PARTLY LI'QUI D PRODUCT Thé invention relates to a pro

fgonversion-of & gaseous feed into an at |east partly qui d product .
known-processes wherein (partly) liquid products are 5 pr epar ed at
the cenditions prevailing in the reaction Zbne, in nost cases gravity flow
of the Iiquid products towards the bottom of said zone is enployed to

col l ect and renove said products. A problem associated with such processes
is that the préssure drop over the reaction zone is usually relatively

| arge, especially 10 when t he reactlon zone is filled with

particul ate (catal yﬁ%OEE LE%&I ‘?I-lE’ le% ,
relatively high space—vgiot—m &
control in case of exothermc réécmEA(SﬁsPAM‘LSdrmuitmowm'ﬁ icult, unless
speci al nmeasures are taken to prevent this; one of such nmeasures conprises
15 carrying out the process in a pl urallty (sonetines even nore than
1000) of tubul ar readPFolRveBRED relatep &9 dgPiocers fexsthowheiealf ound t hat
the af ore-nenti oaeﬁivememl @fba CiBebifs TY6d QQEE 4y ad PRyt Maraly adigada flow
regi me ‘i nside the g{m erably substantially cylindrical reaction zone of a
20 nor mal I §tantial | y vertically extending reactor,

not wi t hst andi ng t he pPnekmwoepicebsepuwtepriod(partineridqmid anddtroesm/neng
liquid- and gaseﬁk'épa%ed&%hé'é&ﬁhi‘&o‘ﬁgt;ﬂ&% ?i’ﬁ”%&’ t%ésf‘e%ﬁiéf‘igﬁe t 993.#%?

fromthe reaction zone. The 1L nvention rel ates rocess
the 25 chefpeef sE®YINEr Elamobithe Hiaudd prroduets |tﬁ‘t"ﬁ-’d&nﬂm PEEst opart |y

ligdi d product weatd zen&ms smb’y‘aa r@dusimttm gmeuaﬁdesﬁbduaw at | east
oné reaction zone co?‘p %\}ﬁ atﬁt t:glncat ¥st bed an h h reaction
zone is maintained af s*fs@ﬁ‘:’c% i Y150 8UeR PFBRASAES &4 & Ef © (PG SFPYw
with regar d to t deogener sthearéaztdin zhae 3G usuallyrmiatiMyZbﬂ:@eSLﬂkpbai‘ﬁlilal |y
radial ly jogwar ds fa, %PQrPe‘lHE%oen tzﬂng isCPJtu%ﬁt&Pcﬂ G808 cu Bt Q&e:‘il

substantially central I nsSi e reaction zone aroun cen¥rta?l axi s,
and removing |i qm'epria d “gask makeprisdurattragkiviecto fapphy trﬁéaﬁfie'&érih}ﬁhzone

t hrough the space velocities in said zone. Moreover, temperature control in
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case of exothermic reactions.is sometimes difficult, unless special
measures are taken to prevent this; one of such measures comprises
15 ' carrylng out the process in a plurality (sometimes even more than
1000) of tubular reaction zones. '
Surprisingly, it has now been found that the afore-mentioned
problems can be overcome by applying a radial flow regime inside
L_/ the preferably substantially cylindrical reaction zone of a
20 normally substantially vertically extending reactor,
notwithstanding the presence of liquid product therein, and
removing'liquid- and gaseous product (including unconverted gaseous
feed) together from the reaction zone.
The invention therefore relates to a process for the
25 chemical conversion of a gaseous feed into an at least partly
liquid product which comprises introducing the gaseous feed into
at least one reaction zone comprising at least one catalyst bed
and which reaction zome is maintained at conversion conditions,
allowlng said feed to flow with regard to the central axis of the

30 - reaction zone substantially radially inwards to a’product



coll ection zone. 5 - Processes and apparatuses in which a radia
flowis maintained in the reaction zone aré known for gas phase reactions
such as the preparation of nethanol or |owboiling hydrocarpons: from.
synthesis gas. A major advantage of the process according to the inventi-@n
s 10 that the tenperature inside the reaction zone can be opti mag¥y
controll ed by passing the gaseous feed with a relatively high velocity

t hrough said zone, which now becones attractive because the pressure drop
over the reaction zone is relatively |low Conse- quently, recycting of

| i qui d product through the reaction zone(s) 15 as sonetinmes applied
in order to macellEcni¢rerzpet atayrangHdabulisteytididye¢entralilypdnsideutise when t he-

process s hi 9bLY. 9¥At NG founl StlOk e IGSESSALY, - add tLOSIIR! £ uth- QW becores
- feasible to operate a priocess in which l1quid product is erqms in stacked
‘reaction zonesgafqoMsurogget togetherc firen the cseassion dops £hsovgh ghep over the

zones, due to tbeldcatén tzBat. t he Il ength of the flow paths through the
reacti on zones remins 'substantially equal i ndependent t he number of
o vomee he o Beitessn A PR TEE T 1P AR SRl L 2tPY 0§ out i 95
such a manner nahitathel dasdouseiaddnf 2anesare\kavwelt ot ogusr ghadeheepruidoet

col l ection zong, af r,anggd ﬁ%ﬁ?ﬁ—‘a@ b %!f'a{ec%ﬁ%i 3 'i’od-'il?iﬂﬁ Realo880Hdndn
zone(s); this set-up Is Bhdsen because the volune o ga§ oW ng towards
the col | ectivefremeyathasAPseass with the gradual formation of |iquid

products resul tinga ﬂaﬁ,rdewma%e o 8Kk processPAEEUEhOGo! ¥he Whb&ltidRCILASE ~
s at |east part-ILy co e-ngat ed st Hg. dec;gas_l_g areac'th ough which the 9as »
flows tHhards FH £BR vz ’éiﬁ“lréc{’}.& ZoeTe2RtEOT £908| ° WR%@F’B%]IWy of the
combi ned glg.s_eou_,enn‘mnjegaw pqﬁs@dgaihesgamus_i&ep_rﬁm aquglammahmd at a .
val e o1 Ubaddley el s e LS ol fkip By B bL °0%
be removed frokhe ipEeseyret TP 2ueR (thp ¥RACSAR zope danrelntdrely lpw. £epber non-.
radi al fl Ow/t hﬁﬁéﬂdiy,_reéyélihg'of liquid product through the reaction zone(s)
15 aé sométimes'éppligd in order fp main:éih”temperatﬁre stability
o theiein, in partiéular when the process is:highly exothermic, is
not necessary. _ __ ; _ | |
. 'Fﬁfghéfmpré, itfnow'becoﬁes fgaéible to operaﬁe.a process in
ﬁhich.liquid product is fbrqu in s;ackéd reaction zones without
20 _ iﬁcurxing_excessive_pressu;e'ﬁrop.over the zones, due to the fact
- that the.iength'of the floﬁipéths thfouéh the reaction zones
| remains éﬁbstantially_eﬁual independént bf the numbér bf said
| zdnes. N _ o | L | o o .
The prqce#s_acpording to the inﬁentioh is carried out in
25 -such-a_mannef'fhét the'gésgous feed flows_inwardiy_towa;ds the
o 'pfoduct collection zone arranged subsﬁantially ceﬁtrally inside
the reaction zone(s)} this set-up.is.chosén beéausé the volume of
gas flowing #oWards the cplleétive zone dimin;éhes with the
graduéi.fdfma£i§n bf liquid_prbducts resulting_in a dég:ease in
30 ;:spacé velocity, which decreaée i? at least paftiy compénsated by
_.thé.degﬁeasing area through_whiéh the gas.floyé.;bwafds the central
collection zone. _ . | ;,j_
| The radial flow vélocify:of the comBined.gaééoﬁs”fgéd and

-produét stream is preféfébly maintained at a value sufficient to



-5 The present process js particularly suited for catalytic
(especi al I'y exotherm c). conversions, .in which case the reaction zone(s)
gontain(s) -at |east one catalyst. bed. It is also possible to carry out the
proceSs in a plurality of stacked catalyst beds which may contain the sane
or diwkerent catal ysts. Moreover, each 10 catalyst bed may contain at -
~least two (e.qg. annular) zones conprising The sane or different catalysts

~ Heat produced in_the c t bed(s n,.be renov s Si by
ot i g 1 AP AR AT A MBI RRE Al dERS e RERECY RSy SaRost
gaseous feed. Hopeefarably sohetantisly all)wof| thb liquiel prafucy 'd:eberﬁéixbeedo

orereranty i n t nocih He RSl SRR Bk b 8GR0 BRI RN () i o

(e.g. water and/tadigleflgw thexedn. The radial flow pattern i.n the reaction
zone(s) resulsts in 2@ne et PRbodiAls igadRshlhrip duiitedIgt @xalgRe zones

even at rel at I ve- . o as eI ocities, in rticyl.ar when heat™ exchange
tubes are arrangé ﬂséﬁ ﬁé(gm 9’8’5{1 r’(fuqlﬁplcfsﬁa e Fepction,

central, preferabbne(@irédamtaies) aﬂllleastlcme d':aﬂmtysﬂmea =y ik callser podesdblé he

heat exchange zopes C ce

particul arly pregg ?gg?t%rtuggg%r %Qore ea{l éﬁgﬁf;n&%&r%a%ta%ﬁ%gpéﬁ in a
concentric ring which mayrisontain the samerdn diffayentreadatlystse Meneover, sagpl vy
or col l'ectiqg t ubgedist hadf REMcBAtAS! b€ AeakPURR (dRESabHPSRED laagh

tube bundl e corrprl Si g t wo QI‘ nmore helical wound tubes of substantially

sape .di mensi ons. s A1t dereph GotAlYSEdi um f 1 ows via one or nore
heN-€al patterns srtm&eWMrmléataaygumédtﬂecaﬁmdaMpwm
col l ection tube, each containing o r e helixes. en._two or
or e concent r  caPSLESRY P EStAaTed ey B, Seatich. X G e PRTRSH o
t he hel i-xes of tapac;dymmytqﬁmhe@asemaafbemdﬁwevg.pxmﬁamatdapesat w:.ll
opposi te to,;gachygot ,g

18achpQtfighy, WA B unﬁ%g&éu ot Exc @&kchindeS zone

preferred to use_an I'nC easrn nunber o |caI -4-

bundl es sit uat ediBtthg reacden méﬁoepﬁf&ﬁ?% léeﬁter &t @b cheatn grghange

mai ntai n subst anthtdd ¥hi dﬁh%h'&%ﬂlﬂ@ﬁl@ﬂ?hetqb%t&]%rﬂﬁiﬁ @8tarl)| £84 NQ
pattern of the cgeélng i um enabl es the |

The radial flow pattern in the reaction zone(s) results in
20  excellent heat transfer to the heat exchange zones even at relative-
ly low gas velocities, in particular when heat exchange tubes are
arranged in the reaction zone(s) substantially parallel to a
central, preferably perforated, collection tube, more particular
when the heat exchange zones are arranged in concentric rings.

25 It is particularly preferred to use one or more heat exchange
means situated in a concentric ring or a number of concentric rings
around the central supply or collection tube in the form of helical
wound tubes or tube bundles, each tube bundle comprising two or
more helical wound tubes of substantially the same dimensions.

30 Thus, the cooling medium flows via cne or more helical patterns
situated concentrically around the central supply or collection
tube, each pattern contammg one or more helixes. When two or more
concentrical tubes or tube bundles are used, the screw-direction of
the helixes of two adjacent tubes or tube bundles is preferably

35 opposite to each other. Whentwoormretubebtmdlesareusedlt
1spreferredtouseanmcreasmgmmberofhehcalwotmdtubes in



rati o heat-exchanger surface/reactor volume to be varied over a 5
range. The tube dianeter may be varied as:- wel.l as the dis- tance between

two |ayers of tubing in both the axial and the radial direction. The

di aneter of the cooling tubes is suitably chosen between 4 ‘and 55 mm
especi al Iy between 10 and 35 nm The di stance between two adjacent
tubes or tube bundles (distance in 10 the radial direction) is suitably

chosen between 10 and 50 nm especially between 15 and 25 nm and the
di st ance between two adj acent coils-lying 41 a concentric ring (distance in

t he axi al

bet ween 10 an

direction) is suitably _chosen between 10 and 200 mm especially
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less suitable flat tube sheets.
Hbat1:2msfer.uithe:nﬁmtumlzcme(s)<§nibe further improved

by arranging screens of (e.g. wire mesh) around a group of heat

emﬂﬁmgetmbes,whuﬂ1arepmeﬂxabh(arnﬂ@md ulatleaﬁ:one

'comuumxlcanng around the collectux1tnbe, in order to keep the

spmxahetmaaxad;axmt‘utes ﬂme:ﬁxnlaﬁzﬂyst;nrtuﬂes,aw a

result tube q;unng'am1bermxﬂ1closm:thanvnthout-ﬂmeappluxnnon
of screens. Ofcxmmse,'dmacgenlngs:uzsald screens should be small

enough to prevent catalyst partlcles or other partlculate contact
material present in the reaction zone(s) from pass;ng through a

- sCreen.

_ In.addltuxn,ct as aluanmﬂnve,1x>the aﬁmzrﬂentumuxiscreens
thelrmm.emﬂﬁmge-ntes«xulbe;nan&aEWId:fxms(ecg.exbaxhng

' radlally,'unxﬁnmnally<n:sparally:ﬁmmtthexrcmﬁer surface) in

order to improve haﬂ:transfer:ﬁxmtthe reactuxizone to the
ceoling fluid.

_ As a result of :mproved heat transfer, in the present process
thexnmber'oflmﬁt emﬁuumm:tubes<xu1be kept nihﬁnvely small,
thus alhwnng'a reLaunmﬂyikug@ anmuﬁ:of:xnzﬂyst~u>he packed in
a given volume of the reaction zone(s).

“



Nbr eover, each group (e.g. concentric ring) of heat exchange tubes 5 S
preferably in conmunication with separate cooling fluid in- and outl et
reans whi ch can.-be operated i ndeperdently of other groups of heat exchange
tubes in order to attain optimal control over the tenperature profile in
the réegction zone(s). Water is usually used as cooling nedium Preferably
the water 10 evaporates at |east partiallysi A the tubes. This enables the
heat of reaction to be renmoved fromthe reaction zone by produci ng steam

O her cooling nedi a aBheoherthiexchangsothes, aﬂbsmeﬁmﬁbhzeibFQMGnyhxﬂhaxmaﬁmm

oiI's, or liquid nefehé rEBY¥RInSors) Skt ISpR h%eiéﬁ?a Syngﬁ%ﬁt

I nvention is particu arI¥ sui tabl e 15 for Converti SI'S gas feed

(at |east partl|yPaFtY FRECHoR f8attained thepein ha\ﬁaﬁgahtdlre@'swnm car bon
atons per nol eculMoreowmst, @acH gf@.ﬁi Ye pfur abhdetiteid Wdhgr JERaE: Weagﬁegast

20 carbon at re thus e The synthesis_ f eed
referred to Herei naBovéa%%Hff&ﬁ &n lffg‘l ‘ﬁﬁ‘j gg ?%ﬁf’g e f iy @nd
car bon nonoxi-de; dunlewdeansmrhsdn d:anetaj Omatednhaiependerinmyl afi otheiegrempsebf

nitrogen, argon apgs dRhndd RS i @gi%pggggna bop,at per
mol ecul e such as net hane, Tet hanol or et hen% ynt esi's gas eed can be
prepared in any HERRRatRES BTt Hle 4n ﬂ't%é'e%ﬁttlo@ @ne ‘i -means of st ean1 oxygen

gasi fication of a hydaresris bgmg o&gemag

anthracite, coke, crud e ol l_an frac s, t her eof ,

recovered fri¥m taeygg%%eﬁn%g ﬁfn?ﬁﬁ'ﬁ’?qé Wﬁa?ﬁ%@lef‘agg?%éﬁ?r%aﬁane
ref orrm ng and/ or O@argﬁcgmm tpabe ireinoved dadm d:heotemthgrdrzonalﬁwpmuﬁg
material wth an Q3@ gafn%: I@S@:ﬂ?!i! uce :
synt hesi s gas excel?nentl Sul ﬁ% o% use I°n Q'T.1e p‘rocesscka%c]()r? Fto the
i nvention. The pP& é&%@% Qlé-sprcé? digid, metalsi may @lllﬁoéle E\S%brrperat ure
f rom 100- 500 C a totfmle RcbiQigl t3 Aeb fiverbon 380pA-+IBRGER1FOsuitable

\Z(glr]g;:;]'z)ﬁrfr_o rt| 20 000 lerr% %&tﬁﬁﬂs)eg aseo s feﬁga%ﬁ”! reactlon n60f
hydr ocar bons i nclcadaoms .t praferathlyr bawimna{:dleakt 10 pamumrbrpa& iol&ﬁllbar
abs. and a space gl QeLkdrd19 Baraffinic hydrocarbons having at least 20 carbon
atoms per molecule are thus prepared. _
_ The synthesis gas feed referred to hereinabove contains as
20 major components hydrogen and carbon monoxide; in addition said
feed may contain carbon dioxide, water, nitrogen, argon and minor
amounts of compounds having 1-4 carbon atoms per molecule such as
methane, methanol or ethene. _ -
\_ The synthesis gas feed can be prepared in any manner known in
' 25 the art e.g. by means of steam/cmygen gasification of a hydrocar-
bonaceous material such as brown coal, anthracite, coke, crude
mineral oil and fractions thereof, and oil recovered from tar sand
and bituminous shale. Alternatively, steam methane reforming and/or

. catalytic partial oxidation of a hydrocarbonacecus material with an

‘ 30 oxygen-containing gas can be applied to produce synthesis gas

P C excellently suitable for use in the process according to the
invention.

The present process is préferably carried cut at a temperature
freom 100-500 °C, a total pressure from 1-200 bar abs. and a space
35  velocity from 200-20,000 m® (S.T.P.) gaseocus feed/m*® reaction



500- 5000 nB (S.T.P.) gaseous feed/[err] reaction.zone/ hour. The 5
expression "S. T.P." as referred to herei nbefore neans Standard Tenperature
(of [err]) and Pressure (1 bar abs.). In case-synthesis gas is—enpl-oyed as
gaseous feed, the [err] nolar ratio therein is preferably fromO0.4-4 and.
nost preferably fromO0.8-2.5. Suitable catalysts for the preparation of\#»'
(paraffinic) hydro- 10 carbons fromsynthesis gas contain at |east a
metal (conmpound) from Group 8 of the Periodic Table of the El enents,
preferably a non- noble net al ,--in particular cobalt, optionally in.

carbonation w %&Qg@ cgnapg t Q%Y I de
%&e?lca aumna r ST ca e 1ons Ry

carrier such lumna, 1 n particular_silica.

¢

Furt her more, lpreparaicpacfihydrecasbens iaslyoe: ontamEerature. 5 dA8-H0neF net al
(conpound) fromFeoupret Bran 3-000 Bar smAt aﬂd%f gpadd Yretdttgnedckom t he group
consisting of zirconium titaniumand |um The, cat aI sts ,B%eeferabl y
contain from 3 QﬂTsBQq’t’% lS?/ %rg ml parts by
wei ght  of rsut zuasmﬂdsfrrmwOaslrée&-mrw rbyemefommganscstawm

metal (s) per 1Q0 gg):] 1 Q%] gaﬂ s % sigmgggr at ed
into the catal no% érefor in t rt, such as
(gas) i npr egnat gam J.Seelgployad t#egimoﬁeeéhl e Egéabﬂbb%ﬁ wekiQ g:;zerem is

i on- exchange, é,gﬁgégg, e qLPidratl St pke@adbng b ¢ /srgenation are
preferred nmeth %ﬂgoeq

atter I n rtlcular for tr égforﬁgratlon of
cobal t. The resul t ShtabieFarlyeish 565 theoRrsrerphare PEbIRFT A EHIT
t enper at ungs f B8’ friomd ﬂsh;asrmagmtammemt lnnmungcwpemdmimm W

cpher] cal, "yl R abéérg st ripld Be L Bilndf8 PRcBulil® WED O
mm and in par homle mtaﬂr,om(paﬁtsmﬂnr inalt atoptionaldyr in eoskinakioneihepar ed

by means of an%{og&?e pgg]k 0 rcsn SHEM-aBSoR BRIdd)Galk1 X bidilaBy Of
powdry catal ys terra ?m e5|re toggther Wlt]ﬁHr bi nd r materi al

Cat al yst spher stlican phmine grapikicar ta’r%P?@t’ﬁJ‘Fr%‘Fé’é Sf-e FURFHEZTPRR -
prepared hyg 35the'£& &E p:l-‘&erﬂbi db@ﬁhmneth@dst\mebt;haamtaiphm)e

oo 5 B8 T ., B, B, S0 S a0,
' consisting of z:.rcommn,' titanium and chromium. The catalysts
preferably contain from 3-60 parts by weight of cobalt, optionally
0.05-0.5 parts by weight of ruthenium, and from 0.1-100 parts by
20 weight of other metal(s) per 100 parts by weight of carrier.
The metals may be incorporated into the catalyst by means of
any method known therefor in the art, such as (gas)impregnation
(e.g. in the form of chlorides or carbonyls), ion-exchange, kneading \/
or precipitation. Kneading and impregnation are preferred methods,
25 the latter in particular for the incorporation of cobalt. The
' resulting catalyst composition is preferably calcined at temperatures
from 350-700 °C after each impregnation or kneading step.
' The catalysts are preferzbly employed in the present process ;
in the form of spherical, cylindrical or lcbed particles with a s
30  diameter from 0.1-15 mm, and in particular from 0.5-5 mm. The
catalyst particles can be prepared by means of ahy method known in
the art, such as pressing or extruding of powdry catalyst material,
if desired together with a binder mater].al Catalyst ‘spheres, in
particular silica-containing spheres, are suitably prepared by
35 means of the "oil-drop” method whereby said spheres are formed as




dontact with liquid product in case relatively heavy paraffins 5 -

(with nore than 20 carbon atons per ‘nol ecul €) are synthesized with th *
resent praqcess..in order to avoid the formation of carbonaceous deposits on

the catalysts. Liquid redistribution nmeans (e.g. in the formof trays or

| ayersysof material having a relatively | owpernmea- bility for |iquid and/or

gas) can be arranged inside the reaction 10 zone(s) in order to

pronote substantially horizontal radial flow patterns in the particulate

catal yst mass andiR& s FEHcspsshihidoaractolddifier thilg fAlddugtin an

Furthernore, an osilesaenl packi ng of non-spherical catalyst can be enpl oyed

to pronote radial flo ing “reactio rrPr,e, t he

one. 15 Fur t her
i nvention relates to Iqdft aﬁ'rs('):d%%etsgé\:\/ré‘n@geerreﬁ?%lﬁgr"é?fetgﬁ) é“afo’rlbec&g asd
descri bed herei nbedngret withadguid erodedte inneaset ralativdlyt beavyoparaffppar at us

whenever uged for £Rb!¥d A0 RH 26 NG BERGRSEs B2 glg %F@f%gﬁgw &9% JAghch

2
appar atus conprises a housing having gaseous fe : an
product outlet neHifsPESRENENRIGEFhFraprierate ayrdd tdacie@atiet of rprhpnadeons

i n comuni cati on ddpbBitdenf ardchtdigbtsPANGuRNdedistre®ldi0h -mdahoN(dIBANS: Bhé h
t he product 0ut|e§t nmeans, whi ch. col | ec io_g %Egnﬁ ‘ﬁ_re arr?n ed.substantially
central l'y inside IHE Podlfy b0 sEBHGTENs PREFRRACPTHEE B AEFATTVERY < O¥ RIFTF AL
a substantially Zility forr hihudd 4rdder pgasdecan bermmrrengei nhsidecthé wresation
section(sho The apRale) s GAfk:! K 1HRGhOTY Eu@&lh@iﬂl?aﬁd?i¥§ﬁ:ﬂ?upgdi¥a A
removal means conmunicating with the reaction section(s). e product

outl et means are RAKtEER 0| thec BaFhiSrEate SAtalveh npss/ andythel deepradacrbimateans

arbafiged in the baidtest S@ehiXQuod prbeudtQUBiMGeRibre, an oRElMbddl HRKERAGE ON
section(s), whi chnosne_gaﬁéq_tii on rrggﬁsstarae Ln cogwunci1 ation with ih][efgo | ection
means. The upper KECETHH 6T (Re HousT Hy PPy ¢hd® RERRPFo Faddat SR ) i s

sui tably provi dedthe rérctighe@medr um which is in comrunication with the

outlets ofjscooling t U_ﬂ?r}hm,aﬂﬁ PhFdntd 'rx_le%saegeﬁ LIS 36add1e wEaRLLoN
section(s) 35 as di scussed herel nbefore. e ot her previ ously
di scussed pref er rRi¢Pared 8y 3 prpefsssapfdespelhpdoherednbefioseding to the

invention are al so appi iadd€aiong tHe $AVChtaPPHedhtls td 4 8pfdratls bACIeNt Of
the apparatus aCCt?sreql P(g: tt:gr;ngg out the progéss as described her_einbefore which
apparatus comprises a housing having'gasebus feed inlet means and
20 product outlet means and enclosing at least one reaction section
which is in communication with the feed inlet means and via collec~
tion meahs with the ﬁroduct outlet means, which_collecfion means
are arranged substantially centraliy inside the reaction
\y/: section(s) around the central axis suqh that a substantially
25 radial flow pattern can be maintained in said section(s).
The apparatus can furthermore cqntaiﬁ catalyst supply-~ and
' removal means communicating ﬁi;h the reaction section(sj. The
froduét outlét means are'suitably in.communication with gas/liquid
separation means arranged in fhe bd;tom section of the housing

30 below the reaction section(s), which separation méans are in

[ 2%

communication ﬁith the collection means..Thé.upper section of the
housing (above'thé reaction section(s)) is suitably provided with a
steam drum which is in communication with the outlets 6f cooling
tubes which are preferably arranged inside the reaction section(s)

35 as discussed hereinbefore. The other previously discussed preferred



invention is shown schematically in Figures 1 and 2 in which 5 ’reference
nunerals relating to corresponding parts are.,the sang. In Figure 1 &
longitudinal section of the present apparatus -as shown. Figure..2 represents
a cross section at-[err] of the apparatus as depicted in Figure 1. 10 .
The apparatus as schematically shown in Figures 1 and 2 conprises a hougsng
(1) having gaseous feed inlet nmeans (2) (depicted as a ring-shaped manifold
provided with a pIuraIrty of- nozzles (3) for optinmal feed distribution) and
product outlet means (4) connected to a pé?fbrated central collection tube

(5) which is c!osed at _its 15 sdPDer nd Reacti.qn secti
| ateral ly encl of % %‘iﬁaﬁ?ﬂ% ?B?h tﬂ'?ﬁ (?ea?%ﬁ t(aﬁ'z’{)’penr ngs

for the passagmbdé tgasandrsappmh:sheret hr ough. - ‘Reacti on section (7) can be

filled with catal yst yp O YelP A ethe | b0 E

frust o-coni cal sectron arrange upper ~secti.on (1 housrng
(1). The bottowseuqmnS(smvncﬁc @rqaéhw@c?mxe(s?;mé Agsyiicdoni cal | y

Shgﬁgd folrs ea%ﬁ%@ﬁh&ﬂé@%ﬁ@? @&neh 86drting GalreB Laxertﬁetstehast

Wi rawal” neans ( ich are ed . -w a (e rotar cat al

val ve (13). Secti off* FHFUres 1t & i9RethiH g ﬁﬁ;mq%# ?‘?3'1%% I’ﬁ?at
exchange  (coolghagh. t ubes (14) 25 V\/nr ch are arranged in concentric ri ngs
each ri.ng of tube ale ;31 1

outl et means (17, JE%%B"Eor %g?g&l%gtée%rrg%rasre reoé{u g?rg%]lrﬂ:g?nn&sred eag%sr
section (7). Mcmd:har@mebbs (14) may . have been manufact ur ed from

Iﬂ

strai ght {dlbes as fdbeadRibul ad Bendieditaay eaqileﬁr»@éi 138ng 2embodi nent
t hese heal exchangers are In the form of a heIr nd tube or tube -
bundl e. C |CompFisgssa housipg (13 chay a RRARS; & Jeegicted

gaseous feed iz @ m&h&p&ﬁﬁmﬁ&b&ﬂ)pﬁdzﬂd&dwﬁﬂ@@pluﬁhﬁjﬂ ofOﬁ@zztleesB)

i ntroducing t aseou actiqn at

| east one cat Qﬂfecﬁ’g?p?ﬁ‘&i %e&a/\ﬂf&thr reacotn on Z %%hr{% na%l(r%t alfenag% g hriectdd

conver si on condh &i Mpratédom@adamlﬁebm d;ulbedﬁ)\mrhﬂq:hre@a?rlqsed) atthlats :

central gr Q@PEP gﬁ. salgbaniyyakt idiadhhll dndiees & kO 2
Iec on zone arrange S

product coO ubstantial |y
lindrical wall secticn (8) provided'with open:r.ngs for the passage

of gaseous feed therethrough. React:.on sect:r.on (7) can be filled
'with catalyst v:.a catalyst supply means (9) in the form of a
frusto—com.cal sect:Lon a.n:‘awged in the upper sectlon (10) of
' 20 housing’ (1). The bottam section (I1) of reaction section (7) is
' frusto—conlcally shaped for easy catalyst w:.thdrawal and connected
to tubular catalyst withdrawal means (12) wh:.ch are prov:r.ded with a

(e.q. rotar.y) catalyst valve (13). Section (7) is furthemmore &/

prov:.ded with a plurality of heat excha.nge (cool:r.ng) ‘tubes (14)
25 ~ which are arranged in conwntr:.c r:.ngs, each ring of tubes being
" connected to separate inlet means (15, 16) and outlet means (17,
18) for optmal taxperature regulatn.on inside react:r.on section (7).
Heat exchange tubes (14) way have been manufactured from
_ stra:.ght tubes as indicated J.n the draw:.ng 'In a preferred
30 anbod:ment ‘these heat excha.ngers a.re in the fo::m of a helical wound
. tbeor tube bundle.
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fcentral ly inside the reaction zone around the central axis, and renoyving
‘Iqu|d and gaseous pr.oduct together fromthe reaction 10 zone through
tthe col |l ection.zone. 2. Process according to claiml1, wherein the
“reaction zone(s) contaln(s) a heat exchange zone. 3. Process according to
cl ai*g/2, wherein heat is renoved fromthe +eaeti on zone by a cooling nedi um
which flows via one or nore 15 hel i cal patterns situated
concentrically around the central supply or collection tube, each pattern
contai ning one or nore helixes. 4. Process according to claim3, wherein
the cooling nediumflows via two or norecggoRcgrf ki cal helical patterns
-wherein the 20 screwdirections of @dfacent helical patterns are
opposite to each other. 5. Process according to claim3 or 4, wherein the

cooli ng nmedi um f l1Quws nﬁoaeésmcfoortueoemeuﬁear@ahﬁﬁa‘bnhffl iacgdseaaé tfRedsineber ei n
an increasing nunber f he ?fy ls used_i
di

5 t
which are situatéd & eafarpéé %?‘é’ﬁjcgr?#’ﬁ %@EC%WFﬁsfest.a‘b%?dg%{Pg\?\}lF%h
hel i xes have subsraedusaféed theo @anhedsenqténxe&tlonmmewpats:mgdhnglehst any

one of the precedipq &h @ms bw@%a' dhiderdAdial zfohgvx aie/eaofa the

conbi ned gaseous feed and -product streamis naintalne val ue
sufficient5to al IcSRVensigpy conditiopgytaldovdeopaihfeeditor ﬁ’é"’l Vﬁ‘ﬂl gegarddtet to

be renoved from tthe dedgedl quzarfeesé rbycﬁehdzﬁer eam:;anciauiocadﬂuy Process
according to any .one

' t f eed
is converted int d*%oé%raoBE%‘Fucgr‘é‘fqgfﬁbfV A2A %gg’lef’tge?esa%’nti%%ég}’ggﬁ ate gms
per .nol ecul e. 8. cenfrajdpsinsdde arhdi rg;acttzbolarzyne)rae'ooﬁd tthe qemeceliards £laad s

whi-¢h 5 i S GRbFr gdlpqta&datana £I08E a@c Ged, 5@;@%@5 rore”%;és c@egssure

from 1-200 bar abs. ace velocity
gaseous f&8d/ [ er #pn¢ éé‘Et"i‘ﬂihtE%rfé’/li'ﬁﬁfr1°n9““e-Pr ocess for a chenical

conversion of a gasemrsd@edcwﬁdengrtoa&ldieast whdkédny ché Glélat fonOgérd(s)
substantially as descri her ei nbefore. 10. Liquid products

d 10
ehenever  pr epar s8R B e Beee scllie: g o

3. Process according to claim 2, wherein heat is removed from
the reaction zone by a cooling medium which flows via one or more
15 | helical patterns situated concentrically around the central
supply or collection tube, each pattern containing one or more
helixes.
4, Process according to claim 3, wherein the cooling medium
flows via two.or more concentrical helical patterns wherein the
20 screw-directions of adjacent helical patterns are opposite to
\l/i eacn other; ' _
5. Process according to claim 3 or 4, wherein the cooling
medium flows via two or more concentrical helical patterns
wherein an increasing number of helixes is used in che helical
25 patterns which are situated at a larger distance from the central
tube, and which helixes have substantially the same length.

6. Process according to any one of the preceding claims wherein

w e g

the radial flow velocity of the combined gaseous feed and
-product stream is maintained at a value sufficient to allow at
30 least a major part of the liquid product to be removed from the

reaction zone(s) by said stream.
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g et o

- of concentric rings.aroun

any one of the preceding clains. 11. Apparat-us whenever used for’carryin
out the process according to any one of clainms 1-9 which conprises a“ |

housi nﬂlﬂmm Iul n gaseous feed inlet nmeans and prodhct out.| et _.means
and e u ”| Ium one reaction section which is in communication w4ih
the fe€d inl &t *eahs *and via collection means with the product outl et
means, which collection neans are arranged substantially centrally inside

the.reaction section(s) around the 20 . jpo central axis such that. a
substantially radial flow pattern can be maintained in said section(s). 1

-Appar atus according to claim.11, wherein the reaction section(s) contain(

one or nore heat. exehodepe aEDTRitd tcuai:sdoha of cmcpel&édmgrémmorwlﬁrEMer
col l ection.tube i

the formof helfc Incv\%sulr?dg?subfgegdolrs-. i veerﬁe §1nt°utp}e%§§ﬁaﬁb°8 t?uﬁ%?ebl
conpri sing two tavimer &t eksttdl omnbod 2tdpesperf mgldmsdantially the same

di mensi ons. App@,;gaetsgsa@&gg{pé G &y Gh&idP Lke pTOER1ng] a&l&mh%nm e

concentri.cal tubes or tube bundl es- wherein the screwgdirection of
the helixes of hGaamjefcent ac‘:uBe"sechFr%%é Framd 1508 dbpeswtelmreéaw

other. 14. Appﬁfcﬁi Ws20%C 68t dibdg 4rd als"p:melw?emu&ﬁ £r6@MNV0-30 ogotaf or nore
concentri cal E le fl es V\/nerelcp an I NeLe eaS| n nunber of helical wound
bund

tubes is used i &8s §?‘fsUaF t °H éﬁ éh U+ distance fromthe
central tube. 1%. Rppasat for faoch@ichbmoomra;omﬂaﬁr 8i gaseohs £egdsbvwsat eed

into an at |easf, %EH Bbaktﬁy'ﬂq&){&@%&u&ubﬁﬁ%éﬂﬂw a?ssdg§§ﬁ'bl=.5’6d
herelnbefore
hereinbefore.

10, Liquid products whenever prepared by a process according to
any one of the preceding claims.
11. Apparatus whenever used for carrying out the process
according to any one of claims 1-9 which comprises a housing
15 hav1ng gaseous feed inlet means and product outlet means and
h _ enclosing at least one reaction section which is in communication
with the feed inlet means and via collection means with the
product outlet means, which collection means are. arranged
~ substantially centrally inside the reaction section(s) around the
20 ‘central axis such.that a substantially radial.flow pattern can be
- maintained in said section(s). | _
12. Apparatus according to claim 11, wherein the reaction
section(s) contain(s) one or more heat exchange means situated in
a concentric ring or a number of concentric rings around a
25 :central supply or collection tube in the form of helical wound
tubes or tube bundles, each tube bundle comprising two or more
helical wound tubes of substantially the same dimensions.
13. Apparatus according to claim 12, comprising two or more
concentrical tubes or tube bundles wherein the screw-direction of
30 _  the helixes of two adjacent tubes or tube bundles is Opposite to
) each other.
14. Apparatus according to claim 12 or 13, comprising two or
more concentrical tube bundles wherein an increasing number of .
helical wound tubes is used in bundles situated at a larger
35 distance from the central tube.
15, 'Apparatus for a chemical conversion of a gaseous feed into
an at least partly liquid product substantially as described

hereinbefore.
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