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Devi ce For Loadi ng Chem cal Reactor Tubes Background
This application clainms priority fromU. S

wenroviwizsmal Application S/N 60/723,028 filed ecras6/037952

3, 2005, ich is hereby incorporated herein by

refer enceBA;YW@ p?rels%@ﬁ'"ign‘;@ﬂm'&’ Reacipedubgsa s| eeve

for loading pellets, such as catalyst pellets, into

cheni cal reactor tubes. Typically, the chem cal
Baclegr.dm'rdtubes are vertically arranged tubes which are

hel h heets to f t he
pastbise es?ﬁﬂrbéaﬁﬁsiarﬁém&"ﬁr ¥ bh®. PEtsional Aeplioatan SN
60/~°f§§€bt28' e eftRsr |3/ 2oBSs a%ﬁféprlg ﬂbréﬂyﬂgg@ﬁ?gétga hrein by,

eattor, wt e 'react or es e ownwar
refémnejt Addi ti onal tube sheets may be | ocated near

the,pott o the tubes, Ref to th
{ UBENS RESETRUNETHOB &igles oy FIEPUR forJRrd G PelBlr SUebes

ca’t%@%?fxellé’féq €n oeéﬁgrﬁl’%m;wr‘é%ﬁ)r%lfoe‘@é“ Wr{ﬁcaﬂ@aﬂﬁegc%rhiéal reactor

yst pe ets i ch assi st
tubesare Nertlcallyn amdged tubes Whicheue held uogeﬁmrfmyrcme or more
it,u

t i s desirabl d t bt
tub@RHeeT o' o ta BaBlresinhor & sbRd ek oBl@iolasa s ine
shdathe gepérafly 1GRREP hea:e%ecbp of fie @%bﬁir}’ﬁ/ﬁh B8 k&dctomBpede

very abrasive and have a very strong tendency to

exteniingedysrvearei fm@ntm b%ddlbomiﬁub@ sherisroay hedodategvnear

tnefgtc By MG e s, oetbleniBs 1T Bl ylrbebBin .
genenlly ﬁélh@toﬁhb eipber etlbendhut e Theirdgitogiubed dfenefreUdsded
uni form packing of the pellets within the tubes of the

W'th &atalyit nedetse W 'ql‘U%%ﬂ'SPtyn theyphemigat egctien. impedardorsthien

S0 SereR T imal, Reslah iR abRIGHSHELRARS lbivst
pelieiqelven:ld im the tubesa bri dge. The rate usually is
| 1ed b t,rol | th
©hr Bl GArEY GRS orf BastSekelo e tARWEE BRI may be
ve naﬁramé &l rﬁéf' hage ar\%e Qt#bﬁ@ teﬁdéﬂcy 856G BERAS tAE ‘?ube
led to the cat al and then 't he catal yst

stmﬁlngatbaduﬁherd‘mw pbpelms @h;@uggéhe readbis dasirable faiload the

oo AL L SISOl 5 A

britignhg did\e emzdrd eniftsnt m afithet gesletaivhinghe t@t@es éf the
a\g&l}ﬂ d be deS| rabl e topa l e toﬂélﬂoad the cataly

I vasseli Idgaty. fhie Gontrolefirateds sekh tigkthe syaper ieslits
sinillBheBBSIy Pods iy tHRudME SAnPE HRASHNERANE Huner of pellets
required to form a bridge. The rate usually is controlled by controlling the size
of the opening through which the pellets pass into the reactor tube.

In typical loading procedures, the reactor tubes are filled to the top with
catalyst, and then the catalyst is vacuumed out to the desired “outage” level,
with the “outage” being the empty space within the reactor tube above the
catalyst. This process is labor intensive and tends to degrade the catalyst, so
it would be desirable to be able to load the catalyst pellets directly to a
required “outage” level, such that pellets do not have to be vacuumed out or
added after the loading in order to reach the desired outage level.
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added after the loading in order to reach the desired
outage | evel. Sometinmes, |ong |oading sleeves are used

weaod7iat2s4swhen the sleeve is filled and then i BCT/US2006/037952
renoved, the catalyst pellets fall to the desired

hei §ﬁme@ma§u{ca@éoadm@mve8taﬂ@ eed £pdhata Mbep, e staye is
i S Yol RS A RS o

outaigehi HdeNerr hefd oftemare brcﬂﬂme mtthtdmalystdormfg|mg) ingthe

| oadi ng s| eeves. Sunmmary The present inv
slesvwsdgg slesy8iln fetnevenoyednandihars e be S @5'?3@1’@%5»5

wififo HGEBERPWAER 1E38hi He%saliong Baii J8spsd pti on of

aw ngs IS a sche view of a
| oadi ng device for loading pellets into a chem cal
reactor tube made in accordance with the present
SumMpaRYion, with the reactor tube in section; Figure 2

s ﬁ*p@‘b@é&éﬂﬂﬁ&‘ﬁn% dr&%d @%ﬁidﬁ}ﬁgogéé{{é dﬁt{/ n%tﬂ&gst?th%fc solve

Fi gu IS a top view O I ce Figure
mahy ﬁltgepeolﬂémssjescanad wbewve.of a pl uraI ity of the

| oadi ng devices of Figures 1-3 inserted into their

respective reactor tubes and showi ng sone cat al yst

Bri‘é?'ﬂégc?l tﬁ,ggfﬂ,&mﬁ"ﬁ,gfg de view partially in section
anot rFr enbodi nent a | oadi ng devi ce for |oadin

peI Figuse ilris @ scheniadic sidenvienr oftaloahingWadigafor lwaging p@f?ets

ur.e s, a.hottom view of the |
intg: g GarepioP st 0k Yo BloGuehPEWiEC PRl 1 eBbo.
withfth&irgaétor dibefih @etgort is a side vi ew partially in
sectjon of another enbodjment of a | oadi ng devi ce for

| oafiigite é’e‘ﬁIaek?@tqrﬂﬁ’@v\aoi’qhgéoa@pg]dpmcetoé REe oo of
d
i Odird 3 ElagtBPQn%rv of e lBQH@%raéUég%&fgf,%ﬁ,@e, oadi ng

dev ure i ew’of the
I oa&nglge Mvnsceetopfwﬁngﬁ laeplﬂrahﬁn gfihe bofilgédedbesvof Figures

erbo i ous ,configurations of
-8 seReddroieh e ptie sane Ghes aad Syl S g tatey
pellsts@ bottom perspective view of another enbodi ment  of
a | oadi ng device made in accordance with the pr esent
i nvé&igurer; iski gjde grempa@laﬂy tm@eatioewf @nothes engkedimgnt of a

o s B4t hleatla W T SO R VR ?ﬂ%@ﬂtﬁ 1
t Ub@lgtﬁrb@/\rswbétttﬁn view of the loading device of Figure 4;

Figure 6 is a top view of the loading device of Figure 4;

Figure 7 is a side view partially in section of another embodiment of a
loading device for ioading pellets into a tube, similar to the view of Figure 1;

Figure 8 is a bottom view of the loading device of Figure 7;

Figure 9 is a top view of the loading device of Figure 7;

Figures 9A-9E show different embodiments with various configurations
of recesses in the top surface of the flange;

Figure 10 is a bottom perspective view of another embodiment of a
loading device made in accordance with the present invention;

Figure 11 is a top view of the loading device of Figure 10 with a tubular
extension added;
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| oadi ng device of Figure 11 nounted in the reactor

tube; Figure 12A is a top view of a plurality of the
woOaeddioaesdevi ces of Figure 12 inserted into theCcr/us2006/037952

respective reactor tubes; Figure 13 is a top view of

an bigves A3tis asidesertiog irw thyeugh dhe reacteriubear shaying de

Fi ; | .havi ng™ a
Ioag(qgfiﬁ)iéfofg é’?éjﬁll%%d?%&?&‘ tﬁnggg%gg’fbs%éct ion view
t hr pigake 1DA is eaop afevt oioe plusblityiof the loadingadBvitesdeffrigere
of Figure 13 nmounted in the reactor tube; Figure 15 is

12ip dmolbelgespesive yeastiooiubgsot her | oadi ng devi ce

t hat. i gl : i o o
w ¢ o 20 pabe Vit Pfan AR A< B AbgE i gkt
thaFof Hlgtird 4 1i, bubwitie theviopwuoiact haavirgeal difigrelstbper; of
Figure 15 with a tubul ar extension attached; Figure %7
i s Bloyreid4vs aside sedtion iwithirguabiie eeastordula, ghawng the
' ] e; Figure 18 is
loagmg‘%@g&?gg@ﬂgl %&g{eﬁeﬁ%ﬁ&@? t‘%ﬁnégt her | oadi ng
devFigarée Hétis iashattom perspedtive geweof anothdr loadihg deeitertbat is

sinie £0 e DAPRERIEIE o OuGh T RURVER BGSFIaNS aroPEbeom:
Surgééé%ﬁhégté&& gure 20 is a top view of the |oading
evi i

ce of gure 18; Figure 2 1 is a side view of
anoFigere d6tis di top vievo bf thelloading glestieeiaf & igure 150atih mgubular

xtgel] etg in!t .a chem cal reactor tube nmade in
e BE@P _ fth the present invention, including a
sli Figuré Qurig a%sldé Sied $fQRe YoIh@ belibé of Faflired odthonie of

Fi ?ure 21; Figure 23 is a side view of a slide device
moupfed,iea chemitad seralief Igeel et s from t he | oadi ng device

of Ei 1 o : . ng
oL FHE 53 S50V G S oY i 5 B

thal & Sienilag toiFiglire 7, put witl2 épesings sixtkh digeroraplateln thrugh the
vi brati on device inserted into a | oadi ng device nade -

flange R coflaaiedvdti h the present invention; Figure 25 is

For PR3 ARARST G, orko o s 1 dovi e
i ncFiglira@0as cutop view ohihegoading device of Figure 18;
| Figure 21 is a side view of another embodiment of a loading device for
loading peliets into a chemical reactor tube made in accordance with the
present invention, including a slit;
Figure 22 is a top view of the loading device of Figure 21;
Figure 23 is a side view of a slide device for use in unloading pellets
from the loading device of Figure 21;
Figure 23A is a side view of the loading device of Figure 21 with the
slide device of Figure 23 being used;
Figure 24 is a side view showing a vibration device inserted into a
loading device made in accordance with the present invention;
Figure 25 is a side view of another embodiment of a loading device for
loading pellets into a chemical reactor tube, including a dust catching
attachment;

Figure 26 is a top view of the dust catching attachment of Figure 25;
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attachnment; Figure 26 is a top view of the dust
catching attachnment of Figure 25;Figure 27 is a side

W0|261W/0@i25yet anot her enbodi nent of a | oadi ng deeTas2006/037952

orda ce, w tg t he esent nvent i or? . .
mcFIaTR G 5 SRR LYo 698 of § lading device
é{deem éﬁc&aéﬁde WRY m;sre%gﬁggvmn %u@dlhg%%m%n ﬁ QSts ,

made 1 n accordance present 1 nvention
t he Figuardi 2&isdeside eviavo ofhstildanathethembbainiardlof mdaadiog dewce

m%s#‘egwoggﬁrr%eéﬁﬁé?rﬁp@ ot bratin, FESwriE e BatBe dicd
m&ﬂﬂé@ ance N tﬁgp{?a@{orqutg@adl ng devi ce made in

accor present invention, show ng the
| oadﬁlglgetﬂﬁlﬁcﬁetqmuawaﬂthmloadmgdﬂwfﬁa:&f Figizteta®, t ube

| | oaded; .Fi 3
0 oot el Soe RRAEPLs Lo enoofini o™
Ioéd]ﬁ% H%@&boﬁwa‘d@ﬁ RBGrdafBs Wid tHEe \Préssnt HtBN38hdWing the

matic view of a sequence of five stages in the
loading deyicefmeuntatis the ehemisal ieactastube pgonto ¢atglysebaog
o v@ Le stages 1 and 4 correspond to Figures 30 and 3 1

ectively; Figure 33 is a schematic si de vi ew of

t he Hig@adesh isandisagheavives FigureeSPBOtivE chtalpdtaediels ffing
Figure 32 before its pellets are renoved; Figure 34 is

th%r%@i@hﬁ{bﬁ@@ leadifigedevige; t he | oadi ng devi ce of Figure

o o8 B SRRt BT Sl REREE & sl s g °
Io&@dg of nammﬂm&m:n@awtdrInuMef Pigared0, wiwenstages 1movd ng

a cli tructign at_the bottom of theloadlng
CO&@\?P@ %@W@S§Q qng?él fﬁsﬁﬁcwei)w of the clip of Figure

> gqug %3 R7a Ehdmificide ol iRdoadedTo: éafﬁeg%g 35;

8 1s a view of an ernatlvee
cwlraspbadmgdotsmage ofof Figyue 623)‘6foreuts peHleteatenkentdved;

oD e 20 SRSl L ot iR 4 s
on'ﬂe&Hé%e’ﬁ@tst}ﬁ?é\ﬁéf@eéﬁ renfovgdserted into the | oading
devi ce; ure 39 is a side view of another enbodi nment
of & lg@l‘ﬁﬁi%@ @ sidecdew of another embodiment of a loading device
made in accordance with the present invention, showing a clip obstruction at
the bottom of the loading device;

Figure 36 is a plan view of the clip of Figure 35;

Figure 37 is a view along line 37-37 of Figure 35;

Figure 38 is a view of an alternative embodiment, similar to that of
Figure 37, but where the clip obstruction has been replaced with a plastic tie
wrap obstruction;

Figure 38A is a view of the tie wrap of Figure 38 before it is inserted
into the loading device;

Figure 39 is a side view of another embodiment of a loading device
made in accordance with the present invention, showing a different type of
obstruction at the bottom of the loading device ;

Figure 40 is a view along line 40-40 of Figure 39;
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made in accordance with the present invention, show ng
a different type of obstruction at the bottom of the

woOaeddioaesdevi ce ; Figure 40 is a view al ong | i ReTAB2006/037952

of Figure 39;Figure 4 1 is vi ew of another kK . .
e Bt A 8 VieW shanei§enembedimentafisdlpagdingidpyicey similar

ol A0 S AR S

withisgfulleinglobsitrsictionj ew of anot her enbodi nent of a

| oadj n i.ce nade _.in accordance wt he, pr esent

| o Blie ATAiS Gufen o angther eRTRaITEE! &l oRgiESce made
; ew ee\ﬁrﬂ‘? i of i ng device showi ng a cl ear
n ex?ﬁce osgkégg{gesﬁgfggegn 'an obstruction at the _

bot Fgure#2tiha sshepvatic side Vieywfantteriembddimeabof aileading

as that ,of Figure 42, but with,the fl exible hose, shown
defiReSianinga clod Tl hRFg MR Snd,aG hstry D Bt e
bofO8L &ehe @RPCIgIENt of a | oading device show ng an

I nflatabl’e bl adder obstruction at the bottom of the

| oaffigue d@diis ¢he s@ingutiaw a8 that of Rigwe 42, dud withribe Algxible

h of Fi %lur.e éliie \‘gh%n.tohe bl adder obstruction is
OFRFNQVHY @ &‘3 & Z?g' f's the sanme view as Fi gure 44, but
W t Figure 4Bligddside ORS sfUsidtRer érbodiiiht oFhdtdding Gelvizea

schematic side view of another enbodi nent of a | oadi ng

shawinocan Wiiatabls biadder Pstrustionsitembpigpmenidha lopsbiedevice
" Bl i Bl Bt MRS R M e

obdtuctiorgigrdefiated;s a view simlar to that of Figure 46,
but when the noose has been tightened to restrict the
opehidie 40 18 e %@‘*ﬁd’r‘ﬁ%ﬁsfﬁ'ﬁmﬁdﬁ’d i%HbWJiE\W% E,?aoHe@ur e 49
[ i lew of the | oading device of Figure 46;.

obéﬁggt}cg{ @gatl\étsj’a side view of a fork tool used to pull

- on fliguradlb is @ schgatic side vienosfearwithdt grubedimemt 68 a loading

o gt 0 R BT Ul Sk of o
théBRieRsionembodi ment of a | oadi ng device simlar to that

of Figure 35, but with a flexible arm adjacent_the top
of tFigureddds meahemalis; view of the noose mechanism of Figure 46;

Figure 48 is a view similar to that of Figure 46, but when the noose has
been tightened to restrict the opening at the bottom of the loading device;

Figure 49 is a plan view of the loading device of Figure 46;

Figure 50 is a side view of a fork tool used to pull on the nub to tighten
the noose of Figures 46-48;

Figure 51 is a top view of the fork tool of Figure 50;

Figure 52 is a schematic side sectional view of another embodiment of
a loading device similar to that of Figure 35, but with a flexible arm adjacent
the top of the loading device;

Figure 53 is a schematic side view of a removal device for removing
the loading devices out of the reactor tubes, shown in the relaxed position;

Figure 53A is a bottom view of the removal device of Figure 53;

Figure 54 is a schematic side view of the removal device of Figure 53,
shown in the actuated position;
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Figure 53 is a schematic side view of a renoval device

for renoving the | oading devices out of the reactor
woubwa41shown in the rel axed position; Figure BBAUS3008/037952

bottom vi ew of the renoval device of Fi QUf i gure

. 53; _F
54 Figlie S hatiom e piihegemaral devies sl Figbis 54 of
| IBine 36 15 o heh b MG e RARbIae o ot 53
instalfgaria Hbhadngpdeddes mithi the $oalting idevice heirigeshammpirasection;

devi f_Fi 53.i |l ed | | qadi, Vi .
i o FIGHe 5608 Saperalie Gl WeHoTansinen lnadiad cEgive Fage in

acé@rgiaﬁcémﬁm é&ﬁiirﬂ%nﬁbﬁw of anot her | oadi ng device
nma

€ I'h accordance with the present invention; Figure
57 Figuredihisrmeschenstideside elewodf amuninbdiadideyicgdor opehiog
openi ng the | padi ng_device of Figure 56; Figure 58 is
theafglagwgl?j%‘(ﬂ}:%f)??@é"%ﬁg’oadi ng device of Figure 57;
Fi g ¥ QREITBE te ShIESdint difgurel 5adi ng
devﬁ@rgg)gﬁiggﬁr 57 airfét un?ohfj ?é!tvﬁ:g ' oati ng device
of Figured%i8;a schematicaide view sfcthenmidading devieg ol figure 57

unl gadi,ng st at,ion,includi.ng a_plurality of unloading
asd&x‘/’ﬁeggs g?e @Slﬂged%”ﬁe ‘%id%@a@ %‘?’1 is atop view of the

unl ea¢lirB Bk séHenttichial of apdiniGAding §ta_@ianlir§cladiﬁgsée

view of the bottomend of a | oading device including
pluraliyfiunleadieg davides phFigobPdance with the present

i ot a1 EibdiclEy e FuBhlfgdeeton riire S5 e o
Fi giigurebbidta sitle alevesbivpei katttim end whiadbading deticehincluding
obstruction is fornmed by a cap that fits over the

. . \ cap er 1
anRhstwetion mage inAserEaNSRVEHIherPreppRfUPeON; i s a si de
Vi e t ' calFl is an expl oded
Si d\g@lgrgv% %?F@%ﬁr%ag@\?ﬁggeﬁaoggrgl%rr]éégbor dance with
t he Rigwed8 isi ansidatviewnsiniiiag o thaibhFiggira 62dputof emw of t he

I [ dev| f Fi 64;. Fi ' ti
erb G 60 P SR bRl o DERSHEAN,
thébbllok\6f tRESSINEAr &R¥EAbRON; Figure 66 is a top view of

the | oadi ng device of Figure 65; Figure 67 is a

schdnigiredd3 isea sidewiay of the ¢amabkigp 83;:0n of t he
| an—ii&%e 64 is an exploded side view of a loading device made in
accordance with the present invention;
Figure 64A is a top view of the loading device of Figure 64;
Figure 65 is a schematic side view of another loading device made in
accordance with the present invention;
Figure 66 is a top view of the loading device of Figure 65;
Figure 67 is a schematic side view of the flange portion of the loading
device of Figure 65; and
Figure 68 is a schematic side view of the spacer portion of the loading
device of Figure 65.

Description:

Figure 1 shows a portion of a chemical reactor tube 10 extending
downwardly from a tube sheet 12. A loading device 14 for loading pellets has

Page 6 of 36



10

15

20

25

30

device of Figure 65, and Figure 68 is a schematic side

vi ew of the spacer portion of the |oading device of
woizouve18%5. Description: Figure 1 shows a port pomuskoosa037952
chem cal reactor tube 10 extendi ng downwardly from a
betanbinsertetintd the #Wblectli Tige thadinpedevicd 04 inchadban pppéet s
hasbeen insert,eg into the tube, 10. ,The | oadi ng, device
flapge;naeionde, whichgpets an Hedube8hesiol? ard IswiabkY lrgesinon

: : ; j i | A 81N~ [ 4
digiicr e FEFRETIEREIore Blte 10, s i loading WBURL 4 i
suspedded) froavihedlael 6, swigheresision therfubleestdedrig@e Tie, flange

whi ch t the t 12. The fl 16
160 TTRsea BoRteah G s A N NeloTit o iepersfigywaygly from
o ! at . .
5 SR oORYEE i 98 bge 71V 1RER BB, e e
Asean be ssenibditer ireFigures2 gond &s tie Hanpe316 isheirdulam gkhid 6

paisiv it 519516 Pa RobaxTHEN helabt oh2dim Ehota e ke P2
2508 36 HRPEAHNS cPEnAR4A BRGSO WBwhAo® il Bdgs19?. Lihis

his particular central opening 24 has a dianeter of

particgancentral openinga?4 ?@%Ei qlgtm 0§ 2B Singyer  Theagentrad opening
| | di ' . : Fi
24 5% b eS8t bt e b Ipcs g A ro

bé Padkd ntdheE tee § DATheRnir@Bépating D& P akoaaurRy thel Ty
it, so that pellets enterlng t hrough the central
B

regheffhapassageway below . sihelipgliats entesiag thepughthesentral

orHing 21 BB £ titoubl) @ RauflPad AL IR th e bl fHE Hiets
T e o trom 1 he. thimn agce
17 e roun , )
17 T hetabat e Tge oy xahakasercingiipopdss 't o ° 9
GRS, 11 i BHOE 74 B FoRfIRS, drerBBlshroB from the

flange 16 and Into e openi ng n cases I n whic
thirheddd 4n dethiscéntratmpentnigi 34 miake drisy easy tasweep peleishp

frifR 4 e, Shedt 2. 5P she g To i o IR B RIRI%E: ght of
t he Ihicuges id Whaltowe fdnget 16898 nsdeethinl 4n B@dér&éﬁaéiﬁt&fhée%%

and nore preferable that it be |less than 10% of t
meuemesatef prlleds Fpanthertube sheell 12e8todbe flange 160 i depraferable

e B e AL TR bl FRRPRBE P e
thiaf.25Vhent sackiengrefirgblechadit bé $ass thah U006 ofithexsrhallest
di%%%%o%r ofs t‘wg%veﬁe%oié {oolg]e &)%ded in to the reactor tube 10, making it
easy to sweep pellets 25 up from the tube sheet 12 onto the flange 16.

The loading device 14 also includes an outer tubular sleeve portion 18
that extends downwardly from the flange 16. The outer tubular sleeve portion
18 has an outer diameter that is slightly less than the diameter of the reactor
tube 10 so it fits inside the reactor tube 10 while the flange 16 suspends the
loading device 14 from the tube sheet 12. There is also an inner tubular
sleeve portion 20 that is spaced inwardly from the outer sleeve portion 18. In
this embodiment, the inner sleeve portion 20 extends downwardly such that
the bottom of the inner sleeve portion 20 is below the bottom of the outer

sleeve portion 18. In this embodiment, the outer surface of the bottom edges
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t hat extends downwardly fromthe flange 16. The outer
tubul ar sl eeve portion 18 has an outer dianeter that

woowElupsel y | ess than the di aneter of the reaeComUSLwbe37952

10 so it fits inside the reactor tube 10 while the
19,1210fdke p@t@@wbwagr sleeve padions 1§ ¢ despectivebnarerdareigse

. T '
g7 s T Rafel b BLERPCRIRBLAR AR e K 1o
s| eRYsbuar sleeve dftenkiont2d 8 lﬁmmdi lntmthe |hher slee% portlon
sl eeve portjon 20 extends down dly suclw \ii}er
20.pbit thisnergbodineenty her slegvaxepsipp; 2ris Begulas If
pief b3 BO Ryt OB T E) i BAEH Bl Léen ifbarttinto
innér Sleetd@Portidre20 antll it touehes ’thseﬂwgwfﬁ i Bhe skve2sktension 22
respectively are tapered i nvvarﬁ}é rr?lke it easier %o
may hgesacurerdte Bwnngr Heove eorfﬁ@m torfae flapge 16 byaeny o
nui\ﬁg%ﬁﬁlﬁé} % ellfﬁnf'lﬁ af Té%%te‘?@eié?&? bhRay paer

eve por J1 Trent eeve
heldxtl @l&ecby é!i’em&aabomglfhdromigfuet, ladhesiees, qiather kriown

mePps s B EFRSAHEN!, Wik tr\égbé%agfw%ﬂt%em% Suyrface of

the xﬂHéth%e\t/@ Soﬁld’i‘{@? 18 méﬂéeﬁ eh88VR iRXlafNRe eRichdidiPY2, iRe

ecure e 1 nner sleeve portion 20 or to the
mnbr aurjacaﬁf the iangr sieeve A0maY betapsired ep dhat irban g widei

P Erae ot & BRI ChPadfe BRiknSRni? R adtyfid it

be&é}ﬁé@ pBR#Tthe iﬁhér@léev@fﬁw%ﬁ@meﬁédﬂeemé efAimgARat mner
glued to the inner surface of the inner sleeve portion
sleege podiore®@ and redycing its nside digmetehe extension 22, the

| 0o SRR, gt e SRBGE SHGENT 200 phaBSIG
cofnPiuniéation witie tiexintstopening224, ansldtsusattbm Iedgbeisﬁlrres apar t
of the inner sleeve ortion 2 effectivel

ouﬂ@trfgmﬁ@m %9 theqele threugh l.n t GRepingAt thiygbithg
pagé g%og@?{rﬁer sledte2b MRS ofUhE 8080RT of the SKRERVED.
nSI on | Nes a passa eway |1 n conmuni cati on
wi t kivhileethisnermbodinesritiuse@4n extehsiors2Boit wonicbalge beappoasikie

to fife BHE REICHEEYEE ¢ fbegha Feterision giAs et PhetSBgve
poFtRﬁl 20 86Y Gesited %i'@tl@ Ws AdRIAIOIAISRN Pk AdiPesbesue t@Rave

I’e this enbodi ment uses an extension 22, it woul d
boah meben@@gﬁerml@e\taapm@m htn paytigulag iibeireactor tyhe HRhes a

snffl kg Wi Gten ™ HoURLbg Besiaie 15 S B fis ber Sfeedly
pottforNed.e [bstiduld beatoted than tiie flasde ¢§ ef this birbesliment extends

particular, if the reactor tube 10 has a spall _inside
invrrghiebeyond thevipsing dizmeies of {151 iBneicsleeYePARIs %Chamiut er

be%ﬁ&‘t’l’?e inside diameter of the extension 22 so that the inside diameter of
the central opening 24 is smaller than the inside diameter of the inner sleeve
portion 20 and of its extension 22. This reduces the opportunity for bridging in
the loading device 14 at least until the level of the pellets in the reactor tube
reaches the bottom of the loading device 14.

When the loading device 14 is inserted into the reactor tube 10, the
inner and outer sleeve portions 20, 18 and the tubular sleeve extension 22
extend downwardly into the tube 10. The tubular sleeve extension 22 is
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portion 18. It should be noted that the flange 16 of

this enbodi nent extends inwardly beyond the inside
wdizearauexs4 of the inner sleeve portion 20 and begoms2dhe37952

inside dianeter of the extension 22 so that the inside
cylindgaak s itsfinteral crassregctiopahareg al svey elavatian istthasames

SineB 3hg Ry Skl Setehf B 2iee 8 SFilo fRle e fiin the
regtorddbed 0l Whehehé Rdirpdedvé a8 id filet witle aatalysttor lothdie

| evel of the pellets in the reactor tube reaches the
pelipis ephis thamemayedi fragn dee reactay thaprliets fat psainside the

oafifie §uicen4 BB 3ne BratL Bl /3B Hipe, 1 eAling d frn
out?gee(uﬁ swstg 3phos) A2he xdeotithéaeavir eine 101t Thé aitdddie the

. The tubul ar sl eeve extension 22 iscylindrical, so
distange; hatwesn the iapsrast pelletsihat havasbegn loadey irtpdhareapior

sy 3 390 SRS o e Lo S BHAVYTRE e
exmhﬁimntznefdlraﬁmmmgés%eﬁe portioh 20 glafemmr:dri:omw mmt dyr

ot her pe ets a Is then re ve rom r ctor
mayhe B@Bﬁ'@ds of fig napRdiAmEteo R siqs*aam@er&i% 2200 o e
o . . | .
innef Lieclpori2h nidh A pfusietdoindithin it oltaBy, 19
requiretients ferepadicul@happlidadige, sscth that dheh dine oduitgwevice 14

s e iESr AT, the Pyt RsitRane ohding fenee 37 eh ol i tntrsaptor
tub®210, kA8 de88d Bufigeli® ?eagdl?g\’ CAIBS IR InG the Blantet BEthe

i nner_sleeve portion 20 if an ext'ension’is not used)
operipg P4 tadyausmatier than theeinsitieediameteranfdne tibuarsleterve

oA EEAA i Seilant e e BRI iR e
e e oty s s e e

noi seA)dg cirale @y desirad PURAGE. i nto the reactor tube 10,

h . . _ .
tr g Rter ol LS 25 SEAU oSO INT X 1otk D,
the paliede 26iaepbaredodnto hlee(ajtmbm*siwetfsllQ@m_k[m_\dim sevice224 have

th desi. t ner exi [ in
beg iierny i e rer 11 e I e, Thaeellats 25 arfhems et
or dopped Hyohard) %ééélfé%\,/ gr Afoveld B oBst RRahe Towsrd @k gs

to creat’e any desired outage.” In order to load pellets
24 iy thesllangess1 at tieyleading devicerd 4 ethet size oiifie qEening@4 is

dePiheig i REBuREE Bho8M8 s Fal dired fben fnd obEling 24
at tHe sambeimeindeter Hheelpehbatesthdbther welleRePs fMEBRio Be tube 10

. dropped by hand, brushed, or_ nove b){ ot her nmeans
in @l@,@gf@jm IRangPewithrys bridging to fill the tube 10 evenly. In this

embodiment, the outer edge 17 of the flange 16 has a substantially quarter-
rounded shape. The rounded, tapered edge 17 provides a smooth transition
from the tube sheet 12 to the opening 24, making it easier to sweep pellets 25
up onto the flange and into the opening 24. (Other downward tapers could be
used instead, such as a straight line taper.) It can be seen in Figure 3A that
there is a substantial distance between the flanges 16, large enough to allow
whole pellets 25 to fall between the flanges 16 onto the tube sheet 12. This

provides a substantial space for dust and broken pellets to accumulate on the
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24 in the flanges 16 of the | oading devices 14. The
size of the opening 24 is designed to |imt the nunber
W0f20(pﬂ]l4usus 25 that can go through the openi ngP2%/Us2006/037952
sane.-time in order to help ensure that the pellets

ful@%Sh@@ﬂ 12, wheretbey cabe oollectas, andiaelpy prevans theusiand

br&ﬁ%ﬁjgéf&stﬁ%ng ﬁ(lg eghper gﬁt&ﬂt&lﬁgg % r{%%h ages of the

ﬂasngbsﬂsrmawbbwam uatatperednupﬁed:llys bﬂEaNnWhﬂ:!Iy omf ward taper
ta re [ OVI s as t transitiqn r
Of i BT HUACEIof 16 TEGe dB e PobiPes k) nopd dhdh ot £
orBKEF B Y Feseh 18 gBRhMgs 72, 2F B Birhddstet ihies
i nstl%gmtessﬂde tshas mmheraozgdhngldevmet Bfethal id vergasnmﬂm to the
oralenicentA pTEges 18, e qw & S“bqs%at A
%\mﬁi&v& é@ﬁthé%ﬂ@ &S&eﬁk n%fEcP 1t8hefhe

12. This provides a su sta l'al space for
widdews 26darerukesmophnspesenicaraas louated reamthelep obthessieeve

poificns P sk baRinTrgSe B BinisRong, Tl aBL R Funlly

spiaeb8 wirfowd 28 ih e éuuef §I‘é@§e Porfide18 laﬁ&@@@r éeﬁjafﬁ?)épaéed

flat or tagered u dly or downwardly. downwar d

wingdpws 26 intthe inngs EmétlQﬁ 20hd helvang@ws_eSan lae putdlices

slote BB 678 Ao MPne Mn RO B R ot dotle befiBl 2.
auémmghnwmemdm sb@ b fige htaricrerf 1M dadarig d@wd@ﬂlﬂA to
imlar to the | oading deV| ce 14 of qugures 1-3.

er@lﬁ'ﬂ?fﬂtﬁtfﬂﬁ%ﬂéﬂlé@ Pdensien 2¢ hes hegadnsrytarbal e wWay to e
fla‘ffg@d@]"sﬂa\d@ r\:{\} dﬁH Qféﬁr %neﬁw h@ﬁ"\‘: s PYobit ﬂ'@ihlglpto

are o es or ent a
addoadhesivenEasedune tha)@deﬁsmh <22stbetha e lsteams’ZOl 8Thé&e may

b he f h
oot Bf e fqraatiedstred, oehubRolisleadig dofies A
fuﬂ&léiﬁc.Cﬁnftﬁé %aﬁ@ﬁbhﬁe%%chry lﬁﬁeﬁ\@ kRidgmd4 he inner

sl eeve portion 20. The w ndows in the outer sleeve
por tiriguress’ -Qrahoml anpiber ambndmmwtwf adoading device i4bhellere,

t ERSE 18 da s Tlst rdshih e GsBR a2 1A, PR RE Sl o
shdpes| fdﬁlﬂé@élvmgt@ﬂﬁl Tite ddsthasehifracBsssd 82 MA, 34Bextald

to the flange 16. The wi ndows 26 al so can function as

%@Mﬁrﬁbéfmmfbééﬂp #Hifage eidhedlangariéd but theysdanetexiaed
c%l%fé%ﬂﬂoaﬁh e fl%@e! ﬂf‘e’fhé)( Sgﬁ’eec&aﬁst J&?ﬁﬁe gﬁﬁlcﬂe@s EPle

dows des

whale gietigtsi2y Boebding stvept tip odreppedt dsmotlaalmseamved towatdithe
f| r St Ioa,?ll ng devjce %§1 Fi gures 7-9 show anot her
eHIMENEIoNg of [esresses aig spall gnough to prevent the

whole pellets 25 from falling in. As best shown in Figure 9, this loading device
14B uses a combination of small diameter cylindrical or pit-type recesses 32,
elongated recesses 34A running generally radially, and elongated recesses
34B running generally perpendicular to the radius of the flange 16B. Of
course, other flanges could have only the pit-type recesses 32, only radial
elongated recesses 34A, only perpendicular elongated recesses 34B, any’
combination thereof, or various other shapes. In addition, the recesses could

extend across the entire flange or there could be areas where there are no

Page 10 of 36



10

15

20

25

30

the flange 16B defi nes dust-receiving recesses 32,

34A, 34B of various shapes, for receiving dust. The
wdusi7/aexsei vi ng recesses 32, 34A, 34B extend dB(Emmmﬂilsfyswsz

fromthe top surface of the flange 16A, but they

regesses esrfovsvipl FgweyP.t hhess ipacing davigege4R arernégd in the

sl idingt R s ikt B0 lshubimeg rsf fag Bt 8 A Gaded
int® ¥R Wbk € 0otrendwtd i2daculiited froRNibE P8seHestILX 348 CBAS Before
are small enough to prevent the whole pellets 25 from

remaeving, gwa hﬁ»adm dasigessHERomthe; rgaster @qusmos ar dagigagling

S48 65 Y8040 ST PHRY Aol he Ger
cotapsanireiddve therdusg general ly radially, and el ongat ed

" aci Bgcs VA8 s dirsent amb&uects vk Narows saggirations
oﬁ%%legs%?l\éﬁhg ﬂérgkfe?ﬂj'&tre g dtisE SPi ﬁre?’%A PR i al

el ongated rec sse y perpen Icul'ar el ongat ed
corcEdisesir@ i, reaessecsosdrmmdlmhthdmemm Engunachalrmwsdtwo
ot her shapes. |n addi e recesses coul
oqttuauR (Reesies: pud Mo ptheh sEOUBING the ORPRy. viiawe
QC@gﬁlsaée‘i‘/ePé] ro@t%ﬁ%%%seé‘évéhg‘gpabéﬂ StUMEahE - ﬂa-ﬁg@.s Figure 9D
[ oadi ng devices 14B are use n the sanme mannér as
shiews ei dombiaalinreof et egresshawithainegortingoperecass airsling
| oaded i ngto the_t.ubes t he dust cyu from
e £t =34 A Seelign ylev sh\Flamie HEBH EFine P Rgpes of
FRevé 08 THRdéptRi hbserafipthdsambligsallPe rebeddtds bORigluRS
VI ces 14B are renoved and are placed carefully Into
dds in order to contain and renove the dust. Figures
9A— 9 f
ot Fﬁ?@%"ﬁg#fg i ré’g@@?@?“‘fgﬁa Ht"otfiél &l'nng%wce 214 for

lozelirey peliegs.dUibis. loadigy devizd Staohes awerycrmmtﬂange 216 with a
' t he openi

| d
oeheall SlliBeshan aad ebihag o oBfestih SuBiarchiPisring tabs

2%$0A" fyadHment ﬁ‘ﬁa@@%ﬁr‘n rdl 'p@%?b@w?gc?&UQY@CI%@g—%'é%{IOI‘P!@eve

recesses even Y-Sp ace ange Fi gure
petions %&o&bad@n‘ lttmwcmdulmbsseeemwewe hodions of the

OB SO RS, A5t oM udf P, b8 22
ifiheseied &&deﬂh;@ diedldporfioss PeBANdYs Eé@réaffs thérh itd at he
recesses of Figures 9A-D. Figures 10-12 show anot her

chefingl hend, aghesivep adthaylikgevi e sizeye portiqn@a?cﬁa@ct as a spacer
PRl o TP R\ O G 0 6, SRR conter
thentubutirexténsiorpPPR 94tHin thetreacidl yuley 10. el thitgemdbdiment, the
central portion of the top surface of the flange 216 is convex, so that particles
falling on the flange 216 tend to fall away from the opening 224. This helps
prevent dust from falling into the central opening 224. The tab portions 216A
and the outer edge 217 of the flange 216 are very thin, as in the flange of the
first embodiment, and thus do not present any barrier to the catalyst pellets 25
as they are being swept up onto the flange 216 toward the central opening
224,

Another embodiment of a loading device 214A, shown in Figures 13
and 14, has the same bottom view as the loading device 214 of Figure 10, but
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2 16A. In addition, it has downwardly projecting
arcuate cross-section sleeve portions 228 instead of

woher7ouizsul ar cross-section sleeve portions of PCIAS2006/037952

previ ous enbodi ments. As best shown in Figure 12, a
it has BuigNTE coReRYEdAP ZRTface 30Rswhichamakes Heasies fen thepellets

25 S SRR BEP VD REBHF 224, AS Ryt RFsgbne

thedgh pdftichsSPHEICAnd €ie8ede bhthe e 16B/ak thth mrskdent
tubul ar extension 222, hel ping to center the tubul ar

maksg ttesasiydar pebetaie he swent Up ©5¢e Hie anse 2168 towargitae

e he central portion of the top surface of
cent ?%g %96222‘{16 i s convex, so that particles falling on
t heFigupng2A3d & the nidwt ﬂnd\mhg theapatingsbbiveedrpthel 10gding4.
Thi s_hel ps prevent dust fromfalling into the central

devigem2 hd when they are meaedﬂrpt@rtaelz mseestme tercteiivbes dge
Ag%liv l%f é%%sfﬂé\&ggn HonMde H”lb %} U‘ﬁerﬁlﬁﬁﬂ&e

I TSt enbodi men and esent any
pellks P66 félDbéﬂm&eena’haIfMagesDEHB@'m! cﬁﬁo ﬂse tdbeysfmeda 1Bei ng

pros g A USIRNTAl HTTRce A8 det FRlRctas dus! Sl brryelaelets.
car}éé’se\%mﬁ‘%l’s% it @ t?ﬂétﬁ‘féddléﬁwegél‘gﬁ tﬁ@%né@ﬂ?g@ﬁbh@ﬂhe

VI ew as the evi ce I gure utit has
flarges2t@iid Msbshgtﬂydaargeptramrthaanslde@;amtec bf thelkregcior tube

1053 e nprisad 216/ hE g it £1 SR e AL fBThAdhg

‘deWBé PH Qr}én%ltq@&s?iéﬂdba FroRflaf Rbetdheet hamead bPRlIRgENto

thin in order to nake it easy for pellets to be swept
theuigastardub®dOf | ange 216B toward the central opening

bet GIURE 1 t7oshidha o8P ok SEAL 1% i SPafeRdtl .
sinilal €o theflange2 p@of Figare ¢achutrhavirkethrdd tabdgsd8A withe
spaces between the flanges 216 are | arge eno

h
doywawardly preieetingbyraps opgraiacHans 44sh Whkelh SR #‘!%J'?té Dttom
l%af% BHloﬂg#f‘ihé ﬂ?n% &1h%6 386 é tﬂ@tqb@rs‘f‘\\é'eg‘lﬂg This arrgngement -

antl sur e area or col I'ecting dust
mayr ok asefpebif tetre aré ro@npdn@oes anound thieitope nbtii neantor fikes

t t h t f. the fl 216
o BgeE Bt g AP B2 B Sl
slebbé goewsoalgg ube 10, and the tab portions 216A of the

|l ange 216 further ensure that the |oading device 214
r enfiigwses d8ptthshaw adoading devigeel Khihet isisimilas tathe loading

cel B 4801 B4 a1 SRS e i Bt . e
there are recesses that do not extend completely through the flange, this
loading device 14C defines dust holes 32C and dust slots 34C that extend
completely through the flange 16C. In this case, the holes 32C and slots 34C
are limited to the area of the flange 16C between the outer tubular sleeve
portion 18 and the outer edge 17C of the flange 16C so the dust that falls
through the holes 32C and slots 34C will land on the tube sheet 12 and will

not fall into the reactor tube 10. Again, the dimensions of the holes and slots
320, 34C are small enough to prevent whole pellets 25 from falling through
the holes 32C and slots 34C. The holes and/or slots could extend around the
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simlar to the flange 216 of Figure 10, but having
three tabs 416A with downwardly projecting bunps or
wonoe)7@aizsens 440, which space the flat- bottom Barfiaeme/037952
portion of the flange 416 above the tube sheet 12.
enfing sireumfangeceeot thediange 16 farlthert conll lbe areas whgte there

ti d the.t ft t tub 10.

arBICIES 9EoIalfd 281 EigsIPs, 1D 20 oxt enci on_422 adher ed

t t .t . i -

101 EIuRSABACHERY & (Gihg BBTIo8 S14 WiliDH sfES 7 i Ry
aatewincedaid B slideforgxpasd@r Mechibriemds 15, whictk & tdeel foaaddad)

devi ce ,14B, th hat . d .
arbshndie sl fare Pose opned i BrdaadididevitsnalhgThe st
5 Fe¥itefdd AbmAREIHRDNIBaGe BPIHRSsISete m@uﬁw&w@ E&’érr%nt%?)%fs

that extend conpletely through the flange 1
the dzagling Hevine 544 Brithama vddithtthatlia Gmaller thar thedsmalleshe

. . of .the f 16C h L ubyl
o588 S PEIASES brdSadt o Hie pxisBY 56 ibCHRS ap upmss
pokién, Sehitthcilitrds 4 Bpfind 81 5A Wit # YeBw Afusphét 5338, aRd a
slots 34C will land on the tube sheet 12 and will not

lowgr poitinnowhich indludes a hansée 519, agpieader HEOA anshan enltarged

i &1k o Qi B RRteF BRI ol aPHBrGS e iR ety

squekes e abalkh extenisiors 422 td Redutel the widit ¢T1thé kit 517 itldcthe -
extend around theentire circunference of the fl an%g .
haying a

lowstrertionre iierdgry o oremthealit RAér with the sorepdend! iy

’ . . 9 . ' _
S S R R T S R PR T R
opmry; astshdehdn &rigured@8/ar expander mechani sm 515, whi ch

is ed tq. un| oad .bridge el l ets that have been
{1 aniEoP NGRS AT4 I8 Wi an SamE Ranast 45 BEOMes that
hafret fredely ioeem ddweribed ]?t'T% aeefteafin ‘{J‘ﬁ\esélfe‘?ﬁi%%fi%%gao& tube 10,

upwardly to the top o he | oadi.ng device
wigh iis Hange h36 restingnen ther tubrsheehePalleds pass thibugin fietopof

ol L5 BBt o AR 550 4 S M
tube Mew R@ntsdIiyeite SellEtsfill etdioadingWivideos 14. OThethe foading
i ncludes a handl e 519, a spreader 5 19A, and an

deyitesp i rempved fomn dhe rercteiiubaddiany nallsts mevaaingp dhe

N i

OB SR R B AL T

expgaadep 48 ispplated ovesthertiettue df the sipsre 522, with thebdpfeader
ith the er 5 reater w.dth than

sty enlshradhe Rotem Qe aul 517 Asthe rpasidss 1bds fkidigawardly
albh§ 111 {ubuRR &kterRforP 52Nt indrddsBY e ifie diameter of the sleeve
522 at the height of the spreader 519A and alleviates bridging at that height,
allowing the pellets at that level to fall out of the loading device 514, while
squeezing together the sleeve 522 above that level, thereby preventing pellets
above that level from falling out and creating a new bridge. Thus, as the
expander 515 is slid upwardly, it gradually releases any bridged pellets in the
loading device 514, without providing the opportunity for additional bridging.
To use the expander 515, a worker would first remove the loading
device 514 from the reactor tube 10 (after the pellets 25 have been loaded

into the tube 10). The worker would then visually inspect the loading device

Page 13 of 36



10

15

20

25

30

The | oadi ng device 514 is used in the sanme manner as
the devices that have already been described. It is
wonseEriued4i n to the chemical reactor tube 10, RCTHSR2E08/037952
flange 516 resting on the tube sheet. Pellets pass '
514htoaieghf theee B:mamopelﬂetg 26f retriznihg aditn Y theloading téviee b14
. through the s e522t|ntothereactor t ube 8
is ey eﬁ Ing bridsingyciheartaers isina ieed 19AiRe e RPAIEeET 5.

HAWEN br ] u%‘?@ﬂ (?‘Qnﬂ‘?( ﬂfﬁoé%g' FVi@BMEdhé WFkéMﬁould slide

ets remain in the | oad I ng
the expandér]mw orite ties baﬂdmeﬁ'ﬁlﬁf fhe loaxdkiog dewoal’éddd withdbe
The,

v Saengiss hesis thand gie Bbfoesod B1sd gt e
tubQht Qgiie%loh@? bh& SW s‘ﬁ@e S eI 8 5 ubwar8lyStdrd the

upwar dl'y al ong the tub [ ar extension 522, it increases
batioen pasitide. é\lsahe:expamxiert&ﬂé advances spwardly (msh@wqm of

5 19A
FIgRRAA): B e makgs the Atanies atthe bl Bhrtbliez,
lan‘@{(?rtai‘ fis lpaffbuRgd eméu@ﬁ @%h AMDsEhE Briegad Retdhpaedt iest

e sl eeve 522 above that |evel, thereby preventi n&)
elpatiot to falbdownton of thevlerdingatavics 5141ght¥mplr@hmg:tog§ aidhe

uflyRE PRy 2 liin Pt baaldR R kYot ol pietets 25 frgm

fafling dovarand relBidgiag b the atiigldevieodiHontet reactor tube 10.
opportunity for additional bridgin To use the

It mayhridesisible toemphkiae bisilaed nqllﬁiﬁ i adeaster fuhaiifgr
infgEX Rftfade ContaffEl: Aebdrftitd fibon HiFsithyip! (=0 | 0o PolTets
woul Iﬂ;ﬂd‘@mensmaldmi othepeharabt'zwlshcsadﬁ thg pitietsclesihg Ic:aﬁed
t t o
achand 6 odoRR0hehF R g FEESCLi 5k o i e
dééw%ué Mf@gqbaoamng @%d.cbcsmmnto*ﬂ BeftB3NEBT thelieactor tube,

However there”is bridging in the | oading device
lesving a diesivask level qﬂ/@elletssmitm@ thentubex padh then 8IS themexparnsier

5 201 SRR/ e Fepbitnloia Bl Br 24 Spdttiers AlbrAfuaty dhe
exhder 598 masbélaséd e Empy tHe SAlc@BbMIthe Ze?adlﬂg @He@ic@\/ﬁm

slide the expander 515 upwardly fromthe bott

infsoliier ﬁe@ﬁtOYMDQ he whighsib had bses l%d;ag}d@ﬁwmmt&hq A4l

oGy bR i B devise TPAIARhA) RS Bt 10
part Flgur@m shewsat loadmgMeMceetM@\Mthtdlmdahadg:adwbratlon
cat alﬁ%St at that eI ati,on to{"%\g down out of th

deieRiBig thrihasea Bperegh PIeHARH h@é@éﬂﬁ%ﬁteq KEo@ful ar
oSS LE B Pk S DRA B PERUARD 1 e e
e)kp:asnﬂem & 18ef |tlm@pfe1ubusrembedmmrt,t’tbe punbeseldf. thetvibratioh device
6 €SI : a e:\e/[%(-‘g bﬁgg 85 or p?ug%rlﬁéj 1% %eqoa lﬁgt; %ie\znsce é114 and shake
the pellets 25 out of the loading device 614. The vibration device 615
includes a motor-driven eccentric weight or electromagnetic shaker or linear
actuator which causes the device 615 to vibrate. When the projection 615A is
inserted into and contacts the flange 616, it shakes free any bridged pellets
stuck in the loading device 614. The tapered shape of the projection 615A

enables it to be used in loading devices with various sized openings.
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into a storage container, dependi ng upon the
situation. If the dinensions and other characteristics
wofod7lve123¢el | et s bei ng | oaded are such that thePpeluSet0s/037952
regularly bridge within the sleeve 522, it may be
desiTabbe theovibidtiontdeyideddith, rgwadrker weulill first térhof the

IoREnaidayica it ket e FRRROL et 1 atel ARtalias hatidgep aaded

mf%ﬁ@mﬂﬁé 1@}5Th8 vRITRE Db g tlﬁ’@l‘\ \/Ehélg}nlggge& thk Moddifg HéUi%é

el sewhere. "Alternatively, the ex may be used
6 tdotocsas if there ipeny bridggq oatalyis matl itimey Iaaaeimg:ée\ﬂga isi empty
oadi

h 0.whi ch had
(6o PEaGHaL 8 Tiete e B et o 15 455 EPratty 6efes.c Bameyer,
if ﬂ"%‘t‘é ‘?sebn@élﬁg is® thaxasdpsk béﬂéls Q'E%n{dl’rbﬁ-‘n the- IOE(HIB? devité 614,

shows a |©oad |ng devi ce 4, a nechani ca

theivierker wouldenasitionsths hdlib@m ﬁa@ oathealpedmg qevigec@ 14 everahe
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Hiéctioh 1A et op| gpenirbmebalioading device®e: or

of tEe vi brati on devi ce isto alleviate brid
anywhsire glengythedoadiag Idexiserfl 4 <Geaerabiy.4hamprkanwau mp d the

offpaiavise a4 In e by kAR HEHAE nohe e vibraton
device B 5 o the ether bamdinThée evaskarkesuld thén aekhratamembmtlon
whi ch causes the device 6§15 to vi brate.

deyies BdP it@ RGBT Wibraige SiRee ther Abiatian @'@mcsﬁ%ﬁ ‘?H’é contact
it e selosok itabosaugRy vl bdIR ARl o efer
leém wjbeatioroof tﬁelﬁadne@ dblies 61¢ shakbe thfspellleta 2I5daolsmgo that

. . n .
ey e o herelngdaule BT RRIRe (il PRSI PEbipect ne

sh®@g)i ng device 614 fromthe reactor tube 10 (after
cat al %/st has been | oaded into the tube 10). The worker
woul Hhistparticulaiiaadingideyisedi4 aleo lhea @utrpaimeasErementt o

e ' A0 el S BN KirRiap” O FRIGIEb 1 M e el Bt .

woﬁkeﬂ@o aheck the hisighttdfehey bbt@‘s arrerdptyispace boRs eie peflets in
ere is bridging so that sonme pellets 25 remain in

th@rféleﬂdgaptﬁ’gtt&m e 1 1ise thp ouigad@ariRds, hoveriaraimple
meegg ﬂ‘i%ﬁ%@l iy ddige 6%%8% r@%}.‘i{)ggl]l fo ﬂYaetr flfeernqgé&é’é

or “over sone ctlon
wnthmlletstmumlltbhabotbmnc%ﬂ afethpriagdieg devicé EEA restsort the top

openi .64ofth deV|c 61 r wher e.
ot B TR it rgeinl fune B, Meitkiingn fodlls Ag Brkings
61PW FheRlift iHathdigtdiriNe BaMdecorGhpt %/'%p@@é dpané tli?é‘ ellets 25

woul d hold the handl e of the vibration device 6
lntcbrdeotmensmarthat afribeiubes 0 worifiled teesubstantiady ﬁwe me
helg £ éuch markings 617 could be present on any of the other
embodiments as well.

Figure 25 shows a loading device 714 (inserted into a chemical reactor
tube 10) with a dust catching portion 715 on the bottom of the tubular sleeve
portion 722. In addition to catching dust, the dust catching portions 715 also
minimize upward convection of gases in the tubes 10 while they are being
loaded. The dust catching portion 715 has an inner wall 715A and an outer

wall 715B. The inner wall 715A tightly surroundé and is adhered to the
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device 615 to cause it to vibrate. Since the vibration

device 615 is in contact with the | oading device 614,
wono@Elgeseauses the | oadi ng device 614 to vi br aCeUST6/037952

vi bration of the | oading device 614 shakes the pellets
tuldilal potiensi22;, hatl théd eytdraldll TIERB w@pethimwardiyi fram cﬂmtcc e

bl etlas sk gnaipiis, Vel £t e wklde af Hibotion of the
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ag%iﬂrllgfibﬂlo% Tf@éﬁ‘,égntlbﬂygﬁllsl@)etdg?gewééﬁ ) ﬁ_ﬂﬂl@# va. h

s 25 unti|l the bottom of the | oading
TXR1dnd thet @aotorttllﬂw 10p This cordigpeationt csrea&a awideemogittcaidhe

k | 0ok 617 .
tofdh e QARG RETSH 1 Tt Bhp36H e bt beikRn i her
aﬁch@utB?Waﬂé $1B§ 715 RFSIeEatERIn @ﬁurs@oﬁﬁgaén;aabsﬂmuélégew

are d to substantially the sane hei ght. Such

thahmlavrﬁ@ltbemrﬁardbedowngd@wﬁt éranghijiedtibe sbeet heand

oG8 BRI cvaiTish ocbi Bl T pBREV 7 (2R 8o R o o

srilalfsr digrhetdrzg tiRobbltem td allargen didmeteptt tho @b tbineake it easier
tubul ar sleeve portion 722. In additign to catching

todnsart thqwl@ad@gtd%faxec?ﬂ%@%mr%%oriq@e dPso ninimi ze

o o THAHRER B G Vil SR Bubtleding BBRTon P180ibRey
particles 72dlih tife ¥6id spade it 70 Ulther duﬁldatchlrigSBort“ﬁhe?' 1i5may be
ugSio e P e BSS, o el Beiesf VR dustpgrticies

mie?ﬁi%hélly fB’t‘ﬁé&ﬂd(NérBQ Hhd Qﬁaérﬁn@ﬁtt tF‘UF‘lHef’tbhbe |f‘€0l!lﬂ 'B)%ru@@d

outer wa Bmsrge at he ottomo
with thecloading dendce 414 sbewntim Eiduoes 6ﬁa1§o Thatupading deuicg has

h bl h
oipfi 445 a3 HREBE A BRRESh e 1o PR, 38 dust
catthia§ thortiead 4 esuldisnuddibto atil anﬂ dasEhat |sQ§wé;h€into the

reactor tube 10, so the dust catching portion 715

regstns e Dyhroughdhe spaes hewwass ihediangad 16.ang the tube sheet
ortion 722 and the reactor tube 10. This
configuration creates a wde nouth at the top of the
dust Figate 27 showsra lbadingdeviveds B4 with dldatisaloginddws&itHleen

145 8D g She oy 0 Vot it i S oo
@ﬁég‘%ﬁﬁo@v@l 508-EAGing &Y 1208wl 81edBfon fifari #B8op e &le Aext

adjacent window 815B (i.e. so the windows vertically overlap each other).

The windows 815A, 815B, 815C are slots that extend tt{rough the tubular

insert 822 and are wide enough to allow one to easily view into the loading

device 814 to see whether there are any bridged pellets 25 inside but narrow
enough to prevent catalyst pellets 25 from entering or becoming stuck in the
window 815. The windows 815 collectively extend along nearly the entire
height of the tubular insert 822, but are spaced apart circumferentially so as
not to weaken the tubular insert 822. In this case, the slots are slanted

slightly, but they could alternatively be vertical or even a combination of
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bl ocki ng upward convection gas flow. The outer wall 7
15B is tapered froma snmaller dianeter at the bottom

woaoa/4exsger di aneter at the top to make it eaBCEUSRMG/037952

insert the |oading device 714 into the reactor tube
vehibal Bhg wiant@d wirrdoavs. off byidgingdsé obbcerveld,sa neaowhirtegsil, such

asha soreviisat soulhe AReEt o hesind8Y aub 1 ry e brdge ©
caga?\g&"‘fréé % ViltalioR d6lice! Sﬁ lde@énbéd dBHferP %r%%ﬁftéhtgtﬁeﬁ atch

arti cles I ntentioha rout ed t owar
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resl e ing el 25 it HaPtpiaL Ao gd hi® ity 32, Pl
bétWeBH tﬁé flangdd oY, 2PSEN AR dfipRlIste 25 is Fbrmed, tvahithe

ottom of the upper w ndow 8 15A extending to a | quer
togetheamitbrdush aartlc A0 gargely fills indhe spagescewegindbe flapges

o TR napdmiSiaithgin RalikB 2 Gt e i e BeHonf RuER ik canpe
swbte peuicr eraihehlise inibvdcheadilysatd ti2farayes @t and dtdo the

enough to allow one to easily view into the_l| o®d| %%wn

opriUNG® 924 Ip filbthedeaginstuees 1Qavith dvst panlicles £dJaling
inREHefSphces HeRTcPuR faris o1, AR ToadoF RS 10.are |

Iotallded Whedmﬂloﬁ'ilﬁyeﬂ' tiepeiietsl (hsmsacﬁmmecdalp alohgweitly aey desidying
a on near entir f th bul [ t
el 12, T avgss et 25 fhen iy b RFwLR Rae re-

'ué#ﬂo"‘ﬁé lsRBwh r?r‘? F‘dﬂ?é’ bar tHenﬁﬁ’fée 6%in thid éd%k—ﬁs %%féénhéllyfbxrcular

ts are slanted slig K/ but they coul
and has masingle [pyojbeting:tahi %ﬁ oPf goursea mﬁamuamn example of

f t I | ant nd
o8 LA oty P et Pard el ot B i Pagyouid
h&@a! ladweb@wt@h@@t@ﬁualmme@mmedn@m&@ﬁt bﬂherpentetnezﬁwr lrdtmeée
catalyst free, or a vibration device, as descri

ty@@smf élrang@s, vdtishata maderexghlyitaenheight af the rallsts gg in order

B P PR oA S 9217 i o,
ig m’e&emed mm@he@ubef the.flangetdtiits cmtdrmﬂgaaetntbe Yﬁ% 1@59@I~and

it prieted 19 6o §ork-1 078 i Bk sliens@niet e peets to be

%)4%%@ the pellets 25 are deposited onto the tube sheet
I falling

Figures 30-34 show another loading device 1014 as it is used in the
pellet 25 loading process. Figure 30 shows the loading device 1014 mounted
in a chemical reactor tube 10 and awaiting the loading stage (this is also
schematically represented in stage 1 of Figure 32). Like previous
embodiments, the loading device 1014 includes a flange portion 1016 that
rests on the reactor tube sheet 12. The flange 1016 defines a central opening
1024 through which pellets 25, such as catalyst, are loaded. However, unlike
previous embodiments, this loading device 1014 has a flexible tubular

extension 1022 instead of a rigid extension. More particularly, the flexible
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between the flanges 916, a bottom |l ayer of pellets 25
is fornmed, which, together with dust particles 27,

woaogauski |l 1s in the spaces between the fl angeeTA%8006/037952

Addi tional whole pellets 25 Iying on top of this
tubalar extdrajoer 10201 tbmnerbbodmmnt is padeed individvalféres se

BB AR BTG o e T i
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circular and has a single projecting tab
when rt@lowehrmrhm plitbe beialdeﬁlatulp(e 4022 irothés embﬁdment is pulled

ofRarhE N ERACHeERY ol e By inE Beala R 2 I
tehgica théJifnsIdéleﬂﬂb‘céNcﬁ tRSbrdifled Rgkel G2onasnteicts Arngethe

h are nade roughly the height of the pellets 25 in
pellaiarandowher the b@ﬁ@nuq%tl%\sew%edwwdlvewgh theHPPae

PR U7 o102 XL Bl R SHbA AL sl

diantbtepstpapideizeidretbases tiee Pefletd. T @lalityhef thierbraided tube
di mension of the pellets to be |oaded. Fig

egtﬁawoanm?-ﬁéﬁ explaingsgn eates d ftﬁwlﬁsraf@reingeaggwqrﬁs ?3%34

CHE, BEendiThAeAkaR B10EF 5 2 S cpaif anipietls Tipogiges
betweiehi thg biraided dxbelrsniﬁ%’ll&gse $mnhller than dies emﬂwrthmamaidwof

b e < B BlSer fg nat it e astheeRin bS8k oo

por t F@ﬂré@l@hb{%tthé ﬁféoﬁngvaemé 10@@%‘&% tﬁeumew ¢925 1 thls

he flange 1016 defi nes central opening 1024 through
cm tie prileteace sierisak buwaya@wlcywt ag easilyoeiewlindrical or

e BB s B ML S Eh R ofond Keondif shtice

1014 (thidis Glis@sdHephaticaly esyriesontelitin et=frr4 bfFigard $2).t he
fl exi bl et ubul ar._ext ensi on 1022 ot this enbodi ment is

madeA8fthe Rallets @§areeing loadedens shawd imsteeaidueidigure 32,
tﬂ(ﬁ?& %?é‘fxb s&@f&%nﬂcﬁc@?& &.b! Ehsi %ﬁﬁ@eﬁg Qﬁl Qr:i] %%B%nded

enen e~i nsert
sigpesé iexiension 1@32 tﬂapéﬁtsméﬁé sﬁmpbyesrrttelal}hk‘ou@ me\mietryng

1@2%.%@@“4“ i, T hesian beregi: 4047 engaciaiate i fhe
S ) it iy e e d s
tube 10 reaches the bottom of the loading device 1014 as shown at stage 3in

Figure 32, and then the pellets 1025 begin to fill up into the loading device
1014 as shown at stage 4 in Figure 32. As the pellets 1025 fill the bottom
portion of the braided extension 1022 that extends beyond any rigid portion of
the loading device 1014, that bottom portion of the braided extension 1022
bulges outwardly, toward the inner wall of the reactor tube 10. This is
schematically represented in stage 4 of Figure 32. Once filled, the loading
device 1014 is picked up and removed from the reactor tube 10 (this is

schematically represented in stage 5 of Figure 32).
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when the | ower portion of the braided tube 1022 in

this enbodinent is pulled dowmwardly, with the upper
weand7ioensii xed, putting the braided tube 1022 PaT/US2006/037952

tension, the inside diameter of the braided tube 1022

cont}'msemtmohmaut 107t differsefrem pravious embddéments; dvthat it

PrBgeh AmaBahiSae ABUN faline hillt {2 BhatarB HeidSthe”
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smal | est di mensi on of the pellets 25, so the pellets
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pes) have filled the reactor tube 10 and t

thedaactﬁg tuhs, 1@ The capiured pelletsgi02§ @@Héﬁﬁbﬁd&lﬂaﬁe? from the
IobRETRRRIS S0 14'07 hadfind WBludd Urfing Botiofiof 8 el deeve

102 (as ahewncschelguaitiﬁal%antFlgmdreslaﬁ drel 84) inhdhe ldaectggn of the
on t raleseee xte ion. 1
GO0 1983 Of (A S PO BISK e QRRBUEH PeTSREE GG RASEH

intd'4 std S%OIF\%W?] r f081l fol Qﬁ@été%@lgnggsél $RISs ﬁ?egmn?pﬂé’ ofa

accumu e reactor . Eventua
lobdingl deyficet imeNIp:eh lthe diabeter (Ai thii Iuadxf.@ dewetahangeS as tloe

reaches .t he b of .t he ad| n Vi 1014.as wn
IS B TRt BT ean g e 38 PG 1 ESpAI R B
theAdiding icfréééedlt@ relagetthe pehatdi ng deVI ce 1014 as shown
at sta in ure 32. As the pellets 1025 fill the

bot tWh pahlsuemb Imenkshews aduaided diner sleeve 1922 hwhich may

d r f L.ge
8 B G A R PPt ot B PlRBS E FLflg o
the0 &z Slubged 022 head doy bethosided it beier o perfomh thiefdesired
reactor. tube 10. This is schematically represented in

fupclige Fopexamgles @ spiral epring. mivqtiag tomgfeow Huarageiibet e
sxi‘rﬁl%fldbﬁcgé %ﬁﬁfi‘l Hépué\?tfjtcf SV EL SR oe%gtt@fogpﬂ%d]tﬂen

'S sC y represente |n S
glﬁp gny @eBel)s rémasniegirothentoading @byicdi < it issliffedoontp Leadings

SEEE BB b3 B S B B g 855

af@MeGeretihdné 96%’(@ tMétté}etrEﬁna'llﬂﬁ@'iﬁ%eqSé{dlﬁ? dblite a?sslt ist
IS renoved. e\/\m%)t of ets 025 in th

beingdifted Qmévnayechﬂfarrpd mare @enewé!y as “gripping sleeves”.
The use of “gripping sleeves”, such as the gripping sleeve 1014

described above and others described below, which retain the pellets inside
the loading device as it is removed from the reactor tube, permits the accurate
and consistent loading of tubes in a reactor vessel directly to the outage level,
without the need for adding catalyst or vacuuming out surplus catalyst to
reach the outage level once the loading device is removed.

Referring to Figure 32, the gripping sleeve 1014 is installed in the tube
10 with the flange 1016 resting on the tube sheet 12 and the bottom edge
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portion of the tubular insert 1022 downwardly, the
brai ded sl eeve 1022 contracts around the pellets 1025,
woOaokioaesthe pellets 1025 in the | oadi ng devi ceCT@$2006/037952
so they are renoved fromthe reactor tube 10 al ong
1019 of thedoadingldeyicachl Tdeharging dewn intp dbatube 10.at the desired

b
o3l ey *The Bt melts, Bl mrE )il 8had 85 Binehuise
atd&d e 8 |baamgtd&ndeew¢4>és EH&®Nn IOFiglihe 30a8tageed Once the
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peliats 1985 passing threxghihe openingiaiier hetterawadas 1011901 e

t di apet di ng device changes as the
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to TWItWtﬁeTch%l*m|1|OQESinan§ilddm’fg @@nmmmeeamdsmu and
rel ease the Wil e this enbodj nent shows

with & RiEabe, Qféia’f%lV%fdwleif’oiQ% ﬁhﬁh@ﬁ%el?&ahﬁ@éhéfca@w

1528 bAdoSs, iR Lo King Wepibe D Mh! pShel radEg opbbardly on e

sleeder 022. perifrponanh deffadamer ipstwiean ;ttms amipplay sleg‘ferpDM aad
A I

o3t ok leothng Aeiiets buhal Rinciels 4 reshadsr et pafiaces the

néﬂ@él tbRdd ity ofttﬁé %ﬁo s?%”l‘é)ZgrlS Bridgé R/ltﬁm’tH%e%lé éln order to

remalning In |ng evice as It Is
faroeal nng:hd*eorecﬁabtelmd radiabie bridge aﬁedlseussedm?mom cﬂ@tla!l

i RS algl dhe Rkl Hege 16 R8% v Ty b ahg e o,
aha viagi ipall tHef éaﬂdly@tlbeuay 1b25 Rathet ﬂﬁdoédinglﬂeﬁlc@e'lm@\lrvltu little
s| eeves' he use of | eeves'
rlgi@tha a@lrttw@?@k jogﬁinsgnrmaé@veg obthe iae&agm&y ea'tfblﬂeataam
BB R SRR Ao SRl B Yl el 1025

wittirctherloadihg depieen 0131, t Tiusa @s Uh@loadaiddevios 1614 removed,
| oadi ng of tube n a reactor vessel ly to

direc
ths e g Uy Ralletso 4024 feihdues 6 romauns g thaiiesyed ogfage
@@ guunmi ng out surplus catalyst to reach the outage
evel once the loading device is renoved. Referring to
Fi gumtlﬁmspehldoghlsmnpmg bleeve lcHdlig davicad044) the brrdgmg

t t ube, e.101 restln. on th
SIS RRpe e Bt PSR IAGSt &y PUREPI AR FboH ATt

A]S.Qilaé c%.wam@zeqwg th@l&acﬁr’i&fdé\'fi@@ 1694, athetﬂ?ﬁidéasﬂb%? diceve

out age level. The catal [ ets 1025 are poured,

1028 sxpands rafhaityraa sleown in Flgure 32, stage 4 As soon as the loading
device 1014 is lifted (as shown in Figure 32, stage 5) there is sufficient friction
between the pellets 1025 and the sleeve 1022 that the weight of the catalyst
1025 pulls downwardly on the braided fiber sleeve 1022, putting it in tension.
This causes the diameter of the sleeve 1022 to reduce, contracting around the
pellets 1025 and locking the pellets 1025 in the loading device 1014, so they
may be removed from the reactor tube 10 along with the loading device 1014.
This reduction in diameter is a kind of obstruction which helps retain the
pellets in the loading device 1014.
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added into the | oadi ng device 1014 as shown in Figure

32, stage 2. Once the catal yst 1025 reaches the bottom
wedow/0is® of the | oading device 1014, the cat aCyA1S2006/037952

1025 fills the | oading device 1014 only (not the

por tThene @fe pther pebet-baisingrroachAmigms M@qub@w? hg usedi ce
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Wth the catal yst 1025 in the | oadi ng device 1014 at a
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3§ nahisgaa s o138 WA shark. Sroud T Bin e fe2 gt the
Ioé@ﬂa@ deindeewdThé Bfp h 3@ incNidesad ﬁnYﬂtBWHIbﬁt &s %ﬂg\ﬁnllﬂ

tube 10 renmmi ns at the desired outage | evel .

F lggsqaéz,tbls@cts lahg extensisi thipugheibeavallsaditig S@@Ve dd 220@
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oftd&t %o bhé lstdd indesiartl{md sHewny, antiGhédre ¢digd beajréest mbhepins

s|l eeve 1022 expands radially as shown in Figure 32,
projegiiagintoAbe open space inside iin hutpe slesye ﬂdiiz iAlsp; thegin

1P BB RB efions Al octes isByR) sk g 2Ll eRag

extbat mhepaWang‘mcroés ahd temiabiesshatDardhe wppesite wallaf dhey
ber sl eeve 1022, putting it in

tugg,%ggﬁ?t{’re%ﬂ%? (BQL§'&%W'F he dianeter of the sleeve 1022

to redsefn oSé%ﬂIdtu@ﬁtﬁ% adte %6‘1\3&8%95!1&:@&% &%’gﬁn?@hdency
| ocking the pellets 1025 1 n | oadi ng device 1014

oktbetdatglysteellsts. rAsmiongdast Wm&"ﬁ@ areano\ong pab‘ethsqoiaﬂdia& of
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obsteuction 1130. However, once the velocity of the pellets moving past the
pin 1134 is close to zero (such as when the reactor tube 10 fills to the level of
the pin and the pellets begin to accumulate in the loading device 1114, similar
to stage 4 in Figure 32), the clip obstruction 1130 comes into play, not only
enhancing the bridging tendency of the pellets at the pin 1134, but also
making the resulting bridge a more stable bridge which is more difficult to
dislodge and less likely to break down even in the event of an accidental
jostling when handling the loading device 1114.

Figure 38 depicts anotherAembodiment of a loading device 1214 made
in accordance with the present invention. This loading device 1214 is similar
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add rH&ens laskingdim ih oanmdtdoogenahiThis type of tiadirag lsalwellfkeomm and
pcts i

j . Fi . d I
ST DS B LB i e 0,
eﬁlb%%llméhﬁmmg%saé)?}é’r@nfeﬂ@ rhiRutbaiurs t g iﬂr@@ioﬁé the
| oadi ng device 1 1 The clip 1130 inc s apin

empadimanichl 14autsveria in thersajue enamer lansles;ust ascfextienins

el i Bidingderflonit® TES SR pourls Bt 155 100

devickd 214 tofchast tHeopeias % Be reﬁabli,ﬁﬁdtélﬂdd Wigin feotvBding
and there could be one or nore pins projectin |nto

dewee spdhey pae bei IeH Uit Of the feaGiai tubg Wishéha ingnfgce.

o1 eeb U539 PR AicEHEE StbodnRESTS dfind YBYiGE 314
nmdeassacﬁnnﬂamemmfaiﬂ‘:e rbseit |Weﬁti®angm§ﬁaﬂm%\§\}r|%%??lﬂ%
S LS50 e TP 7. e
1880 aeipicehy fHe M{dn@%ﬁﬁ%w%%@ﬁ) Hfhg d’%)l&éeq%ﬂsea ﬁ%“"

novi ng past the 34 of truction
cmdapgnméd%r d)sérustmnsﬂaaﬂ iingtegd ofithierf @& cp 1l1§50tdiehe;bamer

effRuitEn £, o wes 1R 8ke 101RS oalid figdee 1) 19uine bartial-
cﬁ@ﬂéhsmw@ﬁfbsﬁﬂ"u%tléﬁ GQBQ fis éﬂ@@hvéQn fehhbﬁcnh@ thd Bn!i@i\’;?'

the pin and the lets begin to accunulate in

tﬂ%@p@ ofdhe é@tamsme"@s within theologdingeieyident &I@mesae
RS LIBRPGH TR o0, (TR 53 apBflniphfopo
spitime ﬂ)éma‘ts abeltelabgoreltmhe@gﬂl theclondiny ldevite d41d egrebe liffed Sut
wf63e. FitRli e ot Siidesbsavetion hSdhis JesthEhaR piave of pipe
1 a4 YR cut to a C-shape and glued into the inside surface of the sleeve
1322.

Figure 41 depicts another embodiment of a loading device 1314A
similar to the loading device 1314 of Figures 39 and 40, except that the
obstruction 1330A adjacent the bottom edge of the loading device 1414 is a
complete circular shoulder obstruction 1330A instead of the partial-circular
shoulder obstruction 1330 of the previous embodiment 1314. Again, this
circular shoulder obstruction 1330A is effective in enhancing the bridging

tendencies of the catalyst pellets within the loading device 1314A to help
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hol dimgnetheeembodismensy aaﬁboWn rin Figuse 44 ApiHeaobsiation 1430
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PR SRS QAR b o oS s RS A e
neRiEEbyRipeeing sl lowerianglt ofdfe &ideowbll ¥ehavt 8Miafeldaiddne
bridging tendencies of the catalyst pellets wthin the

shakg)iwith asmadler diametevatcthedwtions Eblslfen@wtn@ ipdhe same

d
riginef 85 fné BiR etbbdbrt S B SR pihehiRrr e Belhsn
retain tbe.pefietgun dise R2dinddcale ftisouRi sy hetedafBo th oBsds of
in evice 1314 made in accordance with the
WE'P g’rﬁ %lﬁ“—g%ﬁ'i% @Ring ¢ ps luﬂsddmﬁgwf@ébe deading devise sit generally
o RRSk8A910 B SRR EE TS HnBShlp hERanc
mayde da@lraﬁxjp thestiop eplmimﬁlpelieta lrﬁa nmecwadllng:dﬂal\%eoeig«?m ﬁir
d of t cli

pgg‘%% hé}"t"‘@%gﬂéﬁh@ﬂtt %% ?\s vvag t he casg for the

| oadFrR@rsey? afd UbPdegiGeamithés é&hﬁb&lﬁﬁ&rﬂbf ﬁh@%&lﬁ& device

obstruction 1330 is effective in enhancin
1514 mpdegntaseasiesice with thﬁlw'eeam’rahy@ttmpeﬁms badinghdeviche

157 R PIEEIE B8 0dna BVRE 1 STyl B o o,
obstrmctmnpmaoeacga@arﬁ thebofidmyedd #5106k the 1éaing dadicRd 514,
w?x ice dae{%an be lifted out with it. In this case,

HRY -Qips tie. ghaulder phstyuction, iedueedsinside Cba@@éerﬁﬂr
t.he
tfe e, 18kt iR e fbd e é%@zg@e@e{; r 815 15255 b
flexibleHabe avhidyg iimthis 'mamdlﬂta%mlmeggﬁgﬁgogm 1@16 of
13 0] ur es
ool B 5 B o s e
s&6lithgtheliRRiblO 808 182¥ 16 e fidyd Sorfion 1516 may be used,

including gluing, riveting, screwing together, press fit, or even a single piece

construction of the entire loading device 1514.

The flexible tubular sleeve 1522 can be bent to be installed into tubes
with large outages, even in areas with limited vertical clearance. Once the
loading device 1514 is installed in the tube 10, it hangs vertically as any
conventional loading device as shown in Figure 42. Once the tube 10 is
loaded with catalyst and the pellets have (at least partially) filled the loading
device 1514, it may be pulled out as the bridge enhancing obstruction 1530

helps retain the pellets inside the sleeve 1522 and prevents the accidental
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conpl ete circul ar shoul der obstruction 1330A instead
of the partial-circular shoul der obstruction 1330 of
woherypaesious enbodi ment 1314. Again, this cirearas2006/037952
shoul der obstruction 1330A is effective in enhancing
elvaeuatidndglth@ pebetddram dise tfadigedeacsat 5154. fﬁhé Iflescblevtubiular

clebe B2y PRte Aiel beDetiol BHANA e AC davice 4514dom
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.Si,ze el l.ets can flow fr t hr augh
i Y st iohcbelin it ciiese fhkr: embaoinent 119 or
Fias130r of theqijkk0 reaches the level of the bottom

openi ng of the sleeve. In another enbodinent, as shown

i n Frigures 43 1 A5 depictarmthercenbodinedbofiva |Imad|ng deviceei614.

iRk s e et 1At e

irslstiingvah lobk Bubfore 1630 bHRicent fh@fbdﬁ@h éa@é)qmwotr 'Eh@loadmg

smal |l er di aneter at the bottom functions in
deviee 19dfndlowavernia tbﬁeambg@mmdm%m obsfructiongs atsbladder

186 R Fieh S 1P BB i ProRiiEhd ot shef inaife ™
bpﬁbhﬁpenmgﬂ@% goes robealfirétt esolsttucttd doridigor] @ﬂﬁh@ﬁ the
ijew c generall is not necessary to fill the

bfasider 36%89 edend inwarsiyagyanst thednnespvall 161 hef thetsleeved

1922 (A6 s It Plofird 24F08 sBHOA, SnBALIR Corldtich (X Snqupuin
Figure vd) a§itlg31b|aslde21éﬁ |s4i21ﬂataiae!p| (r:]t ggg} ger Cen‘\tlamo;jlqnent

o AR A o o e B ore
of thel Ibadihg adivieg M \‘RS algdé c@ﬁdLEl' 1840 'ﬁﬂ gb%?féghﬁgmﬂﬁ

obstructron 1530 ahéacent t he ttom the
terovratpg atithg ledder 1630at ene aag, and at a)eﬂelsp 1642t the flange

PP SHLordEI0aing ARcbSIRIa TrisiRodte 1047 e Sanns win &
ceV@ﬂBﬂﬂtSk%ep%a@al?é@@ll@t@obt&ﬁhé\’@w Bondt tIBA@ durlng the
i nstance, is_attached to the flange portion 151

lqading Rreaesy Hiae cever Hidd in secyirechtn the doaging sismced‘GM via a

sfi88}18%6 7 pRAen LR R Seddermar bt ol B Soferteifiig g
gI ui Memtheéﬂadngar 1B30eividefatenig as ireFigupss4s ahtdt44, @ie inside
n of the entire | oadin

R EEob e dovahass T D08 SXGBeNBInsliemplorRihe el aroning
1 GEANn fhe fRRge'Borbh 4816 ¥ thd I8B8g device 1614 and the catalyst
pellets flow relatively unimpeded. When the bladder 1630 is inflated, as in
Figure 45, the inside diameter of the lower opening 1638 is substantially
reduced, preventing the catalyst pellets from falling through. As long as the
bladder 1630 remains inflated, the pellets will remain captive in the loading
device 1614. Once the loading device 1614 is removed from the tube 10, the
bladder 1630 may be deflated to release the pellets inside the loading device
1614.

During the catalyst loading process, the loading device 1614 is
installed into the reactor tube 10 in very much the same manner as shown in
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conventional | oading device as shown in Figure 42.
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megg '%@P@Qfﬁ‘?ﬂﬁ%mlthd @ presayt dwentiom 4 his lpading device 1714 is
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kbt fpahind {735 5oke i Atirsh Jiobaidsa RRGOHER (&8 EnSn

mvmgtnreazt@gqm%f seldofd, tondtacedodhdltivht(a®shb®hsn Fiur€4sy bhen
as conduit 1640 durlng the | oadi ng process. The cover

thfdaasq §73Q isigkdenas.t he | oadi ng device 1614 via a strap

covern S BHHR Flee {artEf 1322 PSRRI RGRIT 1fie 1K° |
preferablysméde froch d4lexiblestens brlsock maRirial whichtvaiét disseedown or

openi.ng 1638 exceeds the diapeter of the inlet opening
conHIct G

cerhe fassrgly 308 ﬂOiulﬂﬁd 18106 lagso W30 itsedi Repleabicis
B N8 RSP0 54 L5 S ALV o

that noose reverts to the first, unobstructed condition when the nub 1750 is
released and only closes down to the second, constricted condition when the
nub 1750 is pulled.

Figure 49 is a plan view of the loading device 1714 showing the nub
1750 recessed in a cavity 1752 of the flange portion 1716 of the loading
device 1714 when the nub 1750 is not being pulled and the lasso with a slip
knot 1730 is in its first, unobstructed condition (See also Figure 46). In this
position, the nub 1750 is tucked away so that it does not interfere with the

brushing of the catalyst pellets across the flange portion 1716 of the loading
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Figure 45, the inside dianmeter of the |ower opening
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erng re ved e reac
to Hee loadihigrap viee 1l t 4 dn‘aE[lgurassneelmdmgrmveblstrudmenctﬂé}ﬂ(

| d d d 1630, fl
st e, BBRM ot 1P 18 1o8ind A visevicla. HRawsver’this
ehibdinentfs14 8lsd lﬁéﬂ@déé a%ﬁﬂl@érrﬁ@?%‘iéﬁ%?%gé sﬁghtly below

| oadi ng device 1714 nade in accordance wth t
tie upper openjirg fl 84 of the loadingdievicalt’ide 1714 |s sinilar

obst M et ntbebt feuishe fohp I8 ek PO e sfith e
d siaitless slesligiand wiré. A%éthla/@t p@méieﬁmthelmurtgé@ewce 1814

obstruction is a lasso 1730 wth a S|IF knot (See al so
tiroyah dhe npparPRINiAGY 848, ey mankavy piastieallyi o injtial vertical

SBitincrBf QO8N (B vl HEARETARE 1o hBud chefyet bBAR whigh
doebttmhedpamowthllqaﬁ%e @hels:t fotnmh‘e flangetportiow 816 watdnto the
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o%%ﬁg{gHsﬁz{égoS‘éts%u%%‘sbhé‘%é%gh (AR BRI BSABPRRIIeNt BE
VERERY (3 LIl YR LERr 110K ARl el B I o hose
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Cl o a@;“?q%q)g&{‘ét | ' pe} gt?téqﬁg q\j vpgxca coln7188neler?t lvekoec?fy
mlght catch up, within the loading device 1822, with those pellets with
practically no initial vertical component of velocity, and this might result in
undesirable bridging in the loading device before the reactor tube 10 is filled
to the desired outage level. Furthermore, since it is desirable to have all
pellets load in the same manner in all the reactor tubes and along the entire
length of the reactor tubes, then it is not desirable to have pellets begin their
fall down the tube at different velocities. Preferably, the initial vertical
component of velocity is nearly identical for all pellets at the same point within
the tubular sleeve 1822,
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KSR Snray OfledSallet die drits Jai diestcal comeonsathiplooty.
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e
asclodmpaniornean zerohveriicat velucity wordition to tHEnpalldte.afon mstance,
I t.o, th di d
i Tt ey ot Sk et BR e &R bzt ai purtain
(hot sleswidagay b&l&eaftotramolv@f&Isﬂﬁs@ﬁﬂélﬁﬁre@ﬁéé the e %mcax

thi s enbodi nent 1814 al so includes a“flexible arm
Vaealeat thepslledsi ght 1y bel ow the upper opening 1848 of

e ] B B4yl BB AT B Flsanto
wenghhasetmay%tre eémpvacm drom ties tube, sint@thstareqldriaify Gy

th %CI' a*ﬁ dev 1814 through t he upper opening
%‘i W § Enmlp%aﬂwﬂﬁ@ewmﬂ@e a/éempwldewce
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catal yst pellets
stichgemoyat demd:aﬂ%&n@'hlqmlmnm)ls dlediiet,awith awontihtieus upper

fich 0852 5 sunbit PORIapITBLICdes M
foRhingPREUSRY. AAY He 1BRlek @h3, PRMgass 1984M8rR9aR upper
shoulder 1956, a lower shoulder 1958, and a recess 1960 between the upper
and lower shoulders. The inside surface of the fingers 1954 is tapered from a
smaller diameter at the top to a larger diameter at the bottom. There is an
insert 1962 inside the fingers 1954 which has a similarly tapered outer
surface. An actuator 1964 is secured to the insert 1962, and a vibrator 1966
is secured on top of the collet, as shown in Figure 55.

The actuator 1964 may be manually operated , such as a hand-

operated lever, or it may be automatically operated, such as a pneumatically-
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h 1 pRpiLn l.eeves. descri bed Qve . have .
The fedting Bavidaieie SenfeRab o ABRSAa et Piadovsibdn
tH5dt MOfad A RIbURrS IRV éxabhdioAr 9kl & Yiahgadeds WekBsses 1932 for
catal yst. Thus, it may be advantageous to use a .
retainingdusiesnd an inlet opéning 1924. The unloading device 2000 is a
frustro-conical housing 2002 with a smaller diameter top 2010 and a larger
diameter bottom 2012. Along the inner surface of the housing 2002 is a
wedge 2014. The bottom 2012 includes a shoulder, which permits it to be
placed into a reactor tube, with the shoulder resting on the tube sheet, if
desired. Alternatively, the bottom of the unloading device 2000 may be
placed over a bin to catch the pellets.
In order to unload pellets from the loading device 1914, the loading

device 1914 is placed on fop of the unloading device 2000, with the slit 1917
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to aid in the extraction of the | oading. device.
0 2007gunes 53- 55 illustrate one such renoval BEWUS®6/037952
1950. This device is a collet, with a continuous upper
n 1952 and a | ower portion that includes a

ortion 1952 an th
M&h‘ﬁ'ﬂ‘ﬂvfthf‘fﬁé&fedga%@‘r% Tbedgading deviee is thengiushed Alowriveardly

inte B oS fhg, A, Wit a2 6 4 oRing thet B Lo ootsst St
thelebyupacialyndcrleasiiy theadibmetss of Teesleavd 4823 of fRCRaBIng
the fingers 1954 is tapered froma snaller dianeter at

daviee 19}t tremahe Soem ta tedopr Tais eneblassthedpeliethta fallicut of
el dag Boid 8T oS8 PeRREF RO oA 16 s

dedeait @t sitertinkas been tord&ed, devidlamd tHebpellets ha08Bekh
lsrecured on top of the collet, as shown in Figure 55.

edct uat or 1964 may be manual ly operated , such as a

han t : ' : i C

oporioEUR' e bE Xfssiht forlndBHIARIBHIIR e/ a wedge-
shepeddinife in ltbitmp'l\?ﬁe Imétl:}é(%ﬂlge&@ﬂaaif 52?4@&/ bz, clnltgdt tese, it

u as ) en the_actuator 64 is actuated, it .
C%Eff E@ Ugrd 12 Rltoren 98y o, ﬁwalpaﬂ_kyg 0\%3&9?? ﬁ@aﬁo pohave aslitin

1S rPteq,g;'ntotheoenin

O@E?‘{Oﬁg%%gﬁgé p%gstgﬁp‘%'hgﬁ?%%{ﬂaﬁgﬁ evi (E:aleS unti | thg I ovvgr

shoufigenies BO5and 61 ishbwwan bislobtbnggsation, 2050 whigk includes a

houl 956 i, ab he f, 16 fl
PGS nidaelto KBy R38 HDoPcEatn M g oiin s 8k, THRs
cabehn a2 vineateRr 2062 ha8hdeh instalad 86 the 3tasibAgn bRker to

insert 1962 to nove upwardly relative to the fingers

impgsia veiigal vilration 19 éize [nasing dexieasamich twthen assistsgwitts

diidiing YD ebITELD RRURIRAEM ot RelbioAfiast A Re s
a bin @rigppeh2054feti culediing te pélidihie top opening. The
tor then lifts up on the renpval device 1950 to

1T (FIOWE 6% 80w thebplemdurtion of e Sleaye 124 olanother
i . . ' h
BN e 736 FETE A7 SRR Tnc PO s
slaeves212R, girovidimg\a hechiced iAsiGé diame tac%m.oﬁ'hé%sbrt 2122’109 i686
haped. t . dl e. i brati evic
SR Bl Bodie feAd P inser 21808 FiiaIrd o Ao e
surfdteasf thdkReve @120t her device that inparts vibration
primarily in the vertical direction to facilitate the

evaduguiedis shows the baeidemgpattion obtheisldave 2222 of anotber ng
op RS I RE=pE2RERE o HE 228l B e BERTe
22 Rth plavideres AldUiceansidie itarigRP232 t litthis case, the cap
2230 is adhered to the outer surface of the sleeve 2222.

Figure 64 is an exploded perspective view of another loading device

2314, in which the sleeve 2322 is adhered directly to the inner surface of the
flange 2316. This design is especially desirable when the reactor tube 10 has
a small diameter, as there is no projection from the flange 2316 that extends
into the tube 10 other than the sleeve 2322. Thus, the outside diameter of the
sleeve 2322 can fit closely inside the reactor tube, with the flange 2316
resting on top of the tube sheet 12. Figure 64A is a top view of this loading
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pellets that are in the device into the reactor tube
10 or el sewhere, such as into a bin. Figures 57-59

wehev/amst her type of unl oadi ng device 2000, wWRCThS2006/037952

.unloads a | oading device 1914 that has a slit 1917 (as
detvioaid3ii 4 afepilhasitien Fssenied)iang showscihelidpbpesing 2324,

simlar SO ot hers descri bed previously, in that
thqﬁgﬂﬂ?%éﬂéu@ﬂggpe§ﬂﬁy@_‘é&%ension 1922, a flange 1916,
r ecepfes!§58a o &h @rﬂ%dbﬁmeﬁtgéﬂa @ﬁéi@ﬁé\ﬂé@mwsﬁmw to

1924, “"The unl oadi ng device 2000 is a frustro-conical
thed of Figyren64 andtbdls axeapt tat,dn additien to the flaige 2416 with an

Y R 8o 85 SREVA 2422, hBh Bt Senutibodieh bih as
by linglaher® i§ ROsBpinhte YhaceR 20¢8 vkish iid sicPup Frobh fHeSbttom of

into a reactor tube, with the shoulder resting on the

tha.gleeyhd422 19 theditangee2410\n0d seves i@ bpace the thangeo?d 19

oblfe L RRSSBRLIRY, SRR s P e Bt B hab
2108 Mchdelesired haidght th facilitaRtraghidg the pell&d4nits thH et

on top of the unl oadi ng device 2000, wth the slit

and intgithe oreniRg 247dd dé nayike usafdl in sibatirnsdiewhishithe tapen

J [

SfHAAEE AR I Sfo S Hhfloh BRI P aneY Siladcl
g ][ adgavl/illl begj_bwmmnd \ _rtbosdi eliigé?h‘EMeragDngt hmc&ﬂiﬁimaﬁ h2be
of the | oadin evice 1 romthe bottomto t top.
maflestodha smbo m@%&%@@&%% Wilhgut depathiag ?@aaﬁmsfope

| YN orderly manner. Figure 59 shows the
OF?E [ naé@(]elé\l,%@di‘gm after it has been pressed down and
the pellets have been released. It would al so be
possi bl e for the unl oading device to have a
wedgeshaped knife in the place of the wedge 2014 of
Figures 57-59. In that case, it could be used to cut
open any of the | oading devices that do not have a
slit in order to release the pellets fromthose
| oadi ng devices. Figures 60 and 6 1 show an unl oadi ng
station 2050, which includes a plurality of unloading
devi ces 2000, each with its own wedge 2014. In this
case, an axial vibrator 2052 has been installed on the
station in order to inpart a vertical vibration to the
| oadi ng devi ces, which further assists w th dislodging
any bridged pellets. At the bottom of the unl oadi ng
station 2050 is a bin or hopper 2054 for collecting
the pellets.
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Figure 62 shows the bottom portion of the sleeve 2122
of another |oading device. In this case, there is an
wone®ri122430 at the bottom of the sl eeve 2122, PCT/US2006/037952

Lproviding a,reduced inside diameter 2132. The insert

sicdaiprerhis:by itself in Figure 62A. This insert
2130 is adhered to the inside surface of the sl eeve
2122. Figure 63 shows the bottom portion of the sl eeve
22224 0f aA%ﬁtﬂh%'d@%léleff@r Qﬁwrsgﬁpeue& ikt & chaffcal rB&dter tube,
a cap 2230 at the bottom of the sleeve 2222, which
cpMPUisigs a reduced inside diameter 2232. In this case,

th 230 | dto th t f of th
sl geéa%féﬁﬁﬁa@%ﬁggﬁr@i [ soan :xgluoggdsgcrergg:c?i ve Si ew
of agedwer sibens pbaioRbRRLRS Hﬁ)wn%rdliﬁ ifobn 418 Lﬁip%@‘ﬂﬁgge

2322 is adhered directly to the inner surface of t

portigngndizandng aniirnelssirgee defisingea interpaliress-aprional anea

h t S [ .di t re s
2} g8 ERER 0 740 et iRon o5h@RG Hongl i fnd o
the irda@s¥6r Ridueingt $xd irftBmat cRRYSedBdral albapeat 88id bottom
out si de di anmeter of the sleeve 2322 can fit closely
efg8i de the reactor tube, with the flange 2316 resting
on top of the tube sheet 12. Figure 64A is a top view
of this |oadingdevice '2"3'i 4'"'a er it has been

assefbl edA leadingltiewicet dreicitpd dpelalnd, @B2dkin shiel eangfor

2316, and the sleeve 2322. Fjgures 65-68 show an

s R arons-saCialAiRs hiav Agensins BrhpieiXat e tor

Sgidqgwgﬁslgé\,@%@nﬁfm, except that, in addition to the
ange 2416 with an inlet opening 2424 and the sl eeve

2422, which are secured together, such as by gl uing,
the. Bot ¢ ol BRONH A/ ECas opisd It Giafe: Wharrja okt §Bana o7
r%iditﬁtﬁébr&@@%@cﬁi\%lfa:ré’é‘ BRIREL G atpa)éﬁich hﬂaﬁé’ RfositeSAid

is may be useful for ensuring that the flange
sieeye postion and includas @ girtpnojgating dntp seid lower slagvegariion.
the pellets onto the flange and into the opening 2424.
It may be useful in situations in which the top

surf dce oA Ibhdingwvictheetedited v eRim 3antersin 3aithpingirgjects
of other situations. It wll be obvious to those -
cempletely agioshgaidlewergdecy® BPHioRat i ons may be made to
t he' enmbodi nents descri bed above w thout departing from
the scope of the present invention."Il / Thir "".i|1
i ©. cl aiAntedding:deVicefad rexiteddn dizvm Qe whereihsaiti mgans for

rg&ljéir?t into a _chem cal reactor %ube, conpri Si r\}\% .

g the cross-sectional area includes a flexible tie member which is

secured to and projects into said lower sleeve portion.

6. A loading device as recited in claim 2, wherein said means for
reducing the cross-sectional area includes a shoulder on the inner surface of
said sleeve portion.

7. A loading device as recited in claim 6, wherein said inner
surface has a circumference and said shoulder extends around the entire

circumference of said inner surface.
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an upper flange portion; a |ower sleeve portion

wo 26Risesli ng downwardly from said upper flangechalsbirdzres2

and having an inner surface defining an internal
cross-sectional area at each elevation, said | ower

\\\\

sl eelie poAtlbating eleviserap reclied iroorimidewherain saishmetos for
ot g Ree s Bl Atne hES AT ot et SR Ie gt

tolsaififie’ien sai d neans for reducing the cross-sectional

area has dinmensions that are fixed relative to said
| oner sl eeve portion. 3. A |loading device as recited

, . , 0. sal d ¢ duci ‘
cr os8- sech gl Yelic e ia T oBim BRI splipeans for

redudititfiheadrdssbeetichapardd meludied dnlisfiatdBR Hadder.
projecting into said | ower sleeve portion. 4. A

| oadi ng device as recited in claim3, wherein said pin

P B PRy el SRR3R M B ReE SRR neRRE for
redudghgihengobosecifshat arg IneluidesesRocsect | onal area
includes a flexible tie menber which i's secured to and

projects into said | ower sleeve portion. 6. A |oading

devi ¢ _asalisedih§Yevitetdbitdd iN'BaHT 8 whtkdn SBRHiehRS for
Ahe crg tYVE\g gﬂg‘u ger

reducing t ss-sect1onal area in es a
redudingetherncross-sactiaret acda swludles|aestent @dending for7at 1éast a

I ﬁadi r}%ﬁ\?‘f\/i ce as recited in claim6, wherein said
PPHIPEC lower sleeve RArigiyf er ence and sai d shoul der
extends around the entire circunference of said inner

surface.1B'' ' A1l1'ad hg device as recited in claim1,

wher 82n séilaagipgisviasrfor inddingpelieteinte s ohepicalireacior tube,

C§‘§\%§S s dinmensions that are adjustable relative to
eeve. 9. A loading device as recited in claim

8, waarupiper figh fioh definingean Hidt®pehtdir 0ss- sect i onal
area i r%pudes ﬁﬁignfl at abl_éﬁbl adderﬁ.ehl(%.C A | oadin

devi 8dOWSr sleeve partion ertending downueedi from geiamRer flange
o 4R 833 ALk BRI wi
saidl idletepesinfpsaidetemiengortibe defising aftﬁﬂtdm edbepasd

' ncl léc%%‘?(ib?e %trr%nl;ea%ga%qme? %pggi%g% chgg}?%heaspeed of pellets

passing downwardly through said inlet opening and passageway.

13.  Aloading device as recited in claim 12, wherein said flexible arm
includes means for substantially absorbing the kinetic energy of a falling pellet
while still permitting the pellet to fall through said inlet opening and
passageway.

14.  Aloading device as recited in claim 12, wherein said flexible arm
is located in the upper portion of said lower sleeve portion.

15.  Aloading device for loading pellets into a chemical reactor tube,
comprising:

an upper flange portion defining an inlet opening; and
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portion of said | ower sleeve portion. 12. A | oading

WO 200412 for | oading pellets into a cheni cal PCIARH6/037952

tube, conprising: an upper flange portion defining an
i nl.et opening.... ower, s|.eeve portion extendi ng
doi I Y P ProisBURO fpuRYarlndroms s URpes flange
pOHBH%ngﬁngﬂﬁa%gég&é sal 3 vgﬂportl on I‘gef |F§rﬁ?‘rl1n
said fassagewayl geflnmgdamomtleénpbmagat nts edtons awteraim eaid lower
[ t,0 chec pee pel | et : SSi

Sle&@ RBE’(H‘I g ﬂls&d}g Eéﬂ?‘ﬁ\ %’f@les@p%lHﬁ@V Eﬁwlwg%ag evay.

13. 'Aloading device as recited in claim12, wherein

said flexible armincludes neans for substantially
absib@ bi ng Ioa@ngidemdecmemﬁg@ iro¢laim f1&] whetpipehidewindowse

coBpii A i CadRe o oy o ppll s 3al '™ ©
atgget ed in claim 12, wherein said flexi bI earmis

Iocated in the upper portion of said | ower sleeve
portion. 15. A Ioadlng device for loading pellets into

por 1 on AdprlEec{ o opSRRA Y P ARy RACH a1 EPR e

compfitingh proj ecting downwardly from said upper flange
portion and defining a passageway in communication
wi t Bn&Rpar flange pepion hayingan QuUisi£486e8R8§ defi ni ng an

o1 BT P8BS Pt L B AIEB) gt i 5% rance
poption; ahietein the vutsteuye digaid¥ldrasdbortionl defines adirstawigher

i,n claim15, wherein said w ndows conprise a plurality
angf slots for view ng the level of pellets inside said

Pasai@fein Shid Gpb&Hrte SEH(OF Iﬁe?éfrbﬁﬁé’b@ﬁtr@l%deﬁh%}égéo

em cal reac 1S n an uppe .
sepmd helghh‘ewsmg oalheros:d@ ataagiaﬂrsahdlght lamesaid seeard height is

ng.downwardly from said upper flange
?'E h@ﬂ Spq}ﬁ?ﬁfsgﬁ'ﬁﬁﬂe outer edge of said flange portion
defl nes a first height; and wherein sai'd upper flange

portion tapers froma_ central Fenln at a
18.  Aloading device for loading pellets into a chemical reactor tube

as recited in claim 17, wherein said first height is less than 20% of the
smallest dimension of the pellets to be loaded.

19. A loading device for loading pellets into a chemical reactor tube
as recited in claim 17, wherein said first height is 75% to 125% of the smallest
dimension of the pellets to be loaded.

20. Aloading device for loading pellets into a chemical reactor tube
having an inside surface, comprising:

an upper flange portion;

a generally cylindrical sleeve portion projecting downwardly from said
upper flange portion; and
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second height to said outer edge at said first height,

wo 20484 d second height is greater than sai dp€TMS2006/037952

hei ght. 18. A | oadi ng device for loading pellets into
a chemical reactor tube as recited in claim 17,

......

whe @avall @dpadingrauiwaedlyfiom saif sieevenaitionia afdimaesion that

T T R T R T T
arf egwardly dperngsup #6i ¢atching dukfi m 17, wherein said

first height 1s 75%to 125% of the small est di mension
of the pellets to be | oaded. 20. A | oadi ng device for

loagiing el {1 iGadin ﬁ@[@t&%to%e&%?@fzah‘é%td?wﬁé‘g_ an
i nsidé surface, conpristng. an upper ange portion; a
copeprizirg the stebs ofiri cal sl eeve portion projecting
downwardly from sajd, upper, flange rtionp; anda' waif
ext é"r‘ﬁi?‘ﬁ@g 8Upagingl wqeg'_ %ﬁwedeégf@é%epsm IgAdkng dvice
050 o Ll et e g o8 IR SRove
partiendefinicy p fawsagewakiexterdiirgg do@nwardly fretnheaid fopening, said
[ ts into a chem reactor tube,

| | ] |
’%’ga Iﬁ'g\g‘? ﬁgﬁpﬁéfﬁmag‘?“yeﬁ %@PP?Wan | oadi ng devi ce
| Nt o ddhiRy pEIRRS mrohgh_%amﬁle@_o ieﬁiﬂg@a tH8 ehbts! 1Ak traugH the

an upper” Tl ange portion defining an inlet opening an
passhgeway ahd évio thereacior tibie uritihthedeyelof dge peleis)in érali ng

downwar dl rom sal d openi ng. .said | ower sl eeve
reagﬁp{;ﬁ@)ﬁ r@é?&ﬁ?ﬂjbeg?W%_ etﬁ'??@?g’openi ng; addi ng

pel | iding Mops BRIISHRItE dt =Rt paRRNY Alsaid IbWer slekleporic;!

t hrough t he passageway and into the reactor tube until -

t he gesvEng Hie palketp énsiee saidjowpeslees portioniscthey gemain
Y A -NA: ' . at

wilfhe B MM pABI Ry emBic e BE FeBEil fl oo

sec u'ﬁ'rmgingsza_i@ dxba\;da‘ﬁg dﬁmfe@%@wmg ite secuidgqrelletpivom the

so they remain with t oadi n evi ce en it is
feﬁ@?%\%‘é forlsaye e desicrbeutagsdn 8&1’&3?@%\%1%9 sai d

| oadi ng device along with its secured pellets fromthe

reactor tube to | eave the desired outage in the

reai2dr tAibetha@® fordoading eelliétsrintocachamicabidastar tube @sa

chemcal. reactor tube as recited in clajm2 1, wherein
reehigd it S 2T ubbrdif A% RRrisdRebitng fheRelle, Msie s icwér
sleeve portion includes reducing the internal cross sectional area of said
sleeve portion near its outlet opening.

23. A method for loading pellets into a chemical reactor tube as
recited in claim 21, wherein the step of securing the pellets inside said lower
sleeve portion includes relying on the natural tendency of the pellets o bridge
inside said lower sleeve portion.

24. A method for loading pellets into a chemical reactor tube as
recited in claim 21, and including the step of reducing the vertical component
of velocity of pellets falling through the loading device by means of a flexible

arm which contacts the pellets as they pass downwardly through the loading
device.
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sl eeve portion includes reducing the internal cross
sectional area of said sleeve portion near its outlet
wopermiaes423. A nethod for | oading pellets int®C&US2006/037952
chem cal reactor tube as recited in claim2 1, wherein
the step of securing the pellets inside said | ower
sl ee poxtion . ifc s relying.on t at ur .
tendiirey ah ufbadlf HEViZe £ il pridBihe Pading sleeve
whlchaer PRandebefiddg af iARE BpEnhgrant pdbwawaRIlY BidiedtiMgO
a chem cal reactor tube as recited in claim21, and
slepve partiey, said wilegrding derigesiomprising: verti cal conponent
5 of Ve|00iéﬁ8§ﬁ Bellets falling through the | oading
devi ce by 0%+ a flexible armwhich contacts the
pel I et s amehheYoruttiritgwaibhesing 1t tedbadiRg sleeset Aad
devi ce. 25. An unl oadi ng devi ce for unl oadi ng pelfets
from a | oBgRAY fe deradingihe Rousisga f1 ange defi ning an
inl et opening and a downwardly projecting sleeve
portion, said unloading device conprising: a housing;
26eanA léading devicerigr ivadihghselletinid @ chemidad ashiotgr tbeeve;
and .;means for vibrating the housing. 26. A |oading
10 coBprigiRds or | oading peliets into a chemical reactor

t ubegn GBRBE i Mpordln R oy ; RBWHION dBAEL'E phurbfl) of

sur f ac C I nes a pltural’l recesses
revesbes far cgllecting quest pacticlss, said dopgyflengé Ipartpm alsotdefining

al.so, definin n inlet opening; and a | ower sl eeve
2 et Rerig el

ng downwardly from said upper flange

por t i werdled\rs bohiibe ckidisGa6WRAWatdly FOMHIH t¢RbPflange

with said inlet opening.
15  portion and defining a passageway in communication with said inlet opening.
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