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BACKGROUND

[0005] Catalyst is loaded into reactor tubes within a tubular reactor.
The loading is a precursor to carrying out a reaction within such vessel. The
tubes normally vary in diameter from 0.75 inches up to 2.5 inches (6.35cm.).
Catalyst breakage is a problem during the loading process. The breakage is
believed to be due to the fact that catalyst has become softer and more
fragile. 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.



envi ronment where the tube is not symmetrical (e.g.
def orned and/ or bent tube walls). [0008] A device and

t echni ques are needed that can inhibit or avoid
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mass, or particulate which may be nore brittle. [0009]
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loading system generally including a loading 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 cabie 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 made 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 one embodiment with a
reactor tube shown in cross-section.

Fig. 2 is a top schematic view of an embodiment of the drive system.
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spool 38 engages and is mounted over the driven shaft 36. The plurality of

cable partitions 40 (eleven shown in Fig. 2) are attached to the spool 38. The

controller 50 is linked to the motor 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 (ten would 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).

[0019] 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



out put/drive shaft 34 of the notor 32, or it could be
used for connection to a hand crank (not shown).
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tubes 16 every seven seconds, then the line assembly 60 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

sections 62, swivel connecters 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
aring clip 64. 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



shoul d be set at one foot every seven seconds or 0.143
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above each spring block 7% As shown 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 66 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
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spring bl ocks 70 spaced by three feet (0.91 neters),
then two spring blocks 70 spaced by two feet (0.61
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| ggs@m%?y gg \I/I’{ ge%tennyg within a reactor tube 16. The weight amount, length
and width can vary and is a function of the size of the particulate matter 12
and the catalyst loading rate. By way of example, a weight 80 could be two
ounces, however the actual weight is really a function of the length of the tube
16 (i.e. the longer the tube the lower the weight because the cumulative
length of the line assembly 60 will add more cumulative weight to the overall
line assembly 60), the number of weights 80 used and somewhat of the mass
of individual pieces of catalyst (or other) particulate matter 12 to be loaded.
{0027] The length of the reactor tubes 16 in most cases is from ten
(3.02 meters) to sixty feet (18.29 meters) long. This is a factor in the number
of spring blocks 70 to be mounted on each line assembly 80. The drive
system 30 in combination with the plurality of cable partitions 40 attached to
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catalyst particulate 12 or other particulate loading task. The block portion 72
may be hollow or a solid stock. Every loading operation may be different due
to differing catalyst particulate 12 and variances in tube 16 dimensions with
the result that every line assembly 80 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.
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and gaps between the ends of the springs. 74 and the

. f p : 1
i nner di ﬁ!%{r%'fty 8f SRFWQSNFB@%?“ the@%kgoogth;}mﬁgpned
stagger @hidcaDGRIPRAILRH atilix-paiteitt. flight overlap,
spring stiffness ‘and flight, the particulate mtter 12
does not fall through gaps in the stairs (springs 74),
but travels oY o ' ion i
or covar | oo PR OCES IO SR o porton s
par ti cul aernestdd bebewiaaid sshivaling meagpr i ngs 74 causi ng
the spring blocks 70 to rotate via sw ve! connectors
66. Thus, the vertically downward velocity of each
parti c3.eThe apparatusecdondagt tedldimdmuthieeeiv eaitl ipbaklity the

oL LT oSS AGABS SRLBY bl B4 oL 6Lt
particulate matter 12 in a nore uni form manner.Wat is
claimed Ls;: 1. articul ate | oadi ng apparatus,

conpr 11 3 aBPHRLR o BEINEID R rlg WIS DGR PATRLY e
filling gpimysaionirisés BIpReXitpof plasit ftepyected to said
swsveling neans; a plurality of springs nounted on the
bl ock portion positioned consecutively to forma

hel i X_-@atrh@egparams abB6raRiyPRIcRlimS!, AGfHRF ebm'ariéiﬁg:t:! aim1l,
wherein the bl ock portion is connected bel ow said
swi vel i n@ 'QAYiKECArE  The apparatus according to claim

1, wher epRiris@kgstehh@britdd ofthe loading cart; and
a plurality of line assemblies aftached to the drive system wherein
each of the line assemblies includes said swiveling means, the
block portion and said plurality of springs.



springs conprises a plurality of stainless steel coil
springs. 4 . The apparatus according to claim1,
wherein said plurality of springs conprises a

WORWPANISY of plastic strips. 5 . The appar at uBCT/US2008/065546
accordin i Y RHeS iV e @ '
cart; déa' gplé \%gﬁé@{sl{ye#nc%jumrg{%?%ﬁ t heh erééﬂg?en‘g”‘)? %3’ f;eﬂgmd
a pl ur al comprgest i ne assenblies attached to the drive
system ' f li.ne assenblies includes
said svmmgghﬁén%e%@%r:ds?‘eﬁ}lg%ﬁldégﬁg’porti on and said
pl ural ity coftralier liniges). t6 the Fvéabbpa@acatmsaracfoodidiimg t o
claimb wherein the drive syst conprises:. a,. .
vari abl e2 8P abeseels e YalgEI SRR AT dp g
to the vardriadh shafpeetheoradns tHeodrivdraheitng; a drive shaft

connected to the variable speed neans for driving;, a
driven sﬂéP?OI&Eﬁﬂ@EEé'&e@%Veﬂ%‘agr?Wg shaft; a spool

engagi ngatphRalfly oV dbl& PartitionsiRdued bHtRe shobl WhefdPESch of
partitions nmounted on the spool wherein each of the

pi ur ai i t regiunalityof Hae asaambliss areatiaohad hetvasarwesredtive

respect i ¥& sy@hpiefpapBhe partitions. 7. The apparatus
according to claim5, wherein each of the plurality of

line assenblies further conprise a plurality of cable

secti ons - -
ne ght ot Do ot cBRgto clal & WREL AT BB 1RG pRflPor
appar at ubnexgssermbiliag furthec beinpiise 2 pintalitedfreablessgstiomsal ity
of cable [ ] ity of i .
assonl | EUqsp SabofRE Tnd asdcoils dhd d alafl mblntEa in

pl ur al i t gaafoftthe lilg esdengidiesi ons wherei n t he spaci ng

di stance i s dependent upon the fracture-ability of a
cat al yst

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 to 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
three block portions.

10



particul ate matter to be | oaded. 9 . The apparatus
according to claim8 , wherein the spacing distance is

| ess along the | ower end of each of the pluralit

f
WO 2H&/13d&%nbl i es as compared to the spacing di g@gﬁgﬁmsmﬁssm
| : ' |
o] | ot gRars allon GG Ry Blinh foufibdl At blgoR oltdithas
wher ei n egiuralgy of helephod abch gf thé pluralgy ebsmimgk ipass through

i ncl udes I hree bi.pc rti.ons each having a
respecti \t'/e"é%tpg%ﬁ%éfqlésgthﬁoeugﬁgﬁ%EW&E@P 8 rect | y above

each of the three bl ock portions.11l. The apparatus
according to claim1, wherein the block portion has a
plurality of holes and each of the plurality of

Spri NgR. pReSagparAug BedcRGiRG & EiMn MOkESeinthe Bk hBRion has
bl ock portion, 12. The apparatus according to claim1,

wher ei n 8RB $apPeiRFIass §eHi®- a round shape in cross
section. 13. A particul ate | oadi ng apparat us,
conprising: a loading cart; a drive system nounted on
the |l oading cart, wherein the drive system conpri ses:

a variabl g shea LViDG, ontroller
i nked Ta PRa et o ég‘gaég{”ﬁb%&n‘gm#sg’rgc'dri ving a
drive shafleadytnesstted to the vari abl e speed nmeans for

drivi ng; OLi ft driv t:
a spoo Auyle Y EEmHA eS8 RERRMNG Bal Vindlbiife BASE |
cabl e papysdtemeespngesit ed on the spool; and a plurality

o L e 2 SRR ESRE ARG LR, [oTrer LY 5o,
| i ne assenta ¢opdroilevdinkel® & the variable speed means for driving;
a drive shaft connected to the varianie 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 assemblies
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.

11



a plurality of nmeans for swveling a particulate; a
plurality of block portions connected bel ow each
ect | ve swi veling neans, wherein each of the
W(b?)?“g ¥ has a pI urality of hol es t hrough theP(BT/HWOS/“SS“

portio [
of the gﬁ%%bﬁn t e‘%f:g?@tﬁlﬁﬁbﬁ%‘é% tﬁé ﬁtg%?%gble
wei ght néegtosd in ﬁa@mj‘ﬁh@plutailal @ﬂllmeassembhﬁs daflnes a spacing
assenbl i ed in
each of t8 %eangieur g’Féaén 4 %IP Fﬁ“fﬁ@%%?@%%w@ ﬁi%ﬂe

appar at uspagiugpdiaiange tsad&ﬂeadamt].@on théh Bactiire-atildy of a catalyst

pluralit b n each of the plurality
al !t YabuaRihgnS 6 bk (e

of |ine asse spaci ng di stance between
a plurality of the bl ock portions wherein the spacing
di st an s de racture- aﬁl|lt of a

d
cataly 6‘5&9 g[ﬂq‘éﬁegt u%] FO'E‘B'% 1Y 5eg the spacigdistance

appar at U |8scalof 1@ ibRecérdl o sdh oY @imlify e 1isP asdeMsblies
di stance is |l ess along the | gwer end of each of the

pl ur al i t §S 5PMPRiEE t‘églee?ﬂﬂci"@@'ﬁén%ﬁﬁ%ﬂ H® yrpef gad of each

spaci ng dftﬁb%ﬂﬁ&ht@bp% éé%%n'ﬂbﬁ@@r end of each of the
plurality of |ine assenblies. 16. The apparatus

according to claim 13, wherein the plurality of holes

throudfy agehp Br hsea@o%ﬁgeﬁ%l&hﬁ@ e‘?elﬁf;ﬁ‘é gupépifspofémles

consecut | veI or m a attern

for | oadthﬁ@}l@ Wlhtqfémﬁ bipek n@tior@& arerpositianed oordeicutjivedy to

tubes si @ﬁ%‘ conprising: lowering a plurality
of line ?gse e stlgn o the tubes dropping the

particulate matter over the plurality of line

?r;ffgb'?' ﬁ?‘ﬂetﬁﬁ&e “ogl‘f%drdg% % 95@{9& l’ggtggr uit R, tgrlg %f/ o?th?bes
simultaneously, comprising:
lowering 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 line 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



swiveling the plurality of |ine assenblies; and
di spersing the particulate matter fromthe | ower end

of the g)l urality of line assenblies while w thdraw ng

WV he plurality of line assenblies front¢HES2008/065546
t ubes. . ' L.ai.m,: '

sai d sﬁ?g?ﬁr%hég;‘e%%?%ﬁg%é%w g@“ﬁ%‘%‘@#@gﬁ gé”‘al %ﬁgliegpare

of dr oppimibdraiva fpae eadubithe respietiive tobes at dmtpwhichlis t y

17 wher ehorAe e Sual R LS s R R Rlhe Brtertidon
of the réegpsctive tubes at a rate which is equival ent

to the catalyst |loading rate for each of the
respective tubes. 20. The nethod according to claim 17

wher ei 20. Saedneathep acdordiag kechinmg7 Wherdiabhidated dfaieflecting
parti cul ﬁ{qe (I\r/gt\&qer corrgarrki ses diverting the vertically
downwar d"4 BhPBY SRR MAiFaeUmpRses Sivepingng vertically
pl ur al i t yoRhwsRIfioAofMREBEfiISUIBRUABRS VAR £ BRFIBHbRIprkE

the plurality of |ine assenblies. _ _
members mounted perpendicular to the plurality of line assemblies.
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