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BACKGROUND
[0G05] Catalyst is loaded into reactor tubes withina tubular reactor.

The loading is a precursor to carrying out a réaction within such vessel. The
tubes normally vary in diameter from 0.75 inches up to 2.5-inches (6.35 cm.).
Catalyst breakage is.a problem during the loading process. The breakage is
helieved to be due to the factthat catalyst has become softer and more
fragilﬂ'e. Catalyst breakage further confounds the process as it can lead to
tubes having -a higher differential pressure across the tube. These processes
include, but are not limited to, the use of methanol, ethylene glycol, acrylic
acid, mercaptian converters and vinyl acid to name a few.



0005] Catal yst is loaded into reactor tubes within a tubular reactor. The

| oading is a precursor to carrying out a reaction within such vessel. The
tubes normally vary in dianeter fromO0.75 inches up to 2.5 inches (6.35
cm). Catalyst breakage is .a problemduring the | oading process. The
breakage is believed to be due to the fact that catal yst has becone softer
and nore fragile. Catalyst breakage further confounds the process as it can
| ead to tubes having a higher differential pressure across the tube. These
processes i ncPUMMARYyt are not linmted to, the use of nethanol, ethylene
glycol, acrylic acid, nmercaptian converters and vinyl acid to nane a few.
SUM\/ARY [ 0006] There are several 'd; ectives of the |nvent|on(s) Primarily,

however, the OB menthesy arssereralShischge s’ thimerianS FAmMeR¥: | oadi ng of
cat al yst par tfh@tdv@rt ehel aMRDAMRREE Pieck thesatelinii@mite tné n:gdnhg @akage and
ot g o i ANBNE e Bl I BT SRR oINS, e, noedec
(e.g. def or medf tenehtayst banitles ube wal | s). [00081A devi ce and techni ques are
eeded et e oAl e AP kel e SRS Bl o 1T
ot her parti cl ewirbrauenighareghefbers nesgnmetricpide g dnjbra’ted ammoc herl’ray be nore
brittle. [ OOOt%L@WQ@ii ce and techni ques are needed that can aid in the

[0008] A device and techniques are needed that can inhibit or avoid

altogether the fracture of catalyst or sther particles. This problem is more

acute with.large radius catalyst or-other particles having a greater mass, or

particulate which may be more britfle.

[0009] A device and technigues are needed that can aid in the

dislodging of the device in the event it does become ‘stuck’ within a tube.

[0010] A device and techniques ate needed that can allow a vacuum

hose to pass through or to pass outside the device (but within the tubg)

especially in small diameter tubes.

[0011] Particulate filling devices and methods are disclosed that use a

loading system generally including aloading cart, a drive system, and a line

assembly. The drive system generally includes. a motor, a drive shaft, a

driven shaft, a spool, a plurality of cable partitions, and a controller. Each line

assembly generally includes cable sections, swivel connectors, one or more

spring blocks and a weight.

[0012] As used below the term “helix-patterned”, “helix-like pattern” or

“helix-pattern” means. that the device is méde; up of individual spring members

that have the figuration of a helix but that the spring members make a non-

continuous surface-as opposed to a continuous helical surface.

BRIEF DESCRIPTION OF THE DRAWINGS
{0013] Fig. 1 is a schematic elevation view of ohe embodiment with a
reactor tube shown in cross-section.

Fig. 2 is a top schematic view of an embodiment of the drive system.




di sl odgi ng of the device in the event it does becone 'stuck’ within a tube.
[ 0010] A devi ce and techni ques are needed that can allow a vacuum hose to
pass through or to pass outside the device (but within the tube) especially
in small dianmeter tubes. [00llParticulate filling devices and nethods are
di scl osed that use a | oading systemgenerally including a | oading cart, a
drive system and a |line assenbly. The drive systemgenerally includes a

notor, a drive shaft, a driven shaft a spool, a Pl urality of cable
partitions, and aFbAis ) ¢ieyatiomyen of prrermaadiienty’ girrassePli ncl udes cabl e
sections, sW y&ictii®BRE§irMh DlocR MRHEUL sPRHGS t& BS fon@iter repleSer ik olekei ght .
(00121As used bel ow, the term"helix-patterned", "helix-like pattern" or
"hel i x- pat t er AFOUGBIiFPIRYAP™M%Re device is made up of individual spring
menbers that have Fighe i a prvadn conefenoliglehiofattpribdiBibck.he spring nenbers
make a non-continuous surface as opposed to a continuous helical surface_
BRI EF DESCRI PTI ON OF THE DRAW NGS [0013]Fig. 1 is a schematic el evation

vi ew of one ecDETAILEDMESCRIFTION O&CHE PREBERRED BMBODIMENT¢S)section. Fig. 2
'S a top schematic view of an enbodi mrent of the drive system Fig. 3
1s an el evation view of one enbodi nent of a |line assenbly depicting one
sprMy bl ock w0omMjut spkloadisg systes 10 ¢Fibet) ey beeped i madinheatatybelor t hr ough t he

bl ock porti Onot’her) particulate matter 12. The loading system 10 generally includes a
loading cart 20, a drive system 30, and a line assembly 60. The loading cart
20 is positioned on a surface such as a tube sheet 14 and divertsimerges the
catalyst particulate 12 into individual reactor tubes 16.

[0015] The loading cart 20 could be any commercially available loading
cart 20 which may be medified for mounting of the drive-system 30. Forthe
loading cart 20 shown, mounting brackets 22 conhect to the loading cart 20 to
the drive system 30. The line assembly 680 connects to the drive system 30.
[0016] The drive system 30 (Fig. 2) generally includes a mofor 32, a
drive shaft 34, a driven shaft 36, a spool 38, a piurality of cable partitions 40,
and a controller 50. The motor 32 connects and cutputs to drive shaft 34.

The drive shaft 34 is connected by-a connector 42 to the driven shaft 36, The
spool 38 engages and is mounted over the driven shaft 36, The plurality of
caple partitions 40 (eleven shown in Fig. 2) are attached to the spool 38. The
controller 50 is linked to the moter 32.

[0017] The motor 32 is preferably a variable speed motor and may be
powered electrically, pneumatically, hydraulically, by hand (via a hand crank
not shown), by water or'the like. The motor 32 is used to drive the drive.
system 30 either in forward or reverse to raise or lower respective line
assemblies 60 (tén wouild be implemented in the system shown and used for
loading ten individual reactor tubes 16 at a time).

[0018] Connector 42 may be: used for making the connection to the
output/drive shaft 34 of the motor 32, :or it could be used for connection to a
hand crank (not shown).

[00189] The plurality of cable partitions 40-are mounted to.and wrap
around the spool 38. The plurality of cable partitions 40 define a plurality of
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Fig. 4 is a top view of one enbodinent & a spring bl ock. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0014] A | oadi ng system 10 (Fig.
1) may be used for |oading catalyst (or other) particulate nmatter 12. The

| oadi ng system 10 generally includes a |oading cart 20, a drive system 30,
and a l'ine assenbly 60. The loading cart 20 is positioned on a surface such
as a tube sheet 14 and diverts/nerges the catal yst particulate 12 into

i ndi vi dual reactor tubes 16, 0015%The I oadi ng cart 20.coul d be any
comrercial |y %?@M@éfﬂ%@dﬁ%d‘h@éP cIngfRRF: FEasHINR PABEGT I or mount i ng

of the drive gygteqocePmotiae tﬁér@aabmg@emeeﬁafdwac&en rehautubeE1gNtdual brackets 22
connect to the ] oadi gﬁ%cart 20 to q i ne assenbly 60

et s Do ¢ Yaianes patk SBbing i TR asetan rnet o SOARE Seve s ¢ 25
general ly inchmasssaormspmkih&he parﬁtrdnvedjsktalblws[&kabia atbnigwiensglobdd. 36, a spool

.38, I I t 40 Th t 32
conngclto su;ﬁdl %‘ﬁ?‘%&??‘t "8‘&@%8%' g'ﬁzgﬁaargﬂénﬁﬁrg r%ergg@ttescﬁgffg §4(%| S cgngc? (rad by
:a connect or ﬂlﬂnb@aﬁhepaﬂHQ\mm@mﬁptartBﬁntsmbemdﬂlste@&smag@by&ﬁd i s nount ed
over the dri Vﬁ%ﬁ*ﬁgfbfott ?3 eddigeR! Urality of cable partitions 40 (el even

shown in Fig ched to the spool 38. The controller 50 is |inked
to the notor B820] 0017Thm0ﬁb18cfﬂﬂ®2n3 ey winelt, aptl gambeyugciddpres! Ypeed not or

and may be powg‘anam aw @@derm ) ko%aa'n qéroceyéin% B&llade oPY hand (via
gr OI‘ t e #

a hand crank not s The 32 1's used to
drive the drﬁéu'@?@twrﬁb elther in forvvard or reverse to raise or |ower

respective |i Pﬁ ?SSanTHe%n’éQIIe('B@% VARY ke dp@ol dﬂ@h@r@ﬂh@?&té@f the system shown
and used for |oa

100187 Connact Bea! iy e 2SIy B0 e ity cerier osmir e T torolihe

out put/drive shafvaridsle gectied m?aty@mmm anQidjustablz0ubl 5RetogEe switar connect i on

to a hand cr a{?ﬁot éhown ozhtRV\We mounted to the control pad 54. The variable speed
controller 50 may also include a rate display window 56. The controlier 50
may be electric or built as. a regulator if pneumatic. Although the controller 50
is variable speed, the individual operator’s setting of the speed is dependent
‘upon the fill or catalyst loading rate (i.e. the rate at which the catalyst
particulate matter 12 is actually filling the interior volurie of the reactor tubes
16). In other words, it is critical that the line assemblies 60 not.be withdrawn
from the reactor tubes 16 at a rate which is e_ny'faster than the catalyst
ioading rate. For examiple, if the catalyst loading rate is one foot of the reactor
tubes 18 every seven seconds, then the line assembly 80 withdrawal speed
should be set at one foot every seven seconds or 0.143 feet/second.
[0022] | Each line assembly 60 (Figs. 1 and 3) generally includes cable
secfions 62, swivel connectors 66, one or more spring blocks 70-and a
weight(s) 80. One end of the top-most cable section 62a is attached to the
spool 38 while the other end attaches to a swivel connector 66a such as with
a ring clip 84. Other cable sections 62b connect spring blocks 70a to swivel
connectors 66b and/ or to weight 80 via devices such as ring clips and/or an
eye at'the end of the cable section 62. The length of each respective
intermediate cable section 62 depends upon the spacing distance to be
placed between each-consecutive spring block 70 along the line assembly 60.
‘This spacing distance relates to a variety of factors, namely, the distance



[0019] The plurality of cable partitions 40 are nounted to arid wap around
the spool 38. The plurality of cable partitions 40 define a plurality of
cabl e conpartnents 44. The spaci ng of each consecutive partitien 40 can
vary to accommodat e the spaci ng between individual reactor tubes 16. Such
vari ance in the spacing may be acconplished by buil ding several different
spool s 38 or by maki ng the partitions adj ust abl e/ sl i deabl e al ong t he spool

38. Although ten evenl ace re sented hi Fig. 2, the
nunber and sp&Rq" r{@Sp@P r?ﬁ‘é’fat'ﬁ g‘%&%“ﬂea mtg&tgractagngaqrct ated by the
|oad|b ng 103 tm’ebﬁngf)wév@hmcbftﬂ%%ﬂﬁb@tl@@@(ﬂ fr@ﬂeffmeadﬁmgaohucre a \|M ngh and
can be used to ree e ass ur.i t he alyst |oading
process. It mfPHe @%@ﬁ;ggw&knaﬁr}eatﬂﬁ%?%nég r[tsa ff-‘ﬁ‘ﬂ%&!? JREroller 50 is
used to cont reﬂsemb!ytﬂmangetheh@vemaleotfthe mrﬁcatavetbmtg»fpamhéthefaléasatsaeerrbl ies 60
ol ude an’ adpURYadRgtRdp 8% Famb e RRet e PEr Bl R SRR e
m)ulnt Sd to thﬁpgdomtwpﬂhﬁh@?@?bbs}mmc&bhé&?@s d@@)'ntﬂna)lgtgeﬁ?SO May al so

I nclude a ratf.(H.Sp ﬁé’?% We actJAﬁst‘éﬁ’éetlf]e é?‘trt%% obe el ectric or

ntro

built as aregulator Ier 50 is variable
speed, the i ngRngpeHlise Sl@)’tﬁ‘@r%ﬁ%? 40, sstdivtaied bﬂhﬁﬂﬁ!‘gﬂb@’@écﬁ Bspeqiiseident upon t he

fill or catal M?érmb@ét@'c@ﬂe%@&t%n(ﬂz @ rédtu%eégé@oratarm%pé&%a&%@' yst

particulate matter 12 is actually f Interior volume of the
reactor tubes(@bpiven A ttniset (%o%ete"st 'InesaSé?mP'wéaﬂh? HeRerPAe tWPHE assenbli es

60 not be wit Rdf @Y rh&ter) hﬁ?hé@%ﬁﬁé btoa&em%céﬂa@rtr@b@fw&wé& is any faster
t han the cat a{‘1y%s2tf8| oag B&’ exanp if t %t al%/ | oadi ng rate
s one foot o 55 il B Girore € 85 i rielsd o e BR the | Tre
assenbl y ;50 wbibtidr 7wk caimae @hﬁu\:vdfdee(mttmaﬂersmnesibrtr@tbkmkerry n?ev)en seconflis
or 0.143 feet 1N S nd 3) generally
i ncl udes cabl’ es"geg%] o‘%%pagééld r\%preggeﬁﬁ'gi\%sg%)eg%@% onetg’r W&R)ﬁe spring bl ocks
70 and a wei ghtatisdr eB@npl©smbedicieaf the hippdromshblstksdalspecesHptfbarfeda i s

attached to meg]zsrﬂ&gts%%% }P@kt'agﬂ o?@ ﬁ%tﬁ%ﬁovﬁeﬁ%ﬂéw rﬁ%§eré§£%0%~% vel connector

66a such as ari € sec I'ons connect spring
bl ocks 70a tosm‘m\béﬂlck&:mtﬁme@b‘sttﬁﬁ)feaﬁﬂm(mﬂetera) fasingivo sghgileckelevi ces such

as ring clips;angdiaf 1@ RiEus: Bl PQn@{hetl&‘?t\&@gHrﬁ BRickd Asfigeq The | ength

§
of each respective Internedi ate ca % I"e section 62 de ends upon the spacing

di stance to béy prefealdORempten) kaying awueigd St (e lewrrmast Qﬁfé@léy}m al ong the
l'ine assenbl y1RDcapldéetioRAD 6 pfliferh B fRdE GbAlLHnbe Aedl BRY ﬁtay bef factors,

nanely, the distance
sheathed in plastic.
[0023] The swivel connector(s) 66 may be connected at any desirable
point along the line assembly 60 and as shown are connected adjacent and
above each spring block 70. Asshown, the upper end of the swivel connector
66 is connected to a cable section 62 whilst the lower end is connected to a
spring block 70. Each swivel connector 88 may, for example, be a
commercially available stainless steel swivel. |
[0024] The spring blocks 70(Fig. 3 and 4) generally include the block
portion 72 and the plurality of springs 74. The block portion 72 includes a
plurality of holes 78 through the block portion 72, and preferably are placed in
a helix-like pattern 76 along and around the block portion 72, although other
patterns such as quadruple helix, a variably sloped helix or a zigzag may be
implemented. The size of the catalyst (or other) particulate matter 12 and the
diameter of the reactor tube will dictate the-number, pattern, size and spacing



each respective type of a catalyst particle 12 can fall w thout fracturing
or breaking, prevention of the catalyst particles 12 from ever reaching
sonic velocity while falling within the tube 16, and the potential to
design the line assenbly 60 to further divert/deflect the verti cal

vel ocityl path of the fall as the catalyst particles 12 (into a changed
spiral -t hrough-nmnul ti pI e-hori zont al - pI anes type of a flow path) as the

catal yst partigle ress  do be 16. Hence in one exanple the
spaci ng di staﬂfcth E@ @H%gﬁ@”% es%ﬁéeeﬁeg?‘?t‘%gggéﬁ‘?ti% bl ocks 70, as
dictated by theuht®ngf theabriegacht. Itebiek pution Bipesfordiyataicadblatmiezect i on 62, is
reduced as co t o .up er acin e. Y thirty foot (9,13
nmeters) line g@%%‘r\gr@ay@ﬁ %dslgﬁf)c’é?rg?%g% tlgfe% Ofge%rﬁpifbr%@}/r%‘f ?s) may have
spring bl ocksoﬂt@gcmpmctadlga!paetc dvergunicurssisbape i§ pre@lnttygirefesdd di | st t he

| ower nest ten,d V€ Kn ced apart
‘every two fee rggﬁcgﬁopérr@% ?ﬁdz%ddség%fhgg a@}%&gé}-%gé '%gy '&rs‘ﬁgve a spacing
di stance greatusr Bahlline @seméb‘t\mi( Fekrabiye behrs) nweswrilmlr@wde atleagxanpl e

enbodi nent t hg, ﬁ% Pl ocks 70 spaced by four feet (1.22 neters), and
next appr oachl ng t ower end of line assenbly 60 two spring bl ocks 70
spaced by thr B82fket (B pbiualivealspdngs deemcanfectsp treughiheerrectve spaced by two

feet (0.61 mheéemth@ﬂscﬁmld@@t deac%&{rhé}@obé %Kasnoa@@@@&ednéw one foot
(0.30 neters). havin nost _extremty). The cable

sections 62 ap%”?ﬁdethPlgﬁh%/gW&%M Y"S’Pﬁ‘ M‘?ﬂkﬁg'Ogt?@elEa%EPrWﬁf #e sheathed in
pl ?-S:E| CI 1005%@1@ @Métﬂlcxﬁfﬂm&%bﬂﬁg@)gﬂﬁ@ftl‘@%é&s@ﬂﬂ?@ﬁ@/@ﬂthébg@l@y d?Sl rgbl e
point along the.li sse .60 _and shown are connected adj acent an
above each spP?ig’ %O@F'SPGT‘Q%@?@HY)%?J‘%W‘%S di5pe! SRSt ﬁfﬂ@ SUREPEl connect or
66 i s connect efiet Wasmbeahdteria eThe wnsikdtehgths tstitftess Iaodvalametmls oftheonnected to
a spring bloc be a
comercially %’ gf "%?Q/Qrgt ar %fderlgswsgtzgsvmgggwﬁfé%%iﬁﬁ% erl?g bl ocks 70
(Fig, 3 and Aparteate alattgr 12givardbattthepdrhay bupose pidhe isznruadrwdte plurality of
springs 74. TBt%apE%&v&P{h@féﬂ f?l?e %a{?féu\‘é@éaﬁxa p||2 H?ile rﬁé/zhrﬂfgl ria%ltlgﬁto78 through

the bl ock portion are I'ke pattern 76
al ong and ar oaﬁnrrrtgﬁéoqbl7@dﬂuq)t@rlmp@qﬁfmm th%lpam@l@ﬁﬂ@ﬂﬁfeﬂ patterns such as

quadrupl e hel g6 varf?e%agels@r?@&eké%mwpeéedaatmeqae&mas@vemf& | ement ed.

The size of the cataly of ot Pal’tl culate natter t he di aneter
of the react OF”‘%%@’“WIGP icelae @at’?}é Hheavise of stpipleestael érﬁﬁé’e&'i'&s%pam ng of

the Pol es f78t ﬂ%@r@ltmbet*omaf :ﬁ@mwewieﬁb@ t%o@m@tog&ﬂl%%?u%t\%ééh ﬂ%oé i rra:c
nmounting o e, ock portion is prefer made o

stainl ess st b ﬁ%f}erbg %E%EF% ??885'8@@05%?' SSW% <if exanple,
round, Isquar e?ss@ﬁﬁamd M cémerﬁ@ggtﬂuaas reaet;ocmbahe rrﬁelwdugafm@mrmm i's |
presently pref ue to redu ccrner e catal yst
particles nmay®i %ﬁﬂ"gcé" NYRY §'GHS a%%ﬁor] ﬁ%ﬁ'ée %é%%f %q?%gﬁ}ag?ef%bl y, but not
necessarily, amtihadetalyst badisg rata\Byspayi mf@xiuhplekaw@@ht o020 b& tpbur al i ty of

SBr 00, T4 BESRGRLEH AR NIE ARSI DPhERAB B BhPSk oI on
springs 74 wi thiis. thadorigeoibR tysrttis owerihe veighhbegausatie zamustier | ent ed
per pendi cul ar 1eh&hto¢&e%ﬁéa£sénﬁ{}9%dﬂwmfaal i tord bfAREHRIN tRdoRdralt Ne D ock

portion 72. The“springs ess ste springs, plastic

strips or ot hée sEasblyea). ﬁﬁ@mwOfW“Pi@ht'ééﬂslﬁ@Cba@tﬁoéW@}@ﬁ%O”%Qmﬁ$%"|ess and

di aneters of phediagid B&éesf@ba{é?fsi/@g@ﬁﬂ@ﬂ%bﬁﬁu!% rﬁrﬂ%r ?rz &%@Bgdaome' ght of the
catal yst (or other) particul ate ql ven primary purpose of

the springs 7028l t o pihelRNGR gt e ractortyhes G M m@eto@ﬁe@ 'ﬁ&PWF’éte matter 12
whi | e i nparti (802 métets) siktp fart gwrzgnﬁetbdsmhg 70ni§ dUeiatior inth@stimbdrom t he

Fg\r,\élr (r:rltj)ls? t gn d° Os;pﬁ{a%élocks[% to%ls mouny\% o% each Pne assgmgfy%roaqjhg dPl aced at the
system 30 in combination with the plurality of cable partitions 40 attached to




i ne assenbly 60. It is also made of a series of stainless steel. The

wei ght 80 danpens the vibration of the line assenbly 60 due to collision
between the particulate matter 12 and the |ine assenbly 60, and al so
assists the line assenbly 60 in centering within a reactor tube 16. The

wei ght amount, length and width can vary and is a function of the size of
the particulate matter 12 and the catal yst | oading rate. By way of exanple,

a wei ght 80 cgul n . ver. .t t.ual. jght .i.s really a
function of t&'lé Sﬁeng ﬁ\‘%&ﬁﬁﬁs?%%%ﬂﬁé’?%eﬁ&ﬁﬁstﬁéﬁ%éﬁ @Wih#’ﬁbe t he | ower
t he wei ght betaagling df e linamssenttiiee6l.engt h of the Iine assenbly 60 will add

rnore cunul at Loéﬁg]‘r’:ei ghén(}ﬁ_l Q&Pé’t’eﬁrra@ljidn r!afe%d&é@‘ﬁ %ﬁqué asée%h@ moer of

wei ghts 80 us dual eces oOf catal yst:
(or other) paf@preunarked ﬂﬁtﬂﬁ%ﬂesﬁd tepth ef pasgtiativn) P@D@W?Wﬁeoﬂeeﬁ?ghh of the

reactor t Ubesfé‘@eéd?orrfﬁ’é‘ém:aﬁﬁén inB pldRFUSAiin B OBOfedre FcRdeK Y eet

(18.29 neters) lon his is a factor 1In e nunb f sprin ocks 70 to

be mount ed ontheseA0! 38 elogkegdntp Placeend seidordeading @9%‘6%?@05“4“@ g%ﬂbl nati on

with the plurahd batiaple spadt RoRABS hid Sdhrolk? 58tla% MRbpbfitortd Setap@ef 38 are use
to keep each I|ne assenbl y 60 straight and to inhibit tangling of the line

assenbl i es 60° é{"@éﬁ'@]@ﬁ%‘é"’%rﬂ Ba%NPRISAet raction rate is determ ned, the line
assenbl i es 60[@29} mar kegk rehétor tubes Rahy Bsledansds refionesretisuaidramy and
{obes 16 are TESinaRrTor RETEIE IR He LR e PPEE R Folled” £ or " b ng
of parti cul at & thetuberetd 2Thellme agsemisliek €0 mempgmm@)ancsﬁanagsj?@ermm@ | er 50

al l ow the ope retraction rate as needed.

[ 0029] The reaé?ﬁoﬁl?ﬁgf&%%% 0f('zgve varl ous regions of disuniformty 18
such as, for 038l e, In@ge@n@odafnentjbembﬂemmlamlmndnmt lirgidetent , bends in

t he tube etc !Wl ings 74 enable
navi gati on of thgﬂg?f the &SC &fﬁ}ﬁﬁs& llacR"@%&Qf 8%%0‘??%5?%@ enbodi nent. by
way of exanpl @la@meya @Ieh‘&mq?heﬁﬂctr@d In ﬁ@hé?tﬂ(?xamhlé epbgdinepbie. on 72 of the
spring bl ock z&mgﬁnhfw%ea @5%5;&1&3@%9%@@&%Hzé%h%rﬁé&& igiehgs 1ong. in

such an exanpl e enbodi ment, the springs 7: 125 1 nches | ong having

a 0.125 inch G’“E%'P@'Ft may kerpssd 'réfﬁﬁgﬂiﬁﬁﬁﬁhm ao@%?sséﬂc"i 'A"§Teact or t ubes

having a 1. 18d&miRehith ﬂﬂﬁ@sﬁbaﬁ%ﬁ@@sxé@dtéﬂO%H@h)tﬁéméléi’f tih suned sl zed at 0. 09
i nch di aneter In sucp a cas«%Iaﬁ ({1 consecu %I ve(ls ri n 74 shoul d be

staggered sucPRAHRPSECHINRRPIRG PrStoegae d° ™M B8t ween each
consecutive swrtlm(sééFajwptbeiwa@ieam@eﬁ@camwpnﬂg @Bsmdwhc(tlex@edl ess than the

di aneter of each ual taI S arti e dianeter and the
| ength of the ngg b tluesﬁ% ?\E‘FF‘ % dz‘g?hgﬁ-{gﬁtchanged accor di ng
to the par arrep@hwlaié 1 amﬂ' hpam.:—tmeteﬁ aac tmmbagtpl@f thpa)rdckcuﬂtlam &2 22 well apt her

partlculatel ? %‘ w or asolid
stock. Every i% él ng %éé?%atp g%g‘#a%%%@%éﬁ% ﬁ%a é&e% aR?HQ'%Lf eri ng catal yst
particul at e 1gatalyst padicilateci@oriother Qamcmﬁe thetimgdasin J'| hwbtolqk pbrdom @2ul t t hat
every line asg ?Bé Yol &3S dE s 813 ﬂlo%.ﬂ%ﬁ@ﬁ%cl{y &ﬂ&ﬁﬁte&‘ “pon the
respective Ioa ng. operation. eac spring is
dependent upof® diffpging pafalyst particulate 12 and vanances intube 16 dlmensmns w1th

the result that every line assembly 60 can be designed differently as

dependent upon the respective loading operation.

[0031] The length of each spring 74 is dependent upon the inner

diameter of the tube 16 and the size of the catalyst particulate 12. For

example, depending upon the catalyst it might be desirable to have a three to

four millimeter clearance between the end of each spring 74 and the-inner

diameter of the tube 16.



di aneter of the tube 16 and the size of the catalyst particulate 12. For
exanpl e, dependi ng upon the catalyst it rnight be desirable to have a three
to four millineter clearance between the end of each spring 74 and the

i nner dianeter of the tube 16. [0032] The flight of the helical-pattern 76
rnay be at an angle of about forty-five degrees fromthe horizontal (but
may be other angles of inclination), preferably has two flights (due to

i octs parti HPZ o aboth MR LB8RRlcef adlE Ie oubgrLan e Bpeu™ 2 2

downwar dl y- ar éugdive Hegrbéofedm therorizonta 26t widylhewther ahglesof indinstisah gaps

bet : d f t 74
bt veen Consepy iy SR DRyl 4008 ELIR BB udhghl ST 2,
and/ or spri ngofte blogigpertiaven)| e, dlr@pﬁsmaglcslaiefdbumsbrea{mncﬂrledglxty, t he

ti | at i
Pl ity Aokl PN, SRR LI Bl > (oprines
with the spri Hgaiohaars hetwpen consasudive spingp 75@0@19@%@%&“1@ emdsiafgs 74
causing the sppispandl QCk HOinhe dlé?ﬁ@t&leof\ﬂ'xeatﬁg‘ﬁ%el UQ@QE%%E Q{%e Thus, the

vertically downvvar Vel ocity_of each particle d fromthe
vertical . Thed®®EieR ?ersﬁf“i‘%@‘} flightoverap, E%{Wslsﬁﬁleéﬁé”%ﬂﬂ'tﬁe?helz di spersi on,

i.e., in the bad;&ulét@n@heﬂmS%@tfﬁls Er’{ﬂodgﬁrgfabé'rhh'tﬁé @taﬁ@(s}:ﬁﬁgslﬂt )ighga nore

uni f or m manner. b articul ate. | oadi ng appar at us,
conprising) a W@ésn@“f“c} egwcé‘bﬁt?ﬁ?dsﬁrﬁ‘gs Ak tM‘t’ﬁ‘P"ﬂ el I'mﬁ’aﬁﬁwﬂb'ﬁi'ﬁr atus; a
bl ock porti onsprmgme¢tt&dparocmaedznswmeé ddveh m@@mgsambw ihk¥pig Springs

d h d f
nel | x- pat ter n3'0§43%‘° At é%f'aﬂ%gﬁ%ﬁg g SR e b1 ock

to claim1l, r ality of
stainl ess st \g@ﬁﬁ F’égp‘ﬂ rtf%hfé{e"%héﬁéf; d'S Q'{glroﬁg us 'gic?é ff"‘(?gr%fa“f’gs % aiml,
wherein said wltmp%rtmttﬂqﬁe Ufaﬁsrp‘rz lnw@‘empmrmamepl urality of plastic strips.



5. The apparatus according to claim1, further conprising: a |oading cart;
a drive system Mounted on the loading cart; and a plurality of |ine
assenblies attached to the drive system wherein each of the |ine assenblies
i ncl udes said sw veling nmeans, the block portion and said plurality of
springs. 6. The apparatus according to cllaim5, wherein the dive system
conprises: a variable speed neans for driving; a controller linked to the
vari abl e speed neans for driving; a drive shaft connected to the variable
speed neans fWhaHECkiMREisa driven shaft connected to the drive shaft; a
spool engaging the driven shaft; and a plurality of cable partitions
nmounted on the spool wherein each of the plurality of |ine assenblies are
attached between a respective set of cable partitions. T The apparat us
accordi ng to cl ai m 5 pashainzé hadiagbppdratubeoplptgiad:i ty of |ine assenblies

assentl i o5 and - wil QR SRLEIS RegaRftbl Wke PiHeChccontl i os B, The

appar at us accor di ng & oak peition £onndotatdd saitiseiveling raéartsy of cabl e sections in
each of the pluralit, f o0 enpl.i fi Nes. .. i ng ,di st ance bet ween
ol PO PR ToR e R

a plurality of the blo ern I'ng ce i s dependent
upon the fract ure- alsich$goptivebftodoroea belixpatigrarti cul ate matter to be | oaded.

2. The apparatus according to claim 1, wherein the block portion is
connected below said swiveling means.

3. The apparatus according ta claim 1, wherein said plurality of
springs comprises a plurality of stainless steel coil springs.

4. The apparatus according to claim 1, wherein said piurality of
springs-comprises a plurality of plastic strips.

5. The apparatus according to ¢laim 1, further comprising:
& lpading cart;
a drive system mounted on the loading cart; and
a plurality of line assemblies attached to the drive system wherein
each of the line assemblies includes said swiveling means, the
block portion and said plurality of springs.



9. The apparatus according to claim8, wherein the spacing distance is |ess
along the I ower end of each of the plurality of |line assenblies as conpared
to the spacing distance along the upper end of each of the plurality of

| ine assenblies. 10. The apparatus aiccording to claim5, wherein each of
the plurality of line assenblies includes at |east three bl ock portions
each having a respective swi veling neans connected diredly above each of
the three bl ock portions. 11. The aPparatus according to claim1, wherein
the bl ock porti on®%hd$e@Ppriaiigiaresiding IR Wherel:ihe d0Ye YA Dl ural ity of
Springs pass throughorpagecti ve hol es through the block portion. 12. The
apparatus according to claim Eg the bl ock portion has a round shape

1, whereinp
in cross section_ 1% vanabsspeedineans fPiiiiny appar at us, conprising: a

| oadi ng cart; a dri econjsiiee inkenustredatablé Seeek osding ¢or@aivihg; Wherein the drive
T the varlabl o spedtiiie et raReaE rAGetl hed R Bl Cea T o the.
vari abl e speed neans driven dnafidongected writha/énveshaftt connected to the drive
shaft; a spool engagj fg.tdiGaghd ¥eUS0RlHat R0
' a plurality of cable partitions mounted on the spool wherein gach of
the plurality of line assemblies are attached between a respective
set of cable partitions.

7. The apparatus according to claim 5, wherein each of the plurality of
ling assemblies further comprise a plurality of cable sections
mounted in each of the line-assemblies and a weight mounted in

each of the line assemblies.

8. The apparatus according to claim 7, wherein the plurality of cable
sections in each of the plurality. of line assemblies defines a spacing
distance between a plurality-of the block portions wherein the
spacing distance is dependent upon the fracture-ability of a catalyst
particulate matter fo be loaded.

9. The apparatus according to claim 8, wherein the spacing distance is
less along the lower end of each of the plurality of line assemblies
as compared to the spacing distance along the upper end of each
of the plurality. of line assemblies..

10. The apparatus according to claim 5, wherein each-of the plurality of
line assemblies includes at least three block portions each having a
respective swiveling means connected directly above each of the
thrae block portions.
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a plurality of cable partitions nounted on the spool; and a plurality of

| ine assenblies attached between a respective set of cable partitions,
wherein each of the plurality of line assenblies includes: a plurality of
means for swiveling a particulate; a plurality of block portions connected
‘bel ow, each respective sw veling neans, wherein each of the block portions
has . plurality of holes through the block portion; a plurality of springs
nmount ed through each of he holes in the respective block portions; a weight
mounted in each of!1t hee prraraiis asporing tpslainad seifsein & bleckgioitioaiasy  of cabl e

sections connected idpgagh o@ﬁoléi‘@ndoéééh%kihbw&éhtﬁéf%?nﬁg%%%@@ Hr@gm 14. The

apparat us according to claim131 wherein lI'ural 1ty of cabl’e sections in
each of the plurali tfgsrectyg Wf&eséﬁ@é%ihieé’éocbép'it'ﬂ%s a spaci ng di stance between
a plurality of the block portions wherein the spacing distance is dependent
upon the fracture-ability of a catalyst particulate matter to be | oaded,
15. The apparatus according to claim 14, wherein the spacing distance is

| ess al ong the | ower TRagpmbatedsdtorfing toeiaph ur ahdréil tief blbdkRriregaEbl i es as
conpared to the spacin ?lstance along t he upper end of each of the
plurality of line a§§§%ﬁ Raps In GoSSReIAL nar at us according to clai m 13,
wherein the plurality of holes through each of the block portions are
positioned consecutively to forma helix-pattern,
13. A particulate loading apparatus, comprising:
a loading cart;
a drive system mounted on the loading cart, wherein the drive
system comprises:
a variable speed means for driving;
a controller linked to the variable speed means for driving;
a drive shaft corinected to the variable speed means for driving;
a driven shaft connected to the drive shaft;
a spool engaging the driven shaft; and
a plurality of cable partitions mounted on the spool; and
a plurality of line assemblies attached between a respective set of
cable partitions, wherein each of'the plurality of line assembliés:
includes:
~a plurality of means for swiveling a particulate;
a plurality of block portions connected below each respective
swiveling means, wherein each of the block portions has a
plurality of holes through the block portion;
a plurality of springs mounted through each of the holes in the
respective block portions;
a weight mounted in each of the plurality of line assemblies;
a plurality of cable sections connected in each of the plurality of
line assemblies.
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17. A nethod for loading a particulate matter into a plurality of tubes

si mul taneously, conprising: lowering a plurality of Me assenblies into the
t ubes dropping the particulate matter over the plurality of line
assenblies; deflecting the fall of the particulate matter with the
plurality of line assenblies; swiveling the plurality of line assenblies;
and di spersing the particulate matter fromthe |l ower end of the plurality
of fine assenblies while withdrawing each of the plurality of |ine

assenbl i es from t H& Y§Rpearats aceydingda ¢aye %Wa?rﬁinﬁﬁe plyralivaf febly wher ei n

sai d suviveling stemetorgavsst dame@dralﬂvloﬂfne%%éﬂnm“éeﬁefmfesd%@ﬁ@_ﬁ:g t he
particul ate matter e net hod

lurality o assenbl i es
according to claim 18;3%@'}?3 gfvvﬁaepﬁeoltlxrgiﬁ% a@%b’ F%@ ozl m?r awn from each
of the respective t lepesmgithsmncmseiemdeht upen dgguirachlre-abilityof b leatalyat al yst ‘

| oading rate for ea h tubes. 20. The nethod according to
claim17 wherein Salcpgxrﬁpfa&erﬁ?ﬁ Z‘?? H{endg the fall of the particulate matter

conprises diverting the vertlcally downward flow of the particulate matter

with a plurality {(}"?@ , [ plurality
of line assenbli e?fs Zﬁg%ﬂ%ﬁ G&P%@H'Q%ﬁgwg\'h%gér}ﬂh%u mé 8’5%3 ge into a
tube, conprising: | dvess algnatheilpwerand eheaop qf ﬂte@ﬂtfhléy @Ulﬂé asaammps ng the

particulate matter Oééecfon{pgf%dltéﬂﬁs%%@fﬁérlggt\éncéjﬁgﬁgeﬂe'uaﬂertelﬂﬁo?%dh of the

particulate matter wth I ne ass di spersing t particul ate
matter fromthe | O\A/eqf”@rﬂurélf"y?ﬂé‘elqsﬁ%mﬁ@%enbl y while withdrawing the |ine
assenbly fromthe tube;

18. The apparatus according to claim 13, wherein the plurality of holes
through each of the black portions are positioned consecutively to
form a helix-pattern.

17. A method for loading a particulate matter into a plurality of tubes
simultaneously, comprising:
lowerting a plurality of line assemblies into the tubes
dropping the particulate matter over the plurality of line assemblies;
deflecting the fall of the particulate matter with the plurality of line
assemblies;
swiveling the plurality of line assemblies; and
dispersing the particulate matter from the lower end of the plurality
of-ling assemblies while withdrawing each:of the plurality of line
assemblies from the tubes.

18. The method according to claim 17 wherein said swiveling step is

caused by action of said step of dropping the particulate matter over
the plurality of line assemblies.

12



wherein the line assenbly is withdrawn fromthe tube at a rate which is
vari abl e.

19. The method according to claim 17 wherein the line assemblies are withdrawn
from each of the respective tubes at a rate which is equivalent to the catalyst

loading rate for each of the respective tubes.

20. The method according to claim 17 wherein said step of deflecting the fall of
the particulate matter comprises diverting the vertically downward flow of the
particulate matter with a plurality of spring members mounted perpendicular

to the plurality of line assemblies.

21. A method for loading a particulate matter into a tube, comprising:
lowering a line assembly into the tube;
dropping the particulate matter over the line assembly;
deflecting the fall of the particulate matter with the line assembly; and
dispersing the particulate matter from the lower end of the line assembly while
withdrawing the line assembly from the tube; v
wherein the line assembly is withdrawn from the tube at a rate which is

variable.



