Process and device for generating middle distillate from hydrocarbonaceous energy sources The
invention relates to a process and a device for 5 generating middle distillate from hydrocarbonaceous
energy sources. It is known from the prior art to release the fuels in the form of hydrocarbons contained
in residues, not by 10 reaction with oxygen via combustion or gasification, but to release them in material
form by catalytic treatment in the absence of air in an oil bath and to obtain them as a valuable material.
This serves for avoiding the formation of C02 in disposal of residues 15 and serves for producing fuels or
propellants from the ré$i0G8ESTABGedRIECH therfoRANS _heluik dghematsidls! a8u8h as wood and
plant parts, of waste products, $ucim2tyds piastiosnaf enirmakard gyarstonases, of waste oils and other
organic raw materials which contain a preferably high proportion of hydrocarbons and, because of their

energetic utilizabilit rme erjal 0 ces, remains in the 25 oil bath until,
%ﬁé‘%ﬁeh"r}dﬂ ﬂa|£‘9 {213 9fualis érﬁﬁ%{gé{ %f for

by molecular dehydration, molecular polymerization an molecular s ortening (depolymeriz-

ation/conversion int8e5H #H8%e WH%%argéﬂléa{:%n BeMs e PYHLREABANSE R ocarbon vapor. 30 DE 100 49

377 C2 discloses a§roupssadicEdnverting plastics, fats, oils and other hydrocarbonaceous wastes into

oils, wherein a catalyst of sodium aluminum silicates is mixed in a circulation evaporator in a circuitin a

high-boiling hydrocw@ﬂn%mmqﬁénﬁ@%@ib%gg e PHner-C oil, and in the reggtor part below

the distillation systetrkr]]é '?(I)?rsnﬂ%?’r}caé? oils and othr r%&d.rocar%nac%o%ls wastes are addgd. The reaction
I :

. : ocarbons, contained In_residues. no :
site for the conversion reaction |X oil'isa cwcu'la ion evaporaﬁ)r system which conS|stys of a tube-

reaction with oxygen via combustion or gasification :
but to release them in material form by catalytic

treatment in the absence of air in an oil bath and to
obtain them as a valuable material. This serves for
avoiding the formation of CO 2 in disposal of residues

15 and serves for producing fuels or propellants from the
residues.

The residue in the form of renewable raw materials,

such as wood and plant parts, of waste products, su ch
20 as plastics, of animal and plant wastes, of waste o ils

and other organic raw materials which contain a

preferably high proportion of hydrocarbons and, bec ause

of their energetic utilizabilty can be termed

materials of value or energy sources, remains in th e
25 oil bath until, by molecular dehydration, molecular

polymerization and molecular shortening (depolymeri z-

ation/conversion into oil) these hydrocarbons can b e

separated off as hydrocarbon vapor.

30 DE 100 49 377 C2 discloses a process for converting
plastics, fats, oils and other hydrocarbonaceous wa stes
into oils, wherein a catalyst of sodium aluminum
silicates is mixed in a circulation evaporator in a

circuit in a high-boiling hydrocarbon, such as ther mal
35 oil, base oil or bunker-C oil, and in the reactor p art
below the distillation system, plastics, fats, oils and
other hydrocarbonaceous wastes are added. The react ion

site for the conversion reaction into oil is a



bundle evaporator which is heated with flue gas and a reactor connected to two tubes, which reactor
needs feed and discharge functions. On the reactor is 5 arranged a distillation column which takes up the
catalytically cracked product in vapor form and separates it into the actual product diesel, a fraction for
petrol production and reflux into the reactor for a further catalytic cracking reaction. By combustion 10
below the circulation evaporator, hot flue gas is generated and passed through the flue gas tubes of the
circulation evaporator. In the circulation evaporator the hot flue gases cool down, wherein in the lower
part of the circulatiK ST KEIRLIAIE BXEIE WS HMIDRIMmatey 430 to 470 result Wethe inside of the
tubes, where the catalydiecevapomatgroidichss dreatedewitibdsdoggthandvith the molten regidues, which

leads to a selective&aiRlytisorincdew @b thedegidues tonfermrekivdreraidron vapor. 20 The high
temperature of the @éélu%ws%slafﬁﬁ] 0 tll&% C{%ﬁ{g?ﬂi%Of{ﬁeﬁlCﬁi%QC‘fg e‘g\/hich reacts with the
ri i

sodium-doped aluminum silicate to form a nonreactive residue which touls the plant and brings the
reaction 25 to 2 stof AR iFSHIRYAR: SPIHERAAIVSP aldkeRe Y0adtin coke combines with the walls
of the circulation ev¢aplytesilgnocracketctoradueirmia haaPafesitili® amdnebquires a high expenditure on
cleaning in short medpteaance inierialsckeo posdigooperetipa abithe 30 known processids therefore only
possible with restrigiorg@r@fg;ggﬁmg{@a%lyelm Yigldsareacbieved of the heating vgjug of the input
substances. EP 1 5f’3§t%9r1 Aagéﬁ%lgs%sra% LEJF]oce?,E'}sf rgen atin%m?bS (Sjti.e%el oil from hydrocarbonaceous
residues in an oil circult witfi soP{ds dep05|'ti n an%cdroduc Yistnaton I%’or the diesel product, wherein the
main energy 2PplicRRI6W afFtheFeHIRHE nfARKEARhg PRicdbigs Bas is

generated and passed through the flue gas tubes of the
circulation evaporator. In the circulation evaporat or
the hot flue gases cool down, wherein in the lower part
of the circulation evaporator temperatures of
15 approximately 430 to 470° result on the inside of t he
tubes, where the catalyst-containing oils pass onto the
tubes together with the molten residues, which lead s to
a selective catalytic cracking of the residues to f orm
a hydrocarbon vapor.
20
The high temperature of the hot flue gases leads to the
formation of reaction coke which reacts with the
sodium-doped aluminum silicate to form a nonreactiv e
residue which fouls the plant and brings the reacti on
25 to a stop. This reaction mixture of the catalyst an d
the reaction coke combines with the walls of the
circulation evaporator and the reactor to form a ha rd
residue and requires a high expenditure on cleaning in
short maintenance intervals. Economic operation of the
30 known process is therefore only possible with
restrictions. Furthermore, only low yields are achi eved

of the heating value of the input substances.

EP 1 538 191 A1l discloses a process for generating

35 diesel oil from hydrocarbonaceous residues in an oi I
circuit with solids deposition and product distilla tion
for the diesel product, wherein the main energy
application and thereby the main heating proceeds v ia



3 one or more pumps and wherein the flow energy of the pump is braked by a counterrotating stirrer and
is intended to be converted into heat. Active energy input via heating through the wall is not provided in
this 5 process. Instead, the heat is not transported through the wall, but is liberated directly in the
reaction system. The stirrer in this case serves also for complete cleaning of the surfaces arranged in
the circuit. Industrial conversion of the process knowngn 10 EP 1 538 191 Al is problematical.
Furthermore, process stability may be set only with difficulty. Furthermore, the previously described
process is d|St|ﬂgU|§|"i§d°(5yrﬁo'l%vPéi”H§aﬁﬁ‘§ vangEs)ie @ flipi |ﬁ'b‘€f19§u%ﬁéhces 15 DE 1(F2005 056 735
33 discloses a highgpenformahcakezhawibear coxetdooeditalytatiodrdiapdrsons as a reactor for

depolymerization ar}qumQ{igatm@érﬁmqmgq{@&nmqg%m@ups to middle distillpig,t The energy
input and conversm\ﬂ%aﬁ%éh tHée&%\%“i"&a@ kﬁmﬁigﬁgm ﬁhformance chamber gwixer wherein
|

the pump eff|C|ency 0 f\ ertormance c Xer Is Iow that is to say the energy introduced
is for the most part BEfFSHe q;%a iy h@ﬁ‘éﬁ@y%o‘%ﬁ)ﬂt&ﬂe@?%hls process also BYs a low 25
process stability. THeeobjedt ditthdsplidssatedveieetyisnotprovRRCHOrocess for generating middle
distillate from hydregsréanateeussemnergynsamisesagriclsésvieexpayasiver 30 is of low complexity in terms
of the process and &JIshias fl[;pélé(rﬂl@h BfOGRSS stRRilbs ar&qrgﬁgggdlm aytugh yield of the heating value of
the energy sources useg | ?lus?n ch |eV| .the RvementlonEd otHect a process of the type mentioned

| con e ion.o
at the outset prowdesct'ﬁata east one 10eatbohalldie? energy source, optionally at’least one

catalyst and dH?lonzﬁﬁ)/ At 8L BRAL is problematlcal Furthermore, proc ess
stability may be set only with difficulty. Furtherm ore,
the previously described process is distinguished b y a

lower heating value yield of the input substances.

15 DE 10 2005 056 735 B3 discloses a high-performance
chamber mixer for catalytic oil dispersions as a
reactor for depolymerization and polymerization of
hydrocarbonaceous residues to middle distillate. Th e
energy input and conversion rate take place
20 predominantly in the high-performance chamber mixer ,
wherein the pump efficiency of the high-performance
chamber mixer is low, that is to say the energy
introduced is for the most part converted into mixi ng
energy and friction energy. This process also has a low
25  process stability.

The object of the present invention is to provide a
process for generating middle distillate  from

hydrocarbonaceous energy sources which is inexpensi ve,
30 is of low complexity in terms of the process and
ensures firstly high process stability and secondly a
high yield of the heating value of the energy sourc es
used.
35 For achieving the abovementioned object, a process of
the type mentioned at the outset provides that at | east

one hydrocarbonaceous energy source, optionally at
least one catalyst and optionally at least one



4 additive, wherein the additive can be a neutralizer, are fed as input material to a reactor containing a
process oil mixture, wherein a process oil mixture stream is removed from the reactor and heated to a 5
process temperature between 150C and 400C, preferably between 350C and 380C, wherein the thus
heated process oil mixture stream is fed to a degasser, wherein, in the degasser, vaporous middle
distillate, namely vaporous hydrocarbon compounds in the boiling 10 range of the middle distillate
fraction of mineral oil, is separated or removed from the heated process oil mixture stream and wherein
a process oil mixturddstitgm Wedsie e tREARYDIeRR PRIReiYlAlESs recirculated from the degasser
to the process oil 1&enifediraprepentnmthealeactar. réhetonveriamiingt provides heating outside the

reactor the processpildasduEs stigaltevhichenas rempyession) thaixgaetor to temperatures of a
maximum 20 of 400q:reghqf$%apé¥n L@d“%%‘“ﬂﬁ‘eoﬁga‘?&& t%%?%ai{éos%h 2 manner that the formation of
"Fe . o

reaction coke is reéuce in a %ra ient- minimized manner. In this context the

eating is performed | g
process according FB&%?&%R%W&%WW?&%&@%Q&%&@ *RAing"6tE35 the proces@BY mixture
temperature peaks,baiivRers 8680Eduaity RERIRg oivirtsgifocdss dhupixfigat@sithe process known from
DE 100 49 377 C2 prothesuladl buixdti@e ofttearavaporatpr wansbaleyaksded in the heat transfer by a

suitable process prq\ﬁgé}gw’. Ruging géggg%gipg&gcﬁgdg%mqﬁsqmépixture, the maximym temperature

over the entire flow cross section should always be below %OOC, ref%ralehl below 380C. By means of
the lower coke forrﬁ]gfpoenyth\ﬁasogfﬁeucﬁe }’_ﬂﬁ_%cﬁfg %x?)oerﬂﬂldrr_]esor{nc egnln%' Can be reducedgand the
maintenance ervi§ s Y816l viRHIREnASURS I BIPEEA economic efficiency 8t the process
according to the invientieparated or removed from the heated process oil

mixture stream and wherein a process oil mixture st ream
relieved of the vaporous middle distillate is
recirculated from the degasser to the process oil

15 mixture present in the reactor.

The invention first provides heating outside the
reactor the process oil mixture stream which was

removed from the reactor to temperatures of a maxim um
20 of 400°C, preferably of a maximum of 350°C to 380°C ,in
such a manner that the formation of reaction coke i S
reduced. The heating is performed in a gradient-
minimized manner. In this context the process accor ding
to the invention provides that, during the heating of
25 the process oil mixture temperature peaks, such as
occur during heating of the process oil mixture in the
process known from DE 100 49 377 C2 on the tube bun dles
of the evaporator can be excluded in the heat trans fer
by a suitable process procedure. During the heating of
30 the process oil mixture, the maximum temperature ov er
the entire flow cross section should always be belo w
400°C, preferably below 380°C. By means of the lowe r
coke formation thus effected, the high expenditure on
cleaning can be reduced and the maintenance interva Is
35 prolonged, which contributes to a high economic
efficiency of the process according to the inventio n.
Furthermore, in the case of the invention, a proces S

oil mixture circuit in the actual sense is not



Furthermore, in the case of the invention, a process oil mixture circuit in the actual sense is not 5
provided: in the case of the invention the middle distillate vapor released from the heated process oll
mixture is removed in the degasser and only process oil mixture which is relieved from the vaporous
middle 5 distillate is recirculated to the reactor. By means of a suitable structural design of the degasser,
the yield in the process according to the invention may be significantly increased in comparison with the
known processes. 10 Preferably at least some of the heated process oil mixture stream can be applied
from the top into th@rA¥gadseiNanedi¢RRY 6h iftBriBKEBERRe tSydBitento a multiplicity of substreams,
wherein the substredistifial® trepofloelaséad driviokiime fikatédvwtodbssreactor. Preferablyjlin the degasser,

an essentially smoaqttixdiieliing Moy prenseyitsaedliaibigypphidesdormation, wheregy the substreams
of the process oil mj flow.off dow rds i tri IiKE ?E r connection with the invention,
it has surprisingly tﬁﬁl&%u%ﬁéﬂg c%ﬁg\é%éf;égrﬁf tﬁg tric Ilg&ﬁmr#[gév%contributes to a high yield of

the heating valGe of IRl AP chr SETHIALEGS I INGHIGRFPL BYATEERe flowing off of the pRicess oil mixture

through the degassarsiditablarsidptiedzurpigrefdriisydpeassestamially excluded by apffdpriate structural
design of the internals.tbomaafetie headadinyocesseil mdutRstream coa also be introduced into the

degasser tangentia : I he i fi form of a 30 rotary flow on an
by mreeraPhh Kelpwdhe InsmaiRsaRd Mt T nde a

inner vessel wall of the degasser downward toward the reactor. By means of the division of the heated
L 0Cesses. , . .
process oll m|i<ture RiFS&RTTto a first substream applied from the top into the degasser onto

Preferably at least some of the heated process oil
mixture stream can be applied from the top into the

degasser and divided on internals of the degasser i nto
a multiplicity of substreams, wherein the substream S
15 then flow off in a trickling film flow to the react or.

Preferably, in the degasser, an essentially smooth
trickling film flow forms with negligible bubble
formation, wherein the substreams of the process oi I

mixture flow off downwards in a stringlike manner. In
20 connection with the invention, it has surprisingly been
found that a calm surface of the trickling film flo w
contributes to a high yield of the heating value of the
energy source used, wherein a droplet-like flowing off
of the process oil mixture through the degasser is
25 unwanted and preferably be substantially excluded b y
appropriate structural design of the internals. Som e of
the heated process oil mixture stream can also be
introduced into the degasser tangentially, preferab ly

below the internals, and flows off in the form of a
30 rotary flow on an inner vessel wall of the degasser

downward toward the reactor. By means of the divisi on
of the heated process oil mixture stream into a fir st
substream applied from the top into the degasser on to
the internals and a second substream introduced

35 tangentially into the degasser below the internals, a
large surface area of the process oil mixture is
generated in the degasser which leads to a high rel ease

of vaporous middle distillate in the degasser.



the internals and a second substream introduced 35 tangentially into the degasser below the internals, a
large surface area of the process oil mixture is generated in the degasser which leads to a high release
of vaporous middle distillate in the degasser. 6 According to the device, the degasser accordingly
comprises a top dividing space and a bottom degassing space, wherein, in the dividing space,
flow-guiding and 5 surface-area-increasing internals amg provided for dividing a process oil mixture
stream and for increasing the surface area of the process oil mixture stream, wherein, preferably, the
process oil mixture stream can be delivered centrally into the dividing 10 space from the top onto the
internals. The degassitydspacey futberdesres caiheompymesat leastondi@ghlet for a process oil mixture

stream such that thedprpeess gilt@pi)ﬂmgiﬁg%@ar{@péngmeget@gmntially into the ,ql@gas_ser and
flows off downward g\é%r,q,\mgrgﬁgcﬁpEr%gm{é;ggﬁcféo%{dwggiEﬁgr vessel wall of theaq(agassmg space.

The inlet into the degassing Séaace’ ereis pre y arrang w the flow-guiding and surface

area-enlarging %terﬂéﬁ?&_?ﬁ'ﬂ’f adloﬂﬁ?gs%cé?t?ﬁgl%tn%ﬁjre%?‘ﬂ‘f@ﬂed&gser according to the invention is
20 distinguished bydiviiliig sef-cleerfiggsabiily amikidréowsteiintenande, f@herein maximization of the
surface area of theipraegssgihmixivkedawdzgdhibaghidbesslegjanier is ensured with auwgerrespondingly

high yield of vaporg%émg%g}gw’at&eggrgmﬁ NN Sﬁ%@éimumg{mg the heating of thg process oil

mixture stream remgt\r/eg rlgrocm thg Jeactor, Fo F Rocess te{gp rgtlgiei 8if referably betwee_n 3500 and _
380C proceeds accorglng t6he mvenﬁ())n nﬁlreg%d%ea Farfefer from a preferably liquid heat carrier
in at least onéGtatitPRigef RAVIHY aloh @IYFatdl§ Helgmals. The degassin g
space, furthermore, can comprise at least one inlet for
a process oil mixture stream such that the process oil
mixture stream can be introduced tangentially into the
degasser and flows off downward toward the reactor as a
15 rotary flow in an inner vessel wall of the degassin g
space. The inlet into the degassing space here is
preferably arranged below the flow-guiding and surf ace
area-enlarging internals of the dividing space. The
structure of the degasser according to the inventio nis
20 distinguished by a high self-cleaning ability and i S

low-maintenance, wherein maximization of the surfac

area of the process oil mixture flowing through the

degasser is ensured with a correspondingly high yie Id
of vaporous middle distillate.

25
The main energy input during the heating of the pro cess
oil mixture stream removed from the reactor to a
process temperature of preferably between 350°C and
380°C proceeds according to the invention by indire ct
30 heat transfer from a preferably liquid heat carrier in
at least one static mixer having an integrated heat
transfer appliance. According to the device, the st atic

mixer can be constructed as a mixing heat exchanger
having a multiplicity of tube bundles for a heat

35 carrier, in particular a thermal oil, and mixing
elements between the tube bundles for turbulent mix ing
of the process oil mixture. Therefore, a heating an d
intensive mixing of the process oil mixture stream to



transfer appliance. According to the device, the static mixer can be constructed as a mixing heat
exchanger having a multiplicity of tube bundles for a heat 35 carrier, in particular a thermal oil, and
mixing elements between the tube bundles for turbulent mixing of the process oil mixture. Therefore, a
heating and intensive mixing of the process oil mixture stream to 7 be heated occur at the same time, by
a turbulent mixing of the process oil mixture can develpp in the static mixer. 5 Furthermore, an indirect
heat transfer of the process oil mixture contained in the reactor can be provided, wherein a heat transfer
from a preferably liffd'B2ied OSRYERS R SRR HERaMPR [ HEeMEMMmal oil, to the pro¥®s oil mixture can
proceed via an outexfwiad girdfette odavistureheainetavalapl whibke catibe used for heating the process oll

mixture stream in thgjgéatic mixture and for heating the process oil mixture contained in the reactor

should preferably have a maximum temperature of below 400C, in particular below 15 380C, in order to

avoid or reduce the formation of reaction coke, which uItimateIé/ {s?ibr%ialifies the maintenance. According to
C )

the device the reacto U4 B8MipALk 'B4BpC 08N HaREIa Wi e

Qvherein, preferablySthe top wall

section is constructetl axiudeisiatanel dplilterenaidghganrdgcipwigrer wall and a react@r outer wall and
wherein, more prefevablgirinathedouilestheitom guisefapmiigngiiahien is spirally mounted on at least 25

one reactor wall is pegyided fy %hﬁﬁ%@;{ﬁﬁe@%ﬁ%é’%‘éﬁ@ﬁ“@” comprises a top inlgiport and a

bottom inlet port for a heat cafrier wherein the heat carrier flo¥vs spinal(l)y downward alongr the reactor
: process. ol m:ktur§ can Rrocesd vig an gyter wall o : oo
inner wall. An addifioRa energy Input of elseé cooling of the 30 process oil mixture is thereby possible in

the reactor. 10

the reactor.” The thermal oil which can be used for

heating the process oil mixture stream in the stati c

mixture and for heating the process oil mixture

contained in the reactor should preferably have a

maximum temperature of below 400°C, in particular b elow
15 380°C, in order to avoid or reduce the formation of

reaction coke, which ultimately simplifies the

maintenance.

According to the device the reactor can comprise a top
20 cylindrical wall section, wherein, preferably, the top

wall section is constructed as a double-shell cylin der

having a reactor inner wall and a reactor outer wal I

and wherein, more preferably, in the double shell, a

guide appliance which is spirally mounted on at lea st
25 one reactor wall is provided for a heat carrier. Th e

top wall section comprises a top inlet port and a

bottom inlet port for a heat carrier, wherein the h eat

carrier flows spirally downward along the reactor i nner

wall. An additional energy input or else cooling of the
30 process oil mixture is thereby possible in the reac tor.

The process oil mixture stream which is vapor-relie ved

of the middle distillate can be deflected on entry into

the reactor from the degasser, wherein, preferably, a
35 tangential rotary flow on the reactor wall is

generated. The process oil mixture in the reactor i sin

this case subjected to static mixing.



The process oil mixture stream which is vapor-relieved of the middle distillate can be deflected on entry
into the reactor from the degasser, wherein, preferably, a 35 tangential rotary flow on the reactor wall is
generated. The process oil mixture in the reactor is in this case subjected to static mixing. 8 In a top
entry region of the reactor, preferably, internals for deflecting the flow of the relieved process oil mixture
recirculated from the degasser to the reactor are provigled, wherein the internals are 5 constructed for
generating a tangential wall flow along the reactor wall. The reactor is thereby constructed as a static
mixer, wherein no détivd SARIrREPpgass rethquiftdefoThiBeifigiltes to an inexpensive structure of
the reactor. The redotemeds Havedwild@ingvandly tlomeof vélsselrbligtan, such that a sedimentation cone

forms in the bottomgiegiess obitheitea@ ole Mo Bt MmRlifieg ehaclisgbarge of spent catalygpmaterial,
additives and unreqﬂtgqggﬁggy Squr %%8% th\%ﬁgpe%or WA iltp[éan%{gh%rréembodiment of the process
. reac] A\ .

according to the invention, It IS poSs provide that a further process oil mixture stream is passed from
the reactor int@ a praRSHUTFALOIIERFIAYg DA RaERtal MR dIAYR input material is 188%0 the prereactor
and mixed with 20 the figagtar yyatesheleatiouie dipsehy priserusiereactor and wherefhale resultant
hydrocarbon-rich psosesk athigdxturdsEamoisattivecstatied fepplithe prereactor to the reactor. In the

prereactor, predewgiering R preaegasIipgAsGEsang a satalyic genegastion occurs only to a small

extent. In the prereactor, the input material is mixed with process oil mixture which is approximately
[yl Japytmaterial s ixedauth progess,

350C and originate§ rH%rLﬁr?heOEmam) reac%r, grein the quct?gfacﬁ(\)/ﬁ Srnocess of the energy source is
initiated. The éPackily/a6'yrIRARSLUPESH EONRIBuRKE) el eedis s iferably tion
cone forms in the bottom region of the reactor, whi ch
simplifies the discharge of spent catalyst material :
additives and unreacted energy source from the reac tor.
15 In a further embodiment of the process according to the
invention, it is possible provide that a further
process oil mixture stream is passed from the react or
into a prereactor having mixing appliances, wherein the
input material is fed to the prereactor and mixed w ith
20 the further process oil mixture stream in the
prereactor and wherein the resultant hydrocarbon-ri ch

process oil mixture stream is recirculated from the
prereactor to the reactor. In the prereactor,

predewatering and predegassing occur and a catalyti c
25 reaction occurs only to a small extent. In the

prereactor, the input material is mixed with proces S

oil mixture which is approximately 350°C and origin ates

from the (main) reactor, wherein the liquefaction

process of the energy source is initiated. The crac king
30 of hydrocarbon compounds, however, is preferably

substantially prevented owing to short residence ti mes

in the prereactor and then takes place only in the
(main) reactor. The prereactor which is preferably

constructed as a screw conveyor comprises at least one
35 feed screw, preferably a double screw as feed unit, for

the input material and a mixing vessel connected to the

feed screw, wherein, more preferably, the feed scre w

engages as far as to the bottom region of the mixin

«



substantially prevented owing to short residence times in the prereactor and then takes place only in the
(main) reactor. The prereactor which is preferably constructed as a screw conveyor comprises at least
one 35 feed screw, preferably a double screw as feed unit, for the input material and a mixing vessel
connected to the feed screw, wherein, more preferably, the feed screw engages as far as to the bottom
region of the mixing 9 vessel and comprises mixing flights at the bottom end. This ensures, firstly, an
intensive mixing of the input material with the process oil mixture originating from the (main) reactor and
secondly ensures g%if%gﬁn@ ERiBPIis§ oM ioBisal e PRHEIPIE the feed screw i§%ooled by
following input matéhisl enhersnfitstywese iniarzrdculaing/loéthehe process is being rumpdobwn, for reasons

of material 10 endupgiieiatQatinenaf hrecterdscewmGRNAIRNaERESArY- In principle, it ig@i$o possible that
heating of the feedtﬁgr?ﬁ% gr]?(rorgig&grin qrdlerfa ¢ r%@stﬁggic' t&/ t%i‘gh temperature in the prereactor.
e miXi [

15 For intense mixing, th ing vessel orf the prereactor can comprise at least one bottom inlet for the
further proces? oil AEANRIGH %ﬁﬁﬂﬁ%?é/"(main) reactor and at least one top outlet for the
hydrocarbon-rich process oil mixture stream. The mixing vessel is 20 thereby constructed as a static
mixer in which, howevsrineiptentiadlyfaedcreaking iprecessesoyf tbiowingrgy source take place.
Corresponding inteme,[ﬁ qﬁg@%prwﬂgpé;lr@sr%%gg,lgrngga}ﬁcgqurvméntensify the mixing. For the same

purpose, a tangentigl feed of the 2b5 further process oil mixture §treatm into the mixing vessel can be

. : e RLocess 15 being b go[wn Of reaspns of mater Jal . :
provided. Finally, a carrier oil Can alsobe red to the (main) reactor via the prereactor, in particular via the
ry.

30 mixing vesk@l, whicl@asfercptiehi deoiapdrrsHrwrcan be necessa

In principle, it is also possible that heating of t he
feed screw is provided in order to ensure a
sufficiently high temperature in the prereactor.

15 For intense mixing, the mixing vessel of the prerea ctor
can comprise at least one bottom inlet for the furt her
process oil mixture stream from the (main) reactor and

at least one top outlet for the hydrocarbon-rich
process oil mixture stream. The mixing vessel is
20 thereby constructed as a static mixer in which,
however, essentially no cracking processes of the

energy source take place. Corresponding internals c an
be provided as a supplement, in order to intensify the
mixing. For the same purpose, a tangential feed of the

25  further process oil mixture stream into the mixing
vessel can be provided.

Finally, a carrier oil can also be fed to the (main )
reactor via the prereactor, in particular via the
30 mixing vessel, which carrier oil forms a component of

the process oil mixture in the reactor.

In order to ensure high process stability and a hig h

yield of the heating value of the input material, t he
35 volume ratio of the process oil mixture in the (mai n)

reactor to the further process oil mixture in the

prereactor should be set to 5:1 to 8:1. This assume s an

appropriate structural design of the reactor vessel and



the process oil mixture in the reactor. In order to ensure high process stability and a high yield of the
heating value of the input material, the 35 volume ratio of the process oil mixture in the (main) reactor to
the further process oil mixture in the prereactor should be set to 5:1 to 8:1. This assumes an appropriate
structural design of the reactor vessel and 10 the mixing chamber of the prereactor. The
hydrocarbon-rich process oil mixture stream recirculaiged from the prereactor is mixed with the 5 process
oil mixture contained in the reactor and the process oil mixture stream from the degasser which is
relieved of the vapdRSUB ML ARBRARS . IR 8refpddearbon-rich process oil mixture stream is fed into the
reactor beneath the internals which are provided in 10 the top region of the reactor for deflecting the flow

of the relieved process oil iPiFBER MANGIEIS refdcadatediromdiReidegassesinto the reactor. The
hydrocarbon-rich pr %ﬁ%ﬁlgusawbﬂ;gm stﬁgag}erggié%f.la}gdrm%btqﬁnwe{ﬁ@ctor is preferably in this 15 case
. it :

introduced tangentially into a mixing zone e reactor in such a manner that a rotary flow of the entire
process oil mixture '?65(??55% e LS CRYAREIN D of ¥ d §aRIRke 3t of the hydrocarb&n-rich process
oil mixture stream retegsatet froxtResPRrefeRbtdhneiepresesbiChixture in the readgor is made to
rotate. The directionetibr@ictiosr ofttiee redisviediproerdsi®il mibtilkestrerm recirculated from the degasser,
after entry into the TRAGIRL, FRIR RGNS £238 BATFRRRABL IR ¢ idikggtion of rotation of thg25 tangentially
introduced hydroca{ gr#-gchoprboecnees hol (m%@r%ea Streﬁlnhf%or(r%n trhg/ i%%ereactor. Accordin iF]o the device, the
reactor can comprise a eooctttom par%1 aving a conica y%ap_enr?qjotop wall 30 section and 'a conically
tapering bottokd Wam§e5{ﬂ)ﬁ‘?9'0n of the reactor for deflecting the fl ow

of the relieved process oil mixture which is

recirculated from the degasser into the reactor. Th e

hydrocarbon-rich process oil mixture stream

recirculated from the prereactor is preferably in t his
15 case introduced tangentially into a mixing zone of the

reactor in such a manner that a rotary flow of the
entire process oil mixture forms in the reactor. By
means of the targeted input of the hydrocarbon-rich
process oil mixture stream recirculated from the

20 prereactor, the process oil mixture in the reactor IS
made to rotate. The direction of rotation of the
relieved process oil mixture stream recirculated fr om
the degasser, after entry into the reactor, can in this

case correspond to the direction of rotation of the
25 tangentially introduced hydrocarbon-rich process oi
mixture stream from the prereactor.

According to the device, the reactor can comprise a
bottom part having a conically tapering top wall

30 section and a conically tapering bottom wall sectio n,
wherein the top and the bottom wall sections are
connected to one another by a cylindrical wall sect ion.
The process oil mixture stream which is fed to the
static mixer for heating and mixing can be withdraw nin

35 the top region of the conically tapering top wall
section, wherein there, at least one outlet is
provided. By means of this structure of the reactor it
is possible to remove, from a top first sedimentati on



wherein the top and the bottom wall sections are connected to one another by a cylindrical wall section.
The process oil mixture stream which is fed to the static mixer for heating and mixing can be withdrawn in
35 the top region of the conically tapering top wall section, wherein there, at least one outlet is provided.
By means of this structure of the reactor it is possible to remove, from a top first sedimentation 11 zone
of the reactor, the process oil mixture stream which igito be heated and to pass it to the static mixer
having an integrated heat transfer appliance. 5 In the top region of the conically tapering bottom wall
section of the bottoAPParOfatiieasearietuififerbaeRiscah FpHEidd®ahis outlet is provided for draining
off from a bottom sedunl $edimbentdteaterbradfttheasadtotoa fiecdatail mixture stream which is
enriched 10 with at igaet AaGsq Bt EealRRR M4t adpRsicene additive. For repeated use of the
catalyst it is possible to mix the process oil mixture stream from the top first 15 sedimentation zone,
which process oil mixture stream is tqQ be heated, with a process oil mixture stream enriched with catalyst
and optionally 2dditldMFoiPPeoRLAT L EAYANIFABRERHASIIR of the reactor and Wlteby set a
defined catalyst corsgstigratbing BROD pastetideashirRIfetTeieawo streams are mixé@tefore entry into
the static mixer, so that betprstrieemsTie sugstsiveyovivkedl nddrgated in the mixer. Furiermore, an
open-loop or closedsipapFPNLoh SRENANGE SR R dRFRYIEEH foLgRENIPQRLT closed-loop control of the 25

volumetric flow ratio of tth? process oil mixture stream to be heated.to the enriched pro egs oil mixture

stream. A substrean’ of the p 6%%%%So?flmniq>'<>fburre€2$%rreea?rrr]? t0 b'%h 30 fidhted and optionally a5urther
substream of #%e  With at least one catalyst and optionally with at | east

one additive.

For repeated use of the catalyst it is possible to mix

the process oil mixture stream from the top first

15 sedimentation zone, which process oil mixture strea m is
to be heated, with a process o0il mixture stream
enriched with catalyst and optionally additive from a

bottom second sedimentation zone of the reactor and
thereby set a defined catalyst concentration in the

20

25

30

35

process oil mixture. The two streams are mixed befo
entry into the static mixer, so that both streams a
intensively mixed and heated in the mixer. Furtherm

an open-loop or closed-loop control appliance can b
provided for open-loop or closed-loop control of th
volumetric flow ratio of the process oil mixture st

to be heated to the enriched process oil mixture
stream.

A substream of the process oil mixture stream to be
heated and optionally a further substream of the
process oil mixture stream enriched with catalyst a
optionally neutralizer form the further process oil
mixture stream fed to the prereactor.

Shortly before transport of the process oil mixture
stream which is to be heated and optionally of the
process oil mixture stream enriched with catalyst i

the static mixer, at least one unconsumed -catalyst

re
re
ore,

ream

nd

nto



process oil mixture stream enriched with catalyst and optionally neutralizer form the further process oil
mixture stream fed to the prereactor. 35 Shortly before transport of the process oil mixture stream which
is to be heated and optionally of the process oil mixture stream enriched with catalyst into the static
mixer, at least one unconsumed catalyst 12 and/or optionally at least one additive can be added from
appropriate reservoir containers. In this case the catajyst and/or additive, before addition, is preferably
mixed with a carrier oil or emulsified in a 5 carrier oil, which simplifies the mixing. According to the
invention it is furtheRPHVicRRIIRAIYIHE dAdshyPaBuRcklitite catalyst, addt® optionally the additive which
together can form tifremmpwpnoatérial resetoiheqmtagess, arahisixadavith one another betioge feed into the

prereactor and are Bggiipekto frmoperafaeiot, belpwid20C, fgitrsably te approximately 80 to 100C. In

this case, drying aré&é‘#é%ﬁg%?@ﬁﬁﬁ“&a@&m QFBJlroPrmJBiffeﬁdi of the input materialﬂrgo the 15
ce in da

prereactor. The energy sou| 1this case is mixed and heated dry with preferably pulverulent catalyst
and/or neutrali2er, ﬁé?éﬂ'tﬂ@f‘é@ﬁffﬁm%gcg%ﬁ’t@'ﬂgs a high reaction surface area and separation
does not take place. Furthermore, the aggregate has a longer 20 residence time in the process oll
mixture. The yield ig\dtwtdriginereasac éngicabit. i$ artheepiiovigeermits individual concepis: of the invention
to be combined withane anethesogNen ifHbisAa1js Mok sesshshindiyidually. Furthermore, an

independent inventivg eamR% is ascpbed to Iihe S %tlc mixm% and increase in surfac? area of the

- . a d{lﬁve WhICh torge thr can orm& e mHHt te[rlal . o] .
process oil mixture inthe degasserand’in’the reactor, and also to"the premixing of the input material
with the procesd 3010A MIRRASINAHR Hil%‘@adﬁbth VPREréNAHE I nheifIee feed

into the prereactor and are heated to a temperature of
below 120°C, preferably to approximately 80 to 100° C.
In this case, drying and also aggregate formation o cecur
prior to feed of the input material into the

15 prereactor. The energy source in this case is mixed and
heated dry with preferably pulverulent catalyst and lor
neutralizer, wherein the resultant aggregate has a high

reaction surface area and separation does not take
place. Furthermore, the aggregate has a longer

20 residence time in the process oil mixture. The yiel dis
further increased thereby.

The invention permits individual concepts of the

invention to be combined with one another, even if this
25 is not described individually. Furthermore, an

independent inventive meaning is ascribed to the st atic

mixing and increase in surface area of the process oil

mixture in the degasser and in the reactor, and als oto

the premixing of the input material with the proces

30 oil mixture in the prereactor, wherein the inventiv
concepts linked hereby can also independently of on
another justify an inventive concept.

The invention will be described hereinafter by way of
35 examples with reference to the drawing. In the draw ings
fig. 1 shows a schematic process flowchart of the f eed

of a hydrocarbon-rich energy source together



concepts linked hereby can also independently of one another justify an inventive concept. The invention
will be described hereinafter by way of 35 examples with reference to the drawing. In the drawings fig. 1
shows a schematic process flowchart of the feed of a hydrocarbon-rich energy source together 13 with a
catalyst and a neutralizer into an oil circuit for generating vaporous middle distillate and 5 fig. 2 shows a
schematic process flowchart of the reaction circuit forithe generation of middle distillate from
hydrocarbonaceous energy sources. 10 Fig. 1 shows a process flowchart which shows the feed of a
hydrocarbon-containing energy/i§b@ @ RiyEb Aol RAEIAIFST JBieAtti®Y middle distillate 2. The energy
source 1, in the present case, igalried dod coganeratieg biorapssudichrigdtiered in a reservoir vessel 3.
The 15 energy source 1 falls qydpgate gravity from the storage vessel 3 into a first conveyor screw 4. By
rotating the spindle, the mixture of matter is pushed into the bottom hopper of a tube chain conveyor 5.
The tube chain conveyor 5 transports the energy source 1 to a 20 height of approximately 12 m into a top
hopper. From therd'$hé efiBRY sGurSENERALCOWAIME E5r AMFIIRE aC%edfscrew 6. The feed screw 6
transports the energy source 'Eattiprarirefis fagMenasaginiiostapfferiddie lock 7 or into a second star
feeder lock 8. The star 25 feedistltaiss 7, Boperve gt peaasinaoetering ainstgsting material to cone mixers
9, 10, wherein each star feedgp|pgks?, 8 is designed having a transport capacity of 5 m3/h. The star
feeder locks 7, 8 are dynamic barriers, since material can be transported 30 through and simultaneously
a slight underg)(r)essure, generated by a vacuum plant, is made possible in the

Fig. 1 shows a process flowchart which shows the fe ed
of a hydrocarbon-containing energy source 1 into an oil
circuit for generating middle distillate 2. The ene rgy
source 1, in the present case, is dried and comminu ted
biomass which is stored in a reservoir vessel 3. Th e
15 energy source 1 falls owing to gravity from the sto rage
vessel 3 into a first conveyor screw 4. By rotating the

spindle, the mixture of matter is pushed into the
bottom hopper of a tube chain conveyor 5. The tube

chain conveyor 5 transports the energy source 1 to a
20 height of approximately 12 m into a top hopper. Fro m

there the energy source 1 falls owing to gravity in toa

feed screw 6. The feed screw 6 transports the energ y

source 1 at a rate of 5m 3/h into a first star feeder

lock 7 or into a second star feeder lock 8. The sta r
25 feeder locks 7, 8 serve for periodic metering of

starting material to cone mixers 9, 10, wherein eac h

star feeder lock 7, 8 is designed having a transpor t

capacity of 5m %/h. The star feeder locks 7, 8 are

dynamic barriers, since material can be transported

30 through and simultaneously a slight underpressure,
generated by a vacuum plant, is made possible in th e
cone mixers 9, 10.

The cone mixers 9, 10 are degassed in order to decr ease
35 the proportion of oxygen and to keep the risk of

ignition of the oil vapor produced in the further

process low. The cone mixers 9, 10 have a net volum e of

approximately 2.4 m 3. The cone mixers 9, 10 are operated



cone mixers 9, 10. The cone mixers 9, 10 are degassed in order to decrease 35 the proportion of oxygen
and to keep the risk of ignition of the oil vapor produced in the further process low. The cone mixers 9,
10 have a net volume of approximately 2.4 m3. The cone mixers 9, 10 are operated 14 alternately
periodically. While the first cone mixer 9 is charged with the energy source 1, the second cone mixer 10
can be mixed using the integrated screw. 5 In addition tp the energy source 1, periodically at least one
catalyst la and/or one additive Ib, such as, for example a neutralizer, can be added to the cone mixers 9,
10, where the catalf&€ragialy thariegiiale INVRilhthe ArplraiIeIEH tixture. The time of n¥ing, 10 heating,
moisture removal aitd deggsdivgtn the eoereyymseers®, 11, Othe aggraxinaiely half an hour, &nd the time
period of the chargipgkepempéan is reisesiaffirnmneyra@ineerbath cone mixers 9, 10 have a double
shell, heating the mixture of matter in the cone mixers 15 9, 10 to approximately 100C is possible. The
cone mixers 9, 10 are heated using a heating medium, preferably a thermal oil, such that the input
material 12 préferdﬁ‘lyar%%wﬂ@stat pEP&{de B?léfﬁﬁr&irﬂﬁfé:l9'°§5b i the cone mixers 9, 10. This leads
to drying of 20 the st PrReceRIPNSWith At raerarsd fiiteatibn WBIth has an advantag&ous effect on the
yield in the generafion efanigiieadistliatdiZefrotath®enaidyd saunee Icokiee temperature elevation is
necessary in orderjg.decieags W%PéQHQrg%I%M%F%(nW fihe ARyiixture, since it vapgriges at this
temperature and caganbe %engovelﬂv\ggu%%ga%siixqgrgne.? oJ tiﬂﬁq cone rpr%rerr]s 9, 10. At an excessive water
proportion, a water vapor explo_DS|on could occur iy furﬂwer processes.xllngaddition, at a high water
proportion thel@ffecitaliBg sepRipitich EMaxAk Rftegapenaidh dhenigane

mixers 9, 10 is approximately half an hour, and the

time period of the charging operation is likewise h alf
an hour. Since both cone mixers 9, 10 have a double
shell, heating the mixture of matter in the cone mi Xers

15 9, 10 to approximately 100°C is possible. The cone
mixers 9, 10 are heated using a heating medium,

preferably a thermal oil, such that the input mater ial

12 preferably reaches a temperature of approximatel y

80°C in the cone mixers 9, 10. This leads to drying of
20 the input material 12 with agglomerate formation wh ich

has an advantageous effect on the vyield in the
generation of middle distillate 2 from the energy
source 1. The temperature elevation is necessary in
order to decrease the proportion of water in the
25  mixture, since it vaporizes at this temperature and can
be removed via degassing lines of the cone mixers 9 ,
10. At an excessive water proportion, a water vapor
explosion could occur in further processes. In
addition, at a high water proportion the effective
30 separation efficiency in the generation of middle
distillate from hydrocarbonaceous energy sources 1
would be decreased.

The two cone mixers 9, 10 make possible continuous
35 charging of a four-zone reactor 11 shown in fig. 2,
wherein, via gas-tight slides, the cone mixers 9, 1 0
are periodically emptied. The input material 12 is
discharged from the cone mixers 9, 10, which input



distillate from hydrocarbonaceous energy sources 1 would be decreased. The two cone mixers 9, 10
make possible continuous 35 charging of a four-zone reactor 11 shown in fig. 2, wherein, via gas-tight
slides, the cone mixers 9, 10 are periodically emptied. The input material 12 is discharged from the cone
mixers 9, 10, which input 15 material is composed of the energy source 1, optionally the catalyst and
optionally at least one additive. The input material 12 qmsses into a connecting screw 13 and then into a
compacting screw 14 in which the input 5 material 12 is pressed to half the original size. The connecting
screw 13 and the cOMRIRINY SerRpsed @idhe parisy geUHe $heRtAfough which a hedhg medium,
preferably thermal dileisgiabstcad aptionehatiréast aperexidiately 100 to 120C. This dtwures that the 10

temperature of the ipput mai&rial 12 fadep! sanstashricangrexianately 100C. Furthermgyg, the

compacting screw t]hﬁetp]a%z&cgogoqﬁﬁ&"’? ggq'%rv\;o gmov. ﬁWﬁh?ﬁé’Vﬁ'ﬁr?)%ErOportions’ inter 15 alia

adhering water, of the dried input material12. In addition, the proportio oxygen is further decreased.
From the compactifBeral s 'SHY G568 dRilhitie Seatveéet two ATEX discharge Wheels 15, 16.
The discharge wheeignesting tpgreoStanthpne eampattiny istseteldliagthopper 17 of & screw feed
mixer 18. The screhafeec mizabl8 da¢ll prie@agionhiting ensixig rapgilimnce and comprises an oval

_connecting _tube 1_9p?e?e'§éiﬁg'tﬂ?eﬁﬁ‘£%i?,ol§?%§éép£r%x@ﬁ ¥afRQ 1 capac_ity mixing yessel 21. The
input material 12 is usrr(l)eldmﬁ)(ewealrb%o%he 9§ le ﬁ%ewnzs freosmtmﬁ cn]aerglng hopper 17 through the
30 connecting tube RPIRIERE r)ﬁixmg \_/essejl 13and mlx_e8 Withan approximately 350C process oll
mixture strearkOQ  temperature of the input material 12 is kept consta nt

at approximately 100°C.

Furthermore, the compacting screw 14 has suction po ints
in order to remove further water proportions, inter

15 alia adhering water, of the dried input material 12 .In
addition, the proportion of oxygen is further
decreased.

From the compacting screw 14, the input material 12
20 arrives at two ATEX discharge wheels 15, 16. The

discharge wheels 15, 16 transport the input materia | 12
into the filling hopper 17 of a screw feed mixer 18

The screw feed mixer 18 is a prereactor having a mi xing
appliance and comprises an oval connecting tube 19, a

25 double screw 20 and an approximately 800 | capacity
mixing vessel 21.

The input material 12 is pushed by means of the dou ble
screw 20 from the charging hopper 17 through the

30 connecting tube 19 into the mixing vessel 21 and mi xed
with an approximately 350°C process oil mixture str eam
22 which is withdrawn from the reactor 11 and consi sts
of a carrier oil containing previously dissolved en ergy
source 1 which is in part present in cracked form. The

35 screw ends of the double screw 20 have mixing fligh ts
23 which contribute to the mixing of the input mate rial
12 with the process oil mixture stream 22. The mixi ng

function is supported by metered tangential pumping of



22 which is withdrawn from the reactor 11 and consists of a carrier oil containing previously dissolved
energy source 1 which is in part present in cracked form. The 35 screw ends of the double screw 20
have mixing flights 23 which contribute to the mixing of the input material 12 with the process oil mixture
stream 22. The mixing function is supported by metered tangential pumping of 16 the process oil mixture
stream 22 from the reactor 11 to the mixing vessel 211gsing the spiral housing pump 24, more precisely
at two feed points 25, 26 of the mixing vessel 21. This ensures a double mixing. In 5 addition, the double
screw 20 acts as a BEFfRIO§RRS Oft IS fRthelfeJRIA BeRwWEsR e center of the mixihg vessel 21
and the wall thereotoBhene@isgpi/dssetl @dbilsiagréhe 26hisd ditosmigtupbulence of the flownp caused. The

use of a double screw ZQdsedistiraidshed, thd frstrermonie by adggbroperational safety at comparatively
high temperatures iﬂu I]\ﬁgnggggelv%e%k Ig Q&ggix@gd\é%.?gl ﬁxﬂﬁ pfocess oil mixture 22 15 flows
RS ! :

with a rotary motion u and mixes with the input material 12 which is transported in. After a short

time, a hydrocébo@?@H%H@s?%ﬂ%)&ﬁ?@ws?r%eﬁ'ﬁtﬁ@?hﬁsbamﬁin%ﬁ is taken off in the {6p region of the
mixing vessel 21 aritligediairdd theHegvachatvaen theverniehefinput material 12 arrithss in the screw
feed mixer 18, the lxietpotesaparessl hrginalTheretdcBnanganseasts, namely the cracking of the

hydrocarbon chaingy g RWERELP Qdeéﬁéheﬁaﬁeﬁjﬂﬁﬁ@ﬁc@'”&ﬁ Q{ghﬁowocess oil mix_ture iR the screw feeo_l
mixer 18, does not sgeltjrt o Sﬁxﬂlé/ toggglghéoed%%n% Pé,l'[ sﬁgr% %x?,Hsh\{gﬁ/ or predomlnan(talx only in the main
process in the reactor 11 houHJSenergy source 1 which 15 Stit n’ﬂ:ompletely 30 dissolved be floating on
the surface of¥Pe rdathgpnore, by a high operational safety at

comparatively  high  temperatures in the mixing
vessel 21.

In the mixing vessel 21 the process oil mixture 22

15 flows with a rotary motion upwards and mixes with t he
input material 12 which is transported in. After a
short time, a hydrocarbon-rich process oil mixture

stream 26 thus obtained is taken off in the top reg ion

of the mixing vessel 21 and recirculated to the rea ctor
20 11.

When the input material 12 arrives in the screw fee d

mixer 18, the liquefaction process begins. The crac king

process, namely the cracking of the hydrocarbon cha ins,
25 owing to a very short residence time of the process oil

mixture in the screw feed mixer 18, does not start or

only to a slight extent, but starts exclusively or

predominantly only in the main process in the react or

11. Should energy source 1 which is still incomplet ely
30 dissolved be floating on the surface of the reactio n

mixture in the mixing vessel 21, it is returned or
passed back into the mixture via corresponding
internals in the mixing vessel 21. If the input
material 12 dissolves in the screw feed mixer 18,

35 residual water fractions are released which are pas sed
out of the screw feed mixer 18. The water vapor pas ses
into a demister 27 which contains packings on which oil

droplets which are co-transported by the vapor rema in



mixture in the mixing vessel 21, it is returned or passed back into the mixture via corresponding internals
in the mixing vessel 21. If the input material 12 dissolves in the screw feed mixer 18, 35 residual water
fractions are released which are passed out of the screw feed mixer 18. The water vapor passes into a
demister 27 which contains packings on which oil droplets which are co-transported by the vapor remain
17 adhering and flow off back into the screw feed mixgr 18. The water vapor is removed via a vacuum
plant and the residual water is liquefied in a condenser 28. 5 Both spindles 29, 30 of the double screw 20

operate in a self-clédRgiehaRAelioThefs hasie it the sreeoisebPduNted at the bottbm end at the
cone base of the niiginghessEkbR Vaput a tleentoyedndsby staafiupastades of the chargingidhopper 17. The

connecting tube 108 iadikewisaifited wilkRAaVRIecHiRIhsENgg. temperatures of up to 350C can prevail
in the mixing vessel 21. The temperature in the charging hopper 17 must not exceed 100C, since the

discharge wheels 15, 16 are deSé%ned to_have ATEX§rotection only up to 15 100C. Should too much

heat flow upwards \ﬁ&%ép% g tublette deudls érFé!Yn%Q/é’(H’?ﬁat?ne double shell, herein a
corresponding coolidg seHdileanspasvedneiroudietheriadipfe shidll. 30 Farahe introduction of carrier oil
31, such as, for exankhgencaiekat avastenottointentieantheisik Babeatable vessel 320 provided as a

reservoir vessel. Ligiaid residuies.cap alsp bgintipdycediipfodhg qil, clicait in this manner as energy

source. By means fazsg éhg Pump SC atlrhclancalglrier gril f} lﬁjlgtégdugcetgninto the mixing vte%sel 21.The
vessel 32 is charge via fump rGnrah Ol StBPe! Fifia ly, vid the“SCrew feed mixer 1§, the carrier oil 31
|

can be fed to #fe reb@tde 1 1kawisexalfipie, MBrder #Pe8IRpshsite $81¢aporization

temperatures of up to 350°C can prevail in the mixi ng
vessel 21. The temperature in the charging hopper 1 7
must not exceed 100°C, since the discharge wheels 1 5,
16 are designed to have ATEX protection only up to
15 100°C. Should too much heat flow upwards via the

connecting tube 19, it can be removed via the doubl e
shell, wherein a corresponding cooling medium is pa ssed
through the double shell.

20  For the introduction of carrier oil 31, such as, fo r
example, dewatered waste oil, into the oil circuit, a
heatable vessel 32 is provided as a reservoir vesse l.
Liguid residues can also be introduced into the oil

circuit in this manner as energy source. By means o f
25 the pump 33, the carrier oil 31 is introduced into the
mixing vessel 21. The vessel 32 is charged via a pu mp
from an oil store. Finally, via the screw feed mixe r
18, the carrier oil 31 can be fed to the reactor 11 ,
for example, in order to compensate for vaporizatio n
30 losses. In addition, a carrier oil stream 34 can be
passed from the vessel 32 into vessels 35, 36 shown in
fig. 2 for producing a catalyst/additive emulsion. The

vessels 35, 36 possess charging hoppers in order to
facilitate charging with the catalyst la and the
35 additive 1b.

The structure of the feed system shown in fig. 1 ma kes
possible sufficient drying, mixing and deaeration o f



30 losses. In addition, a carrier oil stream 34 can be passed from the vessel 32 into vessels 35, 36
shown in fig. 2 for producing a catalyst/additive emulsion. The vessels 35, 36 possess charging hoppers
in order to facilitate charging with the catalyst la and the 35 additive Ib. The structure of the feed system
shown in fig. 1 makes possible sufficient drying, mixing and deaeration of 18 the input material 12. There
is therefore no risk of a water vapor explosion in the regctor 11. Likewise, the ignition of released oil
vapor need not be feared. Finally, by means of a low water proportion in the 5 reactor 11, a high
separation efficiencl'&s iBRYtLIFeAERAtid 22 Mg HNERRIARiIBA EF5tem in the generatiod 8f middle distillate
2 from the hydrocanzteagepas expogipsdarte Iréscioovih. ThewBeomponents of the rifan circuit or

reaction system arqgiigofpUsfzeniedsast@iil apdiedasaendy dad risediree mixing heat exchanger pairs
38, 39, 40 and alsol_am%wlyltiB%img£urgpo%amvt%a?glsoﬁj%%%?ipiﬂg.t?.' In the generation of middle
oca L, am

distillate 2 from_the h onaceous energy source olecular dehydration, a molecular
polymerization and r&%ﬁ&é&&raﬁ- high RER gL BT RS S Version to oil) take: place at a lower
temperature without pressurization, 20 compared with pyrolysis. The process procedure is carried out in
the main stream at tempgigrataresthetwieaim 3etanatidd0Gyndmt arslighe underpressure of -30 to -100

mbar compared witaéhgrgﬁggientoqresw%g he flggciibed procgsss chigkacterized by a higher yield of
25 the heating valu% 0 th% energy source 1. If the energy source 1 used is_[%%lymer waste, more than 70

to 80% of the hydrogaFBBnrs preseﬂ?%anegeerg_%ta_iﬁ%u ¢ urtl ermor&, Yetoxification of environmentally
relevant halogéhs HEPBRIIABENEHNS RS GIEF Lol A8aRiRibISYSENe Zalts re
the four-zone reactor 11, a degasser 37 and also th ree

mixing heat exchanger pairs 38, 39, 40 and also a
multiplicity of pumps and the associated piping.

15 In the generation of middle distillate 2 from the
hydrocarbonaceous energy source 1, a molecular
dehydration, a molecular polymerization and a molec ular
shortening (depolymerization/conversion to oil) tak e
place at a lower temperature without pressurization ,

20 compared with pyrolysis. The process procedure is

carried out in the main stream at temperatures betw een
300 and 400°C and at a slight underpressure of -30 to
-100 mbar compared with the ambient pressure. The
described process is characterized by a higher yiel d of
25 the heating value of the energy source 1. If the en ergy
source 1 used is polymer waste, more than 70 to 80% of
the hydrocarbons present can be obtained. Furthermo re,
detoxification of environmentally relevant halogens by
binding them in the liquid state as immobilizable s alts

30 takes place.

The hydrocarbon-enriched process oil mixture stream 26
originating from the screw feed mixer 18 as prereac tor
is introduced into the reactor 11. The process oil

35 mixture 54 contained in the reactor 11 and having t he
dissolved energy source 1, optionally the catalyst la,

optionally the additive 1b and carrier oil, is
circulated, wherein, per passage, a resulting amoun t of



30 takes place. The hydrocarbon-enriched process oil mixture stream 26 originating from the screw feed
mixer 18 as prereactor is introduced into the reactor 11. The process oil 35 mixture 54 contained in the
reactor 11 and having the dissolved energy source 1, optionally the catalyst la, optionally the additive Ib
and carrier oll, is circulated, wherein, per passage, a resulting amount of 19 vaporous middle distillate
formed is transferred into a workup system 41 provided above the degasser 37. The workup system 41
is shown only schematically in fig. 2. The main components of the workup system 41 are a vapor 5
expansion predistill BRI At Higstereisifiaitifrmetiatreesice’b M column and also céPdensers and
water separators. Imir&uposysesysténprivided \aqmemuke ndegibsshistiBiatelis separated byedistillation into

four groups, namelygniupodRst thydrecaraam iBrikyeséRdaeilina kanpfgof kerosene and benzene), middle
product (gas oll, namg%gﬁ%% Qﬂ{gdﬁi)&tf"{ﬁeiQ/H?%ulﬁloé%%rﬁa@%r%f f[i'\(;sel), high boi &(process oil or
roduct (disti .

carrier oil) and bottom pro ation residues e reactor 11 is structurally equipped with a
double cone sRapeSPETE BBoM SRS he Hlctd? 11 HEELSIHER!Nindrical wall section 43 having a
bottom part 44, whefdin ahecbbiieatopaaduntihLatEissalBPRISESAL e wall section 45, 8 conically

tapering bottom walhafsesparadpsand taeylinttipad aaaiiiod yaHeseation 47. In the regionsof the bottom

part 44, outlet ports 384181 AL Welded iéb;?d?gtéﬁeoo?” Gt iRpIt Refor filter bed material 42, which is a
component of the bpttom_circuit. 25 A do%pl\lle ggﬁell inéﬂ)?dregé%o%f tllp]e {ﬁg cylindrical wall section 43
e

serves for ad(jligonaPHéa?r?rléonSSfech&% ng with a ﬁ(ﬁsw 4 carrier, namely

boiling range of kerosene and benzene), middle prod uct
(gas oil, namely hydrocarbon mixture in the boiling
range of diesel), high boilers (process oil or carr ier

oil) and bottom product (distillation residues).

15 The reactor 11 is structurally equipped with a doub le
cone shape in the bottom region. The reactor 11 has a
top cylindrical wall section 43 having a bottom par t
44, wherein the bottom part 44 has a conically tape ring
top wall section 45, a conically tapering bottom wa Il

20 section 46 and a cylindrical central wall section 4 7.
In the region of the bottom part 44, outlet ports 5 0,
51 are welded in, and also an outlet port 52 for fi lter
bed material 42, which is a component of the bottom
circuit.

25

A double shell in the region of the top cylindrical
wall  section 43 serves for additional heat
transfer/cooling with a liquid heat carrier, namely

thermal oil. The double shell is fabricated in such a
30 manner that the thermal oil introduced via the top
inlet port 48 flows around the reactor 11 via a gui de

appliance mounted spirally on the reactor outer wal I
and leaves the double shell at an outlet port 49.
Furthermore, the reactor 11 has flow-deflecting

35 internals in the region of the lid thereof.

The reactor 11 may be divided into four zones I-IV. The
top zone | is a gas/vapor zone. Here a small amount of



thermal oil. The double shell is fabricated in such a 30 manner that the thermal oil introduced via the top
inlet port 48 flows around the reactor 11 via a guide appliance mounted spirally on the reactor outer wall
and leaves the double shell at an outlet port 49. Furthermore, the reactor 11 has flow-deflecting 35
internals in the region of the lid thereof. The reactor 11 may be divided into four zones I-IV. The top zone
| is a gas/vapor zone. Here a small amount of 20 middge distillate vapor flows from the mixing zone Il
beneath into the degasser 37. In the top zone |, the internals for flow deflection are also arranged. 5 In
the top section of tHBIAANY AL | TaRPENEOMSYi BRI MKIPBOFPBS, the hydrocarbon-rikh process oil
mixture stream 26 ibeéntrattuced thegdagatyentd/thin mhixingpzooeel llail mixes with the precess oil mixture
54 which is presentjgfigiga§ ¥adeitipdefid dhiennaberiisdirangdd mixing takes place with a process oil
mixture stream 55 from the degasser 37, which process oil mixture stream 55 is relieved from vaporous
middle distillate 2. On account of the tangential introduction procedure, the entire liquid rotates in the
reactor 11. 15 Phe 1Bt th?SﬁtlgrhaﬁmgﬁH\Wﬁ'?ﬁ hdidR&/1& the deflected liquid #R¥%ium from the
degasser 37. The ditetionlelf peotioR ofh@dverasatPprodedemaetigt®re 54 and the religled process oil
mixture stream 55 goxiespen@imope anaitreduled\ teedeneaalgtiotozone Il is a third sectien of the
reactor 11 and is sifyaigd ingihe FPQrﬁP'}%@WiﬂMhé"‘F;F%c%@%‘%ﬂ)frﬁﬂﬁ&rocess oil mixture,54 is
transported using tgg Wﬁgﬁsl 557,“!35851'n 9@3 rocess qi mixtu e 25 stream 56 which is to be heated

DS B e Ry

through the ports 50 from actor e three mixing ga{né§'changers 38, 39, 409

10 zone Il mixing takes place with a process oil mixtu re
stream 55 from the degasser 37, which process oil
mixture stream 55 is relieved from vaporous middle

distillate 2. On account of the tangential introduc tion
procedure, the entire liquid rotates in the reactor 11.
15 The rotary motion is additionally kept in motion vi a
the deflected liquid medium from the degasser 37. T he
direction of motion of the rotating process oil mix ture

54 and the relieved process oil mixture stream 55
correspond to one another.

20
A sedimentation zone 1l is a third section of the
reactor 11 and is situated in the top cone segment.
Here some of the process oil mixture 54 is transpor ted
using the pumps 57, 58, 59 as process oil mixture

25 stream 56 which is to be heated through the ports 5 0
from the reactor 11 to the three mixing heat exchan gers
38, 39, 40.

In a bottom zone IV of the reactor 11, i.e. in the
30 bottom cone segment, the process oil mixture 54 is

enriched with catalyst and additive in a high-boili ng

hydrocarbon matrix. The bottom zone IV is a second

sedimentation zone. From the bottom zone IV, a proc ess

oil mixture stream 60 which is enriched with cataly st
35 1a and the additive 1b is mixed by means of the pum ps

61, 62, 63 as needed with the process oil mixture

stream 56 which is to be heated. A substream 56a of the

process oil mixture stream 56 which is to be heated and



In a bottom zone IV of the reactor 11, i.e. in the 30 bottom cone segment, the process oil mixture 54 is
enriched with catalyst and additive in a high-boiling hydrocarbon matrix. The bottom zone 1V is a second
sedimentation zone. From the bottom zone IV, a process oil mixture stream 60 which is enriched with
catalyst 35 la and the additive Ib is mixed by means of the pumps 61, 62, 63 as needed with the process
oil mixture stream 56 which is to be heated. A substream 56a of the process oil mixture stream 56 which
is to be heated and 21 a substream 60a of the enriched process oil mixture stream 60 form the process
oil mixture stream 2 ‘HPSHERDLRIR 0 R SEEDeEcRRNREP 1@ aMiiH W hich the energy source 1 is
dissolved before itsstrataynirtid foen Shregrtmeds . olheirixagtresah & hengers 38, 39, 40idach consist of

two mixing heat exngj&gégngstﬂgrmgk,\pqg@m%ixgyhggeémnﬂpﬂm@ﬁqt exchanger unitsggaving the trade
10 name "CSE-XR" Q{g {%Eﬁ&e & é%%t&vgg%ﬂ%qtgugﬁtri%gles of the mixing he%gxchanger units,
r

mixing elements are w onw to a turbulent mixing of the process oil mixture. 15 Shortly
before the pro&-:ss BiPfiRLdre stream 56 and optionally the enriched process oil mixture stream 60 are
transported into the three mixing heat exchangers 38, 39, 40, optionally catalyst la, and optionally
additive Ib are addeThdnniiiéngikieg keeharngbangersa2) 48, eitndbotisstcomponents are dhen turbulently

mixed and heated m,@pmgggﬁt;gatﬁgé@SQg‘chgnggpeq}mg olf %&de heat carrier, namely thermal
rt

oil, which is fed via "Pb X % Qv d\rl]la outle So?]rt 2 ermore, the mlxmg heat
exchangers 38, 39 "have DB et SAd 6U %p% fts'0r a Cleanhn 0|I and also ports for mtroducmg
nitrogen. The Jd?oce@%”ﬂ)‘ﬁ nEr&Rirdam SBU4RE SRS tlﬁgtween the tu be

bundles of the mixing heat exchanger units, mixing
elements are welded on which lead to a turbulent mi xing
of the process oil mixture.

15 Shortly before the process oil mixture stream 56 an d
optionally the enriched process oil mixture stream 60
are transported into the three mixing heat exchange rs
38, 39, 40, optionally catalyst 1a, and optionally
additive 1b are added. In the mixing heat exchanger S

20 38, 39, 40, the components are then turbulently mix ed
and heated to approximately 380°C. The heating proc eeds
via a liquid heat carrier, namely thermal oil, whic his
fed via inlet port 64 and removed via outlet port 6 5.
Furthermore, the mixing heat exchangers 38, 39, 40 have

25 inlet and outlet ports for a cleaning oil and also
ports for introducing nitrogen.

The process oil mixture stream 56 and optionally th e
enriched process oil mixture stream 60 and also
30 optionally the added catalyst 1a and optionally the

added additive 1b arrive as heated process oil mixt ure

stream 67 from the mixing heat exchangers 38, 39, 4 0

into the top region 66 of the degasser 37. In the t op

region 66, the degasser 37 has a dividing space hav ing
35 flow-guiding and surface-area-enlarging internals f or

dividing and surface area enlargement of the heated

process oil mixture stream 67. The process oil mixt ure

stream 67 is in part preferably applied centrally i nto



enriched process oil mixture stream 60 and also 30 optionally the added catalyst la and optionally the
added additive Ib arrive as heated process oil mixture stream 67 from the mixing heat exchangers 38, 39,
40 into the top region 66 of the degasser 37. In the top region 66, the degasser 37 has a dividing space
having 35 flow-guiding and surface-area-enlarging internals for dividing and surface area enlargement of
the heated process oil mixture stream 67. The proces®oil mixture stream 67 is in part preferably applied
centrally into 22 the dividing space from the top onto the internals in the top region 66 of the degasser
37. Furthermore, thB'8<lwstg SpacssiEMe43e JAB ke B1pJRieERalSsubstream 68 of thelfeated process
oil mixture stream @¥% wherginthesflibl emyasscs3tansported tangentially into the degasser 37 in the
top region 66 of the degasser below the internals and flows downwards rotating on the vessel inner wall

of 10 the degasserlgtjztﬂérr%r@etw%gr gsggh%fiergggss&r és}h%rpéqﬁﬁ: oil mixture 67 flows down as a
ine

trickling film, wherein” owing to the IVISIon, a large surtace area is 15 created which facilitates the

exit of cracked 5hyd98{:tarf96n %h%‘ﬁ?sQ'tfﬁﬁWth@pﬁfpégg JIERIERLR 8EST h%'ée_ convert into the vapor phase
and flow as vaporoi¥xiHigdistigaimatéd 2, to e Rbrkupystehsuaamhetin istreams flow off together with
the substream 68 flowtizgatedownyaitisiotatngten theyesseld3nner wall and pass into tke four-phase

reactor 11. Shortly %Berr oy, sthey mge&é@gg’g@grggﬂ&,@ptﬂ'éeig@h%q zone | of the reggfor 11, are

deflected, and the circuit e‘%ins again Irgm the sﬁ?rt. 25 The process described with refeFence to figures
ows _do a e_vessel nn all"o

nwards  rotaing. on er w.
1 and 2 for generating vaporous middrecdiStingte 2%

10 the degasser 37.

From the internals of the degasser 37, the process oil
mixture 67 flows down as a trickling film, wherein
owing to the fine division, a large surface area is
15 created which facilitates the exit of cracked
hydrocarbon chains from the process oil mixture 67.

These convert into the vapor phase and flow as vapo rous
middle distillate 2 to the workup system 41. The th in
streams flow off together with the substream 68 flo wing

20 downwards rotating on the vessel inner wall and pas S
into the four-phase reactor 11. Shortly after entry ,
they meet the internals in the gas-vapor zone | of the
reactor 11, are deflected, and the circuit begins a gain
from the start.

25
The process described with reference to figures 1 a nd 2
for generating vaporous middle distillate 2 is
distinguished by a statically forced absolutely
turbulent mixing of the process oil mixture in the

30 mixing heat exchangers 38, 39 and 40. This minimize S
the heat transfer gradients and the system is fed i na
self-cleaning manner with the process oil solids
mixture (catalysts, mineral additives).

35 As additives 1b, lime hydrate, soda, clay flours an d

bentonites can be used. As catalyst 1la, preferably
mineral zeolite solids are wused. The preferably
continuous solids addition of catalyst la and/or



distinguished by a statically forced absolutely turbulent mixing of the process oil mixture in the 30 mixing
heat exchangers 38, 39 and 40. This minimizes the heat transfer gradients and the system is fed in a
self-cleaning manner with the process oil solids mixture (catalysts, mineral additives). 35 As additives Ib,
lime hydrate, soda, clay flours and bentonites can be used. As catalyst la, preferably mineral zeolite
solids are used. The preferably continuous solids addigon of catalyst la and/or 23 additive Ib is in the
range from 0.5 to 20% by weight with respect to the process oil mixture 54 in the reactor 11. Catalysts la
and additives Ib su@faé\@d& Ent Ithfe g fECR Oge iR rddfPtin¥fisted at a portion 5 BF 1 to 10% by
weight, preferably nith5%e$peateitthtthe trecassendl feddurétHeienergyesource 1 into the reactor 1. In the

sedimentation zone(élé(gf)mplre@g{gg,g{}, 130partalyivedissolved waste material, the cggdyst la and
additives Ib sedlmeléu1 Tt}ﬁ P’a%'%P% Rgpa y%%ﬁgggﬁgdr}ﬁ é%gttom zone IV is by, Jpeans of at least

one volumetrlcally operatln nsport via t art of the bottom zone IV to the
mixed 15 catalyst fifldtZ9d b?‘l’f\é‘?@@y Wﬁfﬁfﬁgm e %QK/@(EIQB d the additive 10'd8n be repeatedly
utilized for the matetfigl reateiot. Taes nokethuenesdy bseHiskept ita dbAstant height by partial discharge
of filter bed materiatektioy means of the pump 69. A 20 drain-off tank 70 is provided for running down the
process. 24 Patent Claims: 1. A process for generating middle distillate (2) from hydrocarbonaceous
energy sources (1), Wht%l’elnsfélal % ée%\atiioonnezl‘(lj}{]dmﬁflr Jongeeous e ergi/f,ource (2),

reactor
10 partially undissolved waste material, the catalyst la
and additives 1b sediment. The catalyst mixed bed t hus
formed in the bottom zone IV is by means of at leas t
one volumetrically operating pump 69 by transport b ack

via the top part of the bottom zone IV to the mixed
15 catalyst fluidized bed. Thereby, optionally the
catalyst 1la and the additive 1b can be repeatedly

utilized for the material reaction. The mixed fluid ized
bed is kept at a constant height by partial dischar ge
of filter bed material 42 by means of the pump 69. A

20 drain-off tank 70 is provided for running down the
process.



optionally at least one catalyst (la) and optionally at least one additive (Ib) are fed as input material (12)
to a reactor (11) containing a process oil mixture (54), wherein a process oil mixture stream (56) is 10
removed from the reactor (11) and heated to a process temperature between 150C and 400C, preferably
between 350C and 380C, wherein the heated process oil mixture stream (67, 68) is fed to a degasser
(37), wherein, in the degasser (37), vaporous middle gistillate (2) is 15 separated from the heated
process oil mixture stream (67, 68) and wherein a process oil mixture stream (55) relieved of the
vaporous middle distillate (2) is recirculated froat ¥ debasE&r (37) to the process oil mixture (54)
present in the reactor (11). 20 2. The process as claimed in claim 1, characterized in that the heated

process oil mixture gtream (Réréssappliegeatiaantnnpatdoastiadoninto the degasser (37) and are
divided on internals,of th 7 [ multiplicity of s ams, wherein the ,substreams
f%lnrﬁl ﬁ&%gé‘a?ﬁb%rn%%e)oﬁé %1 @y ﬁ{%ﬁg‘éé é‘iﬁ e %

flow off in a tricklin to the reactor ( rocess as claimed in claim 1 or 2, 30
characterized iR thdf&5ubQPEam TEHPERIARREERMF prERELW oil %GR stPam (67) is introduced
tangentially into theaiéigashy e{dgastimhasatabst (bwanerepiévaid the reactor (11) aya¥otary flow on an
inner vessel wall of it degasarit(dd (189 drelteel prooesst asaataimegd in any one of the pyceding claims,
characterized in thgjthg q@&&nqﬁ% ngHgamegath&g@@ggng)pf thet:gracess oil mixture stream 25 (56)
to process tempera@g&z fe ceetlzlns \éia ipgéresgt k(])l at t& lTrSefeE tfrr%pn a (%réasfeirsably liquid heat source to the
process oil mixture stream gé% ih 8t RRSC3Re Ctallt

10 removed from the reactor (11) and heated to a proce SS
temperature between 150°C and 400°C, preferably bet ween
350°C and 380°C, wherein the heated process oil mix ture
stream (67, 68) is fed to a degasser (37), wherein, in
the degasser (37), vaporous middle distillate (2) i S

15 separated from the heated process oil mixture strea m
(67, 68) and wherein a process oil mixture stream ( 55)
relieved of the vaporous middle distillate (2) is
recirculated from the degasser (37) to the process oil
mixture (54) present in the reactor (11).

20
2. The process as claimed in claim 1, characterized
in that the heated process oil mixture stream (67) is
applied at least in part from the top into the dega sser
(37) and are divided on internals of the degasser ( 37)

25 into a multiplicity of substreams, wherein the
substreams flow off in a trickling film flow to the
reactor (11).

3. The process as claimed in clam 1 or 2,

30 characterized in that a substream (68) of the heate d
process oil mixture stream (67) is introduced
tangentially into the degasser (37) and flows off
downward toward the reactor (11) as a rotary flow o n an
inner vessel wall of the degasser (37).

35
4. The process as claimed in any one of the precedi ng
claims, characterized in that the main energy input
during the heating of the process oil mixture strea m



mixer having an integrated heat transfer appliance. 5 5. The process as claimed in any one of the
preceding claims, characterized in that a turbulent flow of the process oil mixture stream (56) forms in
the static mixer. 10 6. The process as claimed in any one of the preceding claims, characterized in that
an indirect heat transfer of the process oil mixture (54) present in the reactor (11) is provided, wherein a
heat transfer proceeds from 15 a heat source to the ppagress oil mixture (54) via an outer wall of the
reactor (11). 7. The process as claimed in any one of the preceding claims, characterized in that the
relieved process oil(gﬁ) RbRIRECSHdBMPES Y EdRIS@REPoYia e ftlotthe reactor (11), VBRErein a
tangential rotary floweissigerfevated prefeealdadiquidatie®. $oerprotesb as claimed in any @ne of the
preceding 25 claimgsgelatastenwad e shabmipst)anipress eitendpgure stream (22) is gassed from the
reactor (11) into a Br i iXi j [ }n e input material (12) is fed to the
prereactor and mixpégJ \%ﬁrﬁé&g ag‘ﬂﬂﬂt%‘%%@%%%%%% é}) eghéPZZ) 30 in the prereactor and in that the
resultant hydrcl)scarbon-rich process oil mixture stream (26) is recirculated from the prereactor to the
reactor (11). 9. TheSprocéRe BEERfiMS! GREAGCOINCAOT theeppédeeliPigc8Yi claims, charactefi@ed in that the
hydrocarbon-rich petess eHarixtaresiréarthi2e) tedmgslatédiran the prereactor is mixed with the
process oil mixture ﬁé&e&eéﬁnﬁi&tﬁf@ reRsiRh (@@awﬁh@ Progess@iiEnixture 26 stream (55) from the

degasser (37) relieved from the vaporous middle distillate (2). 10. The process as claimed in any one of
. mixer.
the precedlng10

6. The process as claimed in any one of the precedi ng
claims, characterized in that an indirect heat tran sfer
of the process oil mixture (54) present in the reac tor
(11) is provided, wherein a heat transfer proceeds from
15 a heat source to the process oil mixture (54) via a n

outer wall of the reactor (11).

7. The process as claimed in any one of the precedi ng

claims, characterized in that the relieved process oil
20 mixture stream (55) is deflected on entry into the

reactor (11), wherein a tangential rotary flow is

generated on the reactor wall.

8. The process as claimed in any one of the precedi ng
25 claims, characterized in that a further process oil
mixture stream (22) is passed from the reactor (11)

into a prereactor having a mixing appliance, in tha t
the input material (12) is fed to the prereactor an d
mixed with the further process oil mixture stream ( 22)

30 in the prereactor and in that the resultant
hydrocarbon-rich process oil mixture stream (26) is

recirculated from the prereactor to the reactor (11 ).

9. The process as claimed in any one of the precedi ng
35 claims, characterized in that the hydrocarbon-rich

process oil mixture stream (26) recirculated from t he

prereactor is mixed with the process oil mixture (5 4)

present in the reactor (11) and the process oil mix ture



5 claims, characterized in that the hydrocarbon-rich process oil mixture stream (26) recirculated from the
prereactor is introduced tangentially into a reactor (11) mixing zone (Il) containing the process oil mixture
(54), such that a rotary flow forms of all of 10 the process oil mixture (54) in the reactor. 11. The process
as claimed in any one of the preceding claims, characterized in that direction of rotation of the relieved
process oil mixture stream (55) after 15 entry into the pgactor (11) corresponds to the direction of rotation
of the hydrocarbon-rich process oil mixture stream r%gS) 12. The rocess as claimed in any one of the
preceding 20 claimre#ardeRrideminfthadesasran }aﬁy%ﬁﬁ €8sil mixture (54) in €he reactor (11)
and further procesyaonoixsureddlehitiflatea@jor is set to 1:5 to 1:8. 25 13. The process as claimed in
any one of the preceding claims, characterized in that the process oil mixture stream (56) which is to be

heated is removed H@m .?Ht%% 5|5%%§%%m m]%taol él) J?fﬂt reagter (11) and pasE%/d to the static
e

mixer having an integrat trans er ap rocess as claimed in any one of the

preceding claims, GRiPRtefRBATHSHZE %o aI ttcm?ser@éﬂtac QfEMNation zone (1V) of the reactor
(11), a process 35 dirgneasirellsrodnigceyeairicléd vaarelriadt Bo@ tatalyst (la) and opfi®nally with at
least one additive (ip¢isaeorovedrand irepticinadyntialkednidthatheaptecess oil mixture stream (56) which

is to be heated. 27 ﬁ% Thﬁxﬁ{ cegﬁ]@s glglnmﬂgmﬂ o%ofﬁt&ggcqqmg claims, characterized in that
a substream (56a) oft ggﬁssass oln r&x ure s [ea e %whlch 5 o be heated 5 and, oBtlonaIIy, a further

substream (60a) of the Bl Thixtrest rea Fuc% is enrlched with
the process oil mixture (54) in the reactor.

11. The process as claimed in any one of the preced ing
claims, characterized in that direction of rotation of
the relieved process oil mixture stream (55) after

15 entry into the reactor (11) corresponds to the
direction of rotation of the hydrocarbon-rich proce SS
oil mixture stream (55).

12. The process as claimed in any one of the preced ing
20 claims, characterized in that the volume ratio of
process oil mixture (54) in the reactor (11) and

further process oil mixture in the prereactor is se tto
1:5to 1:8.

25 13. The process as claimed in any one of the preced ing
claims, characterized in that the process oil mixtu re
stream (56) which is to be heated is removed from a top
first sedimentation zone (lll) of the reactor (11) and
passed to the static mixer having an integrated hea t

30 transfer appliance.

14. The process as claimed in any one of the preced ing

claims, characterized in that, from a bottom second

sedimentation zone (IV) of the reactor (11), a proc ess
35 oil mixture stream (60) enriched with at least one

catalyst (1a) and optionally with at least one addi tive

(1b) is removed and is optionally mixed with the
process oil mixture stream (56) which is to be heat ed.



catalyst and optionally neutralizer form the further process oil mixture stream (22) passed to the
prereactor. 10 16. The process as claimed in any one of the preceding claims, characterized in that,
shortly before transport of the process oil mixture stream (56) which is to be heated and optionally of the
enriched process oil 15 mixture stream (60) into the static mixer having an integrated heat transfer
appliance, at least one catalyst (Ia) and/or optionally at7least one additive (Ib) is added. 20 17. The
process as claimed in claim 16, characterized in that the catalyst (la) and/or additive (16) are emulsified
in a carrier oil (34) before the addition. 18. The process as claimed in any one of the preceding 25 claims,
characterized in that3he dreepgycesarae ¢Bimtwkioatayysndaf amel phecadditive (Ib) are mirgd before feed

into the prereactor a{gﬂ@gem@@dtmﬁgf@g@gﬁ%}ﬁmygf preferably to apprexgmately 80 to
100C. 30 19. The p[?(?gggg agl mug J%wnht e ! nyH?CRr%c g;g t%ﬁ ms, characterlzedéa that the

reactor (11) is continuously the catalyst (la) and the additive (Ib). 35

source
20. A device foP cafithg BBt'Q'ﬁl ceds Y Eheﬁa’ﬁlr‘%/& eRM @M tiPte #8) from hydrocarbonaceous
energy sources (1)raeceissntddniixiuig sHeash tikOpirkicding) o8ictai4, having at least #he degasser (37),
wherein the degassartd$¢) emanpoistsnallppndividing:speee amhe afupdiom degassing space, wherein, in

the dividing space, H}B&\égélldl&g apfhavdacerredingseqsing daignalg arg,e provided for dividing a

process oil mixture stream t$)67

10
16. The process as claimed in any one of the preced ing
claims, characterized in that, shortly before trans port
of the process oil mixture stream (56) which is to be

heated and optionally of the enriched process oll
15 mixture stream (60) into the static mixer having an
integrated heat transfer appliance, at least one
catalyst (1a) and/or optionally at least one additi ve
(1b) is added.

20 17. The process as claimed in claim 16, characteriz ed
in that the catalyst (1a) and/or additive (16) are
emulsified in a carrier oil (34) before the additio n.
18. The process as claimed in any one of the preced ing

25 claims, characterized in that the energy source (1) ,
the catalyst (1a) and the additive (1b) are mixed
before feed into the prereactor and are heated to a
temperature of below 120°C, preferably to approxima tely
80 to 100°C.

30
19. The process as claimed in any one of the preced ing
claims, characterized in that the reactor (11) is
continuously charged with the energy source (1), th e
catalyst (1a) and the additive (1b).

35
20. A device for carrying out a process for generat ing
middle distillate (2) from hydrocarbonaceous energy
sources (1) as claimed in any one of the preceding



and for increasing the surface area of the process oil mixture stream (67), wherein, preferably, the
process oil mixture stream (67) can be delivered centrally into the dividing space from the top onto the
internals. 10 21. The device as claimed in claim 20, characterized in that the degassing space comprises
at least one inlet for a substream (68) of the process oil mixture stream (67) such that the substream
(68) can be 15 introduced tangentially into the degassgg (37) and flows off downward toward the reactor
(11) as arotary flow in an inner vessel wall of the degassing space. 22. The device for carrying out a
process for 20 genefifilfy AFWAR AidaRatorD HePassrirctardhaie¥dus energy sourcdf§1) as claimed in
any one of the preckEgjasselai(i3) itpapicdar astojirdsdingclapac0 ardB having at least one static
mixer having an integtiairdbgadransiRicaPRliriem, Wheeigivienstalic 25 mixer is congtgicted as a mixing
heat exchanger (38ﬂ0§\g I l}gﬁg §Jﬂ£§é‘?£?é%(-ﬁ%fc%38i@;qﬁ{s&&% a heat carrier an%pglxmg elements

between the tube bund_ﬁe@ rbulent mixing of a proce mixture. 30 23. Device for carrying out a
process for gerrera®hgViAfddR G D aSmsHYHBEiBoRLERBLS energy sources @9as claimed in
any one of the precaathiprdrenegsingptiticiiepee vdteaasf dheneerisany one of the pred@ding claims 20 to
22, having at least ofigtdf reaeton (16))fowadence peeddrankiutadSdioseherein the reactog{11) comprises
a top cylindrical walh;saeHaR @RdameraitaRreterneredon i)l section (43) is congjpucted as a

double-shell cylindethh ving a %%E%%%% {RIQ% wgrl]l gtdea}nrt%?r?t?sr outer wall and wherein, more
preferably, in the doubie's er\g gurde “appliance whichis spiraal

provided for alfeat carrier.

Yy mounted on at least one reactor wall is

21. The device as claimed in claim 20, characterize d
in that the degassing space comprises at least one
inlet for a substream (68) of the process oil mixtu re

stream (67) such that the substream (68) can be

15 introduced tangentially into the degasser (37) and
flows off downward toward the reactor (11) as a rot ary
flow in an inner vessel wall of the degassing space

22. The device for carrying out a process for

20 generating middle distillate (2) from hydrocarbonac eous
energy sources (1) as claimed in any one of the
preceding claims, in particular as claimed in claim 20
or 21, having at least one static mixer having an
integrated heat transfer appliance, wherein the sta tic

25 mixer is constructed as a mixing heat exchanger (38 ,
39, 40) having a multiplicity of tube bundles for a
heat carrier and mixing elements between the tube
bundles for turbulent mixing of a process oil mixtu re.

30 23. Device for carrying out a process for generatin g
middle distillate (2) from hydrocarbonaceous energy
sources (1) as claimed in any one of the preceding

claims, in particular device as claimed in any one of
the preceding claims 20 to 22, having at least one

35 reactor (11) for a process oil mixture (54), wherei n
the reactor (11) comprises a top cylindrical wall
section (43), wherein, preferably, the top wall sec tion

(43) is constructed as a double-shell cylinder havi ng a



5 24. The device as claimed in claim 23, characterized in that, in a top entry region into the reactor (11),
internals for deflecting the flow of a process oil mixture are provided, wherein the internals are 10
constructed for generating a tangential wall flow along the reactor wall. 25. The device as claimed in
claim 23 or 24, characterized in that the reactor (11) comprises a 15 bottom part (44) having a conically
tapering top wall section (45) and a conically tapering fpttom wall section (46), wherein the top and the
bottom wall sections (45, 46) are connected to one another by a cylindrical wall section (47). 20 26. The

device as claimed iff8RIPHNEIBETIANAL 28® 25, [aR&iatte?HBH iNVBYat diftthe top region of the conically
tapering top wall sectiere{d5natd gastferablyounléhes goobidexhel5 2 guThe device as claiided in any one of

claims 23 to 26, chasagtgrteedvitidhat isghaiieregesyobihnescriisalbniapering bottom wall section (46),
at least one furtherrgg‘lsl[%; @Eﬂf%v'giggi.d%g ?o Tﬁ@a?@é{iﬁﬁl‘?‘s claimed in any one of claims 23 to 27,

characterized in that an open-loop or closed-loop control appliance is provided for open-loop or closed-
loop control of the volumetric flow ratio of at least 35 two process oil mixture streams (56, 60). 29. The
device for carrying 8dt alfrecéeyderagetiaimgdgimiclaie Rstillehererigrzi® hydrocarbonacedus 30 energy
sources (1) as clainedniax aimy Dnepoéihg gioading clansastopaticular a device any ong of claims 20 to

28, having at least gRe ROk eflecting the flow of a process oil
mixture are provided, wherein the internals are
10  constructed for generating a tangential wall flow a long
the reactor wall.

25. The device as claimed in claim 23 or 24,
characterized in that the reactor (11) comprises a

15 bottom part (44) having a conically tapering top wa Il
section (45) and a conically tapering bottom wall
section (46), wherein the top and the bottom wall
sections (45, 46) are connected to one another by a
cylindrical wall section (47).

20
26. The device as claimed in any one of claims 23 t o]
25, characterized in that, in the top region of the
conically tapering top wall section (45), at least one
outlet is provided.

25
27. The device as claimed in any one of claims 23 t o]
26, characterized in that, in the top region of the
conically tapering bottom wall section (46), at lea st
one further outlet is provided.

30
28. The device as claimed in any one of claims 23 t o]
27, characterized in that an open-loop or closed-lo op
control appliance is provided for open-loop or clos ed-
loop control of the volumetric flow ratio of at lea st

35 two process oil mixture streams (56, 60).

29. The device for carrying out a process for
generating middle distillate (2) from hydrocarbonac eous



wherein the prereactor comprises at least one feed 5 screw, preferably a double screw (20) as feed unit,
for the energy source (1), the catalyst (la) and the additive (Ib) and a mixing vessel (21) connected to the
feed screw, wherein, preferably, the feed screw engages as far as to the bottom region of the mixing
vessel 10 (21) and comprises mixing flights (23) at the bottom end. 30. The device as claimed in claim
29, characterized in that the feed screw is heatable agd/or coolable. 15 31. The device as claimed in
claim 29 or 30, characterized in that the mixing vessel (21) comprises at least one bottom inlet and at
least one top outletCRATAYproLHEES| fhixtafe SAIRRA(2D 2B)Y 20732, PheldRvice as claimed in any one of
claims 29 to 31, charemdmedliatist hepatitutacoastrirdted fory tangeotial feed of the process oil mixture

stream (22) into theganingoeesgs! £81).12Ridg- Hie idayiceas Clainastibrany one of claims 29 to 32,
characterized in th%ﬁg{gﬁr ﬂqe(Sﬁpe?ch?&f%%%Ws&e %ﬁa?é%{l&giafégg mixing vessel (21).
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screw, preferably a double screw (20) as feed unit,

the energy source (1), the catalyst (1a) and the
additive (1b) and a mixing vessel (21) connected to

feed screw, wherein, preferably, the feed screw eng

as far as to the bottom region of the mixing vessel
(21) and comprises mixing flights (23) at the botto
end.

30. The device as claimed in claim 29, characterize
in that the feed screw is heatable and/or coolable.

31. The device as claimed in clam 29 or 30,
characterized in that the mixing vessel (21) compri

at least one bottom inlet and at least one top outl

for a process oil mixture stream (22, 26).

32. The device as claimed in any one of claims 29 t
31, characterized in that the inlet is constructed
tangential feed of the process oil mixture stream (
into the mixing vessel (21).

33. The device as claimed in any one of claims 29 t
32, characterized in that carrier oil (31) can be f
into the reactor (11) via the mixing vessel (21).
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