WD 2006/ 021822 PCTI HU20051000090 A CARTRI DGE REACTOR FOR A FLOW TYPE
LABORATORY HYDROGENATI ON APPARATUS The invention relates to a cartridge
reactor for a flowtype hydrogenati on appa- ratus, wherein the reactor has
‘a.casing eyaimeeeisgd th an inlet, an outlet and a cl osedcEFmubispesded
portion enclosing a reaction volunme spreadi ng between the inlet and the
outl et. Hydrogenating processes (from now on, hydrogenation) are used in
the chem cal synthesis of organic conpounds: hydrogen is incorporated into
starting nolecules - op- tionally in the presence of a catalyst - at given
positions and thereby qualitatively differ- ent nol ecul es are generated
fromthe starting nol ecul es. Hydrogenation is wdely used 10 by the nodem
chem cal industry (including also pharnmaceutical industry). Accordingly, a
vari ety of ACARTRIDEEREACFARFORM IGWIDERLABPORATORVATSDRAEENATEMN

devel oped for im plenenting the hydrogenation. These apparatuses serve,
however, for carrying out gener- alFy P8genation on industrial scale and
hence one of their conmon features is the relatively large size and the
imobility originating fromthe size. 15 Due to the rapid spread of
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15 . Due to the rapid spread of combinatorial chemical methods, nowadays the syn-

thesis used by the pharmaceutical industry and the laboratory assaying are increasingly
becoming the potential application fields of hydrogenation. In case of these new fields of
application the emphasis is laid on the derivatisation of several (or many) substances in
tiny amounts separately but rapidly and, if possible, in an automated manner, instead of
20 preparing a single substance in a great amount. The hydrogenation apparatuses that sat-
isfy the requirements concerned should have a small size and, in case of need, be suitable
for accomplishing several, even highly different types of homogeneous or inhomogene-
ous catalytic hydrogenation within a short period of time. In order to achieve the re-
alizability of the various types of reactions rapidly after each other, besides a fast change
25  of the substance to be hydrogenated (from now on, sample mate-rial) — especially in case
of & selecﬁve catalytic hydrogenation process — there is also a need for the exchange of
the catalyst itself which, if possible, should be accomplished without interrupting the op-
eration of the hiydrogenation apparatus. Therefore, the catalyst should be easily accessible



-2 and rapidly renovable, and it should pronote the chosen hydrogenation
reaction at the highest possible efficiency in arelatively small vol une.
It is a well-known fact, that the course of hydrogenation reactions is
greatly afwofzeastdeth2zby t he tenperature and pressure exi RUTAUAITUD090t he
reactor used for acconplishing 5 the reactions, as well as the extent to
whi ch the sanple material and the gase%s hydro gen (together reactants)
added to the sanple material mx. In cas€ of a continuous flow type

hydr ogenati on, the I ength of the tine period spent by the reactants in the
reactor, that is the so-called residence tine is also of special

i nport anceandtﬂapxdlpmm%rable arsl, it ﬁlimldrpmmot@dmm}mm hsieogehatiomedadtiodr aghanat i on
reaction |% ‘?#/R‘F Y%@ aswt r1e5|stance 10 within the reactor,
the | evel BHgh ﬁ%’g’ea ct ’I‘fé’lPéé"? eSDP? OB he significantly in- creased
which finally i#np¢ 2R tdemYheal Qaa@fhetd&@xséxﬂ@&%ﬂ&la!u@ﬂ rRIcBERSS grddti$ afPat ent
No. 4,847,016 discloses an industrial scale Iovv-t ype het erogeneous
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and the catalyst particles fed thereinto. The packing ¢lements are preferably spheres of
gléss or ceramic. The geometrical structure created by the packing elements significantly
20  increases the mixing of the reactants with each other and with the catalyst particles. Fur-

thermore, as a consequence of the flow resistance due to the geometriéal structure, the
residence time of the sample material within the reactor increases. A disadvantage of this
solution is, that part of the catalyst particles leaves the reactor with the liquid-phase reac-
tion product (that is the hydrogenated product), and hence its recovery requires the usage

25  of various additional units. |
International Publication No, WO 2004/007414 also describes an industrial scale
flow-type hydrogenation process and an arrangement for accomplishing the process, In
this solution, the catalyst being suspended also in the liquid-phase sample material is fed
into the reactor in the presence of hydrogen gas required for the reaction. To hinder the
30 transport of the catalyst from the reactor or to reduce its transport to a minimum, a device
which mechanically retains the catalyst particles and transmits the reactants’hydrogenate

is arranged within the reactor. The said device is provided by a bulk material, a fabric



30 transport of the catalyst fromthe reactor or to reduce its transport to
a mninum a device which nechanically retains the catalyst particles and
transmts the reactants/hydrogenate is arranged within the reactor. The
sai d devi ¢OR6H218% ded by a bulk material, a fabric WBCZEBHGRIBAP

PCT/ 13U2005/ 000090 nmterial, an open-celled foamor a packing used in
distillation colums. The reactor is-JFixedly coupled into the

hydr ogenati on system and hence when the mechani cal catal yst retaining
ability of the device exhausts, its replacenent requires the disassenbling
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invention 1s Struct such a small- sized hydrogenation apparatus which

" neet si0t héaydegeatenepparatissaas songidened chniie Supasensibewathey i, nevattless,

hydr ogenat i ogagga]@gt hg&h&cgg%ie L. y(am@r(\) gj%gg{ & §BL) &H%@ﬁ&ﬁ%fﬁtﬁ@ 1RURL he-

si zed af tBP™ er an rovr si on of ng residence tines), as well as
makes al lrdskpgtng Slembnts anal e afpatabis) bathalegsstof alpbaratory joals hydasgasnet ng,

feed and opti |1y it | f t he.h , .+ Th
bove. ai roRSTRERTEL e, aneh b stpraict EH LPIEE PRE md BRRER Falie D0, |

| abor at OfyhngickBng Blehehts SwiictERigh Resuld il BBidps onln areatoud Gasen8 faifude iof thfei | | ed
wi th an i mmobi - %i zed packing nediumthat increases flow resistance and
‘faci |15t atapparAi®i ng, and the inlet 25 and the outlet are forned with a

structure enab gy SehashaRl fic GRNSREE bRBert drvehtod iy &5 consgestatilonsagipar at us.

sized hydrogenation apparatus which meets the requirements appearing in continuous

laboratory scale hydrogenation (eg. teplaceability when different substances are synthe-
gized after each other and provision of long residence times), as well as makes all kinds
20  of handling of the catalyst, that is its suspending, feed and optionally its removal from
the hydrogenate, unnecessary, 7
. The above aim is achieved by creating a cartridge reactor, which is fom_zed ina
laboratory size, and its reaction volume is at most 10 e’ and is filled with an immobi-
lized packing medium that increases flow resistance and facilitates mixing, and the inlet
95  and the outlet are formed with a structure enabling detachable conneclion to the hydro-
genation apparatus.
Preferably, the pacicing medium comprises a catalyst.
Preferably, the inner diameter of the expanded portion is 5 to 10 times as large as
thét of the inlet, more preferably the inner diameter of the expanded portion is at most 10

30 mm.
‘Preferably, the inlet and the outlet are formed as the male elements of a flare

joint.



Preferably, the packing nediumconprises a catalyst. Preferably, the inner
di aneter of the expanded portion is 5 to 10 tines as large as that of the
inlet, nore preferably the inner dianmeter of the expanded portion is at
nost 10 380296082t erably, the inlet and the outl et aP€TfRIIZad0e80t he mal e
el ements of a flare joint. WO 2006/021822 PCT111D2005/ 000090 -4
Preferably, the immobility of the packlng mediumis achieved by filter

el enents arranged in opposite ends of 4the expanded portion and extendi ng
in a full cross-section thereof and a packing of individual particles,
wherein wherein the size of the openings of the filter elements is snaller
than the aver a@@efaam?; tHe@mSicbeite fof tivepapkiak infgliund eadhistkd by flier BRtheni® | S
preferably nmade u granul ated catal yst. ILn a possible further
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havi ng a spatially”cont1guous geonetrical structure. The invention will now
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wher ei re 1 s ) vV repl aceabl e cartridge reactor
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15  preferably by means of a pressure-tight connection, eg. a welding or a brazing/soldering
joint 15. The casing of the cartridge reactor 10 is preferably pressure-tight and is made of
acid- and corrosion-resistant steel, and encloses a reaction volume 16. When assembled,
the cartridge reactor 10 forms preferentially a tubular (preferably a cylindrical) element. |

The cartridge reactor 10 is formed with a structure which enables the cartridge

20 reactor 10 to be connected into the flow path a flow-type laboratory scale hydrogenation
apparatus, Accordingly, in a possible embodiment of the cattridge reactor 10, the outer
surfaces of the inlet 18 and the outlet 20 are provided with threads 22 and 24, respec-
tively, for the connection with ﬂzé laboratory scale apparatus via a flare joint equipped
with a proper sealing. Other detachable joining mechanisms (eg. an instant fitting system

95  made of acid- and corrosion-resistant steel) known by a person skilled in the relevant
field can equally be used for the replaceable connection of the cartridge reactor 10 into
the flow path.

The cartridge reactor 10 is equally appropriate for performing homogeneous and
hetetogeneous hydrogenation. An immobilized packing medium 29 (that is, a medium

30 being incapable of leaving the cartridge reactor 10 together with the through-flowing
sample solution) is arranged within the reaction volume 16 of the cartridge reactor 10

which significantly increases the residence time spent by the fed sample solution within



tively, for the connection with the | aboratory scale apparatus via a flare
joint equipped wth a proper sealing. O her detachabl e joining nechani sns
(eg. an instant fitting system 25 made of acid- and corrosion-resistant
steel ) knové 2eg/zisPer son skilled in the relevant fi el #CT@EU2eGHabYy be used
for the repl aceabl e connection of the cartridge reactor 10 into the flow
path. - The cartridge reactor 10 is equally appropriate for performng
honbgeneous and het er ogeneous hydrog@r‘ration. An i mobi | i zed packi ng nmedi um
29 (that is, a nmedium 30 being incapable of |eaving the cartridge reactor
10 together with the through-flow ng sanple solution) is arranged within
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sol ut i on wnite eptypdrtzgeroluyas 15)I thafofagétﬂéﬁ’s the bedregraniaurasions dus e the he
packi grredlum29c ticles, a web or a fresh
of f |® or STEBHT LS. ‘gf%t iat a gisetsgglklbg ﬁl%%wl% %1? yst, tiny beads coat ed
with a catalygh,casy ofierogmbbusateraions,the peckingunedisim23 hemprges legssoligly
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with each other and a fine powder of a catalyst filling the empty contiguous space among
the beads is especially preferred. Any catalyst can be used as the packing mediuns 29 or
asa part thereof; the catalyst actually used is chosen in accordance with the given hydro-
éenaﬁon Pprocess.
20 The inlet 18 and the outlet 20 are preferentially formed with identical inner di-
ameters, which inner diameter, for maintaining continuously a homogeneous material
distdbution in cross-section, preferably corresponds to that of the liquid transporting
elements used in the hydrogenation apparatus. Accordingly, the inner diameter of the in-
let 18 is 0.05 to 1.0 mm, preferably 0.5 mm. The inner diameter of the cartridge reactor
25 10 is preferably 5 to 10 times as large as that of the inlet 18, it is preferably 4 to 6 mm.
The length of the cartridge reactor 10 is 30 to 100 mm, preferably 40 to 60 mm.
The fabrication of the cartridge reactor 10 according to the invention is extremely
simple and inexpensive. The envelope 12 equipped with the inlet 18 and the end-plate 14
having the outlet 20, both of the cartridge reactor 10, are manufactured on a production
30  line by a simple mechanical working. After having formed the envelope 12, first the filter
element 26 is inserted into the reaction volume 16 and then the packing medium 29 is

filled onto it. Then the filter element 28 is arranged on top of the packing medium 29, the



20 The inlet 18 and the outlet 20 are preferentially formed with identical

i nner di- aneters, which inner- dianeter, for maintaining continuously a
honogeneous material distribution in cross-section, preferably corresponds
to that ofW@pewei?1§zAa d transporting elenents used in tRETMIAHSHRMN | on
apparatus. Accordingly, the inner dianmeter of the in- let 18 is 0.05to 1.0
mm preferably 0.5 mm The inner dianeter of the cartridge reactor 25 10 is
preferably 5 to 10 tinmes as |large as—t4at of the inlet 1.8, it is
preferably 4 to 6 nun. The length of the cartridge reactor 10 is 30 to 100
mm preferably 40 to 60 mm The fabrication of the cartridge reactor 10
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identical char- acteristics, provided that the other paraneters affecting
the course of hydrogenation are |eft unchanged. WO 20061021822
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-7 CLAIMS 1. A cartridge reactor (10) for a flowtype | aboratory scale
hydr ogenati on appa- ratus, wherein the reactor conprises a casing equi pped
with an inlet (18), an outlet (20) and a cl osed expanded portion encl osing
a reacti owouoenEs3216) extendi ng between the 5 inlet (ERESY/HEIRM:LIMOULI| et
(20), characterized in that it is forned in a |aboratory size, and its
reaction volunme (16) is at nost 10 cnB and is filled with an i mobilized
packi ng me- dium (29) that increases—flow resistance and facilitates

m xi ng, and the inlet (18) and the outlet (20) are formed with a structure
enabl i ng detachabl e connection to the hydrogena- tion apparatus. 10 2. The
cartridge reactor (10) according . -taCXAEM® 1, characterized in that the
packi ng medi um (29) conprises a catalyst. 3. The cartridge reactor (10)
according to Gl.a farilidgshadcast(@o) fed fiow-iybelatiohaoryrsesle hydtogamitien apbat he
expanded portion is 5°to 10 tines as large as that of thé i nl et1 (1&%. 4.
The car t g evhesss the reaaioy coppdes 7 asiapeqipncHh vath ahmle i ®r p3 autlst(2Phat t he

i nner 15 _di r..Qf rt.d i :

cartri dget} dTes eyl pofiAULRMnE R Aty MSigle (TBFLeel M hetVenl 8% |

inl e: 5 53 J;B])ﬁ] aB}iaﬁcltwﬁlfagmtlbte(QOLE:@)matlegizécbmm i_h'ss forreedrinl eiabDEMﬂtS‘meoinda_ fl gr e
oint. 6.. The cartri reactor aGeco .10 i1, . characterized in

Lhat i he sarechighPREy B ACTBRAS Ry RAGER Bih o BBoRile RPN o

el enent s £3f (28 8Nat ddr@neeow Resistbhco pAd Scllitatenslixind, abd eheeixlpa(id@daperet i on and
extending in a full cross-section thereof and fl%ackl.ng of. i.ndi vi du_al

parti cl edulafkan farmedsrihs SRUHE CHRUAS AGEcHPLa dansHOR & the AEAEERS" ( 26,

28) is s I n the average particle size of the packing. 7. The
cartri dge%&lggéatr%tp‘é( 10) according to Claim1, characterized in that the im

nobi Moty of t e Thacdertriggereatictom (00 rccoling i &ladm by chswesserdded g athpadiei ng
medi um havi,n 25 a tiall . guous geonetrical structure. 8. The
cartri dgé’a?Igg%PsawPl@?ja%oénonr%f %gé}%lg&t] aim6, characterized in that the
packi ng medi um (ROyartRiganeteton§l Gfaceording mChimd, catratyrited in that the inner
diameter of the expanded portion is 5 to 10 times as large as that of the inlet (18).
4. The cartridge reactor (10) according to Claim 3, characterized in that the inner

15  diameter of the expanded portion is at most 10 mm.
5. The cartridge reactor (10) according to Claim 1, characterized in that the inlet
(18) and the outlet (20) are formed as the male clements of a flare joint.
6. The cartridge reactor (10) according to Claim 1, characterized in that the im-
mobility of the packing medium (29) is achieved by filter elements (26, 28) arranged in
20 opposite ends of the expanded portion and extending in a full cross-section thereof and a
packing of individual particles, wherein the size of the openings of the filter elements
(26, 28) is smaller than the average particle size of the packing.
7. The cartridge reactor (10) according to Claim 1, characterized in that the im-
mobility of the packing medium (29) is achieved by providing a packing medium having
25 g spatially contiguous geometrical structure. ‘ -
8, The cartridge reactor (10) according to Claim 6, characterized in that the

packing medium (29) is made up of a granulated catalyst.



