CATALYST LQOADI NG SYSTEM FI ELD QF THE | NVENTI ON [ 0001] The present invention
rel ates generally to a nethod and apparatus for filling particul ate

mat eri al wote10asks3, and nore particularly, to catal yst ppraBaegbergseand t he

| oadi ng of particulate catalyst materital into reformer tubes with a uniform
density. BACKGROUND OF THE | NVENTI ON [ 0002] Catal ytic processing is
required to execute certain material processing tasks such as chem cal
refinement of fluid and g@?&ﬁYg‘i‘t@hﬁlﬁG §osTeMpl e, in the process of
catal ytic cracking for pe 'T IS comon to use a
catalytic material to facilitate the desi red cracki ng or ot her

transformation. Typically, };‘fﬁﬁ%feﬂlﬁlm}@ﬁdﬁf' ned is directed through

an appropriate catalytic na ain level of transfornmation
has oc urred ecause t he cat tic ef |e f trongly
rel ate 093)] t he’ll?‘ﬁpé?ﬁﬁ’émewopﬁ Sc,gﬁn%]ﬁ lglgﬁlgra aﬁgrﬁ?ﬁ%{%y@ﬁ lﬁﬂé starting

subst ch1He S A& al Wb huﬁéaearﬁ&h&ey@hmuldmf, tdmyftwrdE&Ssmglmpi thd leadpreact i ce
of performng such catal ytlc processes in_long tubes. In particular, the

starti a@pamvéate ahtalyst materiabintriefrgter Hibsawithre Wiiosm depsibubes, each
containing the catalyst material at a predeterm ned desired density, e.qg.

particles per unit volu @kdﬁ. gD BR THR v R [ 0003] The flow rate
of the materi al throughrﬁﬁe—sy??mﬂ‘l—;‘e‘qﬁrmr_ e sumof the flow rates
t hr oug ti.pl.e tubes, however, 11 i t ubes
to exnlel | oeratPigpiobaeiie ERER e ook SRER gt hoRBdnBles bR VY
are dugs LiRnfitQISintehedk oPHEIfdn] gaf@®ud inatdiials Hae exambliecin thaprdaes.wft he

del eterious effect of prematurely exhausting or darra Ir;’ﬁ mgf r{)? s wth
_ hi gher céthlyiic p@pbl@g focpsitpdenne sflcept 1tr1§f>‘i’rﬁ€1ropé% uﬁf‘y%)? Y& th nonst op,

it is ga(cﬂi gt%gl\éee 1re§ Dk g%rgﬁ%?ﬁ‘aﬁt Otk ioR! q@gfc'dﬁflt){e hRtes R W eretih&d is

cataly enarn S 1S y only perforned once in
t he COufréae@ﬂu&%\hﬁrﬁppchﬁfaﬁa catdiytéc muteeial mmamgrtam leveb of ansfgrsrationbas i s a

critical step, and the f |Iur e execute.th se the
proces 90@97@@&{5!993‘%56 ﬂil%‘&ﬁ? ﬁfgv’rﬂﬁnﬁ? ’?@@ éelﬁdés?%lgl% Q{Iaﬁffféatg c?r %%#l%ggrl ng
repair a8, yakh nfd c'uﬂa% gaﬁfélés%?% SABHS sliRtAEE GléacttWith tHeRatalyst, thO004] A
properly prepare set of catalyst tubes will have relatively uniform

resi st amhstry bas adopted a practice of performing such catalytic processes in long fubes. In

particular, the starting material is forced through a set of parallel tubes, each containing the
catalyst material at a pfedetermined desired density, e.g., particles per unit volume or weight
per unit volume.

[0003] The flow rate of the material through the system is equal to the sum of the flow
rates through the multiple tubes, however, it is possible for one or more tubes to exhibit lower
flow rates than other tubes. Lower flow rates generally are due to clogging or overfilling of
the tubes, which can have the deleterious effect of prematurely exhausting or damaging the
tubes with higher flow rates. Because catalytic refineries typically are run nonstop, itis
expensive to shut the process down prematurely to service the catalyst tubes; maintenance on
the tubes is ideally only performed once in the course of several years. Thus, the loading of
the catalyst tubes is a critical step, and the failure to properly execute this step can cause the
process operator to incur financial losses due to lost production during repair as well as
increased labor costs to execute the repairs.

[0004] A properly prepared set of catalyst tubes will have relatively uniform resistance to
flow from tube to tube, thus ensuring uniform flow rates, and will also have a relatively
uniform density of catalyst from tube to tube, thus ensuring the same degree of product

transformation for each tube. Thus, the tubes must be properly checked, cleaned, and filled
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flow fromtube to tube, thus ensuring uniformflow rates, and wll also
have a relatively uniformdensity of catalyst fromtube to tube, thus
ensuri ng wbeorassesdegr ee of product transformation for eathBioofyeo743hus, the
tubes nust be properly checked, cleaned, and filledwi th catal yst. Existing
cleaning and filling protocols are subject to high cost and frequent human
error due to their use of nunmerous personnel in tinme-consum ng tasks.

Al t hou tS.: : : [0l

col ut i A RREHE Bl O B g o g Rl AR A en? i thout
i nt r odhehagerdetrdueas tisigusefdf aamerqus pbiseme] or timesoasuntiBd EGKS ANDOGIMVARY OF
THE | NVENTI 005] It is an _object, of the present inventi to,pr.ovi de a
syste rrf‘tf%l?PtgH\I% &6 Madsde selve t}}erfo’ﬁ?ﬁﬂnﬁf&’lm@?}ﬁgi & qog londjas é?ﬂ{ %%F@Hd%ﬁ?efior m
fillin anu[llgaaHer%égs%fc&E sivthouPitoB@ihg SiHIRE Si¥nitRbdd FbI8HS of ésM.y St

mat eri al . 006] Another object is to provide an automated | oadi ng system
for nore quickly and uniformy directing the particulate material into
reformer tubes. [00QZBIEGTS ANY SHMMARY QF THEIMMEMIIONr ef or mer t ube
processing and filling systemis provided for ensuring uniformty of

r ef or nf000§ube If isan abddce of thieghreseacinietition to Yravide esystent farenewringtubes arai f or m

flowrates, the subject inventia rovi des a.s em far, det ect.i and

r emovi HYyPRUTHE BB PP}&g riab‘FFE"}at‘é‘i“Wg‘?rB’ @lmgafp@@fsfﬁ? et 2 C#%V#Wﬁ%@’ for each
tube apgiit@eRtdafayRehatdtes W th abnormal flow rates. The verification
procesS may be automated, thus renoving a source of human error, and

conser {0086] | absnotberstbgect [QOQBIViYY ahautempied oadingsystent fﬁgmﬁ’fﬁﬂBWHYr%@ct ivity,
an autonmat ed tube.filling system.i.s .provided.. The automated tube filling
systenP%’?%mqﬂgge‘g“ t#‘? B?%‘FB%%TIPWH%@@{%E % el&%%?%i nated with a calibrated

| oadi ngpooope Vintcaety pivadut BRCRAH DR 4 IR htbel Packssigg and Silliigesysym i | ack of

vi brat i ngﬁf&arts ensures_a | ow dust count, and what little dust is present
may beproviasddar ensyripg poifermibhofsgtonns whe ey mfes pRd 1eagHYdY . WIBgeHCCher
obj ect n \ f j. ' 1.k Leas @n reading
the fo ?S%gﬁggk;gﬁ%;ﬁggﬁa 33%1? ?%%J?égﬁmaéﬁlg%é%drﬁ C%éé% g’?gﬁglgﬂ%? g tﬁengga?lavw ngs, in
whi ch: rdaiivig RIESORbtRICtOhs, @ witHEas DAV MGEg (RO rétk GuiREch tite aadsi npl i fi ed
schematjc view of a, set of r%former Il,ﬁbes.%zvit.h respect t% whi ch thﬁl

i nvent ;c};ﬁt%@t}g 3, abnormal flow rates. The verification process may be automated, thus

removing a source of human error, and conserving labor costs.

[0008] With respect to ensuring uniform reactivity, an automated tube filling system is
provided. The automated tube filling system provides a calibrated fill mechanism
coordinated with a calibrated loading rope withdrawal mechanism to ensure loading
consistency. A lack of vibrating parts ensures a low dust count, and what little dust is present
may be removed via a built-in vacuum outlet in the loader.

[0009] Other objects and advantages of the invention will become apparent upon reading

the following detailed description and upon reference to the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGURE 1 is a simplified schematic view of a set of reformer tubes with respect
to which the invention may be used;

[0011] FIG. 2 is cross-sectional side view of a contaminated reformer tube undergoing
laser analysis for volume determination according to an embodiment of the invention;
[0012]  FIG. 3 is a simplified schematic view of an automated flow rate check system for

checking tube flow rates according to an embodiment of the invention;



[0011] FIG 2 is cross-sectional side view of a contam nated refornmer tube
undergoing | aser analysis for volume determnation according to an

enbodi mrenwoabiwdsesrnventi on; [0012] FIG 3 is a sinplifipet/iIBmiognetsc vi ew
of an autonated flow rate check systedn for checking tube flow rates
according to an enbodi ment of the invention;[0013] FIG 4Ais a flow chart
il USE rating an automated flow rate check process for execution via a
conpu cco I 4B is a
1 ow AR e b B B e Satal yot tube
I N an KehAmbn DA c@hpﬁtbﬁadcmtﬁmg focemy; enptd@irGgntraif the mvmﬁlcm, per spectl ve of an

|
L00Loj0R4 oFlG 46 pertipuctsy %%a@%éﬁ%"s%fﬁf ficeageg b 498 SV e
W th 5[8%& o Sen?n{o(?i‘ﬁﬁ %Wem[vgﬁ A SFI G 7 is an enl arged perspectlve of the

cat al alnlng opper an pensi ng device of the illuystrated | oading
syst er[I)OIS]O 18FIG) Kis afperspeatiweofancitlistiget dasly B tubeioadiag sYSam hafsEr ghd

di spensj nﬁ‘mdlew ce shown in FIG 7; [0019] FIG 9 is an enlarged perspective
of theVtBEWIRYHI8Re |ifting device of the illustrated di spensing syst em
[OOZOL[n Ei@* 1@16:56 &ﬁe&%@ﬁ% yeEhefiidsharel ichalysglodéinigapsteinovith portibhG 9 wi th
porti roken away;, 021] FIG 11 is an enlarged perspective of the

| oadi nrokapawvdygke up spool of the illustrated lifting device; and [0022]

FIG_ IS a spective of aI I at ed
oadi 90 e BE: T Ropnaiietd ProGa) OGP BRast ConaRAE hoBbelAd dipclifhg 21 O
\elﬁ‘:)l)g:%}aﬁn&ddt f{ﬂrl]é:ﬁ‘ltubt]?ﬁﬁd magglsxygtreﬁ@tl ve constructions, certa| n illustrative
S er eo ave been.  shown i dr awi and w,l descri bed

B! gt Ly fh

bel ow 0818kt aiflG. § is avestiral seeiomrfdhse DeYping ﬂ%‘f%e T%s
i ntent¢]3§17to limt the invention to the specific formdisclosed, but on the
contr the intention is to cover all nodifications, alternatlve

const r eI Hpns Fiand ieauénialged parspaitive nfthailodding rdpe lﬁpng flgvigmef the
illustrated dispensing system;
[0020]  FIG. 10 is a perspective of the lifting device shown in FIG. 9 with portions broken

away;

[0021] FIG. 11 is an enlarged perspective of the loading rope take up spool of the
illustrated lifting device; and

[0022]  FIG. 12 is a perspective of a loading rope guide spool of the illustrated loading
rope lifting device.

[0023]  While the invention is susceptible of various modifications and alternative
constructions, certain illustrative embodiments thereof have been shown in the drawings and
will be described below in detail. It should be understood, however, that there is no intention
to limit the invention to the specific form disclosed, but on the contrary, the intention is to

cover all modifications, alternative constructions, and equivalents falling within the spirit and

scope of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] Referring now more particularly to FIG. 1, there is schematically shown, a portion
of an exemplary reformer tube set 100 within which the present invention may be
implemented to provide a uniform flow rate and processing efficiency. The exemplary tube
set 100 includes numerous individual tubes 101, each being filled with a catalyst material to

receive an incoming flux 103 of raw material and to provide an outgoing flux 105 of



scope of the invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0024]
Referring now nore particularly to FIG 1, there is schematically shown, a
porti on oVoaniossespl ary reforner tube set 100 wit hi n whipch/iBre/po7ezent

i nvention may be inplenented to provide a uniformflow rate and processing
efficiency. The exenplary tube set 100 includes nunerous individual tubes
101, each being filled with a catalyst nmaterial to receive an incom ng fl ux
103 of raw materia nd,.t 0 provi ut agj | ux. 105 of ce

at or | BIOCSES e ol 381 8 aPBrE A B e G aRL el bR I RGEBRRRY e

desi r eghaiRfaChd Wil 85bYRbAudSoNe tsiHHEdtInGroddde Metavertd will iy ppasiated
Moreover, it will be appreciated that the illustrated tube set_ 100 is shown

in si niat fhiegHustiiad tiibe sat A 80 jrushovadn stmplified;fprm Sor the pupase efitdarifigatigy yal

ref orner, tube s incl . bes, e.g.,
From 128 b8L Rt Saob b o BT ¢ Qs B8 R PuREE: ebitiel 2 8

| engt hfioed Bid M®OttAbds sndvadh Bubiehaiil typichlly bis bf ahedh gfeater ongtiplelntive ypits al
reformer tubes are between 10 and 16 nefers | Ien%th. %qu% é’oegi nimze
mai nt emadbdhag illustrated o Fox expsaple tipiedl Taiormer WBeLyE Pstvesh 1R AR MYHS set
100, i 1gesirable to ensure that each tube 101 is | oaded with catal yst
(not s i'nh FIG 1) to a uniformdensity and that each tube 101 is of

si m | afog25pw rBshitiatizemaifikinaned drld idleswsts asdoatatedeith theaperagion olishetobe of r aw

terial js divids | t yhes f i | icul ar,
The br BHcID: s mTele % srsuts e b beg 91 ds el b EERTR! APl RTIEL S, &
to eachy %&@ﬁgﬁ%l d@nlsit¥ deP@Rfeachtaiy MNS of Antifae floawesisthngearadid will emsiest ance,

upon the re e differences in resistance to flow between the tubes 101 .
|t hetlet tirecnomnisgfbaliBi efirawinfafteniad ircdiyided cqnally aneesiedhaibes B PBRESHAR t ube

set 100 framtube to tube, .then the i N 103 . ' will
b gt v Bt it e P RETIg o 1< psamg R KO3, gy g w.ﬂ%{‘ %@@f%%\%ﬁ’d

above, tiHe RAVANRDEIE abdtAlin@hid fetlawb Qﬁ\?dralﬁfﬂ résidaepgesshagleaive ci ency for
each tube are flow resistance, tube volune, and catal yst dens"‘éﬁgeéAlthough

these dififaensesinresistanpeto ow beeyepn duhercHll. 1ethere st pp spbstanti ces
separate her.ei n_f | ' ioklofl N the
art i b P S leetin UGB for 0 e bk o AIEC R AR CUARENLE 405 of' M coe
par anetgw snaw@ial afifl ®e divide] auhby amoh® @R AIbSRAIEH udithe se0 16he aspect of the

invention, in order to ensure uniformflow resistance . .
[0026] As noted a%ove, the parameters that aff%ct trlow rate anc? processing efficiency for

each tube are flow resistance, tube volume, and catalyst density. Although these parameters

e

are not entirely dependent, each will be addressed separately herein for the sake of clarity.
Those of ordinary skill in the art will appreciate the degree to which and manner in which
each of these parameters may affect the others.

[0027] Pursuant to one aspect of the invention, in order to ensure uniform flow resistance
across the tubes 101 of the tube set 100, each tube 101 is checked for contaminating deposits
and is cleaned if necessary. In an embodiment of the invention, empty tubes are first
inspected for contamination. In an particular embodiment of the invention, the inspection
mechanism is a video camera mounted on an extended flexible member such as a rod, for
lowering into the tube of interest. In an alternative embodiment of the invention, the
inspection mechanism comprises a laser sensor to measure the total amount of foreign matter
in the tube.

[0028] Referring now more particularly to FIG. 2, a cross-sectional side view of a
contaminated tube 200 is shown. In the illustrated example, the tube wall 201 is

contaminated by multiple deposits 203, 205 of byproduct materials. In the case of petroleum



across the tubes 101 of the tube set 100, each tube 101 is checked for
contam nating deposits and is cleaned if necessary. In an enbodi nent of the
i nvent i orwoenpropsisabes are first inspected for contam naCirar2009/m07as0
particul ar enbodi nent of the inventiofi, the inspection nechanismis a video
canmera nmounted on an extended flexible nmenber such as a rod, for |owering
into the tube of interest. In an alternative enbodi nent of the invention,
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parti cothef byprbd@uckbfxondaminatt wdstaf@st i onal side view of a contam nated tube
200 is shown. In the illustrated exanple, the tube wall 201 5@7 .contc?{g' nat ed
a

by nul {0039 ddpdks dlystaed embedigrentgihe iYention Adpies psof §ystep 2GS 4y

etrol fi , | 2 2ol \dsSn | fur
b ot ha e G o e R Lo e B e e s,
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tem 207 i dt lyze the cont f the tube.. The | {em 207
s boThe Gt i priom A b a5 cmbodinety of it HEPRupl Do Bhfts STRES" 5
anal yz %iéttﬁaﬂtié ﬁ%ﬁceﬂ'ﬂ @k d]t;ﬁt?sit% nberiosr Afhoupe véﬂy_t&ﬁlaﬂ%ﬁoémeleb@a&rbéensor

system n an enbodi ment of the invention determ nes the volunme of the
t ube 28fndved itisdeadirsle sz eldabihetthlee W06 Hictanaos of cggaminpptdspitcomeny smal |

deposits need not he renpved, . jt.l.S desirable to..cl e e f the
armount e%‘feeg%ﬁf 1%&’5?5%8@81%ée)ﬁ8mheé’>981é%ﬂ§' ° un&ee?fttg? ﬁfﬁ{é hztrog's gtg#% Ofgs%g} 1,n 5% of
t he nopidat wiPbdgRarebf tanédmhev£dible thhesevetorgkildant depobies akch asttose be awar e
of the means avail able to renove contam nant deposits such as those

i.| | ust idustrdtednin Bl G 2, and ghede nivesenqed ansbnBathendiscysecd Reiler di scussed
her ei N yodddf 301 1ol a8 Bhsh @ BRI Broticlil A AEES6] RehedkRd Torl e 200 1S

checke fl resrstance a nova any deposits to the extent
such i gesigandeneer thRedeovdl ogampiegositioGhe Sxtertambh islbquiR@ld Referriogmestied to a
fl ow checker system 300 to check the flqw resi s%g@gqe@?l’gglgfiow checker
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sensor ., a manoneter, connected to the conputer 301 so as to be
conput ¢hie corapladi 301 sp@s8d be tompyter-attiased, anfe floivy dndiov presspecse8®s 308, ¢.g.,
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[0031] In operation, the airflow source 303 is mechanically connected to the tube 200
(with the deposits 203, 205 having been removed). At this point, the computer 301 executes
a program, e.g., a body of computer-executable instructions stored on a computer-readable
medium such as a hard drive, to verify the flow resistance of the tube 200.

[0032] The flow checker process executed by the computer 301 is illustrated via process
400 in the flow chart of FIG. 4A. At stage 401 of the process 400, the computer 301 actuates
the airflow source 303, e.g., via a digital relay, to force air through the tube 200. As the air
passes through the tube 201, the manometer or other flow and/or pressure sensor 305 is
caused to measure the flow resistance of the tube 201 at stage 403. For example, the
computer 301 may read a digital or analog output of the sensor 305 at this stage. The
measurement of the flow resistance will be based upon a difference in pressure or flow
caused by any obstruction. For example, a tube 201 with a partially obstructed output, and
hence higher flow resistance, will exhibit both decreased flow and increased pressure relative
to a similar tube without any obstruction. The computer 301 optionally repeats the

measurements at either the same or different input conditions at stage 405.



a program e.g., a body of computer-executable instructions stored on a
conput er -readabl e nedi um such as a hard drive, to verify the flow

resi st ancwoabiodse2stube 200. [ 0032] The fl ow checker proeesaBmwgearusd by t he
conputer 301 is illustrated via process 400 in the flow chart of FIG 4A

At stage 401 of the process 400, the conputer 301 actuates the airfl ow
source 303, e.g., via a digital relay, to force air through the tube 200.
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be per {,ofiRAne Apg. manner of video inspection may be used, but in an

enbodi ment of the invention, a video canera is |lowered on an armor wre
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there gkétess proceeds to stage 453. At stage 453, the tube interior is closely scanned to identify
dirt or contamination deposits that may need to be removed. Although any suitable scanning
means may be used, in an embodiment of the invention, such scanning is executed via a
rotating laser scanner lowered into the tube interior. The laser scanner measures the inside
radius of the tube, to detect any deposits therein.
[0036] If the scanning of stage 453 reveals depots to be removed, the process flows stage
455. At stage 455, the tube inside wall is cleaned. Although any suitable process of cleaning
may be used, in one embodiment, the cleaning is executed via a brushing device inserted into
the tube, for accomplishing mechanical, e.g., abrasive, removal of any identified deposits.
The cleaning may focus only on identified deposits or may be executed uniformly within the
tube.
[0037] After cleaning is accomplished at stage 455, or in the event that either of stages
451 or 453 resulted in a decision that no scanning or cleaning, respectively, was needed, the

process flows to stage 457. At stage 457, the pressure drop through the tube is measured.

Although it will be appreciated that there are several ways to measure such a pressure drop,



anbi guous vi deo inspection results that may or may not indicate

contam nation, then the process proceeds to stage 453. At stage 453, the

t ube i nt ewoDan10/s82siosel y scanned to identify dirt or comrCanBrab/@asdeposits
that may need to be renoved. Although7any suitabl e scanning neans may be
used, in an enbodi nent of the invention, such scanning is executed via a
rotating | aser scanner lowered into the tube interior. The | aser scanner
measur Rl estonany tideppaiats debaitein.
[OOBG]ﬁ?PHaﬁgéggdgﬁ%ll%%% égg(g%ete&ﬁ%%dﬁ?gr\l}eaafqg&depots to be renoved, the
procesxmtﬁkej?eRn@dt@gﬁGllSS At stage 455, the tube inside wall is cl eaned.
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i's communicating with an upper end of a reformer tube 201 to be filled and a fill tube portion

504 supported by and communicating at an angle with a side of the vertical connecting tube
portion 502. The vertical connecting tube portion 502 and the reformer tube 201 have
respective lips 505,506 which define a coupling joint for facilitating releasable securement of
the tubes 201,501 together.

[0040] " For directing particulate catalyst into the forked fill tube 501 and in turn into the
reformer tube 200 for continuous uniform filling, a selectively operable motor driven catalyst
dispenser 510 is provided. The catalyst dispenser 510 includes an open top hopper 511 for
holding a supply of catalyst 512 which in this case has a support frame or structure 513 at one
end to facilitate mounting of the hopper 511 in a processing facility. The bottom of the
hopper 511 is defined by an endless conveyor belt 514 trained about a pair of horizontally
spaced drums or pulleys 515, 516 such that an upper leg of the endless belt 514 extends along
a bottom opening 518 of the hopper 511. The drums or pulleys 515,516 in this instance are
rotatably supported by underlining frame members 520 of the hopper 511. For moving the
conveyor belt 514 to transfer catalyst 512 from the hopper 511, a drive motor 521 is operably
coupled to the pulley or drum 515. Operation‘of the motor 521 will thereby direct catalyst
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rope 530 is wound about the take-up spool 541 as it is raised from the reformer tube 200 at a

predetermined calibrated rate as determined by the rotational speed of the take-up spool 541.
[0043] The take-up spool 541 in this case is rotatably mounted in a frame 542 which can
be appropriately mounted in the processing facility, such as by hanging from the ceiling by an
upstanding hook 544 mounted on the upper most end of the frame 542. The illustrated take-
up spool 541 comprises an inner cylindrical hub 544 to which laterally spaced circular side
plates 545 are fixed, and a plurality of circumferentially spaced rods 546 are interposed
between the side plates 545 in outward radial relation to the inner hub 544 which define an
interrupted, non circular, winding surface of the drum.

[0044] For rotating the take-up spool 541, the central hub 544 has a drive shaft 548 which
is driven by a drive motor 549 mounted on the frame 542 via a drive belt or chain 550. With
an upper end of the loading rope 530 secured to the take-up spool 541, rotation of the take-up
spool 541 by the drive motor 549 will cause the take-up rope to be wound upon the take-up
drum and raised from the reformer tube at a predetermined rate governed by the operating

speed of the motor 549. The plurality of circumferentially spaced rods 546 that define the
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[0046] In accordance with a further important aspect of the catalyst loading system 500, a

control is provided for controlling operation of the drive motors 521 and 549 such that
loading rope 530 is raised from the reformer tube in calibrated synchronized relation to the
operating speed of the feed conveyor belt 514 for ensuring continuous, uninterrupted loading
of catalyst with enhanced uniformity.A To this end, operation of the motors 521,549 may be
driven under the control of a computer such as the computer 301, or such other computer 570
dedicated exclusively to the drive motors 521,549. Within the computer 301 and/or 570,
computer-readable code stored on a computer-readable medium such as a disc or drive is read
and executed by the computer processor. Such code acts to operate the drive motors 521 and
549 in a synchronized manner via suitable output drivers such as a digital to analog converter
or transducer. The motor synchronization may be based either on empirical data regarding
flow rates and settling and the like, or via feedback that adjusts the relative speeds of the
motors based on the actual instantaneous fill level within the tube. In the latter case,

detection of fill level may be via optical measurement or other suitable measurement

technique.
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[0049] Tt will be further appreciated that since the continuous automated filling system

500 fills the tubes 200 with enhanced particle uniformity, there is no need to tap the tubes to
prevent voids in the loaded catalyst typical of prior art procedures. As aresult, the automated
loading system 500 eliminates the need for vibrational elements and thus reduces the
production of catalyst dust. In order to remove any small amounts of dust from the catalyst
that may occur during transfer from the conveyor belt 514 into the intake duct 522, a vacuum
device 580 may be mounted in communication with a vacuum outlet 581 formed by a
screened wall in the discharge shoot cover duct 524.

[0050] It will be appreciated that a new and useful system for reformer tube filling and
processing has been described herein by way of example. However, it is contemplated that
other implementations of the disclosure may differ in detail from the foregoing examples.
All references to the disclosure or examples thereof are intended to reference the particular
example being discussed at that point and are not intended to imply any limitation as to the

scope of the disclosure more generally. All language of distinction and disparagement with
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filled wth catal yst by personnel or by an automatic filler (not shown).
[0049] It will be further appreciated that since the continuous autonated
filling system500 fills the tubes 200 with enhanced particle uniformty,
there is no need to tap the tubes to prevent voids in the | oaded catal yst
typical of prior art procedures. As a result, the automated | oading system
500 elimnates the need for vibrational elenents and thus reduces the
production of catalyst dust. In order to renove any snall amounts of dust
fromthe catal yst that may occur during transfer fromthe conveyor belt 514
into the intake duct 522, a vacuum device 580 may be nounted in

communi cation with a vacuumoutlet 581 fornmed by a screened wall in the
di scharge shoot cover duct 524. [0050] It will be appreciated that a new
and useful systemfor reforner tube filling and processing has been

described herein by way of exanple. However, it is contenplated that
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2. The particulate material loading system of claim 1 in which said motor driven
dispenser includes a conveyor for receiving particulate material from said hopper and

discharging said particulate material in a controlled fashion into said tube.

3. The partidulate material loading system of claim 1 in which said control
operates said motor driven dispenser and motor driven rope lifting device such that said

particulate material continuously introduced into said tube until filling is complete.

4. The particulate material loading system of claim 1 in which said loading rope
lifting device includes a take-up spool about which said rope is wound in response to rotary

movement of the spool, and a drive motor for rotating the take-up spool at a predetermined

speed.

5. The particulate material loading system of claim 4 in which said take-up spool
defines a non-circular take-up surface about which said loading rope is wound, a rotatable
guide spool having a non-circular outer surface about which said loading rope passes as it is
being wound onto said take-up spool, and a drive motor for rotatably driving said guide

spool.
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spool ,dimo@ddrcon saié comdeyor.f or rotatably driving said guide spool.6. The
particulate material |oading systemof claim2 in which said dispenser

i ncl udes a discharge sh C ' j W $it188 Glidcliiignd Hpewatperated

parti cul at e'‘mat Qfl?%q)arﬁ%uq% %agﬁ%ﬂ#aﬁgﬁ% aled conveyolr. 7. gI'hg articul ate

mat er i Bluladi e coxstmmathe ofitissidkischatgedhnet far praseatingrnysusdiroadium devi ce
communi cating with said discharge shoaqt .for evacuatin n t he
part i cpartacudatawaseriad iserpapied HP@Hdlﬁ?F@ﬁnd’? g PREIFY el?%ﬁeaglp%? isgl{gfctg%l {éé};rer)g]t eri al
fromsajd conv | sai d di scharge shoot. 8. A system for | oading

parti cft ssabci)&ﬁgl%la?éec%}%gﬁe material into a tube conprising: a hopper for

containing a supply of (he parti jt@dnatcfiab RIY £ ¥ dofiprisigei Vi ng
particul at e?'mat e&%?teﬂ%rnﬁ’ggﬁlg agt;&)gégsicgﬂgﬁ%%gdtsel’aectai vel y oSer abl e motor for

driving said conveyor for. directin rti rd } lidinbube at
a predet er nit RERPSF g‘%lré;,onﬁmflﬂ%a SHPLY 8 ggggﬁa@bcg‘g é‘%ﬁl\%t e?%ll’% dg gl{%’o’? E(ge@%ér ak

contr O%%{i&ga{ef}ﬁatyié}\ﬁ(ﬁﬁlghidﬁagéérymﬂfa fidctivelyloptableathetor &ir drivirgowidbed into
said tube, a loading rope lifting device includi gegiﬁa rotata,[ble t ake- up
spool eantveysiaiod direciuligrgrticulsse mateiislinde sad Bpeiah & PRI PYF 85t i on of said

t ake-up spool, and a drive notor for rotating_the_take-up, spool tand rai si ng
t he | oadi ngai@u@ingtopa dspestdtvethin seid teke for eonjeolkingibg &h?%é#@%‘#@f% with the
operation of said.canveyor..9. T articulate material |oading system of

cl ai m Bantiqulgte mafedall tr?%’é’ﬁg HBO F%‘gg‘l@@

a loading rope lifting device including a rotatable take-up spool onto said loading rope

is wound as an incident to rotation of said take-up spool, and

a drive motor for rotating the take-up spool and raising the loading rope at a

predetermined selective speed commensurate with the operation of said conveyor.

9. The particulate material loading system of claim 8 in which said loading rope
lifting device includes a take-up spool about which said rope is wound in response to rotary

movement of the spool, and a drive motor for rotating the take-up spool at a predetermined

speed.

10. A method of preparing a catalyst tube for executing catalytic processing of a

material through the tube, in parallel with one or more other catalyst tubes, the method
comprising:

providing an empty catalyst tube;

inspecting the tube interior via video to determine whether closer scanning of the tube
is to be performed,;

detail scanning the tube interior to identify one or more dirt or contamination deposits

for removal if such inspection reveals that scanning necessary;



lifting device includes a take-up spool about which said rope is wound in
response to rotary novenent of the spool, and a drive notor for rotating

t he take-wp 2806B25at a predeterm ned speed. 10. A net hoa#CofiBmogpeming a
catal yst tube for executing catal yticl4processing of a material through the
tube, in parallel wth one or nore other catalyst tubes, the nethod
conprising: providing an enpty catal yst tube; inspecting the tube interior

via video to determ ne whet her, .cl,oser s all i be
perforned; ¢le¥Eng t@&&%ﬁnﬁ‘geﬂ?@ lf h‘ﬁeg??pn(fsfg@%ir%?lgﬁ{%;ee%t@ elll%)k} riq'g[§ (t)é Qermr e dirt
or conf.ag At ANLdeRRSintide Il removal if such inspection reveals that

scanni ng necessary; cl eani ng the tube inside wall if the step of detail
scanning re . ' b mg@@oef;rom t he tube inside wall;
measuri ng a}{%rgée@glgfagﬁ rsg%%rﬁ?ouaﬁ the tube; filling the catalyst tube with

catalyst ang A0 ERSHILOub e RLEaRHEMIRORHE Bebicldie digpeirondpar ng

the last ne ure drop an average pressure drop taken with
r especiyelt@bd;ne catal yst tube and the one or nore other catal yst tubes; and
if the pressure drop for the catalyst tube is within a predeterm ned

variance of .t g, avemadat niedantd hicdige BHp 16ah aberage protmaradropuileayidh f or use.
11. The net hod of prepari ng a catal yst tube accordin o claim 10, wherein

the catabyatio thetrataiyst ihsand theaneugngregdhsy calalySepes 88° 12, The nethod of
preparing a catal yst tube according to claim 10, wherein video i.nspection
of the cat akfht ptaskeeidnirefor dre Gatrdyst tiehe is pif hpredetoraiagd ¥aHars of % ¢ he

tube interior. 13.. The h of pr [ i catal yst tube according to
claim ﬂ‘?ra%éﬁl@it‘%ylﬁﬁgéﬁ ?ﬁ%ﬁ??‘% a\?isag%q%gér}fglrsg is transnmitted to a video
di splay outside the tube, 14. The netho f prepari C in bHebe
according tdlel ai]?’heﬂ)e,th%é Wﬂw%%?#ﬁgﬁgb%\#g?%g @%&%@r@?ﬁ%ﬁrﬁg of the
tube i £ berReL! QldiBsetibely A& Aateaiptical ng the potential presence of
cont am nat’i-on.

12. The method of preparing a catalyst tube according to claim 10, wherein video

inspection of the catalyst tube interior includes lowering a video camera into the tube interior.

13.  The method of preparing a catalyst tube according to claim 11, wherein data

from the video cameta is transmitted to a video display outside the tube.

14.  The method of preparing a catalyst tube according to claim 10, wherein

determining whether closer scanning of the tube is to be performed includes determining the

potential presence of contamination.

15.  The method of preparing a catalyst tube according to claim 10, wherein detail

scanning the catalyst tube interior includes lowering a rotating laser scanner into the tube

interior.

16.  The method of preparing a catalyst tube according to claim 15, wherein the

laser scanner measures the inside radius of the catalyst tube to detect deposits therein.

17.  The method of preparing a catalyst tube according to claim 10, wherein the
step of cleaning the tube inside wall is executed via a brushing device inserted into the tube,

for accomplishing mechanical removal of deposits.



15. The method of preparing a catalyst tube according to claim 10, wherein
detail scanning the catalyst tube interior includes |owering a rotating

| aser scawoenio/oss2zs7t he tube interior. 16. The net hod of PRTAP200)/MEy450

catal yst tube according to claim 15, Wherein the | aser scanner neasures the
inside radius of the catalyst tube to detect deposits therein. 17. The

nmet hod of preparing a catalyst tube according to claim 10, wherein the step
of cleanin the ube e vvaI HeeMh egcH nserted
into the tufe, erﬁ%tbf}&rﬁﬁ)%eﬁfu <§atﬁgm caeie&rc )e%?gn obél%!ﬁgle%g‘él ts.18. The

et ho%téﬁfofﬂﬁ%ﬁﬁhQQp&sﬁﬁé akdp'ithrdulgbehesmajysilmt@ is exedusddrbylfdow wheaker n each
step of "neasuring a pressure drop thro‘g &’ge cat al yst tﬁobeo' S gxecut ed by
f | ow dhduding ammpmnr@ airfbayrpaires conRpctst 19 he SPTBHICE &0 RHWIECTER ut 0 the

O e, A4 4 ﬁ8‘o” r%h?%&)‘i%é%ﬁ%?&l%&%} g&lme@ﬂéé t§He! c%ﬂ&p%'&ﬁ'/s@ las B BRESOMBULEENS OF

conned® e conputer readable. 19. The nmethod of
pr eparesnbi. cat al yst tube according to claim 18, wherein the airflow source
is nmechanically connected to the catal yst tube and is conputer-actuated via

digital rel t hod_of t
i aim 10 1k hePhcBRpORST RFraRREBeRBLr ob e el B ik ¥ ARAERIE 1O ©
sel eCte;{H}o&aF s Iﬂécﬂglﬂcﬁgnédﬁééte&tcpﬂhe Bl Mbe bidistoskpusndictuatdd Haag t he

t ube e pressure for the catalyst tube after filling is not within
t he prdidedleelayned vari ance.
20.  The method of preparing a catalyst tube according to claim 10, further
comprising execution of one or more corrective actions selected from the group consisting of
emptying the tube and refilling the tube if the pressure drop for the catalyst tube after filling

is not within the predetermined variance.



