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To achieve an optimal yield and selectlivity of the reactions carried out in the shell-and-
( tube reactor, it is important that all tubes of the reactor are filled very uniformiy with the
catalyst material. The same amount of catalyst material should be present in each tube
30 and this material should be distributed very uniformly along the length of the tube. This
reduces the risk of the reaction proceeding in an uncontrolied fashion.

Automatic charging of tubes with catalysts is known, for example, from US-A
4 402 643. This document describes a frame which can travel on rollers and is

35 provided with containers which taper in the direction of discharge of the granular
material. From this, the loose material goes into a trough which can be vibrated by
means of a vibrating unit and is divided into longitudinal chutes located next to one
another. At the side of the trough are connection elements to which flexible hoses via
which the loose material can be fed into the shell-and-tube reactors are fastened.

40 However, the frame which fravels on rollers is difficult to position exactly.

WO 98/14392, too, discloses a cart for charging reaction tubes. Compared to US-A



another. At thess4 of the trough are connection elenments to which flexible
hoses via which the |oose material can be fed into the shell-and-tube
Teactors are fastened. 40 However, the frame which travels on rollers is
difficult to position exactly. WD 98/14392 too, discloses a cart for
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25 piston-cylinder unit, ensures reliable, rapid and uniform loading.

The baseplate used advantageously has at least the dimensions of from 10 to 20 rows
(: of tubes. The baseplate is advantageously made of metallic material, preferably
~ aluminum.

30
The piston-cylinder unit(s) is/are positively and frictionally connected to the baseplate
and, when a plurality of units is used, are advantageously positioned parallel to one
another. All piston-cylinder units known to those skilled in the art can be used. The
piston-cylinder units are generally operated pneumatically or hydraulically, preferably

35 pneumatically. The piston-cylinder units are matched to the dimensions of the rows of
tubes, rows of containers or the like.

Advantageous embodiments of the apparatus of the invention are subject matter of the
subordinate claims. When the apparatus is configured as indicated in claim 5, the

40  charging units can be relocated in a particularly quick sequence. For this purpose, the
stroke of the piston-cylinder unit is advantageously at least the sum of one tube
diameter and one spacing between two tubes and not more than the sum of two tube



and, when a PpEp ity of units is used, are advantageously positioned .
parallel to one another. Al piston-cylinder units known to those skilled
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25
The length of the openings in the baseplate is advantageously greater than the stroke
of the piston-cylinder unit. The width of the openings is matched to the dimensions of

(‘* the transport claws.

30 The relocation of the charging apparatus advantageously occurs in two steps. In a first
step, the piston-cylinder units are activated, for example after pressing of the
pneumatic button, and the push rods of these units move in the direction of movement.
As a result, the transport claws fastened to these push rods via the linkages likewise
move in the direction of movement. Owing to their oblique edge, the claws slide over

35 the rim of the tube into which they projected in the rest position and drop under their
own weight into the next tube when the point of the free end of the claw has left the
previous tube. The piston-cylinder units and the push rods are advantageously
dimensioned so that the transport claws do not slide over a further tube. When the
pneumatic button is pressed again or released, the movement of the piston-cylinder

40 units is reversed. Due to the straight edge, the claws cannot leave the tube again on
this side, but instead press against the tube wall. The force is then transmitted back via
the linkage to the cylinder which is fixed to the baseplate and drives the baseplate to



S mm A suitaghpgsqmterial for the transport claws is steel, in particular
ST-37. 25 The Iength of the openings in the baseplate is advant ageously
greater than the stroke of the piston-cylinder unit. The width of the
openings is matched to the dinmensions of 4he transport claws. 30 The
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cont ai ner s whentainers as there are charging units and to install dividing and storage units between
the stock container and the feed chutes. This unit can accommodate the first portion of
loose material while the second portion of loose material is introduced via the same
25 stock container. The second portion of loose material is accommodated in a second
separate storage unit, so that both portions of loose material can be fed simultaneously
into the feed chutes. This preferred embodiment has the advantage that the stock
C containers can be of a practicable size without the spacing between the feed chutes or
] the feed chutes themselves becoming larger.
30
The portion of loose material which goes from the stock containers or from the storage
unit onto the feed chutes is conveyed by means of vibration into the discharge funnels.
A feed chute suitable for the purpose generally has a length of from 45 toc 65 mm. The
feed chutes advantageously have a U-shape. The vibrations are advantageously
35 generated pneumatically. The feed chutes are advantageously inclined by from 5 to 20°
to the surface of the tube reactor. Discharge funnels are provided at the end of the feed
chutes. Charging tubes are fastened to the discharge funnels.

The discharge funnel generally has a diameter in the same order of magnitude as the
40 reactor tubes. As a result, the charging rate at the outlet of the charging tubes is

already matched to the charging rate of the tubes of the shell-and-tube reactor, so that

continuous charging with avoidance of bridges of loose material during charging can



required, or ghgsf@quired anount of |oose material can be netered via a
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The invention is illustrated below with reference to the drawings.

25  Inthe drawings:
Fig. 1 shows a perspective view of a transport device
Fig. 2 shows a side view of a piurality of charging units.
C“' The transport device 1 comprises essentially a baseplate 2 onto which two piston-

30 cylinder units 3 are fastened. The push rods of the piston-cylinder units are connected
via the linkage 4 to transport claws 5. The free ends of the transport claws project
through openings 6 in the baseplate into the tubes 7 of the shell-and-tube reactor. The
transport claws 5 have one straight edge 5A and one oblique edge 5B. The relocation
of the transport device is triggered with the aid of a pneumatic button 8. When the

35 button is pressed, the claws 5 are drawn back from their rest position by means of the
push rods of the piston-cylinder units 3. Due to the oblique edge 5B, this movement of
the transport claws is not stopped at the rim of the tube; the transport claws slide over
the rim of the tube and the free claws drop into the tube of the next row. When the
button 8 is pressed again, the movement of the cylinder 3 is reversed. However, owing

40 to the straight edge 5A, the claws 5 can no longer leave the tube on this side, but
instead press against the wall. The force is then transmitted back via the linkage 4 to
the cylinders 3 which are fixed to the baseplate 2 and drives the baseplate 2 to the end



10 Automatic peksggiion i s advantageous, since, firstly, the equi pnment takes
over the exact positioning and rapid, reliable positioning can therefore be
effected, and secondly, the relocation process and thus the total charging

time can be accel erated considerably. It éay be pointed out that in the
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the t ranspor treagttemisbes 7 tobe shaypgdd at the rimof the tube; the transport
claws slide over the rimof the tube and the free claws drop into the tube
of the next row. Wien the button 8 is pressed again, the novenment of the
cylinder 3 is reversed. However, owing 40 to the strai ght edge 5A the claws
5 can no longer | eave the tube on this side, but instead press against the
wall. The force is then transmtted back via the linkage 4 to the cylinders
3 which are fixed to the baseplate 2 and drives the baseplate 2 to the end
PF 55444 6 position of the push rods. This displacenent corresponds to the
di stance fromone row



of ‘tubes to the other. The transport device is consequently back in the
initial position and the procedure can be repeated. 5 A plurality of
“eharging units are fastened to the transport device according to the

invention. The charging units i are located on a support ii to which further
conponents _are fastened. Dividing and storage units iv are provi ded bel ow
the stock c&Mieners iii containi ng the loose material. In the storage

units, the loose material for two reaction tubes is stored separately

during sequgnti aly %é?‘ép&it gsv;gé gtg?& nﬁ}&@png%vsain%ﬁa&m {u%g&, ﬁ]]ag%aﬁrnsﬁs LRgse
mat eri al reaches the tTeed chu v.-si multaneously. e teed chute 1s provided
for each reacti off'el{Bevheeindif FRRSACHSRVICR PERISESR Pasapiate (3)iviich afPsini t  vi

whi ch vibrates troged back arfiforls, 8 teashaite pisientoylirsier omit 63)ifadtencs] todimveyed from

the outlet of th S hi i I é,lﬂ;l?]{‘sl [ t he

feed chute, whi cﬁae%st@igﬁd gwﬁgghﬁﬁsbgﬁﬁ%gﬁqeﬂwgﬁﬁe oﬁ?gcﬁg’sgi al, which

may be made up ofPEALYAY HBEFEET WyiePIRipn-GYInART Wit beigg fofa@bleAROUt Re char gi ng

tubes viii. The coramghagistantdeviag éheinfces el pojesting Wiralgbwopetings (B)éatdteor tubes

7 to be charged. bgsepgt@ln'f@tu_iaﬁserﬁg:[%cﬁidﬁﬁf%ﬁtgnlg%!ﬁ(% dnddthé Ringindrieigsd s d ggs'ece
[ Vi

materia into tuhes,.conta wher ei he tran

conpri si@ a baseB‘I E?glr?cgyrt\ﬁhmﬁérggﬂt'cgéhe ?%Bég%bﬁﬁ%ﬁqﬁéo ?rogr{aﬂt,er nlt %st one
pi st on-cyl i nder sieke of $ie pistoneméngler unit.he basepl ate and one or nore transport
claws (5), with the transport claws being operatively connected to the

pi ston-cylipder upj ' l.e. abo . _axi .havij their
free end prg] ect #ﬁ%EP %%%@g%céép}é’ﬁ%g%@(@? ‘M&]er? Wéﬁ@@éﬁo@p@ﬁ%@erﬁﬁﬂ & &ﬂ%g%d( 7),
contai ners and tReeymatisaly hyA@uliealyt h of the openings 10 in the direction
- of novement of the baseplate being equal to or greater than the stroke of

the piston-gylin ' ' t Q. [ in the
pi ston-cyli ?fder 3?\% ta H}IS'{%SrEtgséF%%Q@gqgglg[ﬁg{%?%%Pﬁgﬁ%P@%y gﬁ({’%é@]tﬂsﬁ%@{e . The
appar at us accordP’P%’”i‘%'Cﬁlf aim1, wherein the piston-cylinder unit is operated

pneumatically. 4. The apparatus according to any of claims 1 to 3, wherein
the free eng of fTheapghaik BBSRANG 1&bAYST daihsNas s2whblcH HBHBHR df 7
opposi tg to the gl recl'gtl %n % hrmvetmenrt]t %f té}o?) base.PItattﬁ gnd,{.an ?bl i que edge
(5B) in Qhe di r eE@nspRtSlaws ) has a straight edge ( opposite to the direction o

movement of the baseplate and an oblique edge (5B) in the direction of

movement of the baseplate.

5. The apparatus according to any of claims 1 to 4, wherein the stroke of the
25 piston-cylinder unit corresponds o at least the sum of one tube diameter and
one spacing between two tubes and not more than the sum of two tube
diameters and one spacing between two tubes.

6. The apparatus according to any of claims 1 to 5, wherein the tfransport device
30 has two or three piston-cylinder units and from three to five transport claws.
7. The apparatus according to any of claims 1 o 6, wherein the piston-cylinder

units can be driven collectively.

35 8. An apparatus for introducing loose materials into tubes, confainers and the like
which has a number of charging units comprising a transport device according
to one or more of the preceding claims, which moves all the charging units
simultaneously.

40 9. The apparatus according fo claim 8, wherein from 10 o 20 charging units are
arranged in parallel.



-movenent of the baseplate. 5. The apparatus according to any of clains 1 to
4, wherein the stroke of the 25 piston-cylinder unit corresponds to at

"l east the sum of one tube dianeter and one spacing between two tubes and
not nore than the sumof two tube diangjers and one spacing between two
tubes. 6. The apparatus according to any of clains 1 to 5, wherein the
transport device 30 has two or three piston-cylinder units and fromthree
to five trd@sporthedppasatus accordivey Bmame orst 0aetoreti Mdedsd apmyxiofatelains 1 to

6, wherein the RerhiRifey thtder,) Whithise eAgRGIIEANRRGA LA MBlY. 39 8. An
apparatus for i troducn:{ LIloo materja i nt'o tubes, contalpers and the
"Tke wihich has VETHREHEVIEES PP HICPEeeUh P Sck soRaINe R h i8O8, i e
accordi Ag to omeatenalnore of the preceding clains, which noves all the
charging units sinultaneously. 40 9. The apparatus according to claimS§,

wherein fr 10.to 20 charging.units ace .arranged,in.parallel.. 8 10. The

appar at us gg]cor Jﬁ“ﬁgﬂpi)araétfsa%’??gi”@rmf@y%'@m %%a ’Iwé’ﬁg‘?"? G RS,

paral | el feed chavefetd\huighi(@hwhiclehayser Htshape pane erenedined at tiomrfetod0’ hor e

vi brating unit ($e §ake af iRl icde@drunder neath the stock containers for the

| oose 15 material. 11. The apparatus according to any of clains 8 to 10,

wherein“the charging units have feed chutes (v) which have a U shape and

are inclindg at Thegpparatus aegording toteay fielpimeses tf 11 wberaibeuflerdurdels YO 12. The

\fmpaL ath us accg_rd.ihtt@ Heﬂgairdiarﬁéteﬁin&héf&alﬂeto@c]!ce’kbf m@ﬁitﬁi‘erasquéﬁéamrftmedré E) vii)
iC ave a di [ ' r of magni tude as the reactor tubes

are |ocated at ?C{E%%e%eaﬁgﬁko%&fﬁ(i%gg C@ﬁf?ts'es. 15 13. The use of the apparatus

according to any of clainms 8 to 12 for introducing catalysts into

shel | - d6d- tlabe [M@aekeEthe apparatus according to any of claims 8 to 12 for introducing

catalysts into shell-and-tube reactors.



