Vacuum At t achment and Met hod Background: Thi s
application clains priority fromU. S. Provisional
Application S.N 60/870,488, filed Decenber 18, 2006,
fromU S. Provisional Application S.N 60/914, 551,
filed April 27, 2007, and from U. S. Provisional
Application S.N 60/978,940, filed October 10, 2007,
all of which are hereby incorporated herein by
reference. The present device and nethod are intended
to be used primarily to vacuum catal yst out of

chem cal react oVatudnasAttachmentanyg Methodcal reactors
use vertical tubes which are filled to a desired
Bagkgroungn with catal yst. There typically is an enpty
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vacuum tube into the top of a reactor tube to vacuum out material, such as

catalyst.
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Figure 8 is a front view of the shuttle of Figure 1;
Figure 9 is atop view of the shuttle of Figure 8;
Figure 10 is a view taken along the line 10-10 of
Figure 8; 15Figure 11 is a schematic view of the
vacuum attachment of Figure 1 as it begi ns vacuum ng
articles out of a_chem cal reactor tube; Figure 12 is
ﬁefaaﬁ@ﬂm-@ww@ngle%l but with the attachnent
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particles are vacuunmed out; Figure 13 is the sanme vi ew
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Fi guriEiga 2 is aaviewtiekrst alena te inp@? of Fighreal t er nat i ve
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remove arity; ure 15" & Front secti ona
Tivetl thé shlhtﬁevsijdawndalpnagmmedof Fi gure 2514;
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Figure 7 is a left side view of the shuttle of Figure 1;

Figure 8 is a front view of the shuttle of Figure 1;

Figure 9 is a top view of the shuttle of Figure 8;

Figure 10 is a view taken along the line 10-10 of Figure 8;

Figure 11 is a schematic view of the vacuum attachment of Figure 1 as
it begins vacuuming particles out of a chemical reactor tube;

Figure 12 is the same view as Figure 11 but with the attachment
projecting farther into the reactor tube as more particles are vacuumed out;

Figure 13 is the same view as Figure 12 but with the attachment
projecting farther into the reactor tube as the particles have been vacuumed
out to the desired outage level;

Figure 14 is a schematic top view of an alternative vacuum attachment,
with the shuttle, slide and spring removed for clarity;

Figure 15 is a front sectional view of the vacuum attachment of Figure
14;

Figure 16 is a top view of a second alternative vacuum attachment with
the shuttle, slide and spring removed for clarity;

Figure 17 is a front sectional view of the vacuum attachment of Figure
16;

Figure 18 is a schematic front view of another alternative embodiment
of a vacuum attachment;

Figure 19 is a broken-away enlarged view of the upper portion of the

shuttle of the vacuum attachment of Figure 18;
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of a vacuum attachnent; Figure 19 is a

br oken-away enl arged vi ew of the upper portion of the
shuttl e of the vacuum attachnent of Figure 18;

Figure 20 is a broken-away enl arged view of the | ower
portion of the shuttle of the vacuum attachnent of
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SAGEBE bEthe VRICL M RtadRmieht 6 Hig@Btgschematic view of
anot her enbodi ment of a vacuum attachnent,
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Bt 4 9Ridly connectdddBgétnéd is a view simlar to that of
Fi glzre gi y%tng how né the trigger armin the rel eased
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sh OV‘“F*PU fflspef \ﬁ¥wf%ﬂﬁ idr'td Wagif Flﬁg%uéfbgp%%@ fegger

view o ure
denamthedeieaeed ptbsmdlfe nozzI e of Figure 24; Fi gure
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the vacuum attachments shown in the previous figures;

Figure 28 is a schematic front view of an automated vacuum device
made in accordance with the present invention, with the front and rear guard
plates removed;

Figure 29 is a side view of the automated vacuum device of Figure 28
with the front and rear guard plates in place;

Figure 30 is a front view of the upper plate of the device of Figure 28;

Figure 31 is a top view of the upper plate of Figure 30;

Figure 32 is a front view of the lower plate of Figure 28;

Figure 33 is a top view of the lower plate of Figure 32;

Figure 34 is a flow diagram for the operation of the device of Figure 28;

Figure 35 is a top view of a fixture used with the device of Figure 28;

Figure 36 is a front view of the fixture of Figure 35;

Figure 37 is a top view of a tube used with the fixture of Figure 35;

Figure 38 is a side view of the tube of Figure 37;

Figure 39 is a schematic front view showing the hoses from the
automated vacuum device of Figure 28 connected to a vacuum hose through
the tubes and fixture of Figures 35-38:
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25Figure 32 is a front view of the | ower plate of
Figure 28; Figure 33 is a top view of the |ower plate
of Figure 32; Figure 34 is a flow diagramfor the
operation of the device of Figure 28; Figure 35 is a
top view of a fixture used with the device of Figure
28; Figure 36 is a front view of the fixture of Figure
35; 35!9Pfﬁf?'%'3§'78 Same iy ay MR £8 Rut Wi a gsiat Rinace yer
frhexhid bgm@%r Erhcgmesrp%'éatm@ APrRgTrtlSerpthel 6lRevdanur Sid Hae
tube o ure 37, Figure 39 is a schematic
ﬂPBﬂ&W%&%M/shOMAng the hoses fromthe automated vacuum
devi CP:nge & oy &%&BWB@V&&% é’&f‘rh’é‘ fAah BFtﬁncIe'&rtﬁélgh
the tubes and fixture of Figures_ 35-38 Figure
Hacuum faidhe awematedwarium deMce ofFigue 3% th a guard in
pl ace © r spring
Dot veng i 'S e el Bl ine o3 R  ridlde 20
Fi gur Bigure 420 ig the hamatviaw 9% €3a bt far smeiternetieuerokodiment;
provi L I ce
DY OF! Bigrd £eis™ HARHMTLSBE P BHLA I REh A LR K
IiIIUﬁtEaW@aamaaartg‘enFerg fereundgdirig partidesttbmitbe chemigahweacioew

| , R 43 |
BoetnElng BlesBZui BGRE I o R RENE T pl B Briip e
fiohrutheteg;i ng an arrangenent for unloading particles

pr oS sUBIECH GaCothE e L arPRiRnGT e T Figure 43,
ghowingitgfidw paht dfehd gas and particles gevihgiifie ichemic3t Redddri C

?f a portion of the arrangenent of Figure 43, show ng
& fl ow path of the gas and particles |eaving the

cheni giglirg £nigta0schienic oiﬁlaoqwhebf%e aﬁaﬁge‘iﬁéiﬁ R Figtre43 a
ortlo ﬁ t he arrangenent of Flg 43,
howmg ow path of the gressunzed gast the bottom of the chemical
reactor tube; and
Figure 46 is a schematic top view of the vacuum fixture used in the

arrangement of Figure 43.
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showi ng the flow path of the pressurized gas to the
bott om of the chem cal reactor tube; and Fi gure
46 is a schematic top view of the vacuum fixture used
in the arrangenent of Figure 43. 20 Description:
Figures 1-13 show a first enbodi nent of a vacuum
tachpent 10. The vacuum attachnent 10 includes a
gﬁﬁ%"&ﬁc‘"shovm best in Figures 3 and 6, which is
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form a G shape ross-section, as shown in

#ﬁ:l\tgﬁr‘?%e ghe stppe26 *ﬂ?é’ﬂﬂeé’ﬁ%@ PiRY 1BV M@ ol anathepivpe
12 byrranstok D6V mAaEBbRPA lar§etdlarAste PYipwelvAich Bias h Weidh
é)lram% erl%r?aet rr?aftcr?esst%te%%s%% diameter of the pipe 12 and which has had
a vertical strip cut away to form a C-shaped cross-section, as shown in
Figures 5 and 6. The stop 26 may be fixed to the pipe 12 by any known
method, such as by welding, gluing, or by use of a setscrew.

A shuttle 28, shown in Figures 7-10, is mounted over the pipe 12, as
shown in Figure 1. The shuttle 28 is made from the same larger diameter
cylindrical pipe as the stop 26, and that larger diameter pipe has been partially
cut away between its cylindrical upper portion 30 and its cylindrical lower
portion 32 to provide a central portion 34 having an arcuate cross-section,
which spans slightly less than the angular portion that was cut away to form
the stop 26, so the central portion 34 of the shuttle 28 fits within the opening
27 defined by the partial cylindrical stop 26, allowing the central portion 34 of

the shuttle 28 to slide up and down relative to the pipe 12 without interfering
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A shuttle 28, shown in Figures 7-10, is nounted over
the pipe 12, as shown in Figure 1. The shuttle 28 is
made fromthe sane |arger dianeter cylindrical pipe as
the stop 26, and that |arger dianmeter pipe has been
partially cut away between its cylindrical upper
portion 30 and its cgllndrlcal | ower 30portion 3
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undesired leakage of air. Of course, the vacuum level at the vacuum source 3
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pipe 12 is reduced. While seals are not shown here, it
is possible to provide seals between the vacuum

regul ator 40 and the pipe 12 and between the upper
portion 30 of the shuttle 28 and the pipe 12, if
desired, to prevent undesired | eakage of air. O
course, the vacuumlevel at the vacuum source 3 or at
8t Aleptheigraints alangrihe PRt Hay Re palisisd B ardrste adiust the der
Vo 16961 dthiSe st \Eadn df e¥eelacRliml diRchimeft 12 Mdtedld dfhét in

vacuum attachnent 12 instead of, or in addition to
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diécrehsing tkmnmcaunﬂag@rmeﬂna increksind thehessioausn the device
attachnment 10 nmay be connected to a vacuum source 3

VRIS &> nani fol d 5, which, in this case, is
sus pefhdll&f@ Boshvevd bise hub)regaﬁ?ﬁlin @lfnca tiveevaduta amaﬁ@ment 10
ca rea means of. bai
R Be G GRe 195 vt S80S & Braugh amrBLad B hichyf s
i&!@{;\h @élﬁﬂen@tﬁalﬁﬁvetth@ tsy $ifeePof §¥@il@§&ﬂb?éfﬁgerbl¥al&e§cﬁ§r
ic respective por . ere is
B p36S B balsat o ERamSATOIS hand Figraitveot Rars & IpBich osss
adl pHsEcettede nOpRIRE PBIS 9 iWBlosdY 6@B¥r Recapdd, Wi ds hihged
control the vacuum | evel at the manifold 5. One hose

to1itst ESPR NG PRES BB 1§ 3 RIeExHp geYeR0 0 the mangeld 8y aBdum
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5 is connected to a second nanif

YaGUum feveld thrempatiold §. ¢ w@emé@aﬂnﬂ@m thetmanifold 5@5 that
%r%éc}éaj' tglaysuﬁd%ggcﬁd?g %Haa{merﬁq OSQI‘P(YVQn?tHeFﬁ&éér £1 #dm

be expl al ned Irst condult is
@@ﬂlf@ié@ is ﬁ@metqf@,d tq@éecma mamf@ld . evhiendy tush, islsennected

Jﬁ'n%‘ﬁl%gﬁr?lgntjsoro thif %g@ld 8{1 ﬁxe%&h&ther \f%s?\?wh $n

connect e ts respective um 2 rough
tigate 2bard ad wilhiok explaingth latére mani fold 5 to the outl et

of t h/? firsRESHDISS Héﬁﬁed?’from the free end (the inlet end) of the vacuum
attachment 10, through its outlet, which is connected to its respective vacuum
hose 11, through that hose 11 and through the manifold 5 to the outlet of the
vacuum source 3.

Figures 11-13 are schematic views showing the single vacuum
attachment 10 being used to vacuum solid catalyst particles 50 from a
chemical reactor tube 52. In these views, the upper window 22, vacuum
regulator 40, and clamp 42 have been omitted for clarity. Also, the hose 11
has been omitted for clarity.

In Figure 11, the shuttle 28 is in its “at rest” or lowermost position
relative to the tube 12, with the spring 35 compressed and the upper portion
30 of the shuttle 28 covering the window 24. The lower portion 32 of the
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Figures 11-13 are schematic views show ng the single
vacuum at tachnment 10 bei ng used to vacuum solid

catal yst particles 50 froma chem cal reactor tube 52.
In these views, the upper w ndow 22, vacuum

30regul ator 40, and clanp 42 have been omtted for

clarit Al so, the hose 11 has been omtted for
shuttle 29 is resting on the tapgfite ttbe shaet hefithe ghergicakreagtor.t s
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pellar 38 of theeshuttieydf cexpaeina e \leS‘OWéMa vcé qll@w@ i to enter
) ﬁﬁi‘?v”%“ﬁ“"“SPM%bg@&%ﬁebﬁnﬁ?“ﬁ%‘éﬁ’%@% B LR
b@ipﬁrapétﬂd atrthg nlegfof theepiphult | e 28, exposi ng the wi ndow

openl n88%4 :%lﬂ)\()@s tgy nM’ ﬁ% ﬁfl!y e%géwar*ﬂ%e%\{)&opn "t°” of

Feduci ng t hé"vacuum I eve
elshutily 26pdntadingtthe bettomloétheadtorh B8. i practid:, depending

gt PG ST AL RER B B sibionl AR RE e RIO s
f”mf‘“%?;?j“?'ﬁiﬁi? 26, of ﬁ?ﬂé"’mﬁﬁﬁﬂy he devi ce 10 may
top S s siaoe 5

stop VECYRAHRYSd: heyize €dhg wmsow e Batyeen th
ﬁp;bér;anap@mr ofbameawagwmé shiftle 28 hMdhe eelgﬁvetﬂa%xtmgapw

f%e shuttle 2d8 an &83 den%g\{/e teag désr,]lgned as desired so the vacuum is
substantially reduced at the inlet of the pipe 12 and the device stops
vacuuming catalyst when the inlet reaches the desired outage or level. It
should be noted that the bottom of the lower collar 32 of the shuttle 28 has a
plurality of projections 33, as shown in Figures 7, 8 and 10, to keep the lower
collar 32 from completely sealing against the tubesheet 54. The space
between the lower collar 32 and the tubesheet, and the space between the

outside of the pipe 12 and the reactor tube forms a pathway that allows air to
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upper and |lower collars 30, 32 of the shuttle 28, and
the relative positions of the shuttle 28 and stop 26
may be designed as desired so the vacuumis
substantially reduced at the inlet of the pipe 12 and
the device stops vacuum ng catal yst when the inlet
reaches the desired outage or level. It 30 should

Pase fomHiside thaysesiombstweenthe dower colpr 3¢ andthertub cet
SAUWdl ifto4Re Fb?ﬁofﬁlhé’ hwéraicbt aéa@tBr RIb8) oK e ISwe sl SIEMN

in Figures 7, 10 keep the | ower collar 32
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par ti glsasrefehadl theaHe Pas hstQQM‘é 3 tmyEeMdlasy sétH@wg
the m ni num anbunt o to the vacuuned

Ateing throughdhe p ?féh%éﬁqqt%ﬁ@%e $Pnakewrphlepst aneethird of
fr%ag?és%att |§ Bfawn out of thé Fedcﬁ;r%b‘gﬁ éﬁéj irkd) \H%@urglaﬁpe 12.

| owi ng t h this secondary pathway (enterin
ttﬂﬁ mgehp&eﬁﬁretdgtbabﬁﬂemé flowing throughibis seyondace pathway make

L5 aShajBhg df Hd Gathat is drawn out of the reactor tube 52 and into the
vacuum pipe 12.
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30 the gas that is drawn out of the reactor tube 52

and into the vacuum pipe 12. It is nore preferred that
the gas flowi ng through this secondary pat hway nmake up
a mapjority of the gas that is drawn out of the reactor
tube 52 and into the vacuum pi pe 12. \Wen the vacuum

attachpent 10 is lifted u rdl.y out of th em cal
et \Yhen s vaspii AEACHATRAD o Mg AN CPet B8 Chérical
péackdrwaé b2 tHe Iang?% lbgdin 2entPauMs) dulling!tas @ppér cdllie30
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ehemisapeagter tube 52 andgepiablisies theybilvecaemdevahahthe jujet of
h%spe\? guttl e 28, which automatically nmoves up to open
t ow 24 and stop the vacuum ng, it should be

not edWhitaithis Hecuum attagherent 10 hesal shuble 28 avhict anteraptically
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bh plamrlgdmmaxzib oﬂilhaemboomr treomindow er bip apserdially kleimghaa cevarp

BRI R £ TBE e b s SBEAEF M e Bl Brhvse
mpmltm Widdow 24t ITemeameeantolnthé aha;mdggé thé etw Z6hand would

t t here ro
Ha AT RITca Y o balSte BRLCR S e Pk 235 oBen gad
tie¥ethd mnubwqh tlhme\cfp@tman aattashdreeps me muhr%gpe
ext en ed do nto the reactor tube 5

BIFEHEYo IS F'eo?IQHa‘?'Hé""W%BH’\ﬁr 5‘&9 \ﬁﬁéhe PHE§ d&tqfé'é%ﬂ'@ﬁﬂz

a&nbiéatertﬁamdtotmbh kr@/@cuuﬁw%ﬂ@chheﬁt 10°8h&Nd bblextended
285, 251 20 issued tober 23, 2007 which is hereb

ﬂﬂwa e fng eacos Ftéqer%;anﬂ dheeratator wilboraiuie svinday &4 When

ﬁ@'@ta‘éﬁm@hﬁ@ KRE feRhe B VP (tS'é@tU @Pé@&wtq&?d’ 2)85 251
The enbodi ment descri bed above utilizes a nechani cal

ispued Petolet 83.4R07riiel isl hejelpirorpReated herin ey wirragce 4o
t

SRR eicifiples cf Sme wh iy et SENERTIEE A ARy b8 Gecd 8 s
dept hThesgmbedimentidesasiase abhee wtiizas mreshanicat intelock td et
G BlicaonkAHY BilcRPopenyi s L hAB LM 80 (o o)
refers¢rbiol as thesuetand) of b acaumtdipes 12 aae réached ittoenddsired

t lied at t.h
R i ety S IR il BP atRe DE heas iBE
h2i bcbstop tife further vaneminsng stosatalpdt pattiotds 50 frociehe tubleesd. i n

30mor ?%h%.@c?ﬂsggﬂel qEﬁ thlsnssatrr?ggunctlon Pt['le au{nm%csrgé]usc ion

or anI
of the vacuum being applied at the inlet end of the pipe 12) can be

accomplished by a number of other means, some of which are described in
more detail below. Forinstance, a proximity sensor or an electrical switch
could be mounted on the pipe 12 such that, when the proximity sensor or
switch approaches or reaches the tube sheet 54, a signal is sent to a valve,
such as a solenoid valve located somewhere between the inlet end of the pipe

12 and the vacuum source 3, to open up to allow air to enter. Alternatively,
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coul d be nmounted on the pipe 12 such that, when the
proximty sensor or switch approaches or reaches the
tube sheet 54, a signal is sent to a valve, such as a
sol enoi d val ve | ocated sonewhere between the inlet end
of the pipe 12 and the vacuum source 3, to open up to
allow air to enter. Alternatlvelh the autgmatic

mﬂ aomatic valve couwd perused o shoff fluid, FoMBYRIFaHPE BtVsRN
IWﬁe?Q & BetneHi Oﬁ‘é 18 Bﬁd e IRQuR RRirde?3 aNErdeh® derfasdthe

urce I'n or decrease the vacuum | evel bein

aptpluneuevat bem@appﬂe@tatémmmdﬁt epd of thec@sHIm Riee 12.. In gpother
ﬁve e éfoQ?ﬁf\itYV H‘@r Qé& LTS b Mt 6&?@!9 %m%! turn off the
wtch cou f

rical d si np turn o vacuum
sracuumesource It may be not ed that, in Fi gures 11-13,

t he p \V X | er
di amt%r %ﬁeﬁét;@@%t@ﬁ@%%ﬁ? Qfﬁegﬁp%ﬁégc g%aga
mttachmentti0deasE2smaliey didietier thianitise insislerdiatieter of theder t o

I

cheabRaRe: R Phint a5t PSaBbe gRBifHaS e shied e

@«fodrh&h@ opwide2of the pipe 12Tbeaiatd g dawi irdo ehebedcioe hibe
rovi de a second conduit for

14- 17
éfqunﬂéh?PB%oﬁ%PWy ithin the pipe itself, so the

out si Ure diteBtieS efpbP@imEinBesHoMN |b$tglﬁd§$/1¢410&mo¢ide tlsecond
i nsi de di aneter size

52
CREGHILIAT 2k 1Q flow QOWHg’éFCI‘BéWQh'Tg'ﬁ a'a? 'rifﬁacha Ofgﬁu%f ow a
bidnsdtedpibe sRa I D eOrErP diosE i thefindde alahitdsr ofthé\

which is the sane as the first enbodi nent 10, except

chamicahepgtos tubere? It vBichiitlghisgded.-n t he | ower col | ar,

and i P‘@h%%dﬂé‘rﬁj 5 Bﬁo&%ﬁ‘irﬁ%‘ltbﬂ%ﬁv@eﬁ%@@h@érﬁof ggcond
conduit, in the formof an internal air conduit 60A,

Aiteehmmenti I9AewhichAs thexsame as theyirsl em brdisiept 10, Bacaptdhatn
%rb %Fe ﬁ&ﬁrd?éct’bh@ 3@% U@Tb%gpéolltaf‘%nﬁ' |ﬁ’§te§@ﬁle He $HRWN

her e, condui t

@@fm&sSa a@arﬂ@dswwﬁu genduis in mecf@rmmf RN lﬂltﬁ@awﬂlﬁé@wttﬂrﬁ(JA
MBeit 89 pRd MBhoSE! B0 pine 2B Bn ShicAiRlh MEpbush
phthe ik 124. Ak sbowo ek, e pipe sli2hlie tHids-walied, ging éhel Sodui
' I | th
80K hetbs T BRI el e ARG B Bl ot by o °
eRenpitireud2 A difterbsivieart ¢fithe wab of mermms so ap@bt rdtedfateawith

| | i h oraqus, ,mat er i vveen
BRRA DR G B MR b o BB R ATV i
eataditrie iner ahd olitedwaills NWith thB@athb@A b6idh.a sisuvewatwdan
| ong the sec nd condui t, 60 out the outlet 64A, an
Thesh WAl cor Retng Bg#e%n?\r% & NBR-PPFRYSINRRA am?utwaclls
with @Lmﬁommatdm s@m@%ntth@n PR DrohicfestRE patt 60T Uy ddae,
um ho is contenplated that this
Eh% ’Wé‘?ffmﬁﬂh 2| f'&l"@d”tﬁé% f%?tggﬁt @'%”‘é(ﬁfd“&’ 3'0”9 the second
conduit 60A, out the outlet 64A, and then into the open bottom inlet of the pipe
12A, up through the inside of the pipe 12A and out through the vacuum hose
11.
It is contemplated that this embodiment would also have a shuttle and
a stop as in the previous embodiment. While this embodiment is shown
schematically as having a relatively short pipe 12A, it should also be

understood that the pipe 12A may be long enough to extend the full length of
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a stop as in the previous enbodinent. Wiile this
enbodi nent is shown schematically as having a
relatively short pipe 12A, it should al so be
understood that the pipe 12A nmay be | ong enough to
extend the full Iength of the reactor tube 52, so the
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atj@centdhé imjet BE66H tbmﬁrsa br plurgarytdmedwt wd]tﬁ@a u;Byhrough the

B 1D T2 5L 58888 50 BloB Pl U8 e
688, anﬂhhrﬁuglp) thet pipe t12Bf @y %rbvadlbg |ad=gpa;@_r ofo;g gsbmci.ﬂagﬁrce: at
ST i
HeRls8 ehe Bt Be g, E20 i Bt TEmal Ve plBe M 1235 (8

bbmmfmty mrrth@ bnﬂ@ag e paitioide rmtafn the @lma % heglicddasrhas is
st ant 20sectional are

C T
BaORIsR e 4™ HeitinBS BRte mags Tinnst et bk ribe
bnd:cdmtérghe I'émalﬁd@ &Feh&lppevidends0d chmanteiRddr@pdssOf
h the hose 11 and manifold 5

st C |t throug
beCtone! dibap A Mo et it i THE My edteh e Rar insoHMONEERdang.

ltas gies debirdbid ﬂﬁ? D RSP 418 € OfF theisk &fn%mwehgh e Ho%@sﬁ
as Iarge as the cross-sectional area of 28

flY Maniold e the AgRRET to bavR 2 slRsseeckional gr fbﬁp rtsﬂaarger than
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as in ure can
operting Q@Blgf mﬁ@lq{mﬂiﬁi dutdn ihis ¢dse, it edoside tmeubnee 1watsher

R RHdE it R prbfdFatié FH e SONG Uk the®Q4b8d conduit to be outside
the pipe, as in Figure 15, so it can be more effective in fluidizing the particles
in the reactor tube. However, the outlet of the second conduit could
alternatively be inside the pipe, as shown in Figure 17. In either case, the air
leaving the outlet of the second conduit will create turbulence at the inlet end
of the pipe, which helps fluidize the particles, and it will provide air for
entraining the particles and carrying them through the pipe 12B and through
the rest of the first conduit.
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30al ternatively be inside the pipe, as shown in Figure
17. In either case, the air leaving the outlet of the
second conduit will create turbulence at the inlet end
of the pipe, which helps fluidize the particles, and
it will provide air for entraining the particles and
carrying themthrough the pipe 12B and through the

r est  8sheuld bejnoted thahthgi Raths as shown in thg SB'I‘CHJ' MiGegd
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particles, 50 fromthe chem cal reactor t ube 52

fﬁfﬁ‘f@t partig e§I596'°5” thecdirmieal 6eaGHRlttHbe 82convey a fluid
from présiiglgisela dda8ng Rew fpcam to' @AGEPA ﬂhwtf?on'é%ufsmetmhe

inlet (the bottom end) he vacuum pipe 12. In th
&ﬁﬁ@dﬁair@\@@t%ﬁuhﬁ %méée 1nlqtdthet hastogeersh of fheowqyam P8 2.
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into the top e reactor tube | ow ‘down
[PEENIES 9T SRR thﬂé@t@m air preflave indenthet thp of theoeeetot ube 522andAs
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second fl ow pat or ne a separa
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and more preferably at least one-half of the gas) that leaves the reactor tube
52 through the first conduit.

Figure 27 depicts a schematic of a valve manifold 80 which may be
used to regulate the pressurized fluid flow into the second conduits 60A, 60B
of the attachments 10A, 10B. The valve manifold 80 includes an air regulator

82, a solenoid valve 84 connected in parallel arrangement with a first manual
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Fi gure 27 depicts a schematic of a valve manifold 80
whi ch may be used to regul ate the pressurized fluid
flowinto the second conduits 60A, 608 of the
attachnments 10A, 108. The val ve manifold 80 incl udes
an air regulator 82, a solenoid valve 84 connected in
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12C, biasing the shuttle 28C downwardly, so that, when it is in the “at rest” or

lowered position, the upper collar 30C covers the window opening 24C in the
pipe 12C.

At the bottom of the lower collar 32C is a flange 51C, which abuts the
top of the tube sheet 54 when the vacuum device 10C is used to vacuum
catalyst out of a reactor tube 52. Except for the fact that in this arrangement

the shuttle 28C is adjustable, it functions in the same manner as in the first
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At the bottomof the lower collar 32Cis a flange 51C,
whi ch abuts the top of the tube sheet 54 when the
vacuum devi ce 10C is used to vacuum catal yst out of a
reactor tube 52. Except for the fact that in this
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views only the shuttie mechanism 28’ is shown; other details of the vacuum
attachment 10" have been omitted for clarity.

Referring to Figure 22, the vacuum attachment 10" includes a shuttle
mechanism 28’ with a lower collar 32", a swing-arm connecting rod 34’ with a
retaining finger 94', an upper collar 30', a biasing spring 35’, and a pipe 12’
defining a window opening 24'. In Figure 22, the swing-arm connecting rod
34’ is in the armed position, with the finger 94’ engaging the top surface of the

upper collar 30', holding the upper collar 30’ in position against the biasing
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Referring to Figure 22, the vacuum attachnment 10
i ncludes a shuttle 30nmechanism 28 wth a | ower collar
32', a swing-armconnecting rod 34" with a retaining
finger 94', an upper collar 30", a biasing spri ng 35",
and a pipe 12' defini ng a w ndow opening 24'. In
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pi pe 12* for the 20vacuum attachnments described in
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length of the vacuum pipe 12*.

Figure 25 shows the second conduit 96* extending alongside the larger
diameter pipe 12*, and both of these conduits 12*, 96* are shown wrapped in
a sheath 98* (which has been omitted for clarity from Figure 24) to aid in
keeping them tied together as they are inserted into the reactor tube 52. The
sheath 98* may simply be strips of tape securing the conduits 12* and 96*
together. The sheath 98* may also be made of a material such as
polyvinylchioride, which is sold commercially as shrink tubing and which may
extend the full length of the conduits 12*, 96*, if desired.

Of course, the combination of the two conduits 12*, 96* may also be

manufactured as a single hose or pipe (not shown) which includes two or
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25Fi gure 25 shows the second conduit 96* extending

al ongsi de the larger dianeter pipe 12*, and both of
these conduits 12*, 96* are shown wapped in a sheath
98* (which has been omtted for clarity fromFigure
24) to aid in keeping themtied together as they are
inserted into the reactor tubpe 52. The sheat
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12* ( !mtcoaise\/\ﬂ)'estlhcﬂoarsyc}eueme, reisﬂricﬁcs} 668 bf Ilailghe 17 may be
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a tapered inlet end to provide a reduced di aneter
i fhiiegonmrnichtiort wﬁ%tha:fémgaﬂw 60" af mecﬁémalk@nﬂéaﬁée Tive

I
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entrains the catalyst partlcles 50 and carries them into the vacuum pipe 12*

as the fluid stream flows from the opening 102 in the nozzle 100* to the
vacuum pipe 12*.

The nozzle 100* also defines a piurality of upwardly directed side
openings 104* which are also in fluid communication with the flow path 60* of
the second conduit 96*. These side openings 104* extend at an upward
angle that is between 30 and 80 degrees from the horizontal. The fluid
leaving those openings 104* at that upward angle exerts a downward force on
the nozzle 100* (and by extension the small conduit 96* to which it is secured,
and the vacuum pipe 12* which is also secured to the small conduit 96*),
thereby pushing them downwardly into the reactor tube 52. The fluid flow
exiting through the side openings 104 also aids in dislodging any catalyst
particles 50 which may lodge between the pipe 12* and the reactor tube 52.

This embodiment of a large cross-section vacuum pipe 12* defining a
first conduit along with a small cross-section conduit 96* defining a second
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fluid conmunication with the flow path 60* of the
smal |l conduit 96*. This opening 102* bl asts
pressurized fluid directly into the catal yst particles
50 in the reactor tube 52 so as to assist in
fluidizing the catalyst particles 50 for ease of their
w t hdrawal through the vacuumtube 12*. This fluid
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10Fi gur e 41 depict an automated vacuum

Bk 108D Loyt od
Figure 28 is a schematic front view and Figure 29 is a schematic side
view of an automatic vacuum device 100. The device has a rigid rectangular
frame, made up of left and right structural vertical tubes 112, 114 and upper
and lower cross members 118, 118, which are fixed to the vertical tubes 112,
114. The upper cross member 116 includes two handles 117, which can be
used to pick up the device 100. The left tube 112 has a colored and
graduated scale 112A, which is used to indicate or measure the position of
the upper plate 120 (and of the vacuum tubes 132, 134) relative to the frame.
An upper plate 120 has left and right openings 122, 124, which slide
over the left and right tubes 112, 114, respectively, allowing the upper plate
120 to move up and down relative to the rectangular frame. An air cylinder
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in US. Provisional Application S/N 601914,551 filed
April 27, 2007, which is hereby incorporated herein by
reference. It is possible to use one of the vacuum
attachnents, as described above, in conjunction with
this automated vacuum device 100, by providing w ndow
1genlngs and nounti
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ick up. the device

i 16 GaPenbEnetic Sasd B oamn hefibase 100 (Risiete the

'tLl'Bé' GkEofOhe FRASHAE rddeorPASII 'b‘érhé%fznﬁé'tﬂawp AlsdprdfeRting
120 (and of the vacuum tubes 13 34) relative to the

Fpmyaraly fom e bCHATE SUER 6 e (WP A sna SPlghrioaded
BREMOWnndeRd 1d &bwitth 118D, AhiAhdkas diRe c@ﬁfrolasggtefﬂ ght

s 112, 114, respectively, allow ng pl at e
mgtheothﬁioweuplaét:hw svasting et tiheéuttebsfmé Of tmr&ﬁgter aWhen
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rod 18unted on the top cross member 116 is a box 160, which houses a
computer or processor 162, a start switch 164, a potentiometer 166, a power
lamp 168, and a status lamp 170.

The air cylinder 126 receives pressurized air from an air supply 172,
such as a hose coming from an air compressor. There are solenoid valves
173 and flow control valves 175 and a pressure switch 177 which
communicate with the processor 162 to control the air flow into the cylinder
126, which controls the movement up and down of the air cylinder 126. Since
the air cylinder 126 is connected to the upper plate 120, and the piston rod
128 is fixed to the bottom plate 118, extending and retracting the piston rod

128 causes the air cylinder 126 and the upper plate 120 to move up and down
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Left and right vacuum pi pes 132, 134 are fixed by
collars 136 to the upper plate 120 and project through
openings 138 in the lower plate 118, so the left and
ri ght vacuum pi pes 132, 134 nove up and down with the
upper 10plate 120 relative to the frame. At their top
ends, the vacuum pipes 132, 134 are connected to hoses

Teiative loithe ffame WY e 28 faetesdne YactUrRBRER IPF N4 18 TRfEm
ath SAPESH RIbtRRNIWd fra@ds (Mhd feldiRe 4S8R leBe@r kibeg52).
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o128 0 B bottont Hote PRl HpeBYR o ampe i, S0 i Bersbe
13 ecwreahdowitdb{62 whthe boltomtate 3185 conputer or
o6, - S TEmED alsarasoYBeIon B0 Eear Gl s ptER OBy 5. espectively
Thesainave veémemittebiorh FGRIry 08 féH Rt tb $rstedl the bperitc s
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CRYFESa bS YABBUThRLRES L 3frthd B &% ANE188. which has a
rubber liner 190 to catch the particles that are vacuumed up.

Figure 39 shows the vacuum hose 192 (See Figure 41), which is
coming from the port 184 on the lid 186 of the drum 188, and which connects
to the hoses 142, 144 from the automatic vacuum device 100 (See Figure 28).
The hoses 142, 144 from the device 100 mount over tubes 200, which extend
into holes 204 in a common vacuum fixture 202,

Operation of the device:

To operate the device, the operator connects the hoses 142, 144 to the
vacuum source and then picks up the device 100 by the handles 117 and
carries it to the desired location on the tube sheet of the chemical reactor.

The pins 146, 148 are inserted into two of the reactor tubes, which causes the
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up and down relative to the frane (and relative to the
reactor tubes 52). Fi gures 30 and 31 show nore
details of the upper plate 120, which is a generally
flat plate with several holes through it. The hol es
122, 124 receive 5the left and right franmework tubes
112, 114, respectively, The hol es 132A, 134A receive
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263 .close to the inside diameter of the reactor tube 52, since the outside fluid
will pass through the second conduit 60A, 60B, 196a (or other second
conduit).

It is preferred to inject pressurized gas through the second conduit, in
which case the pressure of the gas in the second conduit is at a higher
pressure than ambient (meaning at a higher pressure than the pressure of the
air surrounding the reactor). For example, compressed air from the
compressor 180 of Figure 41 may be connected to the remote end of the
second conduit so it is injected through the second conduit and exits the
second conduit adjacent the first end of the vacuum pipe. This pressurized
gas helps fluidize the particles in the reactor tube 52 and entrains the particles
to make it easier to vacuum the particles into and through the respective
vacuum pipe 132, 134.
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30 Operation of the device: To operate the device, the
operator connects the hoses 142, 144 to the vacuum
source and then picks up the device 100 by the handl es
117 and carries it to the desired |l ocation on the tube
sheet of the chem cal reactor. The pins 146, 148 are
inserted into two of the reactor tubes, which causes
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gure 42a, then the gest di nensi on of the conbi ned
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The dwell time may be from one second to fifteen seconds, or whatever time
period is found through testing to ensure that the particles will be removed to
the desired outage level.

The processor 162 also may be programmed to gradually or
instantaneously reduce the vacuum level in the pipes 132, 134 by shutting
down the vacuum source, by closing off valves to the vacuum conduit, or by

opening valves to allow air to enter the pipes 132, 134 to break the vacuum.
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30 second conduit so it is injected through the second
conduit and exits the second conduit adjacent the
first end of the vacuum pi pe. This pressurized gas
hel ps fluidize the particles in the reactor tube 52
and entrains the particles to nake it easier to vacuum
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The lid 186 has a vacuum gauge attached to measure the vacuum in
the drum 188. The operator can observe the vacuum gauge and adjust the
regulator to adjust the amount of vacuum in the drum 188. Each of the
vacuum pipes 132, 134 has a vacuum gauge (a pressure gauge) to permit the
operator to observe the vacuum in each pipe to indicate whether there is an

obstruction and to indicate when particles are is moving through them as well
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30t he desired outage |evel. The processor 162

al so may be programmed to gradually or instantaneously
reduce the vacuum |l evel in the pipes 132, 134 by
shutting down the vacuum source, by closing off valves
to the vacuun1conduit or by opening valves to all ow
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p@tggtrg@ct@mtybg apdg\gcq sudhemhthat shown in U.S. Patent 6,725,706 may

be used, providing an injector tube that seals against the inside of the bottom
of the reactor tube and that injects pressurized gas at the bottom of the
reactor tube. In that case, the number of operating tubes on the device that is
used for blowing into the bottom preferably would be the same as the number
of operating vacuum pipes being used for vacuuming at the top, so the
numbers would match up and the same reactor tube that is being blown into
at the bottom would be getting vacuumed out from the top.

The device that is used to blow gas into the bottom of the reactor tubes
would seal against the inside wall of the reactor tubes and then blow gas into
the bottom of the tubes, while the vacuum conduits of the device described
above would be used to vacuum up catalyst from the top of the reactor tube.

Since the gas that is blown into the bottom of the reactor tube (or
tubes) causes particles and dust to be blown out the top of the reactor tube, it

is preferred that the vacuum device that is used at the top provide some type
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the respective pipes 132, 134, through the respective
hoses 142, 144 and connectors 200, and through the
hose 192 into the rubber-lined drum 188 25(See Figure
41), where it is captured. The vacuum pressure is
carefully regulated. In this particular case, the
pressure at the drum 188 js nmaintalned S|a pl us
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same as the nunber
leave that pressurized gas source 350. One gas flow path 326 provides the
pressurized gas to inflate the inflatable seal 320. The other gas flow path 324
provides the pressurized gas that passes through the injector tube 322 and
into the bottom of the reactor tube 52. A plurality of valves, including solenoid
valves and an orifice, are shown in Figure 45, which permits close control of

the pressure and flow rate of the gas being injected through the injector
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25 of operating vacuum pi pes being used for vacuum ng
at the top, so the nunbers would match up and the sane
reactor tube that is being blown into at the bottom
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the gas flowing through the injectors 322 will be vacuumed out through the
vacuum hose conduit 11.

While this embodiment shows a seal that seals around two reactor
tubes, it could seal only a single reactor tube, or the plate could cover multiple
reactor tubes with an opening for each tube that it covers, and with the seal
sealing at least between the perimeter of the plate and the tube sheet or
sealing around each individual tube so that any catalyst and dust that leaves
the tubes will be drawn through the vacuum hose. [f more than one tube is

being unloaded by the vacuum hose, then gas can be injected through those
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gas supply line 326 and is used to seal an injector
tube 322 against the inner surface at the bottom of
the reactor tube 52, and pressurized gas is injected
t hrough the injector tube 322 into the bottom of the
reactor tube 52 to fluidize the particles in the

ctor tube 52. 25Fi qure 45 shows the gas. supply that
eI e 36 s 5213 IR SAGh $5,bY VSIng KVSGerS dhat e ghnassh
Qdigiatﬁél’faridﬂhﬁéﬁéd’lﬁtd Mt bipletebdyodd t@l]gﬁ’ffm tth P@t@ﬁt ®081,ube
The pressuri zed gas source nm

c o mpr gé%BWefeféﬁq BAkiNGferessisRcloR @r%adgf thg rpagbﬁ'i%’“ dhghiop of

I PRt R huty S5 Bb i FHeMe 3R nect¥O30D e el 3 0 the B¥ection
pat hs | eave that pressurized gas source 350. One gas

moemﬁrﬁaawagcz@%hwaa@éesmeeatm as farge 2e dhgeress-gectional
pat aidd 3 Re tPof tRE 8 ABY Bibe 680 %Qm ENRe® ESﬁurggsforf briiging

324 provides the pressurlze gas at passes
Kﬁpéﬁ@hsthe i njector tube 322 and into the bottom of

the rp EH&WS ﬁ% 43 fmvs}‘ &Jn t?tné/ ré%fctoY?uU§§hroh§ﬁ Hé%ﬁg

soleno ves a n orl
231, mt d:ﬂe ‘}bm’EH‘WB$ scleosid \@mae@l. thobughha cyslenis oplecanrml

chitlbeEs™ Bia, iy a5, 380, ThERRERL G Red lavidese
mmgg béiaw a'ﬁhnenitedtﬂuimp of #re feectputubed 5@naadtheof f | f

' d ti I
PRESeh o i Qe Bh6 B RS 3Y R Wikl A REibb Gt 136
iboftbatai itheereaetr tubed 520 i nj ector and that is 5preferred
in thi t, | h i bed | . S.
pat end 085 109 G NP RSSHER h{hel HrUGH Bk e it BeK
by seRiceiEtdgrovid¥ seffibieAEow haiftHeleatalt p!taﬂllc%%t Mu&zé”ﬂ'bém

ra

be changed to suit the articular o

§83|C?H§%?fj% fhibe qofectian fdyambsr 1 E%%? fi low @t theatiom rmab@e
cBhtFolde\dyGh @rﬁr@efwlsnn,slg?genh.hsd m;&@h@é:yl n pl ace,

naklng t he easi er her seals could be 10used

i nst ehe 97% h%@ﬁ theghottom and aidBe &oR £aybe BuisEd indspeadently
dttin @E&’oré@atédr}ﬁaHr?é}l{Hmugh X/EM(SL% r%éQnsatto HJ‘F? dfsﬂﬂg@ gaﬁl&?es

reactor tube(s) 52 includes a 28 an

that haye bridgeskeand tB‘@Oa'telmt diﬁémg@d @ytamt@adst fh@N of Buid. Bog
S3fnble i e B S5009 o IS B ol B
valgettbe ratgisé whinhhibetconpressoeéir othwey ppessuirizeds gaeseiply)t o
bERb 4 el chinS PO e TR ol o
t/e\m:ngpba vagsun3abe ratblact whiahea Mnght pymp &orgethed vacuum
ShMCE Sy SR SAEEF L, T by SR o o0
temporarily to reduce the pressure at the bottom at the same time that the
vacuum level is reduced at the top, allowing the particles momentarily to fall
downwardly; or it may be desired to alternate simultaneous increased
pressure at the bottom and increased vacuum at the top with simultaneous
decreased pressure at the bottom and decreased vacuum at the top, or to
increase the pressure at the bottom while decreasing the vacuum at the top,
to reduce the pressure at the bottom while increasing the vacuum at the top,
or various other combinations to create pressure and fluid flow changes or

even vibrations within the reactor tube to help dislodge bridged particles.
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respective reactor tubes 52. Two connector pipes 300
fit snugly into their 20respective openings 360 in the
plate 328 and fit snugly into a fitting 311 on the
vacuum conduit 11, simlar to the previous enbodi nent,
SO one vacuum conduit 11 can be used to vacuum

particles out of two reactgr tubes 52. The glate %ﬁﬁg
and sd&PsaspRnaEstMAYbe RaftREaR ghtomaled seuancs £ogkefl

ArPSiBctidric BRiteNsd tHat AliRdreordigthgds enthuntéreangetaperator
pi pes 300 and the hose 311 ensure 25 that the

guishes pttan and e comHEpllenps HiSVHVERAN theerackpmeide angior
R GhREs bHR%: RighBYeddife Sias tﬁrbgd}ﬂ Agelieriedhat Bi€ates a
injectors 322 will be vacuuned out through the vacuum
Hytsing eferiiby rapeatedly increaging and draseasimp o Ofdiiths a
SERjuoh Ao ERIeR A 1Ep ekl ERRRAnbp ihucd o ARiSShpre
cwder tordigledgsl krid@edmeatiaies: t ubes with an opening for
each o ; | | t
east "HA oo hviok 15 MERETHIBR, ot (HEBRRLIRAR halthd
ghads tohe sedloditgerdts deacribedchove dithodtuddpattingdreo thenstope
S dust that |eaves the tubes will be
3?&“%8%%%%Uéﬁgﬂ'3'vacuun1hose. If nore than one tube
i s being unl oaded by the vacuum hose, then gas can be
injected through those nultiple tubes at the sane
time, such as by using injectors that are ganged
together and inserted into nultiple tubes as taught in
U S. Patent 6,981, 404. It is preferred that the
cross-sectional area of the path fromthe top of the
reactor tube 52 through the connector 300 and hose 311
to the collection 5 hopper that catches the particles
be at least as large as the cross-sectional area at
the top of the reactor tube 52 to mnimze the
opportunity for bridging of particles. Fi gure
44 shows the gas flow fromthe reactor tube, through
the hose 311, past the three-way sol enoid val ve 360,
t hrough a cyclonic collection 10 chanber 370 to a
vacuum sour ce 380. The vacuum source 380 provides a
pressure bel ow anbient at the top of the reactor tubes
52, and the pressurized gas source 350 provides gas at
a pressure above anbient at the bottom of the reactor
tubes 52. The gas flow volunme and pressures at the
bottom and at the top may 15 be selected to provide
sufficient flowto lift the catal yst particles,
fluidize them and carry themto the collection
chanber. The gas flow at the bottom may be controlled
by an orifice or sinply permtted to flow freely.



The gas flow at the bottomand at the top can be

pul sed i ndependently or in a coordinated manner

t hrough various nmeans to hel p di sl odge particles 20

that have bridged and that are not dislodged by a

steady flow of fluid. For exanple, the operator may

rapi dly open and cl ose the gas supply sol enoid val ve;

the rate at which the conpressor (or other pressurized

gas supply) operates may be changed, the vacuum force

can be pul sed by selectively venting the vacuum the
Whattis claimvdd ish a vacuum purrp (or other vacuum 25

sour.ce erates nm nged, d so,.f
1. be. BBhIeR T SaEtvEG ST panidkn au it vericd heinigal remctor
tulleofol  Gedited Maéé%nﬁprﬁﬁnd fh@tstéﬁ‘@of’acuum level is
reduced at the top, allow ng the particles nonentarily
to fngertingdhairletipgriion of prvasuymisenduitihawingtaovaduust eendiit
t
IS L8 SR8 ORAIEBAFE REEE oo B L0 e i
apglyingea szazcmpm & theracaunt tamdnnttmd;l&t and decr eased vacuum

aii Va8l pBridb < AR Gas oGS TefsTortyor dhrauh ik

va@litﬁﬁ%dh@mﬁioéb@llé&ﬁbh%ﬁﬁ%t la@di ncreasi ng the vacuum at
t he top, or various other conbi nations to create

pr eH8INg éneans resperpive tadherdantety which e veswmacpodyit is
ms@h@d u'ﬂPttﬁ'@ cﬁ@rﬂﬁ:tawe#ﬁd?gléﬁ% aﬁédglgg rtrr;é 9%%672 Hv%gﬁglgﬁ
applustcmhathe caseumeonduit mntnmlhéremebaacanned:cﬁfdurtdnﬂietreaches a
r, ol Ler so,.t hat ‘gﬂe bridging is encountered, the

deg %‘?FH Withih e 'gaBter #0f- and the control ler puts the

vaI ves on the vacuum side and/or the valves on the
gh pressure side throu h a sequence that creates a
2. 5pUA§nﬁ§o@p¢ yg@uq;gmg esipyt oficyertieal plerienl reactor tube

to Qﬁg%ﬁé”&bﬁ‘@ FE% A cidi HJ? dadd”fu?tﬂgpc&ﬂ?ﬁ&ng aly Sﬁdmonal
and/or re ate ventl ng t’hose val'ves To atnosphere
steprofandedmg @xtbreakgkyenmthégedctpamuedhmgh a second flow path

] obyi to th kj |l ed t t that .
exighingtfrel e 16 Tor St b8 Feedt lbernethin e Srewaliges fiowing
thrédighy thevddcoad tflodaseh hhakesfuan |é§§ oTeORRd la@Prte g&aéﬂcwmg

present invention. Wat is clainmedis:
thr%‘#gh/ﬁ’@d(ﬁ‘?PH@ endud. particles out of a vertl cal
chem cal reactor tube to a desired outage, conprising
t he steps of: inserting the inlet portion of a
3. vacAumetbod dfivaclhening gagiclescoutrof @ovetticdl chemidal wubter tube

cuu ndui t into.t top, of the chemc
to § BERIIE Sitaes Anuprie b aiging Wirstbnsotes SHaeVR premal
ga<pislthe reabior @ibe through a second flow path includes using a second
conduit extending through the top of the reactor tube.

4. A method of vacuuming particles out of a vertical chemical reactor tube
to a desired outage as recited in claim 3, including the step of supplying the
external gas to the second conduit at a pressure above ambient pressure.

29



vacuum ng solid particles and gas out of the reactor
tube through the vacuum conduit to a collection
hopper; and usi ng nmeans responsive to the depth
to which the vacuumconduit is inserted into the
chem cal reactor tube to reduce the vacuum | evel being
applied at the vacuum conduit inlet when the vacuum
conduit inlet reaches a desired depth within the
reactor tube. 2. A nethod of vacuum ng particles out
of a vertical chemcal reactor tube to a desired

5. out Ageefagdroéuacmuning particles aut cﬁrajvémcaltwenﬁmweécsbmbe

o §eE544 bLRE s 8kt n B L SV BRISGAIR e amninene o
thet depib ricludes dsiry e rbrmwémwbétween tw@@écﬁjdan EBﬁcg]un and
e tern%degas flow ng through the second fl

gtor Eﬁ)@twdﬂeg@rﬁhe fedctipndn g@@tﬂm &meh Eerna rapplied

whéﬁ@hé/ @&éUUﬁ‘) EQWf inlet rg’acrf%s'fﬁé E@Qr&f @dfuum ng
particl es out vert en1ca reactor tube to a
desired outage as reC|ted |n claim2, wherein the step

t,o . th t
6. ¢ R 0HE SR RING pefier iy et Ehemieal Bty tube
to @ desitad owtayeadiragitadin@igh 5, Mhdreip thé vbB@urh%ﬁHG*i ifcHRfes
d_of vaguum ng partlcles out of a vertica

a smﬁﬁnc? ae%l?ﬁso@ windaw eRening By prgh the side avalls apé wiheesin
|
oo ThaNgn S8 g B 5P o AL KD Humes on

theaaasuemmcqmdss@pees ang closesdhdrvindow openingy with ther dpeniresof
pbe to a,desired

h
the bl oBu¥iilia B Bliotot i 6 vaGiB ool bABEARDIB moans
respon3|ve to the depth includes using the relative

on be en the vacuum conduit and the chem ca
[£ glvacyumming atticlesout of a vertinal chemisaliiaactasdehe
[
to ab@%ﬁ‘"%gi‘??%%@% iR et s WReRe e boldticbiabeRif iR, o
CbSﬂﬁPQﬁanbwﬂmﬁnabfemwwngal reactor tube to a desired
outage as recited in claim5, wherein the vacuum
conduit includes a side wall and defines a w ndow

8. op@nmegwddﬁofwah ubriivy patielesaut of aNErtitarERdMichFleakior fube
Hﬁt a tween the vacuum conduit and a collar novably

& g recied imrleindwert’. sdereindhe ceassssestional area
of thé PAQWINY ESﬁ'dLﬂanléMé Smbiie tﬂ?rg %1&095 segﬁoﬁ’%l QP%NOF@HS' ng

a reduction Iin the vacuum bern
remaihdes @f tite wastiuomeonguitaum nodhesotbeuﬂoofhampeem orcier to

minf R AL RoBSRi ot i arb e LECuHEBHBR" 1o ol osed

position by neans of a spring. 8. A nethod of
vacuum ng particles out of a vertical chem cal reactor
tube to a desired outage as recited in claim1 or 7,
wherein the cross-sectional area of the vacuum conduit
inlet is smaller than the cross-sectional area of the
remai nder of the vacuum conduit up to the collection
hopper in order to mnimze the opportunity for

bri dgi ng al ong the vacuum conduit.
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