffuent vapours from the catalytic hydro-
genation reactor, the intermediate hydro.
carbon fraction being then passed into the
common fractionating ¥nit from which the
bigher boiling constituents of the futer.
mediate hydrocarbon fraction are withdrawn
and pessed to the eracking stage. The water
formed in the hydrocarbon synthests and the
praduets dissolved in that water do not con-
stitutc any part of the feed in the process of
the invention, :

Preferably, the total primary, hydrocarbon
synthesis product which ven be liquefled at
normal pressure, is fod directly or indirectly
to the eommon fractionating wit. Such
synthesis product comsists of the hydro-
carbons which boil helow the intermediate
hydrocarbon fraction and which can be ligue-
fied at normal pressure (bhe cold condensate
and the low temperature eondensate), the
intermediute hydrocarhon fraction and the
hydrocarbons boiling above about 300°C, As
hereinbsfore stated, the hydrocarbons boiling
ahove about 300°C. are subjected to cracking
hefore being 4ed into the common fractiona,
fing umit. The combination of steps forming
the preferred method of carrying out the
nvention is  hereinafter referred to as
“Thermaoforming.” The cold condensute nud
the low temperature condengate are pre-
heated before heing passed into the comnion
fractionating wnit, the preheating being pre-
ferably cffected by indirect hest exchange
with one or more of the streams drawn from
the common fractionating unit.

One method of carrying ont the “Thermo-
forsuing” proeess is illustrated in the fow
diagram shown in Figure 1 of the acecompany-
ing drawings, .

eactor parafiin {the hydrocarbon frastion
boiling ahove about 300°C) iz drawn from
tank 1 and heated to 450°-500°C. ju u tubular
furnace 2 whils maintaining the pressure at
sneh a level that vaporisation of the reactor
paraflin is prevented. After adequate heub-
ing, the hydrocarbons, while being relewsed
from pressure, are passed into a separator 3
where separation into gaseous and lignid
phases occurs,  Steam which has been heaterd

in the tubular farnace 2 to about 500°C. is
simultaneously passed through line 4 into
the separator 3. :

Tank 5 contains the heat vxchanger con-
densate, that is, the intermediate hydro-
carbon fraction boiling in the approximate
range 100°-300°C, The heat exchanger oon-
densate is pre-heated in a heat exchanger 6
and possed into a eslumn 13 (the common
Iractionating wnit) where sny low hoiling ean-
stitiients arc removed. ¥rom the boftom of
sotamn 13, the high boiling constituents of
the heat exchanger condensate, free from Gho
low hoiling constitnents removed in -the
column 13, pass into a separate tubular eoil
disposed in the tubolar furnace 2 where they
are heated o 500°-520°C, Then, under a
gouge pressurs of 3-10 kg.fsq, em., the hiph
hoiling constituents pass into the vapour-
ligwid separator 3.

From the separator 3, the residual leuid is
recyeled inte the tubular furnace 2 in admix-
tare with reactor paraffin from tank 1. The
hydrocarbon ‘“vapours in the separator 3,
together with the injected steam, are passed
through & conduit disposed in the cracking
gone of the tubular furnece 2 and then through
2 cooler and hewt exchanger 7. The constitu.
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‘ents which, after eanling in the cosler 7, ate

still in the gaseous staie are passed o tha
fractionating column 13. The hydrocarbons
which are liguefied in the eooler 7 are recycled
to the eracking furnace 2, exeept for a small
ortion which is branched off and separated
rom polymers in & smal distilling eclumn § 100
operated with steam. The polymers are with-
drawn as the boftoms produst from the
column 8 while the gaseous overhend products
are passed to the fractionating column 18,
The cold coridensate, that is, the hydro- 105
curkon fraction having an initial boiling point
of ahont room temperature and a final hoiling
point of about 100°C, is passed from a tank 9
through a heat exchanger 10 and into the
fraetionating column 13. The low tamEem- 1o
ture condensate present in a tank 11 of the oil
serubbing unit, low-temperature tresting unit
or ackive carbon freating wunit iz Jikewise
passed, through a heat exchanger 12, to the
column 13. Gasoline and cracked gases are 115
withdrawn overhead [romz the column I3 and
are passed throngh the heat exchanger 12 into
a separator 14, the gasoline eondensed in the
heat exchanger 12 Leing separated from the -
gaseons constituents in the reparator 14, Thiy 120
gavoling, execept for the part returned as
reflux to the top of the column 13, passes to
the heat cxchanger 7 whers it is vaporised .-
and heated to the renction temperature (about
450°C.} of the isomerisation stage. - 1285
The gasoline vapours are passed from the
heat exchanger 7 through fwo or more alter-
nately operated reactors or units 15 consti.
tuting ihe isomerisation stage. in which

stage the isomerisation of the hydrocarbons 130
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js offected on blcoching earths or other
suituble catalysts, The sensible heat of
the vapours from the isomerisation stage Is
transferrad in the hest exchanger 6 to the
heat exchanger condensate (intermediate
hydrocarbon fraction) drawn from the storage
tank 5. The pascline hydrecarhons are then
passed to  re-rwn distillation anit to remove

" higher hoiling constituents which may be
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formed in small quantities in the isomerisa-
tion stage. '
Thu cracked gases obtuined by distillation

" in fractionsting column 13 and separated in

the separator 14, arc pessed to a storage
vessel 16, and, from thence, are drawn by a
compressur 17 and compressed for the purpose
of recovering Cy~C, hydrocarbons.

The hydroearhons boiling in the diesel oil
range are withdrawn from the fraciionating
colwmn 18 via a stripper 18. The sensible
heat of thuse hydrocarbons is nsed, in head
exchanger 10, for heating the cold can-
densate from the fank 0. Thereafter, the
diese! oil frection is passed into a storage
vessal 149,

The bottoms product of the eolurnn 13 is,
as hereinbefore: mentioned, passed through
the eracking farnace 2.

Tn vases where the primary synthesis pro-
ducts have n higher content of lower boiling
hydrocarbons and the amounb of hydro-
earhons to be cracked is consequently smaller,
the heating in the heat exchanger 7 of the
gosoline from the separator 14 muy he menfh-
otent. In such a vusc, the gasoline from: the
separator 14 is pre-heated in the heat ex-
changer 6 prior o being passcd through the
heat exchanger 7, and a part only of the heat

exchanger comdensufc (intermediate hydro- .

carbon fraction) fror the tank & is pre-heated
in the heat exchanger 6, the remainder of the
heat ekchanger condensabe heing pre-heated
in amy suitable manner, This manmer of
operation is indicated by the broken lines
i Migure 1. _

A further method of cerrying out the
“Thermoforming” process is illustrated in the
flow diagram shown in Figure £ of the ateom-

peaying drawings, in which the numerals 1 to”

19 indicate the same or similar units as when
nsed in Figure 1.

In counirast to the method of operation
fllustrated in Figure 1, the gases leaving the
eracking furnace 2, prior to passing through
the heat exchanger 7, arve passed into a
chember 84 where they are precooled (chilled)
with injected eold oil. For this purpose, use
is made of the heat exchanger condensate
(intermediate hydrosarbon fraction) from the
storage tark 5 which previously Qows through
heat exchanger 6. Tn chamber 8u, due to the
ol injection, liguid and solid -constituents
separate and arc further processed in the
steam-aperated distilling colunn 8 as des-
cribed with relation to the process illustrated

in Figure 1. The gases withdrawn from column
3 are combined with the cracking goses from
the chamber Bre. '

A modificetion of the process of the inven.-
tion whick is indehendent of the kind of
polymer-sepatation i column 8, relates io
the step of isomerisation and is also illestrated
in Figurs 2.

Tn the “Thermoforming” process, the heat
requirements of the isomerisation stage are
met, in known manner, by the sensible heat
of the entrant gasoline vapours. Duri
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During
- pussage thrangh the isomerisation stage, the

vaponrs arc eooled. It is advantageous for
some produets if the gases are not allowed to
ool Lo any greab extens during isornerization,
and the isomerisation is effected in two stages
in order that the gasoline vapours csn be
heated between the stages. -

The effuent gases from the fivst stage of the
isomerisation unib 15 ave heated by hot,
cracked gases in a heat exchanger 7a. The
products from the second stage of the
Ssomerisation it 15 transfer a purl of their
heat in heat exchanger 62 to the gasoline from
the separator 14 bafore thiz gasoline is further
heated in heat exchanger 7. The residual heat
contend of the efluent from the isomerisation
stage, as in the method illustrated in Figore 1,
iz fransferred to the heat exchanger con-
densate withdrawn from storage tenic 5.

For the regeneration of the bleaching
parthe nsed for isomerisation, an additiv
wmit 156 is required. The units 15e, 156 and
15¢ are vperatad In the gonventional menner 100
in a $hree-unit cyeie. The unit 15¢, depending
on the operational eirormstances, is either on-
gtavazn, with unit 15w or with unib 166,

The process of the invention for processing
garbon monoxide hydrogenation produets into 108
gasoline and diesel fuels resmlts in & eonsider-
ahle saving in capital and operational costs
as compared with the kpown method of
operation. Tt is now possible simultaneously
to meey the heat requirements for the frac- 110
tionation of the primary produsts and for
carrying ous the isomerisation of the hydro-
earbons boiling in the gasoline range, Wit the
same amount of hest which alone was hitherto
necessary for the thermal oracking of the high 115
boiling constituents. The saving i squipment’
includes two tubular furnaces and o fractiona-
ting unit for the primary products. The eost
of operstiog the plant is hkewise reduced toa
corresponding extent. .

What we claim is:— .

1. A process for treating » hydrocarbon
mixture of wide builing range obtained by the
catalytic hydrogenation of sarbon mongxide
and confaining constifuents beiling above 125
300°C, which comprises cracking the hydro-.
carbons boiling above 300°C to yield hydro-
carbons hoiling in the gasoline range andfor
diessl oil rungs, fractionating produots of
gracking and at least part of the original 130
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lrydroearbon mixture in & comunon fractiona-
ting unit, snd withdrawing hydrocarbons
boiling in the gasoline range from the common
fractionating wnit and subjecting them to
isomerisation in the vapour state, the steps
of cracking the hydracarbons hoiling above
a00°C, fractionating the part of the original
hydrocarbon mixture and of the cracked
produets in the common fractionating uuit,
and isomerising the hydrocarbons heiling in
the gasoline renge being carried out in guch
manner that part as leust of the heat of the
exit vapours from the cracking stage is
employed to heat the feed to the isomerisation
stuge whilst part ab Jewst of the heat of the
exit: vapours from the isomerisation stage i
used to heat an intermediste hydrocarbon
fraction having an initisl boiling point of
ahont 100°C und cbtained by fractional eon-
densation of efffuent vapours from the
catalybic hydrogenation reactor, the inter-
mediate hydrocarbon fraction being then
passed into the common fractionating unib
from which the higher boiling constituents
of the intermediate hydrecarbon fractivn are
withdrawn and passed to the cracking stage.

9. A process according to claim 1, in which
the hydrocurbons boiling below the inter-
mediate hydrocarbon fraction and obtuined
by fruetional eondensation wl normal pressure
of efflusnt vapours from the catalylic hydro-
genation Teactor, are fed into the common
fractionating unit after being preheated by
gffitient streams from the common fractiona-
$ing unit,

2. A pracess according to claim 1 or claim
2, in which hydroearbons bolling in the gaso-
Tine range and drawn from the common frac-
tionating it are heated both by hot, eracked
gases and by gases from the Isomerisation
stage.

4. A process according to any one of the

preceding claims, in which effluent gases from
the cracking stage are partially precooled by
the injection of a part ol the intermediate
Eydrocarbon fraction.

5. A process according to any one of the
preceding elaims, in which the isemerisation
stage comprises Hwo zones.

&. A process acvording to claim 3, in which
the produoct from the first zone of the jsomeri-
sation stage is heated by hot cracked gases
prior to being fed into the secnnd zone of the
isomerisstion stage. ; -

7. A provess according to claim 5 or claim
6, in which the produet from the sesond zone
of the isomerication stage is pussed in beat
exchange relation with the feed to the first
ghage of the isomerisation stage.

8. A process according to any one of the

raceding claims, in which the isomerisation
Is effeated. by means of a bleaching earth or
other suitable hydrated alaminium silieate.

9. A process fur the production of gasoline
{ram bydrocarbons obtuined by the catalytic
hydrogenabion of earhon monoxide, substan.
tially as hereinbefure described.

10, A process of treating hydracarbon mix-
tures obtained by the catalyiic hydrogenation
of carbon monoxide, substantially as herein-
before deseribed.

1k, A process of treating hydzocarbon mix-
tmres obtained by the catalytic hydrogenation
of earhrn monoxide, substantiaily as herein-
before deseribed with reference to Figure I or
Figure 2. - :

12, Hydrocarbons boiling within the gaso-
line runge andfor diesel o1l range whensver
obtained by the process claimed in wiy pre-
ceding claim.

EDWARD EVANS & CO.
53-6¢, Chancery Lane, Londen, W.C2, -
Agents for the Applicants.

TBelfast: Printed for Her Majesty’s Stationery Offiee, by The Universities Press.—1967.
Published at The Patent Office, 25, Southampton Buildings, Lendon, W.C.2, from which
copies may be obtained.
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{ SHEET drawing is a reproduction of
the Origindl on a reduced scole.
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