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local density variations as well as a catalyst density that is less than optimal. Local

density variations differ from tube to tube and cause variations in the pressure drop
over the tubes. This results in distortions of gas distribution in a multi-tube reactor and
causes uneven temperature distribution over the tubes during operation of the reactor.

20 The resultant thermal and mechanical stress in the tube can reduce its useful life. To
reduce voids the tube can be vibrated by such methods as tapping or vibrating the
upper part of the tube. However, this is laborious and delays the filling operation.
Additionally, tapping or vibration can expose the tube to extra mechanical stress. If
excessive crushing or fracturing of catalyst particles occurs during filling, the only

25 remedy is to remove all catalyst from the tube and refill it properly. This adds
substantial labor and results in the loss of expensive catalyst

[0003] One method for reducing density variations utilizes a short sock or sock-like
member made of a material such as a soft plastic that is first filled with the catalyst.
The catalyst can be delivered from the manufacturer already in the socks. Wheﬁ filling
30 the tubes, a sock filled with catalyst is fastened onto a line and lowered towards the
bottom of each tube. By jerking the line, the sock opens at its bottom and the catalyst



menber made of a material such as a soft plastic that |23 NQYEVIBERROW] with
the catalyst. The catalyst can be delivered fromthe manufacturer already
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fast ened onwo 2604Jo0b¢aes and | owered towards the bottom of REIAIS2004198239By
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rotating arrangenent. The catalyst | transpo rom a contalner through
a duct in mtwndqmqsss@yawba@nuﬁnt dryisigl tﬂ'@ﬂﬁe@@ﬂﬂr@mers@qﬁmﬂ@ lused wateigs or
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20 cat al yst faI ot I nto t e tube. However, the particles

nmust be added sl owlﬁ in order to get even fill] ng of the ub,e_. Furt her, the
cat al yst® die¥ a ity Pﬁ"&éﬁ’?"caﬂ@"r‘\g‘:ﬁ?iz%%oﬁ@t“r SppSribgs A H‘g‘j’"tqq of ififigg &, of the
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transporter comprising a slowly rotating arrangement. The catalyst is transported from
a container through a duct in which there is a rod with oblique/transverse propeller
wings or brushes. The catalyst particles are then transported to the upper end of the

20 catalyst tube and fall smoothly into the tube. However, the particles must be added
slowly in order to get even filling of the tube. Further, the catalyst drops a significant
length especially during the first part of the filing operation thereby permitting the
catalyst to be crushed or broken during the fall. Therefore, the particles can pack
unevenly over the vertical length of the tube and the filling time can be long.

25  [0006] Therefore, there exists a need for a catalyst loading tool that is cost effective
to manufacture and is easily configurable to accommodate particular loading
requirements for a given reactor. There exists a further need for a catalyst loading tool
that permits filling of reactor tubes evenly without breaking the catalyst particles.

SUMMARY OF THE INVENTION

30 [0007] Embodiments of the present invention generally relate to methods and

apparatus that prevent breakage of a catalyst particle and evenly fill the catalyst into
2



catal yst to be crushed or broken during the fall. Ther eX30Y@VYEMBER pd6t i cl es
can pack unevenly over the vertical length of the tube and the filling tine
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t t uri,n the, filling operation
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stiff or fl ef)(étz?nt%I 8&?8? o¥ {ﬂ%ycrc%% srl\gtlio CHFHENLS at any particular axial location. The
. height of the lowest extremity of the center member can be periodically adjusted
20 manually by physically feeling the center member change from tension to slackness as
the lowest extremity of the center member contacts the catalyst interface. In another
embodiment of the present invention, a sensor member can be positioned at a lower
portion of the center member to communicate with the top of the center member to
provide visual or auditory indication of contact with the catalyst interface.

25

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
30 areillustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to



substantial portion of the cross section of the tube at23NQVEMBERGM6r axi al
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may admt to other e uallg\gef.f ec%ive _ena_odi ments. [0009] Figure 1 is a
schemat i ¢ "A%EA9@RCRIVIY 2% enbpdiment pfdle in¥entioBonvent i onal manner.  10010]
Figure 2 is a schematic view showing a tube filled in accordance with an 5
enbodi ment of the invention. [0011] Figure 3 is a view of a danper nenber
attached to a center menber in - accordance with an enbodi nent of the

I nventi on. %ﬁﬁ! g%%ﬁ&h%%Emm%@mMm 10 [0012[ Figure

1 shows a t — As illustrated,
filling1d hgodape gy 1ahbweiartgbd @ syl ds & batalydtiubeof atdactbirr Astillugtratedn t he
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voids 14 and broken particles 16.

[0013] Figure 2 shows particles 12 such as catalyst falling into a tube 10 that
includes a loading tool 20. The loading tool 20 comprises a center member 22 such as
15 a wire, a chain, a rod, or the like and a plurality of damper members 24 substantially
transverse and axially arranged on the center member 22 to provide substantially
circumferential coverage along a longitudinal length of the tube 10. The center member,
22 can be stiff or flexible. The distance between damper members 24 on the center
member 22 can be substantially equal or can vary. The plurality of damper members
20 24 reduces the falling velocity of the particles 12 and diverts the particles from falling in
straight downward paths. Since the damper members 24 do not occupy a substantial
portion of the cross section of the tube 10 at any particular axial location they can be
stiff or flexible and still permit the particles 12 to fall. The loading tool 20 can be moved
or jerked primarily in both directions axially and is pulled gradually out of the tube 10 as
25 the tube is filled, or it can remain stationary while catalyst is being added and then
pulled upwards in the tube between catalyst filling sequences. As the loading tool 20 is
removed from the tube 10, it can be broken into sections at a coupling 28 such as an
eyelet and mating shackle that can be positioned within the center member 22.
Therefore, the amount of the loading tool 20 that has to be handled outside of the tube
30 10 is limited to the length between couplings 28 on the center member 22. The
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i ncludes a | oading tool 20. The |oading tool 20 conpri sESNQVEMBER2Veerher 22
such as 15 a wire, a chain, arod, or the like and a plurality of danper
menbers 24 substantially transverse and axially arranged on the center
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| ongi tudinal length of the tube 10. The center nenber, 22 c¢an be stiff or
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net hods known in t art. |0014] Figure 3 il|ustrates an enbodi nent for the
danper - nentB§ SZ8 o‘ig‘es?‘\’i?ﬁn{,o' ér h%ﬁ"e cgﬁ’r"ﬁ?érC%hﬁ@rcc?ﬁplf%‘eaﬁ"i‘q’?e&ﬁgﬁ%m% and
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30 that attaches a |ongitudinal nenber 32 around the center nenber 22 of

oSBT R JBRIbEL PR 35l s B oo
si de t her eah.beThadd makially. i is @ec@tplished by physicatly feelingrireb@nt& dnerhbérhe
danper merrbc 5n92e4 from tension to slackness as the lowest extremity of the center member
contacts the catalyst interface, similar to the sensation from a weighted fishing line
contacting the bottom of a body of water. In one embodiment of the present invention,
20 periodic adjustments also can be assisted by the addition of a sensor member at the
lowest extremity of the center member. This sensor member can communicate with the
top of the center member to provide visual or auditory indication of contact with the

catalyst interface.

[0016] With embodiments of the present invention, a novel, reproducible, and quick
25 filing method is disclosed. The method is gentle to the particles such that crushing of
particles during the filling operation is avoided. An even filling of the tube is also
obtained, and thus one result has been avoidance of uneven temperature distribution
when a tube filled with catalyst is in operation. Further, an even density of particles in
the tubes is attained without exposing them to tapping/vibration, which is both time-
30 consuming and damaging to the tubes. Consequently, time is saved both during filling
and also since the tubes do not have to be tapped. The method is simple, cost
efficient, and can be modified both quickly and easily. Additionally, it is to only a very
5



10 can be made of a metal or plastic with varying degr eBNQYEMBER £¢féss .
Shapi ng of the danper nenber 24 and changes to |l ength, stiffness, nunber,
axi al spacing on the center nmenber 22, etc., can be adapted to the materi al
to be fill SHORMMHI44RE t ube 10 and the size of the tube PAI/USHOE3¥hanges
can be acconplished since the danper nenber 24 is cheap and can be adjusted
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of a body 5%n%g%er %hegﬁ%aenbodlnent of the present invention, 20 periodic
adjustnents al so can be assisted by the addition of a sensor nenber at the
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of contact with the catal interface. [Q016] th enbodi nents of the
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di scl osed. The nethod is gentle to the particles such that crushing of :
particles during the filling operation is avoided. An even filling of the
tube is also obtained, and thus one result has been avoi dance of uneven
tenperature distribution when a. tube filled with catalyst is in operation,
Further, an even density of particles in the tubes is attained w thout
exposi ng themto tapping/vibration, which is both time 30 consum ng and
damagi ng to the tubes. Consequently, tinme is saved both during filling and
al so since the tubes do not have to be tapped. The nmethod is sinple, cost
efficient, and can be nodified both quickly and easily. Additionally, it is
to only a very 5 23 NOVEMBER 2006 WD 2004/ 096428 PCTf US2004/ 012390 snal
degree dependent upon whoever is the particul ar operator during the filling
process. Furthernore, errors connected with filling of particles into socks
are avoi ded. A substantial degree of freedomregardi ng packagi ng and the
formof transport for the



particles also is obtained. 5 [0017] Wile the foregoi ngsinoekNiBER Sfbet O
enbodi nents of the present invention, other and further enbodi nents of the
i nvention may be devised wi thout departing from the basic scope thereof,
and the scope thereof is determned by the clains that follow. 6 23
NOVEMBER 2006 1. An apparatus for distributing solid particles into a tube,
conprising: a center nenber; and a plurality of danper nenbers connected to

t he center rovi de
substanblalPgﬂgﬁﬁ%ﬁﬁgéﬁéﬁ%ﬂgﬁﬂgﬁgﬂ9§g®°%§8ﬁ§a§m§?gﬁngl GPhal | ength of the
t ube, wher ei acenteli meohbal; amdes of the plurality of danper nenbers are
axially spac one
extends in agglg}#@{%wqﬁﬂﬁé?{gﬁgé}?ewtﬁﬁg%ﬁﬁtgﬁ%ﬁﬁﬁé?nagﬁgﬁégg%n i nsi de
di ﬁbrret eonothetdentdruinember 10 hEdvidé |sabd;tanﬁnﬂyyculeumlzér86naé asbivesagef albhg acent er f
menber t er nme e acks, subst anti al ,coverage of a
Cr ose sl fengthcot; fgatbe, Wheta, ingiichieh offe. B Ris. BAUG Bl FARBEE 1ol os
ltnL 0 at tmdmbh | erﬁ@f&)aituan;lnepadwsrdm @herm?&nehamigﬂgetdég{erlmlemben ar:daeacrr OIof t he
ube, e | oadin 00 er r and .a plurali anper
ronber s BB AHETIN b radRl isTarT 2Bkl 1 Beriey ARgapraRveRLen Mg Cnember o
p][ 0;/1h detdfankaéuaat ihel tuide Cd(;f gmudﬂtmnany bAly orféovwa&.aml ?Meacdrmgghémﬂenalnbl ength
0 e tu erein indivjdua S ural i a ers are
i al Ty St inah e, At e S5 SUbHENTaL SUsre0nah B ross AP Al onc.
ext-ends fhdgtuper adi al directi on away fron1the center nenber toward an inside

di aneter of the tube on substantially only one 180 radius of the center
menber such that the danmper nenber itself |acks substantial coverage of a

Cross sectiop niéthé&fbrhlé%unﬁg bbud}&rﬁél@s it tuple! Eorhb:@aﬁ@l id particles,

wherein the solid particles contact the plurality danper nenbers; and
removi ng t hePosiigmingga deading taghin: &k interios °<§§1Q “@esmei leaefagtt?fa!ﬁ@ymgm t he

tube.  center member and a plurality of damper members connected to the center member

and arranged on the center member to provide substantially circumferential
coverage along a longitudinal length of the tube, wherein individual ones of the
plurality of damper members are axially spaced from one another along the center
member and each one extends in a radial direction away from the center member
toward an inside diameter of the tube on substantially only one 180° radius of the
center member such that the damper member itself lacks substantial coverage of a
cross section of the tube;

filling the tube with the solid particles, wherein the solid particles contact the
plurality of damper members; and

removing the loading tool from the tube as the solid particles fill the tube.

3. A method for distributing solid particles into a tube, comprising:

positioning a loading tool in an interior of the tube, the loading tool Having a
center member and a plurality of damper members connected to the center member
and arranged on the center member to provide substantially circumferential
coverage along a longitudinal length of the tube, wherein individual ones of the
plurality of damper members are axially spaced from one another along the center
member and each one extends in a radial direction away from the center member
toward an inside diameter of the tube on substantially only one 180° radius of the

338918_1 7



3. Anethod for distributing solid particles Into a tube@3NOHMBER 2086
positioning a loading tool in an interior of the tube, the |oading tool
having a center nmenber and a plurality of danper nmenbers connected to the
center menber and arranged on the center nmenber to provide substantially
ci r cunt axepter mdmbet Gueh 2l thé damper membpiet lisbifnatkd subgtdntiaf céveeadeubfea wher ei n

t ndi vi dual ones Offth ?‘tb@ﬁl urality of danmper nenbers are axially spaced from
one anotf t 8 ter nmenber and each one extends in a radial

direction awawngf Mnmbbemﬂﬂh‘ee;olidpahieres, whevelrdthersolid pacticiel eoméctithef the tube
on subst 1aIJS Iy 180 radius of the 338918 1 7 23 NOVEMBER 2006
center HH'F ﬁ'@ danper member itself |acks substantial coverage

of a cross ﬁaﬁwwmheﬂoédmtoubfeomfthémbégstﬂwsdhutmnwmsrﬂltthetwd; aAd partlcl es,
whereinthesjldgartlcl scontact tﬂlﬁ gura yof grg) rhtl)

removi ng t heUWIGNG AFSaNSHT 19 commyRsat Rasitiqn, ok &/ $eFARg; PoTlPR O M@ | { e

t ube; andnterriehmber fWa first poAIGH of theCodiitet Meibie?. t he position of a second
portion of the center nenber to a first portion of the center nmenber. 4.

The nethod for distributing solid particles into a tube of claim3, wherein

the seapnd PR mehﬁbd)fortdunminﬁ%nd@amresumolapmbeﬂl cidimas, | vhiesih tRgt rem ty of
the center nenber . The nmethod for distributing solid particles into a

tube of SerepchPationyetihs Rentamembet s Igsated g agpwesloxtemity, of thaisepter s | ocat ed

at an UpR&hbdiortion of the center nenber. 6. The nethod for distributing
solid particles into a tube of claim3, further conprising breaking the
center nmenber into sections as the loading tool is renoved fromthe tube.

7. The mpthognd ?ﬁetﬁmdrld%mﬂﬂg%ha Partiefel iftbaStubBld? chaifUSwitreifilthe M 3.
further conprisi ngh reakin e center member Into sections at an eyel et

and mat ifit}} pastier: iof ahey aenien mﬁ@bé'érlﬁ &catashile AN d4ppen parinmdioh dhe eenter s r enoved
from t hgn&hbsr:

6. The method for distributing solid particles into a tube of claim 3, further
comprising breaking the center member into sections as the loading tool is removed
from the tube.

7. The method for distributing solid particles into a tube of claim 3, further
comprising breaking the center member into sections at an eyelet and mating
shackle within the center member as the loading tool is removed from the tube.

8. The apparatus of claim 1, wherein the center member comprises a wire.

9, The apparatus of claim 1, wherein the center member comprises a chain.

10. The apparatus of claim 1, wherein the center member comprises a rod.

11. The apparatus of claim 1, wherein the plurality of damper members are made
of plastic.
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8. The apparatus of claim 1, wherein the center nenber Ce3WROVERBER 06 € 9.
The apparatus of claim1l, wherein the center nenber conprises a chain. 10.
The apparatus of claim1l, wherein the center nenber conprises a rod. 11. The
apparatus of claiml1l, wherein the plurality of danper nenbers are nmade of
plastic. 338918 1 8 23 NOVEMBER 2006 12. The apparatus of claim 1, wherein
each of the plurality of danper nenbers includes a | ocking.portion that
attaches a | ongitudi nal nmenber around the center nenber. 13. The apparatus

of clai t?12, Thehapraratusied daimdi. twhereinieani ehthe plealitysofidampertmembei§ a sect i on
of the |Rflbe% %Rihg%brfi&m frak %hﬁcﬂé%oﬁi%nbﬂ_tf_ﬂiﬁﬁlem%{b@%r&fndcih@' &Bnfer Wherein

the center nenber coOnprises a wre. e nethod of claim2, wherein the
center FOMBSF- conprises a chain. 16. The method of claim2, wherein the
center menber conprises a rod. 17. The nethod of claim2, wherein the
plurality of_danper nenbers are nade_ of | astic 18. The nethod of claim 2,
wher ei n1éac hrhsr appriajsuefagiaimy 13+ waarﬁﬂbfhen&ﬁs@ﬂ@nalirnemaq(eaa@sqsdmkng portion

that atj Qe&ti%ﬂ%iﬂé%%g[ﬂ&f@ﬁofafn‘? by he center nenber. 19. The

met hod of claim 18, wherein e longitudi nal menber passes back through a
section of the |locking portion to forma |oop. 20. The nmethod of claim 2,

wher el 45 STOMld ol of GafH B9whgIBh the BuEFeRitel Lfipidae 4 Wl no 0ol upuar ds

bet ween ca ng segluences w t hout renovi ng oadi ng tool during
the catalyst filing sequences. 9 338918 1

15. The method of claim 2, wherein the center member comprises a chain.
16. The method of claim 2, wherein the center member comprises a rod.

17. The method of claim 2, wherein the plurality of damper members are made of
plastic

18. The method of claim 2, wherein each of the plurality of damper members
includes a locking portion that attaches a longitudinal member around the center
member.

19. The method of clalm 18, whersin the longitudinal member passes back
through a section of the locking portion to form a loop.

20. The method of claim 2, wherein removing the loading tool includes pulling the

loading tool upwards between catalyst filing sequences without removing the loading
tool during the catalyst filing sequences.
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