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WD 2007/ 109442 PCT/ US2007/ 063718 METHOD AND APPARATUS

FOR LOADI NG CATALYST BACKGROUND OF THE | NVENTI ON
wo-e@rdowfi2z t he I nvention [0001] Enbodi ments of P¢EUS2007/063718

present invention generally relate to nmethods and 5

apparatus for filling particulate material into a

tube. More particularly enbodi nents of the present

i nventy I 00 S

for fiMERHEE A AR RRATS FOR 1 BAGNG CATREST

reformer furnace. Description of the Related Art
BACKGROUND ©F THE/INVENTI®N furnaces such as those used in

the production of ammonia, 10 hydrogen and net hanol
Field of the bndeingiom i | i ze tens or hundreds of heat transfer

tubes that are filled with catalyst particles. These
[0001] t ubswadimentsniofi thel preserti inveatiant peserally yealateatd medkpds and

onper 2591t Pl HERLAE s k0% ALY apeppents o e

presentf iavémtidn géh@ﬂaﬂ?tre@@é ttd Gh&thods andnappsratedfidrdillidteat sdiglyst into a
too quic non-uniformy during the filling of

tube Of?i%"‘?%éﬁformeé@méﬁ@al yst particles can fracture or
crush if they are 15 allowed to free-fall too far

Descri 516,1. B@tifléf He'l:fl@ OArtt he tubes. Voids or crushed catal yst
reate oca gen5| ty variations as well as a catal yst

[0002] dePﬁHa¥y rERImeP flrAased Babh @RI thBBE usk8GAlthe $788Létbn of ammonia,
variations differ fromtube to tube and cause
hydrogeraandimethanoltypisally uélize tensdeopundreds aftheat dtansfermubes that are

fled wiffyBe{ehtpRritiE . geSauRes 288t hRalL R USable Fetelvst, and used
catalystdm&bf bButpRize@Ueith fleehtdHiglysidpéricticaRer ¥oid¥inothe bstalyst fill can
tor. The 20 resultant thernal and nechani cal

easﬂy f%"t”i‘ éfs@atalyst particlascarenintiodyced to tthe (dkes foq aricklyrer non-uniformly

curng EHT, oY DR, W S ARt B TEER vy are

allowedHoviese4fall tdu fari durigpfilfing s thedubes. a)’\ﬁoutl@@rforhi;hétg catalyst create
operation. Additignally, tap or vibration

local degfayotareians se el e aaBBh SHEhY (aFt Bogss|iian optimal. Loca
density Qéﬁﬁtﬁﬁ‘,s"&ﬁﬁf Hoh PL%eotb tuB«% "i‘ﬁci%dd%% na‘ﬁ@f@'lﬂ e gressure drop over
partic

es occurs during i n e on rene y Is
the tubese nthie redultsds distorions tof gas ldlSthbuﬂIOJbEl anrrwm-hibd teactor and causes

antial | abor and resu

uneven ptﬁgppqrggjge é]StEQH@?@RS)’gbitbFaﬁ%’?? durlng operation o%‘ tﬁeirréactor. 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 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. When filling the
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[ 0003] One nethod for reducing density variations

utilizes a short sock or sock-like nenber nmade of a
woredoende2 such as a soft plastic that is firstP€T/UE®A7/063718

with the catal yst. The catalyst can be delivered from

t he manuf acturer already in the socks. Wen filling
the WO 2007/ 109442 PCT/ USZOO?/ 063718 tubes, a sock
filled with cata sfaste nt o I|ne
tubes, 3 5ReK glteq ks SREEWEE gt Grtoasine foddowdfpd Biardg the bottom

of eachttl]SeI ' pp&ﬁ%s IR fitke Ctﬁé%%cﬂtop'em R RANEnd B catalyst flows into

Into the tube with a m ni num of free
the tube wmh a rvmiewen of fieer fall attoweves thiereliasedoverahdisadvantages with this

methodo 31ing En el ARRtiat Entabn skdlited B Adfper of the socks
therebygﬁtgrl](ﬁﬂ; e ndthB@ dabahdlid. OUBonvetifabs MBfe sbbie Wil @pen Ftematurely,

prematurely, =~ allow ng the cat al yst particles
allowing the cata@séaartmle\a tonfad axgead digtence @n@@ghleve enough gravimetrically

induced 8ol 15’ A or FAHESnER! 86} s 1R Holtilh 85 o KR! Uithe soc

contains Qdlidd Aoty te @ﬁfﬂmé e c@t?etlygtp ligen ebrrespanding . vdldttemll typically
corresponding voids w | formin the t

cally tub
form in feetubenuher #e sackeigrmetied. c&%éaqwtlyy the kbaspust %@%posed to
apping ARG Ly SBPchtn Kol AAOaNG Lopieubes
[ 0004] Anot her nmethod for attaining good and even
[0004] paAhbtt@raﬁettm:iafoysattaimng goddibed éverl paesng idfldat@tysﬂq'mto a tube

include%@g\g\é\& e {y t%tﬁg%ép I%Ela ﬁ}e“ ngngFg :Iae \%Z?%@sz However, this
methodsr‘é%%é'@tﬁét thebﬁafé?'ﬂﬂt%bahénﬂ)ﬁ‘BBV&ﬁanBRéWYéﬂno%dt PRemoval of the

ter and necessary subsequent drying takes a gy
water anldrmecmwy |subaeqwntud@mg/\mms allengelijoer eéddtbléla used water

t t d t 0005] RD Pat ent
reqwre%gﬁ%‘% Gr‘%ﬂ" gafgjﬂélg% & g%stbes[ a ma1 hod for filli ng

a tube with a catalyst by addi ng the catalyst to the

[0005] UIORB Patunt Applitatior RDe25304®ANGestribaste afstived farfilling a tube with
nprising a sl ow ¥rtr0t ating arranﬂ';errent The cat al yst

a catalMS§ era&%pgatheegatﬁtyé i theoHpRemRart of ebtt@h@ Yy means; ¢f a transporter
comprlsm Q}I%\pﬁr r?)aésﬁtei‘atraﬁg%hht: g?gieaéﬁ%lg gtré[eoof?ﬁllnl &'container

throughta dustpn ntech tieerehs au’pﬂemtteoblhqﬁe/trtmsmﬂ;aby@ellbu bmgmdr brushes.
fal sppothly into the tube. However particle
The catifist PARICRRISIE DEBWSSHRNISIdE EIRET Sopbel B Gatpiygt fbe and fall
smooth{yrlﬁtot B&ub&Y ver [ the r*fé?’f ﬂbé’ $hust bePsId S418Wy inGGHakr to get even
eng especi al l'y duri t he
filling of the tube. Further, the catalyst drops a significant length especially during the
first part of the filling 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.

[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.
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first part of the filling operation thereby permtting

the catalyst to be crushed or broken during the fall.
wab®raéwsr, the particles can pack unevenly ovRCT/UR07/063718

vertical length of the 25 tube and the filling tinme

can be long. [0006] Therefore, there exists a need for

a catalyst loading tool that is cost effective to

| fi bl d
sum B SERENERIQE L, 7 o 20 1 o
[0007] F;rrglg{)& n?éﬂ@to? te E)Péé%?\? n%?lgnfd?{ngg%lﬁpfe?%ﬁé% rJr18ﬁ'Q>'dﬁgand apparatus

ubeés even

that preMehh@véaHa”g@adﬁﬂ a@atdﬂystcpambbesanqbavenm detheZcét‘@lyst into tubes to an
2007/ 109442 PCT USZ 7/ 063718 SU
optimum iaasity oN' GOMPRISES Gt p'lupﬁgIA ggmpqrdvemb% extending

from a BEREHRME ¥t %rfh%l ﬁ%@ |h%t"[§é§}°&§e ?émala@ipé’cft?hlﬁlt cfheve rY case, having a

prevent eakage of a catalyst particle an n
diametdri drhaltérdhaatthé yaneri diametaroafsthedube. F(mtemmplel,emlsome/ embodiment

e oo RSB AR hSERE 4,57 3R et e R i, o ors

rotatlonéF ofi&atioR Meark &t aljaebheshe %Bobe”or'bfelcﬁlv ®I YT ¥eformations can be
having a dianeter smaller than the inner dianmeter of

horizontatly artayegedralongxamsingral imeroher orisani e iermedyedioalgrin a unitary

fasnion TR, RaTEAT ' Pehhefonl] SBelBi@hb8inb, (i Gampers are

formed aﬁﬂoa§|§|i°él 6N BehdH) Vehapesblabundreasd e dedrebs@tih adism@déy along the
be horizontally arranged along a central nenber or

length of 4fie B or med vertically in a unitary 10 fashion from
a single, stiffened nmenber. |In another enbodi nent, the

RIEF BRStRIPTION QFCFHE DRAMINGS ' 2! orI hel | Cﬁl slhapesht h?t
BRI B R N O HE DRAVINGS ter a ong the length o
[0008] : hgolthethe Bfb e DR SHRER ﬁieQ&b&Fe F@dﬁe@%%ﬂtﬂ@%&s&ﬂ invention

hat the nmanner in which the above recited features of
can bet uedgrstanshtin i dataiht aomoresSpardicules destsipionoof the daventlon, briefly

summafedi P8, i ¥ B 66 VB RRGE e ARy THLp opame, of gehich are
illustrat&d e dh&sigpended@raWingd)i ahigt® be hbtest ivasier NtHate&he appended

appended drawi ngs. It is to be noted, however, that

drawingsH ﬁ@em@dtypmaémtgmlmen@s@frtgtsemuemgon apd @ae therefore not to be
conS|deE%Eﬂmlde]5? |tgfsc,1(ﬂ)' fbrn}’heé1 Hv%ﬂtlgrqqngy eadm? l'tc? othér Q&ﬁalfyoeffectlve

embodiments.

[0009] Figure 1 shows one embodiment of a damper member that is formed

horizontally relative to a filler tube.
[0010] Figure 2 shows the dampers of Figure 1 arranged along a central member.
[0011] Figure 3 is a top view of the embodiment of Figure 2 in a tube.

[0012] Figure 4 is a section view showing the tool of Figure 2 in a loading tube being

filled with particles.

[0013] Figure 5 is a top view of another embodiment of a tool where the dampers are
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considered |imting of its scope, for the invention
may admt to other equally effective 20 enbodi nents.
WO 0®09)94#: gure 1 shows one enbodi ment of a danP&F/Us2007/063718
menber that is fornmed horizontally relative to a
filler tube. [0010] Figure 2 shows the danpers of
Figure 1 arranged along a central member. [0011]
| Fg re 3is a top view of the enbodi mrent of Figure 2
spiral-spaPedy yhe. 25 [0012] Figure 4 is a section view
showi ng the tool of Figure 2 in a |oading tube being
[0014] fl FigRate V8 i apsitt i viéWwsshdvidAd 3he Fpinal-ehapéd dantpersVineavtube being
anot her enbodi nent of a tool where the danpers are
filled WIth pellet®07/ 109442 PCT/ US2007/ 063718 spi ral - shaped.
[0014] Figure 6 is a side view showi ng the
spi = d i | e
[0015] peﬂggjtr%?’f‘?%%ﬁ%@glﬁg{ﬂﬁg aﬁ}\omér;@r‘ﬁggﬁl\rﬁ%vtv (.gf'f ngngw}é]’hﬁBn wherein the

damperemieodiers ate vértichlly amaeged and woiated relathes tobeatmpiber.
menbers are vertically arranged and rotated rel ative

to each t her . 0016 re 8 i e view show n .
foote] | pERRE s ds e sipud fie smboBisel o F ol ol 4 ube being
filled witM '\glg“éggl | ets. DETAI LED DESCRI PTI ON OF THE PREFERRED

ODI MENT [0017] The present invention is used with a

cat al yst filling process where pellets of 10 catal yst

are placed in a tube w nthe helpé) of aloadlngtool
DETAILER EﬁQRIR,TIQMOEIHErPR £ forned

porm | Rl BEa eﬂﬁ?{ﬁi‘?%&%ﬂ?t Z%étg&aﬁﬁmﬁgﬁpw%“%r ve pellets of
catalystt 4@ ﬁlé&@&wa%se PsthaMeIg!dig ﬁaéan@%bseTﬁedoaampatbbwcompnses

arranged to provide substantially Circunferentia
dampersdhat a@efoa‘ned gnta repeafingishareds fromarmyaterial sucteas @wire Ohéhe like in

ity Sl e e
axially 8@HHGES 6 Nrolide! skt RNy élVCLﬁﬁfePé‘rﬂ@Qfdvbﬁég%S alo’ﬁ@da longitudinal

diverts the particles fromfalling in straight
length oi dhefuled Plag Histance between damper members can be substantially equal or

can vary. The plurality of damper members reduces the falling velocity of the particles

and diverts the particles from falling in straight downward paths.

[0018] In the embodiment shown in Figures 1-4, dampers 10 are arranged in a
horizontal manner along a central member 30. Each damper is symmetrically shaped
and includes a central portion 12 and arms 15 extending outwards from each side of the
portion 12 in a single plane that is perpendicular to the longitudinal axis of the central
member 30. In the embodiment shown, a cross arm 20 extends at an angle of less than
ninety degrees from an end of each arm 15. As shown in Figures 2 and 4, the dampers
10 are arranged along the central member 30 in a manner wherein each damper is
rotationally distinct from the adjacent damper and whereby the arms 15 and cross arms
20 extend into an annular area 65 formed between the central member 30 and an inside
wall 55 of a tube 60. The result of the rotational differences are evident in Figure 3.
While there is no contact between the damper 10 and the wall 55, the arms extend
outwards far enough that pellets 70 are interrupted by the arms 15, 20 from free falling to

4
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[0018] In the enbodi mrent shown in Figures 1-4, danpers

10 are arranged in a horizontal manner al ong a
wa@enwrned44nenber 30. Each danper is symmetri cal PgI/ER2PBO63718

and includes a central portion 12 and arns 15

ext endi ng outwards from each side of the 20 portion 12

in a single pl ane that is perpendicular to the

e otk LSRR oo ghab e B8 e TGt b e arms

15 can @xtérﬁf@ufvmﬁs a’t'é“QUYdé’g?@éeﬁ‘fglé [fRIth 2he VRAtral nRAfbe@aAY the cross
As shown in Figures 2 and 4, the danpers_ 10 are

arms 2&caamgewnse| exignd BbaCdndegreerangle: frogutherarmsrahigure 4 illustrates the

ocaing 5L 1€ T, iy B8 LR 415 SR v an

annularZﬁ)aZ;@ b?etmed thétt@olaéh(ﬁaﬁuhﬁér Wk 3565 thertupe. Meleresfter, pellets 70
central nenbe 0 and an inside wall 55 of

ube
are dropged-nﬁgo the; fube Cﬁo taﬁ'é ?@?taﬂ YAHPUS dRNeRes R cSs ﬂé%é?aﬁ towards the
bottom EYtr%et'&be' e BYI Sar?%h ln%]ﬁ '%f‘étﬁnag%i?\otp%clﬂbé?ﬁe pgllets approach

en t he danp ar ns
the bottoui mﬁtrtéstdoaratenbmg rpduhtalhertebl ears béQoaro&imamyefarsent Lmill ttlye tube is

h rms 15, 20fromfreefaII|n 2007/ 1094 )
full, or tb@%”%%b‘?? geasuedy and gutingRIsly R tl{m@ 9 asthp dvke ﬁﬁ? Either
of thes®" thide nhé’cﬁoaé‘dcéﬁ‘ebéeﬁgéolggllﬁ{éooﬁﬁéﬁﬁﬂ c{g’h%uﬁfrﬂgtlcaw with an

can extend outwards at a egree ang rom-t
appropriatatmechanicalelevieed t he cross arns 20 can |ikew se
extend at a 90 degree angle fromthe arns. Fi gure 4

o191 | oiELeE ot uisPALS Bolrs?.ermBadfint lninr el tapl 50 As
shown, étﬁéudé?rhpél%aQ%hﬂbmgnuﬁ hRett@el coRsistdfinPpRiral§! bf 8pirdll or helix-
the tube. Thereafter, pellets 70 are dropped into the

shaped raerabsts, #a¢h «bmhich hea e Yightly dngreasedor remdiicedzouter diameter than

e acshUAY  , B B R SeP ihy SA mermer

Figure 5 lie altoptview ashowieg thool theaéplmlsﬂappeldﬂthéhﬁrﬁp@t mﬂls@lﬁstantlally
periodi cally raised unti

cover thigdNteEan ofel aItaIStgP b Trastel r%cﬁ?é'ﬁ&s semge@agisﬂam& the tube.

Consi e IS, oo S HBEPAL aTHBEA00% lrer i
diameteapparo the aplmlrﬂéﬁrmere&bovéd»utassn{a@l@lﬂjarﬁt@um@et ISwanslpifal 108. In

(I lustrate anather errb di.ment .of the | oading, toq
the. empgdiiars siOWRAN GRS 1 15 ORIy IHFeRsio IhodlenigRG Eleng a firs

longitudial FerjtH o thé YodlTardPheR!deFedd AfShg a second length. In this manner,
the loading tool has a consistent center line and the stiffened member from which it is
formed can traverse a portion of the tube prior to forming another group of dampers. In
each case, an annular area remains between the outer diameter of each damper and an
inside wall 55 of the tube 60. Shaping of the damper members and changes to length,
stiffness, number, axial spacing of the spirals along the length of the wire, etc., can be
adapted to the material to be filled into the tube and the size of the tube. These changes
can be accomplished since the damper is relatively inexpensive and can be adjusted
easily. As shown in Figure 6, multiple dampers can be used along a tube’s length and

the distance between them can be varied.
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shaped nenbers, each of which has a slightly increased

or reduced outer dianeter than 15 the adjacent spiral
wape7abd444pr ef erably fornmed of the sane w re orPCT/US2007/063718

stiffened nenber. Figure 5 is a top view show ng how

the spiral shapes of the danpers 105 substantially

cover the interior of a tube to stop the freefall of

pellets, bein ade |ntoth t ube
wozor - P, RuSeT; qeedRsE g i afg i) €t fdmmer 200 of the
loading 366118 forkt¥d irSthleastife offa paitiaEL"eind Baéh Iheoriictéd inld fotationally
t her eabove but is smaller than the next |ower spiral

fixed andgdistinct2manner selebve nt@ndamp@vm abevei gml ebedowt e Each Z shape

included (4t Uehef MArERH): oo 2P iioTaR Fkkite pg 215 and @ lower

horlzonﬁil mg;zaose;qma;ﬂ anenower l[dgs 210 and@20edre fotdsholendd @ad connected
has a consi st ent center |ine and the stiffened

toa Iegnaé’rtb%mm ératwnnichpeint 231 sughieat 2 sanstaRb eprier ing of theodamper is
malntalﬁéd ?Qﬁtlﬁéjﬁ?th%r I'oﬂrf_iltlt]@ingf X5 09 1A RIHECE0. gm%DtOQFeqﬁ'Eﬂé?)V design, the

ar area renmalns between
dampereui(m odmabetfermed afastiff daatpeal and iana 2Zhanmen ddevebdy tHey remain

of the er ers and
rotationghy H§HaCt T ERGMPIABL TG RBed10 BT CERIRINgnei ng

of the spirals along the |length of the wire, etc., can

[0021] beFlg@?@Pt@@ tbp Vidip oFBhSrdr@nﬁbﬁ]é?ﬁ akliif Wedldi a’Hﬁéa‘i' eatb@60. The

d“the size of the tube ese changes can
Z- shape;tdanmerslﬂﬂﬂ) sren@eranged dahgrebyi tbeyectca/pr\agsyntlally the entire radial

s or M FEP 3005 A 0% T e 2D iy Ryl
the enlbaghEnenst reheg disg a@@fﬂcglb_bfstvm arleeraaehn rbited 30 degrees
varied. 5 WD 2007/ 109442 PCT/ US2007/ 063718 [0020] In

counterglpgkwise Eamotiendampshéiarephoys god dberelativegangle @f each from the

horizon%?fggﬁggfet%?aﬁa It ig%a&'bﬁ%téﬁ’é’éd éép%%%ﬂ?% trgél ib MRisH38RPin a side

ana eacn I's 'conn

view inrEigaitg 8nahése to >camhmeté tbals iA)B arencwnectddatogethéoto form one
ers abaove and below it, Each Z shape includes an

da
longer tGQIBB?t agends Hhelengdyobthe tube @0agonal connecting | eg
215 and a lower 5 horizontal [eg 220. Upper and | ower

[0022] : :gﬁgtgdiﬁ?]ﬁ?@tt?@glo%ksd feford @Pr{érﬁ’ Qﬁqb qu'gs CIOQH@@ ?ﬁ’e sh&8pé&s can be

e next at poi nt uch t
alternatelgrrstaied between clochmsefandweomiapmchmse rrBlyri‘t:huchm" the shapes in

tis mahEbE 1S Bt 76 AR hAEH B, B 7 e P 4RO iR withou
hitting #dappdrf !Wt(ﬁlﬁérabvo?d@! the derfiBaNgistalter BEXvddieYahfiErs talong any
straight vertical path in the tube is minimized by the design. For example, a first Z could
be rotated 30 degrees clockwise from the Z thereabove. A second Z below the first
could then be rotated 30 degrees counterclockwise from the first Z. The arrangement
creates a loading tool wherein legs of the various Zs are more likely to contact a falling

pellet at more equal intervals along the length of the tube 60.

[0023] Since the damper members do not occupy a substantial portion of the cross
section of the tube at any particular axial location they can be rigid or flexible and still
permit the particles to fall. The loading tool can be moved or jerked primarily in both
directions axially and is pulled gradually out of the tube as the tube is filled, or it can

6
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rotationally distinct fromeach other while sharing

the sane center line. 10 [0021] Figure 7 is a top view
W@R000ne9432 r angenent as it woul d appear in a tuRer/682007/063718

The Z-shaped danpers 200 are arranged whereby they

cover essentially the entire radial area of the inner

potion of the tube (only the upper leg 200 of each Z

remain A%tgcg}a'ﬁ %?;?LS@%@W% errbo ocge ?%tgglst is %lérmeg 7addeg and then

pulled GEWatdR! bl Bekibeebétnent B@ta@%mﬂﬂfngt M@Q@ge ABthkhBading tool is
relative angle of each fromthe I5 horizontal is

removeriafw@médi'e tuke, itecam beibsoker iniprsestiepp &l vw@ﬁj@@ledd@@amm along its
length. "Phé 3! ?%R'ﬂt ff grﬁégf‘ocagx riW{dl Eh%: %ﬁoer W?Jm%@tr%de of the

tube is Ihmi@elrtotmel lehgtht betnieemdwebkende paitionsf Tihe pbtthﬁ?esﬁ@an pour down
Z&%I n add tion to the clocked arrangerrent of
into the,:tu&g O%rhﬁd ugnet hat é%é%'@gv%‘é@f@é fillgo Breelejed. However, the
t Y,
partiif 2155 HBLARS I 054 Sl KngP IRARCAL KRS oy Wi o
exampleé$® shownnmlede ﬁ%ksha[iefsd it tvaill baldndwtyod dinatltheldampemaes 66uid be of
the verti

a varielf & ShRRE%, NIER F20a b Be -ttt iy o8lcali aloS s ceplit member.
For exaﬂ%l@ !h@ éﬂé%e%% bs sWn%é’théﬁ%rchﬁb%I)ﬂ@sfyrﬁH\etrFéHl in geometry and

first Z coul be rotated 30 ‘degrees
can proald@ca\bawcredohlmaé c@veta@ee@ﬂibeeannulmfmmdzbetweew a benterline of
n be rotated 30 degrees

{
thetumcﬂﬁi?e‘?’@%cﬁ\ﬁt e1‘romthe first Z. The arrangement 25
creates a | oading tool wherein I egs of the various Zs

[0024] Rdriddi® bejustriehts deOthQOIﬁmﬁﬁt ofitHealowedt exirehit ofithen®érter member
equal intervals along the Iength of the tube 60.

can be [m@fi%]m@u@ly t ABisdisnBesomplighedsbyphysically faphnathe wire member
changesnl'bk?ﬁﬁéﬁglbr‘?ko QI% Rhé’& Qé; %1 s?%ﬁtr?ﬁﬁgtdf?ﬁe Enfé?‘?n%rll‘lgrgr contacts

|cu ar aX|a can be 11
the cata‘lysixmﬂei‘facansinalbr kd thepeemsa‘tlohffmm&r weighted 1f|9h‘hglllne Mactlng the

| gadi ng, to can be noved or jerked primarily in
bottom 8 @ bathy Pgﬁ’&atﬁku aln ynsnum dﬁﬂ?’l‘teef dhadurgseqt ennen@pn periodic

I‘ |
oo ABE a1 1954408 19 1 Adshofr 4, Entr Elfer g o et

extremity qfrtbeetemter mechkwaro ulhis sénscart MeWeriear’bmmgumm}ﬂel vétidthe top of
the cen#qr}lerlrr])p %L‘gﬁﬁg@? \%%géltn Wéaﬁgl ﬁer? Cc%[r@@%v\g@h the catalyst
interfacérom the tube, it can be broken |nto sections at

weakened | ocations along its

[0025] With embodiments of the present invention, a novel, reproducible, and quick
filling 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-
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 small



| ength. Therefore, the amount of the |oading tool that
has to be handl ed outside of the 5 tube is limted to

W@ b@7iiendgt h bet ween weakened portions. The park¢TUS207/063718
can pour down into the tube through a funnel that is
renoved after filling is conpleted. However, the
particles can be added to the tube through other

thods known ipn the arf. Wile the exanples sho
degree{aatndent #oo0nufasyer £ s ponictiniasra BByt Whdfing process.
FurtherAm®E Rfofs CeBHrECRRI Qfith FillRy ioFt YaditleshangsSsodly elie Cavbided. A
all be substantially identical along the center

substantighisiegree of Hegedogarpoarding Paskagies anth the fegymeft traesport for the
. I Lf asymmetrical in geonetry and can provide
pamegaggﬁgﬁ%%%bg?inited coverage of the annulus forned
between a centerline of the tube and a wall of the
[0026] It uléhile] tbeXdtededng ts]tclldicerz]cadq'j s tenmrddimehtst b’ethleq%rgbéntgihveh’shon, other
owest extremt the center er can be e .
and furligt BnpgameRts of dha doumpiarc Y By dsvssct Bnods Beparige from the
i | Nhel i t S
basic. sE36e R BRA e, S ieb] HAeRIRIAN ) IS CHITS that follow.
the catalyst interface, simlar to the sensation from
a weighted fishing line contacting the bottomof a
body of water. In one enbodi nent of the present
i nvention, periodic adjustnents also can be assisted
by the addition of a sensor nenber at the | owest
extremty of the center nmenber. This sensor nenber can
communi cate with the top of 20 the center nenber to
provi de visual or auditory indication of contact with
the catalyst interface. [0025] Wth enbodi nents of
t he present invention, a novel, reproducible, and

quick filling nmethod is disclosed. The nethod is
gentle to the particles such that crushing of
particles during the filling operation is avoi ded. An
even filling of the tube is also 25 obtai ned, 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 exposing themto
tappi ng/ vi bration, which is both tinme- consum ng and
damagi ng to the tubes. Consequently, tinme is saved
both during filling and also since the tubes do not
have to be tapped. The nethod is sinple, cost
efficient, 30 and can be nodified both quickly and
easily. Additionally, it is to only a very snal
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7 WD 2007/ 109442 PCT/ US2007/ 063718 degree dependent
upon whoever is the particul ar operator during the
WO pdoriierg4pr ocess.  Furthernore, errors connectRCr/ub0n7/063718
filling of particles into socks are avoided. A
substanti al degree of freedom regardi ng packagi ng and
the formof transport for the particles also is
. obtal ned. 5 [0026] Wiile the foregoing is directed to
Claimsg 1) 4i ments of the present invention, other and
further enbodi ments of the invention nay be devised
W t hout departing fromthe basic scope thereof, and
1. Al ool fdredisteibuting delicpaitiars iato & Rebe; lcamiprisi
f ol ldgr%j) 8 WO 2007/?%9442bPCT/ us2007/ 06371?]3?0 r;?rrs
a center pmbRy; 8881 for distributing solid particles

' r: 5
4 Pifafy.4 SRR BBy A RS iR RcEaPro the conter
membedi@amsmfnpéon@mﬂfm' inelntiey atrreastewo rigid landaompoisingeates extending

ncludl | east  t rigid and opposing arns
outwar sy wainesy dedses Tt 419 YFeRteiefmerpRe dasat least two

opposwféf G’ifﬁétﬁﬁsca‘?ﬂt eacﬁfﬂgér h{én%elj fBstiona djs‘?l%fﬁgﬁﬂadjacent damper

rections a anper nenber rotationa
membetd.sti nct from adj acent danper nenbers. 10 2. The
| oading tool of claiml1, wherein each armfurther
includes a cross arm extending froma distal end

2. 'FH&?'I(%H‘ nqlttoéﬂ of i Af WReleth HaRAL ¥rrH SRIFABE - me°1udé‘s a cross arm
met hod distributing solid particles into a tube

extending from 8idigjal arsl iheseef aframangle lof apitadinalyidegream
interior of the tube, the | oading tool having a center
menber and a plurality of substantially identical

3.  Alnsuesd GROREIDULIAGOAE padtidles INE a taB8! &SmPRITRET . _
wher ei n each danper menber includes at |east two rigid

Pesitioning @ ieadieg tealimandateger slithe: tuhei thel lpagdingdegl having a center
membef 8HCESpILFAR (P estfethftlan)BaBfficd WathpbEA%mbYR connected to the

center member, wherein each damper member includes at least two rigid arms extending
outwards at substantially ninety degrees from the center member in at least two
opposing directions and each damper member is rotationally distinct from adjacent
damper members;

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

removing the loading tool from the tube.

4. The method of claim 3, wherein the loading tool is removed as the solid particles
fill the tube.
5. A loading tool for filling a tube with particles comprising:

a stiffened central member;
a plurality of spiral shapes formed from the stiffened member, each spiral shape
having a different outer diameter than the shape adjacent thereto, and the loading tool
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opposi ng directions and each danper nenber is
rotationally distinct fromadjacent 20 danper
worewnaess2 filling the tube with the solid partPCl/E82007/063718
wherein the solid particles contact at |east sone of
the plurality of danper nenbers; and renoving the
| oading tool fromthe tube. 25 4. The nethod of claim
.3, er.ein e l.oading.toql, is r ved e solid
having B&Fﬁ?‘?ﬂ”&% S“#’?ﬁf‘{"f’" e“e .W'Lah.aﬂel‘f? Ay @8&&1 Por
filling a tube mﬁth particles conprising: a stiffened
central nenber; plurality of spiral shapes fornmed
6. Thelradieg é@@lfq’feﬁawn e risieereine Hen physality) ofsspifpd shiepes dgcrgase and

e e 41 RS - oE OB PSS

PCT/ US2007/ 063718 having a centerline subst antl ally
coaxial with a centerline of the tube, 6. The | oading

7. Theloagingiogl af daimfewberein maultiplgrrivialijes of spiralahapes are formed

rom P SARcFCF 035 56191 BB lfeon an uer

and Iovdeoaaddmjth«ahjbe:)f claim®6, wherein multiple pluralities
of spiral shapes are formed fromand connected by the
stiffened nenber, the pluralities extendi ng between an

8.  AIRRShod fIistABET n@@gll@?aﬂi&%stlHﬁ)ea g, %on‘fbrl%ﬂ od for

distributing solid icles 1nto a tube, rising:
nnsdiqmmguawg)aailmg)aﬁmln@ anadntdriorsof thet tubeorthef loatingt tdoé, having a

central kipbP a0 bR Sefhspf Ayt diiPeRe fom@t fromfhe central
membe¥,ltAe eBithIsdbr prRItIRG cot'éh%gélfbfroﬁ’étmcf Pédlé’lr;%f’ugﬁ‘gf the tube;
coverage of distinct radial portions of ube
filing thegtut)ﬁemftmme wplidh panicless Iwherpir thecww pmale@u ¢ontaet at least

I| ontact at |least 15 sonme of the
some oﬁfﬁ ra“laﬁb} %pq%é:al s; renmoving the |oading tool from
rehvingwedsading t@@ﬂfrdin tae tubd) &stHd $dlid pertitleBEill thd ®ube; and
utilizing a sensor to communicate the position of a second portion of the center

member to a first portion of the center member.

9. The method of claim 8, wherein the second portion of the center member is

located at a lowest extremity of the center member.

10.  The method of claim 9, wherein the first portion of the center member is located at

an upper portion of the center member.

11. A loading device for insertion into a catalyst tube to facilitate the loading of the
tube with pellets, comprising:

a unitary member extending vertically from an upper end towards a lower end of
the tube, the unitary member formed into repeating shapes, each of which includes a
uniform centerline and each of which have a dimension in a radial direction, the radial

directions rotationally distinct from adjacent shapes.

10



utilizing a sensor to comunicate the position of a

second portion of the center nenber to a first
weorrita4df the center nenber. 20 9. The net hoRICD1S2007/063718

claim8, wherein the second portion of the center

menber is l|ocated at a | owest extremty of the center

menber. 10. The nethod of claim9, wherein the first

' of, - er_ .is.laocat
B begfe gy ddlfp EENVBbrelE MR or g ety 2he gl f ne shape o
a“z”. for insertion into a catalyst tube to facilitate the
| oading of the tube with pellets, conprising: a
unitary menber extending vertically froman upper end
r t r
t% e’ foel‘r‘é@%e@?vrs{ggrs rg IT@% rléggattﬁ%‘?shmﬁéé 3afrl¥nc iy 8 of a single,
5 stiffeneél@nembénrm centerline and each of which have a
dimension in a radial direction, the radial
directions rotationally distinct from adjacent shapes.

14. fbal m%ggﬁﬁ{q?@ﬁa Lﬁ’e@ r epg)gt {a%ggéﬂgé@gargef g(ra\r/r:egel gf

a bentsdlapemoer; and' 2'. 13. The device of claim12,

erein.the s ar of a
dHGpeier st RbBe B SR sty dh8 Eerthers ifgiidpgiat least two
10 opposur?“?@dlmly BxteAlirRy ﬁ@rﬂ@ﬁ%&te‘ﬁd% ouﬁveﬁé&tlﬁ@ sﬁ?@%ﬁéne pfbendicular
s di sposed al ong the central ménber danper's
toa Iongm,dlnalua?gsaFtheetabe two 10 opposing, radially
extendi ng portions extending outwardly in a single
pl ane perpendicular to a |longitudinal axis of the
tube. 11
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