Vacuum Att achnment and Met hod Background: This 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 fromU. S. Provisional Application S.N 60/978,940, filed

Oct ober 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 chemical MassuorAttapement and Methed chenical reactors use
vertical t Sk \p@llng;‘? are filled to a desired elevation with catal yst. There
typically is AN enpl’'y space between the top of the catalyst and the top of
t he reactor tub&hisvdpplitation daimapriastytfteen bus.dyevisithal AprdigatianohNof the top of
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vacuum cat aoyst4, 581t filed Ap1iv 2@, 20d7eand fromhi) Sh Prdwisional #ppli¢ationlS.Ns t oo hi gh.
However, thj unj ftenq es, .breaks nd. o ] damages or
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reactor tube, Vacuum ng_ al be used to clean out the chem cal reactor
t ubes bef oMY ﬁOnV&CPﬁarﬁa\fﬁ%ﬁ%ﬁE@f@&{%‘ﬁ}é??‘:%f%}’?%sr Descri ption of the
Drawi ngs: Fi gur §ahyichemicat heitedrs Gsé veritaMuleys which avafidoatdesirbgent ; Figure
1A is a schemat|c \_/hew ?f t t}kee of. the vacuum att achrusvnt S, of

elevation with catalyst. There typically is an empty space between the top of

the catalyst and the top of the reactor tube, which is known as the outage.

The elevation of the top of the catalyst is often referred to as the outage level.

In order to ensure that the level of catalyst is uniform throughout the tubes, it

is common to vacuum catalyst out of those tubes in which the outage level is

too high. However, this vacuuming often jostles, breaks, and otherwise

damages or diminishes the catalyst. It also has been difficult and time

consuming to ensure that the catalyst is vacuumed to the correct outage level

in every reactor tube. Vacuuming also may be used to clean out the chemical

reactor tubes before loading them with new catalyst.



Figure 1 being connected to a vacuum source through a manifold; Figure 2 is
a view taken along the line 2-2 of Figure 1, Figure 3 is a front
schematic view of the vacuum attachnment of Figure 1 with the shuttle, slide
and spring renoved; Figure 4 is a front view of the stop of Figure 1;
Figure 51s a top view of the stop of Figure 4; Figure 6 is a left side view
of the vacuum attachnent of Figure 3; Figure 7 is a |left side view of the
shuffl e of BiiefResctiptiphgfithe ®rawingstront vi ew of the shuttle of Figure 1;

Figure 9 is a tep v ¢ 9kchdifatt brthvRwrdr SV4HUm Stachment;

Figure 1A is a schematic view of three of the vacuum attachments of
Figure 1 being connected to a vacuum source through a manifold;

Figure 2 is a view taken along the line 2-2 of Figure 1;

Figure 3 is a front schematic view of the vacuum attachment of Figure
1 with the shuttle, slide and spring removed;

Figure 4 is a front view of the stop of Figure 1;

Figure 5 is a top view of the stop of Figure 4,

Figure 6 is a left side view of the vacuum attachment of Figure 3;

Figure 7 is a left side view of the shuttie 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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Figure 10 is a view taken along the Iline 10-10 of Figure 8; Fi gure
11 is a schematic view of the vacuum attachnment of Figure 1 as it begins

vacuum ng particles out of a chem cal reactor tube; Figure 12 is the
sanme view as Figure 11 but with the attachment projecting farther into the
reactor tube as nore particles are vacuuned out; Figure 13 is the

same view as Figure 12 but with the attach[ren%ggroj ecting farther into the
reactor tube as Rigwe24ris adirekernavay pelaigedyviavw aibedawerrerioneofdegi r ed out age
| evel ;

' ' grgq;fi view of an alternative vacuum
attachrrent,s% %Qﬁhgvéﬁu&rﬁﬁe?aﬁ-ﬁl e a é‘}ésjg?l ng renoved for clarity; Figure
15 is a front sdudguredlschematiodliytshewsdwo ohthetvagumettiacomemsgir e 14;

Figure 16 ig_ At M .alternative vacuum attachnent with the
shuttle, sl ?lggreaﬁﬁg'égiwﬂgg?tgﬁg%ﬁ%br clarity;

Figure 22 is a front schematic view of another embodiment of a
vacuum attachment, incorporating a trigger arm, shown here in the armed
position;

Figure 23 is a view similar to that of Figure 22 but showing the trigger
arm in the released position,;

Figure 24 is a front sectional view of another embodiment of the
vertical pipe portion of the vacuum attachment, similar to that of Figures 15
and 17, which may be used in any of the vacuum attachments shown in the
previous figures;

Figure 25 is a plan view of the pipe of Figure 24;

Figure 26 is a detailed view of the nozzle of Figure 24;

Figure 27 is a schematic view of a valve manifold for use with any of
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;



Figure 17 is a front sectional view of the vacuum attachnent of Figure 16;
Figure 18 is a schematic front view of another alternative enbodi nent of a
vacuum at t achnment ; Figure 19 is a broken-away enl arged view of the
upper portion of the shuttle 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 Figure 18; Figure 21

schemati cal | y sHugwretdfids #ie saree vignamigueadthprtivith agugFdduplace overgi dl y

connected tg %%J@ﬁmder and lncd:hgrlé'ﬂﬁg %?sr[? Sq BetweBRthS TRTRbAL anaHe of anot her

enbodi ment 0o acuum att achnent porating a trigger arm shown here
in the arnmedppEipiatéon;

Figure 41 is a schematic view of a vacuum source that provides the
vacuum for the automated vacuum device of Figure 28;

Figure 42a is a view taken along the line 42a-42a of Figure 40;

Figure 42b is the same view as 42a but for an alternative embodiment;

Figure 43 is a schematic sectional view of a chemical reactor tube
illustrating an arrangement for unloading particles from the chemical reactor
tube by injecting pressurized gas at the bottom of the tube and vacuuming
from the top;

Figure 44 is a schematic of a portion of the arrangement of Figure 43,
showing the flow path of the gas and particles leaving the chemical reactor
tube;

Figure 45 is a schematic of a portion of the arrangement of Figure 43,
showing the flow path of the pressurized gas to 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.



Figure 23 is a viewsimlar to that of Figure 22 but show ng the trigger
armin the rel eased position; Figure 24 is a front sectional view of
anot her enbodi nent of the vertical pipe portion of the vacuum attachnent,
simlar to that of Figures 15 and 17, which may be used in any of the
vacuum attachments shown in the previous figures; Figure 25 is a plan view
of the pipe of Figure 24; Figure 26 is a detailed view of the nozzle of

Fi gure 24; DescriptioRigure 27 is a schematic view of a valve manifold for use

with any of the égimatsgqam{émﬁbamnt&atmﬂwﬁ%efnwures

Figure 28 is a EITB.tIC ront view of an autonated vacuum devi ce made in
accor dance met\hacuh@ ghiagBment 1Gipshdes a pipg 12 shawnfaeshin Figires 8andguar d pl at es
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Figure 28 w' rear gquard tes In pace |gure 30 is a
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top view Oflt 1%1 ? bg%gﬁﬁec%cﬂoethgftof Lsr%’[‘;ﬁhg%'ipe 12 in some other known

manner, such as by being inserted into the top end 14 with a snug fit or being
connected by a threaded connector or by using tape or by other known
connecting means. The hose 11 preferably is flexible (while the pipe 12 is
more rigid), and it may be from a shop vacuum or some other vacuum source
3. The pipe 12 and hose 11 together serve as a conduit or enclosed
passageway to carry particles out of the reactor tube to a remote location.

The pipe 12 has a side wall with a circular cross-section. The side wall
defines a small opening 16 near its top end 14, which receives an extension
tube 18 that connects to a pressure gauge 20, as shown in Figure 1. The
pressure gauge 20 alternatively may be fixed directly to the pipe 12 without
using the extension tube 18. The side wall of the pipe 12 also defines an
upper window opening 22 and a lower window opening 24. A partial
cylindrical stop 26 is fixed to the pipe 12 below the lower window opening 24.
In this case, the stop 26 is adhered to the pipe 12 by means of an adhesive.

The stop 26 is made from a larger diameter pipe, which has an inside
diameter that matches the outside 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



Figure 32 is a front view of the |ower 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;
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aut onat ed VI@WBUMI@?MdEleaICénCEImIBE o2 8ie shuttle 28 (also referred to as collars
30, 32), so it limits the travel of the shuttle 28 up and down relative to the pipe
12. A spring 35 is connected between the upper end 30 of the shuttle 28 and
the stop 26, biasing the shuttle 28 downwardly so that, when the shuttle 28 is
in its “at rest” or lowermost position, as shown in Figure 1, the cylindrical
upper end 30 of the shuttle 28 has compressed the spring 35 against the top
of the stop 26 and has closed off the lower window 24. At the upper limit of
travel of the shuttle 28, the lower cylindrical end 32 of the shuttle 28 contacts
the bottom of the stop 26. While the window openings 22, 24 are depicted as
rectangular, they can have any desired shape, including square, circular,
trapezoidal, and/or triangular. The window openings 22, 24 need not be
identical to each other and may have any shape or combination of shapes to
provide the desired flow rate as described in more detail below.

Also shown in Figure 1 is a vacuum regulator 40, which is made from
the same larger diameter pipe as the stop 26, with a thin vertical strip cut out
of it, and which is clamped in the desired position on the pipe 12 by means of
a clamp 42, leaving the desired amount of the upper window 22 exposed in
order to regulate the amount of vacuum that is applied by the vacuum
attachment 10. The amount of vacuum can be determined by looking at the
pressure gauge 20, and the vacuum regulator 40 may be adjusted up and
down to adjust the amount of the window opening 22 that is exposed in order
to provide the desired amount of vacuum inside the pipe 12. If the entire
upper window 22 is covered by the vacuum regulator 40, then the entire
vacuum level provided by the vacuum hose 11 will be applied at the inlet end
of the pipe 12. As more of the upper window 22 is exposed, allowing air to be
pulled into the window, the vacuum level that is applied at the inlet end of the
pipe 12 is reduced. While seals are not shown here, it is possible to provide
seals between the vacuum regulator 40 and the pipe 12 and between the
upper portion 30 of the shuttle 28 and the pipe 12, if desired, to prevent

undesired leakage of air. Of course, the vacuum level at the vacuum source 3



Figure 42a is a view taken along the line 42a-42a of Figure 40; Figure 42b
Is the sane view as 42a but for an alternative enbodinent; Figure 43 is a
schematic sectional view of a chem cal reactor tube illustrating an
arrangenment for unloading particles fromthe chem cal reactor tube by

I njecting pressurized gas at the bottom of the tube and vacuumi ng fromthe
t op; Figure 44 is a schematic of a portion of the arrangenent of
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opening 8 may be used to adjust the vacuum level, as described in more
detail below.

Note that, in the context of this specification, increasing the vacuum
level means reducing the pressure, so the device vacuums more, while
decreasing the vacuum level means increasing the pressure, so the device
vacuums less.

Figure 1A shows one arrangement in which the vacuum attachment 10
may be connected to a vacuum source 3 through a manifold 5, which, in this
case, is suspended above the tube sheet of a vertical tube chemical reactor
by means of bails 7. The manifold 5 has a plurality of ports 9, to which hoses
11 are connected. One of the ports 9 is closed off by a cap 4, which is hinged
to its respective port 9. There is a pressure gauge 6 on the manifold 5, and
there is an adjustable vent opening 8, which can be adjusted to control the
vacuum level at the manifold 5. One hose 11 from the manifold 5 is
connected to a single vacuum attachment 10, and another hose 11 from the
manifold 5 is connected to a second manifold 5A, which, in turn, is connected
to two vacuum attachments 10 that are rigidly fixed together, as shown in
Figure 21 and as will be explained later.

A first conduit is defined 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



Description: Figures 1-13 show a first enbodi nent of a vacuum
attachnent 10. The vacuum attachnent 10 includes a pipe 12, shown best in
Figures 3 and 6, which is adapted to be connected to a vacuum hose 11 at
its top end 14. The vacuum hose 11 (shown in Figure 1A) may clanp over the
top end 14, or it may be connected to the top end of the pipe 12 in sone
ot her known manner, such as by being inserted into the top end 14 with a
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Figure 13 shows the window 24 fully exposed and the lower portion of
the shuttle 28 contacting the bottom of the stop 26. In practice, depending
upon the vacuum level and the size of the window 24, the device 10 may stop
vacuuming catalyst 50 before the window 24 is fully open.

The vacuum level, the size of the window 24, the distance between the
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 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



with the stop 26. The stop 26 guides the shuttle 28 as it slides up and
down relative to the pipe, preventing the shuttle 28 fromrotating relative
to the pipe 12. As shown in Figure 1, the stop 26 is |ocated between
t he upper and lower full cylindrical ends 30, 32 of the shuttle 28 (al so
referred to as collars 30, 32), so it limts the travel of the shuttle 28
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vacuum | ev : i fal [ is
connect ed ;EH(])e ggg‘lmr%’g|serm§gé(&ﬁgn°§{]?%%rtrenﬁgié% a&ﬁ%krgﬁe}ﬁ%‘?ﬁh{)@égi “fromthe
mani f ol d 5 His moameefered that thesgaofimving thiré i dthisAsecahdary pathwdyumake i s

Chown i n_ i HBPIRER AL Bd ft il b Pl 86 2Bl 100 naLi ¢

defi ned fr oacture pipee®2.end (the inlet end) of the vacuum attachnent 10,
through its outlet, which is connected to its respective vacuum hose 11,

t hrough that hose 11 and through the manifold 5 to the outlet of the vacuum
source 3.
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Figures 11-13 are schematic views show ng the single vacuum attachnent 10
being used to vacuum solid catal yst particles 50 froma chem cal reactor
tube 52. In these views, the upper w ndow 22, vacuum regul ator 40, and
clanp 42 have been omtted for clarity. A so, the hose 11 has been omtted
for clarity. In Figure 11, the shuttle 28 is inits "at rest" or

| ower nost position relative to the tube 12, with the 855%53835 conpr essed

and the upper pd¥yhandhe Jecym etfackinentti0ds bitecurmamlyput & B4, The
| ower port 'rﬁé‘ctglztupé Sﬁhﬁtezos?hHgtBb%g%ﬁl é&frﬁ@@?bﬂﬂwgﬁmet@%é 8RlaPBot he tube sheet

54 of the chemcal reac ~and the inlet end of the vacuum attachnment 10
has been i rosnttedlasetolf thesindoyeopeningiBe Hiis avhien elgeuesats Bieredires has been

activat ed, nsgxﬂpl'ﬁtZB' téﬁ?%l#eré E\%pga%gﬁy &meﬂyg@fér%cﬂu?rﬁigb%ﬂtr@ nexfr ough the

hose 11, a rou e pressure at free end (the inlet
end) of thehpimiel feacia tilen62 andi¢festatdishast the fdlivaesiuouteve!iad theainigt 9kt
particles 388?%6”5 enters into the reactor tube 52, vacuum ng out the
particles afirst level, which is slightly below the bottom (inlet)
end of the pi peWHie thik vaounrs aftatimreemad( hasl aashlile 28 dvigels estofriativallyhr ough t he

pi pe 12, through the hose 11 .t he mani f.ol. ,angd to ol l ection
hopper assd@?vae%el{? %qpﬁﬁ,?lp]%wwgg ﬂ’% %’g%?%%ﬁ? VaCUL%'r%@ stht?g%obﬁe?og?cgr pushes

t he att achmeattthd Gtthehmtidrer Oicoutl bdeveresimpler, riaybhavibg anlzeitoraaticuns out nore of
t he catalys articles 50. As the attachpent 10 |s pushed intq,the reactor
Lube 52 1 meuRBubitdsed Bibiagonitg feerannla rervand Srs e WHiPHE4 s are

posi tion, myiadiey BB hbhe of efuntt oldrehé Whrdloshwadly rhdnuaslg slidliag Bigeeerl2 noves
downwardly rel ative,to_the shutttle. 8, stretchi ng .thehs‘g)ring 35, As the

pi pe 12 rro\Pé@fﬁ’SvWM%?V&l?ﬁ‘?@ﬁ%?ih wingowé %Mﬁ'??é 989 eePVEHFVANIR of t he

pi pe 12 t hajpefehd WRRoW TR T HKIWPBEINH BE sR4p&Y fke thaldtop P¥R$waaMn bel ow t he
upper collar 30 of the shuttle 28, exposing the w ndow 24, which allows air

to enter thedugmalyslidwerislyridatatry soout theepdh9f thediRg hytarematduum | evel

that is beidqigeaRPWirkdwai4.t Rehd @&étoﬁ?gtahg%neisﬁf‘ps]tﬁe vacuumin§i gure 13 shows
t he wi ndow 24 fullg exposed and the | ower portion of the Shuttle 28

cont act i ng Naaptthemihsre prabablyopll P a markingaan theutsidsehtbie mipeulon t he
vacuum | evel R i : agmyv i JBHeSt op
vacuum ng ggt’ all_yé% ﬁ‘%déﬁeg?%%“’mﬁe%n owa%hinﬁs' J?%&bggebrj?oe €8 The vacuum
| evel , t he downdnigfthe Frackpridiemb24and the ogerateivilh open freewingdpw 24py@n and | ower

col lars 30ungZugthidif 18L b SRR ad NESEb 28] MacORbL) 985581 Lhe shuttle

28 and stop esl gne esire o the vacuumi's substantially
reduced at issuwediQuteher@B, 20@7 whisb is Rershyl inchepadated derain bpsefesnoeantong cat al yst

e oo PSS DRl APt ARl bRty ot © o Dot ot e
proj ections 33, The esthodiment dEsgireeisabbve Btilized al@ecthani¢at épietdok t ower col | ar
72 L om ©omh S loty Gkl 08, B0RLIEh G2 SRR b oA S, Pol e 1
pi pe 12 andefehed teastharinletibrd ) afithe vacuued hipay 2tHastre atHeaMtbe dksirddd

depth, so as to decrease the vacuum level at the inlet end of the vacuum pipe

12 to stop the further vacuuming of catalyst particles 50 from the tube 52.

It should also be noted that this same function (the automatic reduction

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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pass fromoutside the reactor, between the lower collar 32 and the

t ubesheet 54 and into the top of the chem cal reactor tube 52 when the

| ower collar 32 contacts the tube sheet 54 and the pipe 12 is inside the
reactor tube. This air pathway allows for outside air to enter through the
top of the reactor tube 52 to help fluidize the particles near the top of
the reactor tube in order to help vacuumthem out the top w thout

di spl aci ng théneuparaticvblys coald: hrevsatici@rshihoff fidd cemeusicatign Peye®nwi t hout
having to w, air all, t \A g be 52 and
by ough « nane et s 2er REVE AR QOB ol 1o BRGC e HEPT B rer
col l ar 32 mmygulre lew peiag@aptiedat tog linletdnd, of theavaauymapigap 2f &t agdther o pass

cace, Coxt orisa e IE S En e BeRPef e ARA U8 AR i IURE 2% et Neen

the pi pe 12agodmtdoardecactor tube 52, and into the inlet at the bottom of

the pipe 12, again definj second t . i to enter

t hr ough t he top?th'a¥ ﬂ%"?*@ggp%ﬂ dgléreggqf@" eﬁgéeag;%g{etr\ﬂggu%cuum ng
process.  attachehS1(Phay a dataller iametardtian ths indidd diameterefther pul [ ed up from
t he open bottom of the reactor tube 52 for, several .reasons. First, there is
|l ess of a ﬁ%h@g&?ﬁlée%%ﬁu?%ggéﬂt? Wt"“bc(‘:“f'FEW%‘F&‘BW@%@%’S#&SF@ pat hway t han

for it to fiund Hemutdide BRhEPRo12 idieirteas datvntintoehe tdrctarglibg he | ong col um
of catalyst to the inlet Pf t he ﬁ%pe 12, which neans that the vacuum source

does not harauRhthe\rutsideal the RRfche-of a pressure drop in order to create

sufficient air fih@Wiibmaria€ BHBodPndite sRH intHigSres AUSIT, protile aidecbiat f 1 ows
t hrough the second pat hway hel ps fluidize the ugper portion of the catalyst
r

wi t hout di sRoneit fRy arie flewrdempyardy mithn B8 Pingritselr SABRPUSIdR he reactor tube.
This faciligigheerb %sYz%Pé’aH%é‘%r?El&s'é%P%{jihbi@é%?arﬁ&éﬁ side8finko be vacuuned

out while causin e m ni mum afmount of damage both to the vacuunmed
particl es ahemienl reactgrdripe B2 o viéah it isregeftern t he reactor tube. It is

preferred that t* ' i W% hway (entering

t hrough the top%r?ﬁ?%é%‘é%%?m%vﬁ@@%%ﬁéf%ﬁlg up at Iéétads?{%one-thi rd of the
gas that i satéchmenbi@A,ofhichis the samerasttugérseembndiment 40t exseptibaim pi pe 12.
It is nore ferr . y i t IS dary pat hway
make up a &Q;é%r?q[efgg’ff&pﬁ@%;@ 'gﬁg? Hl“% ?%\th}gaﬁﬁg%ﬁaﬁéep@ggg or tube 52 and
i nto the vaiafines pisppardf, second contdnintthe foraoaf am iatetrsat bireohdditédAs i ft ed

upwardly out..of t ] ar .. j LN
contracts, 'Hl %'i] Wgé?tsﬁg%gﬁgﬁe t{ggﬁ??ﬂe @B@SZ&%%F@%&%&%Q@%@% t %geb%\%?ﬂﬁldow openi ng
24. Thi s adffittepipkd@Ar dseshowrheerenthiepipestA islthick-Svalled pareithe eohdigt vacuum
att achnent for .vacuuym ut t ext. cheni cal ,reactor, tuhe 52 and
oot 1o bRl i e ibtbal B brBOR R e RE v,

VWiile this ememmh _ cﬁfghaaczdiimgt pért baﬁlﬁa/va‘ﬂfmﬁﬁé Qipé&o_a‘&*ﬂoﬁfb %artgr@w&naldl yhmoves
up to open e w ndo an top the vacuuning, it shou. e noted that
the attach %Pa%%gbm alsggvcg@“egp%plg:tlgrtﬁ%plpﬁa 19 havedtiformat i c shuttle,
but i nst eadoheémttie dniet dndcoLderaralisOwith theOPRR 68Ahe LS Spadicnativagiow 24 by

pl aci ng his hand or thunb over the w ndow or by manually sliding a cover

over the withergwals, pbfog thssriPg HEAP Ray¥AtIn NeRPAresHing el entheutehwalfover away
to open theyi HEEMuS tatdiid beY&dn hEM HatlsioRBeP e fdik BoAN ey §hPRased and woul d

be manually slid vertically or rotated about the ‘axis of the pipe 12 to

open and clibdts embodimens Riiipws inta the iNipld2dy, dowswardly alend the sgeondhe
vacuum ng nRAHEG} g%{(_;‘, dree %ﬂ@t&ﬂrQtp@m%iiﬁé\’hlﬂlﬁgﬁe@b%nﬁrﬁ ogmsteﬂﬁeoutm de of

the pipe 12 to indicate the Tevel to € vacuum atta 10 shoul d
be ext endedZdowun thraugh theensidaof e pipd&2A and antithrdighdpevacuum wosé  open t he
wi ndow 24 en the attachnment 10 has reached that level. (See U S. Patent
No. 7,285,251 issued Cctober 23, 2007 which is hereby incorporated herein
by reference, td&ishovemptaigd that tifis smbediofent Weulthgieshafe arsinbtilengsd t hat may be
used. ) 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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The enbodi nent descri bed above utilizes a nmechanical interlock to
automatically open the wi ndow openi ng 24 when the bottomend (also referred
to as the inlet end) of the vacuum pi pe 12 has reached the desired depth,
so as to decrease the vacuum |l evel at the inlet end of the vacuum pipe 12
to stop the further vacuum ng of catal yst particles 50 fromthe tube 52.

It should also be noted that this sane function g%?e aut oyat i ¢ reducti on of

t he vacuum Heiregctapipbe 3. 3 therpttachment 144may beis i?fere‘_’f@)’mnglq%%%

acconpl i She&%&ysﬁrwm@a%rﬁ}b@%z, iRRRFed SOME of which are described in
nore detail befow For instance, a proximty sensor or an_electrical swtch

coul d be nount edigures AE apAjd Smws%équﬁéﬂt?rﬂ%é%em’?@fﬁmeﬁpfr?'ﬂy sensor or
swi tch appr&%ﬂﬁ?en?ﬁoé%géﬁfs Vi sihiRE o fmiméntSIoAN#FidRes ¢4t 10 a
val ve, such as I val ve’ |

a sol enoid val ocat ed sonewhere between the inlet end of
the pi pe 12anrhtd.texeentdbatuin thisianeeodimenlpthepailetipf the aiflacsdHitPeB iso enter.

Al ternative : %W?ét. id

comuni cat i %én%ter{e&ggﬁél;d e |%’f%f;méeﬁg)eg@éf ﬁggg?éﬁg%%ﬁ?ﬁtu he(&f/%n(‘:%!&% source 3
i n order tocrdessectiooaldreapadioniB6Baébthelrliehef the fifst ednduit ¢heebittdnet end of t he
vacuum pi pe_12...1n 0, r.oalternati I,m r. or electrical
switch coul%Incg?wbﬁ??pt%u{rénﬁb‘flﬁcbﬁgg\%agcﬁ(uaﬁl%r é@g?{%é&%ﬂn@ é%aﬁﬁmn@)? be noted that,
i n Fi gures retmali¥ertofithefirplecobduinf Thisesmalieucnosssectoinatarea bletetB ia smal | er

di aneter than the insid i.aneter of henj.c [ t tube 52 into

which it i s%irrﬁgggy(?CP?atF%?grtﬁ%tr'gggcﬁgg%&?&é’%@%&é%g%t%thOUt side of the

pipe 12 for air lh%iglemﬂ)OWmém,tajr ﬂmdmemgn tHeuibiet 82B udalvr the seebsd de of 'Ejhe

pi pe 12. . The terpative e jrents sho i i gures 14-17 provide a

second conddl £°1 t@% OPQt%ﬁ%@P%RfaﬁFﬁC%‘{]ﬁﬂVXQUFEBEpY%‘gﬁﬁ self, so the

out si de di aagh&dnt fePifles 66B of &k M6t orgirnaty e6mduit ahd ehanng) tdneou.@'halg@t er si iz of
JFi gures

the chem cal . reacjor tub 2 into which 1t is inserted.

and 15 shouieTor PLite AR AL ANAE ORI RRHES SPWARNE R P2 RS i ch | s
the sane asgémand tﬂrgﬁgreambqﬁsemem. B prexdisPh shiz@br 4868 SedlicRalReR&Pj €cti ons
33 in the lower collar nd instead the pipe 12A defjnes a separate, second

condui t, i nthﬁh@eﬁ‘?ﬂdrﬁfdhe g'ﬁi’ei HEthag fordhe rerppinderof dopipgi 2R K1e i n et 62A near
Lo top of &ferhpioh i BIRToUGbs Aindhe bE 10811 Bkl TRSM pe 124 As

shown here, the pipe 12Ais i ck-wal I ed, and the conduit 60A Is defined
wi thin the kefiasre aase thempsticipsbie BRIt RABIISE (RBECONEAR, thewt end t hrough a
diiferent Péidouffer ieretfiddedlof tiipl ARichthl% Ostd?, ILJPEISLE W Lh the path

60A. It also wou ossible for the pipe to have thin, concentric,
i nner and osaciipnaglarea This faciltates e moseneniaf tie parsiplas eithevirisiginghose wal | s,

or for the pi : t ; r I lls with a
or ous mat e s pac Bl By el BhiindP B MR TOhBNEI ARG RERES 18' e T
thi s enbodi anshmaniigld Sftd Swshoppen ta have abross 62@jondbavendhatliy laagesribart he second

conduit 60 u 4 t hen,.i he en_hottominlet of the
o ne 1on e Ritenhll e ahe hieigRon Mt fedst B0 85 A 8RS tRhA G L 1 L ot uum
hose 11. of the pipei 1RBcfontherganad edisbiat t hi s enbodi ment woul d al so have a
shuttl e and a st as, _in vi ous_enbodi t. Wiile this enbodinent is
shown schenat i cgﬁﬁgyouilg{ %%&/?ﬁ%gg&ﬁeﬁeﬁ??%%?'ﬁ”g%@%ﬂs ﬁfj{@é?e'itzt}&? "ﬁ?t shoul d al so
Ibe unﬂerfstoapianid@ﬁGB bithpipipe 1287\ bukin this dagadit BNeIgH tHeOpipx 1 2Bdathbe f ul |

ength o

than outside. It is preferable for the outlet of the second 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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the reactor tube 52, so the attachnent 10A may be used for renoving all the
catalyst fromthe reactor tube 52, if desired. Figures 16 and 17
show a second alternative enbodi nent of an attachnent 10B, which is very
simlar to the enbodi ment 10A of Figures 14 and 151 except that, in this
enbodi ment, the outlet of the air conduit 60B is along the inside dianeter

of the pipe 12B, and there is a restriction (or smaller cross-sectional
area portion) 6atshoxid behaoted that the paths asishewn iptigsanduit BRAKSEE om end of t he

pi pe 123)10%\’%%&5{7%@%% ﬁ{éaéolnlﬁbit%bgs(éééﬁ@tuitré’ﬁ‘?)l?réro%@nwaﬁ]bfé?@afr%ﬂai nder of

the first ! is smaller cross-sectional area inlet 66B is formed by
a pl at e 67Bhelénetiends&2ar 82Btwhichardetsigmobine ghenpcgideaggtubeand | n this

embodi ment, g fréﬁ@%é%#@{:ﬁ}eégihﬁepgn&%ﬁ &%B%m%rtthﬁsés?% d air conduit

603, out the ou econd conduit 60B, which is adjacent the
inl et 668 ofordbis 60ASA0BMap ritewmale!y baduppliedarith prassuriged ghs etigieirt he i nteri or
of the pipe 123, .a J I thr e gpeni ng 66B
and throughmtgﬁgh?ﬁ %%‘9% %50%6?%%5%%&%0@%& Iéepré/agr %s%agfg@{@gwgl area at

t he inl et ethd catalyshparicies atipisenhthr bottomtdrel ofémavaciaim aftadchieents pe 12B, t he

opportunity, for. the bridging o articles wthin th i pe 12B i s reduced.
This is bech%éogn%etg?%ggﬁgg?? E!‘,eg at?n‘é%én ﬁhedr aF{or bLgbngZ?he restriction 66B,
t hey encounter tloereitentd, tiskeembbdimteatpofffdgues db dnasi 7adefioeswant , | ar ger

0t BB SSoyd" P AL L o KRRl BRI

condui t t hrgipgBnd e oltstadjdbennid thaRbie2tion hoppertthgt degethd 0 have a cross

sectional area that is |arger than the aqpenjng 66B, and preferably at | east
as | arge aquCHBmEF‘cB’@Q'-C?éCtﬁWQ\et iSriaseried | tﬁéh%?%Offbiﬁn?’BI%a{rﬁéc@éms reason.

The outl et 1gpd 5648e8Fiduhss $RGINShTOAYH dobiRardfy, A8dRHARG olihiignl et openi ng
66B of the pipe 12B, but in this case, it is insjide the pipe 123 rather
than out si detalyst nagticlsedQiramthe phemicAbreasior B0ed¥2.-t he second conduit to be

outsi de the pi perhepsisidisd déshdliow Sathitd cERRYRLATTRFBNES(tS8E b¥ frel N
fluidizing the particles in the reactor tube. However, the outlet of the

second conddlemieduearter tibe Aate na iplep&he heiters endeofinpeacusm pivewl2.i n Fi gure
L7. 10 el UhRlinE BiBodifit 8f FiglRRY-18) thOS- O i PlinlidRormggdneoncul t 1 |
e the pi pe, ich help

create turbulence at the I nlFet end o | ui di ze the
particl es, epedirgongapltharalpwdeirdpflovdntodhe ten ofithe redotordalbe 52 hed tand
carrying t l . r the first
condui t. W&&WHgﬁg’gtﬁpzh%ggﬁj(ﬁglp?ﬂgtatn{aﬁggg%#%etgégégb\%% in the conduit
60A (See Fidascebekhin thedmbadintents 608laintd 168BtheSeeofd foweall7§0mBOBopen t o

anbient air Lr ] c A.,B2 ] [e, side _of the chem cal
fenctor turathedBraebaleRl ofiR e s2 TEspf 0L, I SPdhiLMEaRten ag

However, t esb asdoatrdpotettoy the \GRAIMGHER: M&yofdHigweaat anyg 25qdssmpipeded with
pressurized gas_at,their .inlet en 62 B ich may be air or sone

ot her gas, '?gnoé?gefaH%Fhﬂ)d{] ﬁ?ﬁ"&“ﬂ@%&?ﬁ\ %t'éﬂ\éﬁqef%%g%%‘f@cwu% he bottom
end of the 9fdinadtathcaaboentpipelZ, 10B as they approach the catalyst in the

react or tube 52. To, reiterate, the enbodi nents of Figures 15 and 17
define two separ”a'sthé’”@o?ﬁ&f’?§9teﬁﬁgatfth?§?° oyt My be advanfageoss!y t he bot t om

of the vacpiszquriped aiA ai fiufd @uich ek ARPAERBH airPtd &harnek kiRchéfiimapeper t hat
collects the vacuuned particles. The inlet is inserted into the top of the

cherical r éddiofeviehel exiema! gagieblows thiayohdhe serendeendysvmatesdl v,
ggcuum NG Qi a SMdtshtiePhRbYSofIRE §hS (greferdbly 40BRdRMGHRILERE Jagact or tube
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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There is also a second flow path to convey a fluid from outside of the
chem cal reactor tube 52 to the inlet (the bottomend) of the vacuum pi pe
12. In the enbodi ment of Figures 1-13, the second flow path is forned by an
opening or gap that allows air to flowinto the top of the reactor tube 52
and to fl ow down between the vacuum pipe 12 and the reactor tube 52. As
descri bed in the enbodi nents 10A and 108, the second fl ow path 60A, 6013 is
formed by avalwndd andwibadsicond prnugbeive & ard prifie 90. The BieSsYreot her
i nst ances, t ' j * R es 24 and
25 (descri b% B?F\&%rrga%%%gﬁlégggﬁ%%egsp %eé@gg%&%wgﬁjﬁgﬁa&é*ua?g defi ned by
a second coPRiip a pessurejsudabledor the apatiaatian. pil pe flaighsupply may thendigoul d al so be
not ed that {[enseeAnisrRtisl] vithe 61eA0 3BRALROUS INbnBERSARIUGAGRE Wi L h. 8

alr) t t ce o

fluid (such as conpresse 0 enhance e perform t he devi ce.
The ext er nanagaal valvai86f bowrdergootigiediand knevorftdvcenrdiitions terieugh the a

subst anti al @f@ & ?‘ﬂ% i the gas and
nor e prefer\é yé%%nc?’égfic{éego(%g@ﬁéﬂ%{&?ﬁégagér)eg a dﬁ@g{/ttgzh% g%égrngactor t ube
52 t hrough ¢dnelufts 684, Gih(buite the second Eonpluiteof 2Tothepeotbodimenthenmat i ¢ of a

val ve mani fol d i e r I rized fluid fl ow

into the second%%%ﬁ??%ﬂ?’ %@ﬁ%fatl(gwgﬁg%?&@ﬁﬁ@ﬂﬁ%éBﬁgi,ggﬁ%. The val ve

mani f ol d 8Cattawbmade $0@N Irathis erabodimicat, a8 the elvienoeshbvdimentddheconnect ed i n
i rst . nman w th a second nanual

paral | el arr.an nt with af | .. valve 86

Dol ve 88 artiporze cangys fofaghib bERe T ahi et olitteis e he suppl y
pressure awaicuamwl regliamnd0Bewhich cah taRovedold ¥nPdowe tacdVer o8 Uncoveti t abl e for
t he applicati on. E}gr.fl ui.d sug&lr%/ qg% t hen {%e switched on automatically via
the sol enoi PEMIIFL254N Oderig iediate e Y3y exe! gafhroughbegs, or under
control | ed @dhineayod. Theeasdi shugRS280) Whiks tafisie/ B 18RgtANdher i fice 90,
to provide a s%lrj]%ace of pressurized fluid to the second conduits 60A, 60B

(or to the SWHERPCBSWIL? 2B1UPRRBEF 3RGR IaweE seljar 32C, and two gofdses 18- 20 show
anot her al tayaafHiMentaRRegh BBBhings irﬁ%rbjé%%’r@ /¢ %%ghﬁ@ﬂéoubﬂaé@i s

enbodi nent, as in previ ous enbodi ments, the pip C connects to a

t he
vacuum hos e2Ndithegugniopenigs dnerojeptionsrfie &onsthg Igwerieptar 8dfatait or 40C, whi ch
can be movegogarA0sly ¢aMied: T OSSR UG LR CRRN BB 0arel, gn%zfger to

regul ate the vacuum | evel appl t hrou e attachne ereis a
shutt| e 28@rewRt eews 38@j(Gse diguses MO pachgbh whithearshised ite fig€ i ncl udes an

upper col | ﬁfosﬁ@ﬂ’ofﬂlé r%\&??gg%la@i(/e ?cﬁ@elj%g&st%%r @Qe.ség gﬁgmtcﬁmbi t through

openi ngs in projections rom er col'lar rough openi ngs
i n proj ect i(ehewaBOFigurem 1Band tHjes fixssl tbdine 820 pipe d@CGpmdddfinel wnconnect t he

upper and | 320 t O .. Lhere are set scre 390 (See
Fi gures 19 o%‘%fngéﬁ%é%?%lﬁ(?%eé&%s%&& ngﬁ%]ﬁjfst%éh;e 'Boo ??&8@”&9‘8 tﬁﬁéwﬁtgas 34C

rel ative t@8Chas it oldves sip20d,do3@Celativgto the pipeotXC 4 The @uitev G ais6i gures 18
and 19) is fi to_the L pipe 120 .and.defines an enin t slidably
recei ves orlsglrvggdﬁshaes‘t?’gd‘gﬁ@%li’ 86198@3@@ %%H@qﬁﬁéo%ﬂﬁgﬁgé“c%&@s it noves
up ﬁndhdowrwr‘remltheis}zettleggch‘eti)rpiw@mib?rﬁohst'ﬂnéatgéicsﬂ@ﬁéiﬁ&w,aidrﬁﬂgjgmvﬁs asha st op,
wi th the upper ar, . tting, the top of t gui de _when the
shuttle 28§I[‘)3ﬁ§r:§\2(r§5 ?tﬁ‘éﬁ"l‘%&}@rat??g@(" B&hezgf”dfaé‘gto'wﬁ%%ﬁﬁ %Wfﬂea% {sHB tBower col | ar
32C abut ti ngpeheodipbsicion.of the guide 41C when the shuttle 28Cis inits
upper nost posit spring 35C is connected to the upper collar

Lon. . Th
30C and to the BﬁgépﬂWS%i‘%g‘?cheﬁ o R ¥RAEs colier IUnANGIING PiRgo t hat, when

it is in thec, alasigehé shitle 28T RvivThy] sfmt,hathﬁwelmg@ﬁn&@“'affesﬁ% covers the
wi ndow opening 24C in the pipe 12C At the bottom of the | ower

col | ar 320 lowergd ppgifig the eppanciar 3@fucavarnéhe window apesina2AC sibet 54 when
the vacuumpgevige 10C is used to vacuum catalyst out of a reactor tube 52.
Except for the fact that in this arrangenent the shuttle 280 is adjustable,
it functions inAtthe botlem efethedaweisollar 328eisfa ftarige 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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enbodi rent 10. Nanely, when the vacuum attachnent 100 is first inserted
into a reactor tube 52, the flange 510 rests on the tube sheet 54, and the
upper collar 300 substantially closes off the | ower w ndow 24C,

est abli shing a good vacuum | evel inside the vertical pipe 12C. As the
vacuum attachnment 10C is inserted deeper into the reactor tube 52, the

fl ange 510 pushes up the I ower collar 320 which is connected to the upper
col l ar 30C enbodimenty YisNa@mely. wher Breorasuumirstagppent L4t [sdirstdorented al so pushed

up against ;e fl.aaf g%gaﬁ 'tr%"?]é}faﬂetm it &gthéglgbe gnadwal hd thgcovering nore

of the | ower "w ndow |'ows nore anbient air to enter the pipe
120, reduciupget hallav 386G subbiantially cieseseffithe Iqyvasevindaw 246, estabiishing 2or evi ous

enbodi nment Sq%émféﬁﬁ@f?n%@ rﬁ% thé Vg%?ﬂ%@@?%%h%(m l/%uu%pgtté& ated so

t hat, when € vacuum reac a desire epth, the
vacuum | evel0Q is issdntet aleepat into thedeaciar, tub@S?htbedleug@é@tmpbesvmmﬁm ng solid

particles gt Of‘i”tan?‘é,W Oé %}Hrg%t dg‘&tﬂe upgérgégngr ?/EQ(WE & _the vacuum

at t achnment s ¢ y nmeans of upper and | ower cl anp
assenbl i es THerefom, twmumder@bmmiscalsdmlshed eswatnsvmedtlama@ms 10 and

hol d them a fi xed. di nce art rreans o] ength arns
74. The opef H%FPT Wyfé&gjgu%q Vnémf;% o8 51 O Fu |§\6grw5§h§/§‘¢§b¥§, The two or
nmor e VaCUUfﬁll@W%&h@dS‘rﬁWtﬁerﬂthr&ble@tErMé blpeegnefﬂdummgttmvecumre@er eactor tubes
52, in which case erato may vacuum | u of t 52 at the
sane tine, ‘P%&% p? ﬂg grAﬁL}’iﬂ' e pIRYIoH %[P?%@W &pﬁﬁg‘s as a single
unit into tsl’@drarrdetﬁ@%@nar\@d hesatédsd fnaa vnwmrtaé |meﬁ6f|tt$évé@uhhﬁ:1b‘eube t est
device shown in U. S. Patent 6,725, 706, E‘FI ) her%ﬁx’él ncor porated herein

by ref er enckC reaches a degifgdbdensh. t ﬁda%rﬂ@dﬁ syRgan BHEIENt of a

vacuum attQﬁ@%ﬁke%Q)ps%éi&mﬂg%%ﬁ&)?gﬂieﬁgoméﬂhé'ﬁ@ad?érﬁﬁ@é‘t i nvention. This
is simlar to the vacuum attachnen Fi gure and 100 of Figure 18,

except that in fﬁﬁé%%z\?lséﬁ)ysﬁﬁ‘l’?ff"‘ﬁé’a§H‘dff‘talﬂéCﬁ‘fE€W§r‘?los’iﬁ'd28CO”@CSEWOV\M ot her
details of {phanyagHmELhRS bAGIHER Bhd werwfﬁp Qé‘@?ntﬂi@ktmeﬁz Fuicte bafrpt V-

Referring to Figure 22, the vacuum attachment 10' includes a shuttle
mechani sm Zgto theitfespactve Attechiments 48-and holdihagL aifixacdisiases PRI Pbd 34' with

2,1 etal N nanEdaetigh aq RRPRRE AL, e o RoRTIAGGRT RO 35, and a

pi pe 12' definin ow opening 2 In Fi SW ng- arm
connecti ng lem.mh@&theu rs;ld arm é4 aﬂmejtvmum«br@rvacwmrattahbmﬁmsg@ralm engagi ng

the top Surv&ﬁ\cr%tsﬁ’%%lgg?wb'gpﬁ{org%a{c%rté@e% %“M glhf&ﬂ taggt @&rra@gHaﬁr 30' In

posi tion agal ns brasin I'asing spring whi ch acts
to pull theasppera p:lotdha(rof?olﬁbeaﬂﬂ/\airtde)samlemmeh|I<s~qmtg|thegmuptdfe upper coll ar

30 covers t\};%u nqvﬁt%c%ngt%WOqgs&hggag a single unit into their respective tubes 52
in a manner similar to the tube test device shown in U.S. Patent 6,725,706,
which is hereby incorporated herein by reference.

Figures 22 and 23 depict another embodiment of a vacuum attachment
10’ made in accordance with the present invention. This is similar to the
vacuum attachment 10 of Figure 1, and 10C of Figure 18, except that in these
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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Initially, as the tube 12' of the vacuum attachnent 10' is inserted into a
reactor tube 52, the lower collar 32' is above the tube sheet 54. The
shuttl e nmechanism 28" rermains in the armed position depicted in Figure 22,
with the | ower wi ndow 24' closed off by the upper collar 30'. As the vacuum
attachnment 10' is pushed deeper into the reactor tube 52, the | ower collar
32' approaches the tube sheet 54 until eventually it contacts the tube

sheet 54. Ragtiphef thédvinsing apring 3B whislgels te pell thewree 691283032' to nove
upwardly r Wb 3R6GSrstE IWEr Rinddwn connecting rod
34", rel ea5|ﬁér?ﬁew}ﬁr‘g]g?gngﬁﬁt%rzu;)rﬁ% he top surg‘sace of the upper collar 30
and al | ow nrg:)emh“fg%m 34 and finger 94' to swing away, and allow ng the

bi asi ng spring 0 r mﬁ[e PGS | overing the
| ower wi ndow 24%§gaﬂysﬁg\wmé %JQ;Q’% &ltxe ggc | ent earlﬁ?bl |§ r'}s%g[(ned "E?lceé to rush
into the p|r|eectb2tubt=,=c52$tl‘caslbwat ccalarginledbc\ee maeuw@mmﬁnevee shuldlede t he pi pe
12' (and the vacuu evel he |nI t u t no nore
cat al yst parf‘?F n?g qre ’&r'&&'& éosﬁ]otnh%%rcg%%ﬁ\ or r)eb%, @gh Méa Fi gures
24 -27 depll@tveawmﬁbwrzwmbeekﬂ oF by tlmé uppeplcpmrm* Aerthet*m:uumcuum attachnents
described in this cificati 5|s Si.m A of Figure
15 and pi pe? ﬁPEE gupes &598 o hRAeaGR ttuﬁes")& %\'ﬁ% C%ﬁﬂ"lg?:econd air
flow path 645p rb@cﬁéé@t@é meweamentoevmtaaw it easntahtammbesaearﬁd condui t 96*
ext er nal to the pi pe 12* a ext en subsI[ §t2| aII al Etyhe | engt h of

t he vacuum piTper figwnward mofh ¢ GRHSES 3¢ W(%Eo % sté’dB G t 96* extending

al ongﬁl de trlé%tnbég&ﬂfe tdbéiEE’t ?/Elcggﬁ@/els%e s@mg é?gi&brmiacﬁﬁmee 3mondu: ts t12*f 96*
are shown wapped in a shea * s been o r clarity from
Fi gure 24) elesing thW‘R%%’pﬂ“nH”t“ﬁB?nWﬁ %ﬁé%é’gm?eﬁ’pp% Cg}?éﬁ%a?’efl nserted into
the react ora|ioWty é-arhs’ §h@ﬁh e td’@)in k)’ dlﬁal@Wﬂ@ﬁxerfaéirigDe securing

the conduits 12* and 96* to er. The s eat 98* may al so be nade of a
materi al suBHiNgSpial MYl ypyvaE V@r“ﬂh%UPWlC@Ha"l%o SHICQVHINBR R vy as shrink

t ubing and oorﬂhs%rzws %ﬁm rf,e@fefzﬂ |Arh€5@91tehr@ﬂhérh@bl@%‘ﬂ&é‘htxﬁo]t% 96, if

desi red. course, the conbination of the two conduits 12*, 96* may
al so be narmbadﬁdpéubagn'@ﬁlbnfﬂ@l@ theyacwim [sveeingidetthe igardR (B dhe | ncl udes

two or ”Dr\‘f‘acﬁﬁr‘?m%f’%l%t r%%p%i Bﬂhei:?dleg‘(r)ﬂr? dﬁxcp“%ﬁ%ﬁf‘d rﬂo?eh%t:?,\lﬁ&%ﬂ'g?é%ndu' t(s) 96

may reside ex he fir I gure 25) or
t he second %amra\(\m)ougﬁ@mrthqrea@mrd@e5|2er nally to the larger cross-section

first condult 1310895y Sholkict oMy of¥BRinert b bpisleriaihe Lo, mxi i ze

t he cross-secti area arger conduit I'n“order to inprove the
cat al yst pavacuoineattaehmegnisgiesanzax myhlefspemﬁacdtmngé”mlseelsdmlat tdl . pipehe

Cross-secti |, area of the | cond t 12* bstantlal | arger than
The”or oss. S PRI Buardiiny TRB SERUES 1. uiipy s RS tincgund ) PL9°T
restrictor,sexonth ainslowipath 661 isiccdated bp GRané oFa gratieddiamety sbeondst al | ed at

t he bottomof t he | ar uit 1 of, Figure 24, or. the copduit 12* may be
manuf acture‘?fr\g/f"ilﬁa gB@fg’&ﬂFﬁl'p&%erﬂ‘dt%“‘%\dmﬂ'&%ﬁ’”ﬁ'@@l’ﬁ%‘@ﬂg Cameter inlet
for the fi r;ghgm(mmg\tacuum mpslep*to reduce the opportunity for bridging of
catal yst particl es al g;gpt he first conduit as described earlier.

Figure 26 depi ctrduie 28shpws fipsecpnd candut & qxtendingalpRgsige thedAigehd of t he
second Conddlbﬁqeﬁﬁﬁlpe-r ARTBHR of tHise EBhHNRSI 2, Wér@@h@\pﬁ%g%)ébqa* in fluid

communi cation wt he flow path 60* of the snmall conduit Thi's _openi ng

102* bl ast s2 pheady 887 Mddch hag QPQ!H eraigted jorighardy fra@ Riawrgl 343 to pidriki cl es 50 in
the 1 eact Ofkeledhis thémRqaSadtRerdiioha] aldintdtdihid g (biGogAbakystmpar ticles 50

for ease of thei'r w thdrawal e vacuum tube luid flow
al so ent r ai sheatm@8 daausimply peistrips lobteps Geauringcthe coaduitshtrhandtds*t he vacuum

pipe 12° aSobdifiel | HllrmfiPasR hbpURoHeMadd'6r LREMMIsddifas | 1 the nozzle 1007
to the vacuum pIpe 12*.
polyvinylchloride, 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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The nozzl e 100* also defines a plurality 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 angl e t hat
is between 30 and 80 degrees fromthe horizontal. The fluid | eaving those
openi ngs 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

t he vacuum mpbesep2tateiparalia soaduils. whergindhe sgcenbceiuit(s) 88nherayt 96+)

t her eby pushi WONEE 3 HOFLiR dguid flow
exiting thrrgﬁjé% eﬁ(ﬂ%ﬁ;lg e oper(rgu %Odsdmltqz% k'%Igso al 55;#%}99?282}?@@8@ any catal yst
particl es Sébndalt@hodtyay oekide mmmoﬁmmlamqqusz*sem@n f'ﬁé@"é’&'gt 1@ tube 52.
Thi s enbodi t of \a lar SeIA! a first
conduit alo WQ‘W) I%?@wae&t %ds%gg%t%‘%n% if‘%%ﬁ”g% 550%??%?ﬁ%@5§%econd
fluid path muemgeﬁwddumanm mﬁerttheanpmeuﬂm catalystpastitls cawgegi bed in this

speci fication Furfhermore yacuu cross-section
condui t 96*C3PAFLE tggéqjggr écg}%' 2 ﬁ‘flt':ﬂ? 835%%%?0%61 %wh rb[f%]aefllgpdo{ t he ot her
itens showﬂc&r@fruntmeuscgdbefanﬂajwurgeatmqhgemss -seetiardl begh afitiovem@llarch as t he

shuttle, and the uEper and | ower wi ndows), particularly when it is intended
to be used ?Qi’ Iy vacuumout all, or nost, of the catalyst in a reactor

t ube, without CWuFéef arreytagt@urguag ab thereRAbH esB@tanee ﬂkmy b&i nal |y,
this enbodi rent may also be used for the yacuum Pﬁ) 2 n the
wof Figure é}ﬁ

aut omat ed viae@lied akthe bettamrf iR BrggerNdy g 51& 41 depi ct

an aut onat € WA A8 wifhla Fﬂosﬁﬂeﬂéﬁcﬂtd oWlde-a r@ﬂ@é@cﬁdu@rﬁé{erApm i cation
S/'N 60/ 914, 'g'ﬂ%%l | ed Lrjl | 27, gage i sﬂhereb i ncorporat ed herein by

ref erence. intetfor theBrst m@tl'to'nﬂéefdﬁée@#cetth@ Wﬁ%@iﬂﬁya{?rt BiidgeRfs, as

descri bed Helaed vacuum deV| ce 100, by
providi ng ﬁ%@%dodgéﬁﬁglgﬂgmfﬁg%%r{aﬁéagﬁgt&ﬁ es Zagl%(;n t he pipes 132, 134,
\if

i f desired. |n tfigweéfistapicieatnozzind 08hwhichdssemirehip tbaheen e ower cross
e ur (BSREbhPEthd.f i S (R90ho derriS LUURIREGHNG O deY! O 100

i nst ead of actin hand, it may be
possi bl e t oflgd mmname:agomrwnbfthe ﬂ@wfpeti‘tﬁﬂ*éé thkegoall perdiuitd®ie Thisr t he vacuum

attachnent s "i'&{]% l%‘ﬁs MU Iyﬁgoéeaﬁ}gfg%ﬁé%%s 5’(5]9( or the

shuttle 28 %‘?1 |c vacuum owng air to
ent er t hrouthe réhﬁomﬂubel(s\z/ esibessishia ftdeﬁzim@meowtaigsi daghicids HG&for eached, and

repl ace these f ure | ect r,0- mechanj cal ., 4.n ol a escribed

bel ow. ‘33 %gr\gghcwgwgl E%Jegﬁ?atﬁ? gaﬁ;urugp] U% 1«5{/\/ Hﬁf fﬁ\‘gﬁ?\%gﬁg is a
schemati ¢ sémteaing e catalysn patttcmead @Wmne%hé&vm@thé@@cuﬂ'm@pémﬂ ce has a
rigid rectangyl ar .frane | ef t d right _struciural vertical

t ubes 112, ﬁgﬁ‘ 3[‘1‘&1 ﬂa‘Hﬁ?rPB'&QF CPFB'8d 1@2 b }% §§ fo taﬁi ch are fixed
to the vertvg@lun{ pgazilZ 114. The upper cross nenber 116 i ncludes two

handl es 117, mhlch can be used tq pick u devi ce 100. The left tube 112
has a col ored anthegrordigat ¥y M@”?i?&'“r%ye upwardlyediracted $i¢6 cat e or

measur e t heoRaindd Ua* WhidEre HMER fmaaécﬁnrﬂaaﬁhcémﬂwm tHelFoW/ St 8O biibes 132,
134) relative to the frane. upper plate 120 has left and right

openi ngs 12the segand gpndist 9" a’ée%@ﬂepﬁ@mn@#ﬂ%mﬁln%&amemé%dllz 114,
respectivel Xngagltt#aqw Mi@hﬁ%@rsom Tre“es#?&nh% RENZont. #REadgwn relative to

t he rectangul rame. An air cyl |n
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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126 is fixed to the center of the upper plate 120, and a piston rod 128
projects downwardly out of the air cylinder 126 and t hrough the upper plate
120, with the bottom end of the piston rod 128 being fixed to the | ower
cross nmenber (or lower plate) 118. A collar 130 is fixed to the piston rod
128 by neans of a set screw (not shown) to create a mechanical stop that
limts the travel of the piston rod 128. Left and right vacuum pi pes
132, 134 arﬁum’ibxthﬂnbybeubé@irsa%ﬁth@v@@numﬂnhmm deskpibed indthisr oj ect

I oush SPeRLATRahIR, el R BT pbd o S b el vacuur
frame. At Wdﬁntmpmymuﬁetd;esﬂmmm;ﬁ"gnm%&ﬂaiholﬁénaofethemﬂrmct ed Ejo hoses
142, 144, t t

condui £ as it A (205 pibaavd Sl SRR okBed REIRHERFENS from  he

bot t om sur f glegtiefantihiee Lpp@randl lawer \&mao\as)epéntmmdrlyowhsn t46intdnéidd tahi ch are

d to locate the d 100 relative t heet of the cheni cal
eact or, asbard BARLERBED Pl o RO PE FalRh G SERRREIRY Trom i ne

bottom SUFfﬁm@omﬁ:ohd%inkmbu%&baob]s‘bebiﬁcau&@éllé@i| pmaiy tiisn 150 connect ed
to a switch 152, which indicates to the control s stgmwhether the | ower

plate 118 |§mP%<§meﬁ§;maM AR Ygss foRhthevageum pipese 4iNAREN the |ower plate

118 i s resthRgmated Reulimieevedzerio &fscp,m Egé\gtor t he spring-loaded pin 150
is retracted, closing the switch 15 projection 154 is clanped

onto the tube 1149lé[ﬁ§|2§uﬁ664€lp§tanlaé'§3"1%§6d VWH%‘hdﬁ‘éP%éo@ pedigelpsed 100 st and
upright on 1‘nh?st PRﬁ/s?ﬂ%?kppﬂz%ﬁoﬁrs(?ﬂl%3@19'55%5&@)3&1!'2‘?926@%6|Qe renoved

very easily if desire he top cross ne 116 is a box
160, which lhﬁfabxemcarn@oatp@b@fewoby pefgzﬁ@g%ok :sumss'téﬁ tn uge onppiitbd 164, a

potenti Omt\gd’cu%ﬁ@atta%h%% ak %@crﬁ;@% ab% lﬁ‘cg{q%&ﬁ)nl Wit h?s@:}%mated The air

cyl i nder receives pressurized air arr such as a
hose com ngvdouom davice 100 bnprasddiog wm"ﬂm@frmaemir@ssmdenommmgeslhuélss 283 and fl ow

cont ol val dEheHgeath AaBr PASHICS, WAE BTGP SHTTMTBER, v L1 the

processor arr flowinto ich controls
t he rmverrend:onjlqmtdmjlotwmroeé memebei 118qyésanibled irn@&ail Seloekof the air cyl i nder

the bot t om pranaereclgniBhe Bahierte Mo Te B deRr od 126" causes
the air cylinderOdg2e camt ttdmel i s bepp @isib el R0e1Intin ae\se mépofainel fedhwes

described above for the vacuum attachments, such as the vacuum regulator

40 (See Figure 1) and/or the shuttle 28 and its automatic vacuum-breaking

feature of allowing air to enter through the window 24 when the desired

outage level is reached, and replace these features with electro-mechanical

interlocks as described below.

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 116, 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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relative to the franme, which also causes the vacuum pi pes 132, 134 to nove
up and down relative to the frane (and relative to the reactor tubes 52).
Figures 30 and 31 show nore details of the upper plate 120, which is a
generally flat plate with several holes through it. The holes 122, 124
receive the left and right framework tubes 112, 114, respectively. The

hol es 132A, 134A receive the left and right vacuum pi pes 132, 134,

respecti vel §26 ia fixedto tile ¢entes of fsnupres plaje 429.A0dH %‘F@’ﬁ‘ P8 A28 pirietd i s used

to fix the S‘Mmﬁé{ﬂd‘ylﬂﬁ offlr\%aaz?; &ihber W{d tmo’%@ﬁ tH@Q per pRan20 0kt nut 129,

which is shown 1 n show nore details of
t he | ower ptm;ttmttbﬂrsend/\bﬁtbh plséan fool ‘e’ZSB bﬂwxeﬁzlslﬂw @W§é§(ﬂsé mManebesi ns 146,

148, 1 especd Y&l pidi] £ IRZONECRIIE rkdiPotAE BUIBPIoRORe i Amedrir 470l € 1288

is used to pist'on rod ottom plate 118. Hol e 152B
recei ves t hsetmicrewl Gdt ahawi)stouseate ronseanical $th9tmlln‘¢fh thesavehotthe bottom
plate 118. Flg re 29 also shows front and rear guard plates 163, 165,
respectlveIE}Sm{8gé ﬁave been omtted fromFigure 28 for clarity) to

prot ect the operlasfodndadgHt vecwman pipesplid@e $34.82, fixé8 byrolarsddtriothedl y i nto t he

reactor tubes, Figure 40 also uar d 7 t e_air cylinder
126 from belPRE" Mfﬁﬁégoé‘é‘é p&%’ﬁ?;F BSP?WB%B%? o h8 1k i ﬁgv???e 100.
Figure 41 sheveftane riganrReuuinpiped ¢$2 \naemwermyartmciqwamwitumé tpper he devi ce
100. In this ex | e,. the uum atedb ressed ai froman air
conpressor REE gﬁ%ﬁ?ﬂﬂeﬁw e (7\2 ?p Ayl @E%plge@%{] I The
venturi 182a1@%ﬁn€§te§%ho§&41423 162 @whiBR afs €shrictted ty @acwignumaine td 92 are
nounted on a |id 186, which closes off the top of a drum 188, which has a

rubber | i neforman elgngated Rondtt, Al be descrihgd "%‘?re vacuuned up. Fi gure

39 shows the vacwsaclﬂﬁgeoaaﬁ&afoﬁﬁﬁorﬁlts@b@u&ﬂ)surfm &tk SoviPit@ 1 om t he port
184 on the |id 186" of drum 188, and whi ch connects to the hoses 142,

144 from t haredfinedrming 46, d48uwhigh we Bserblg lpcsde the dryice i) relative thhges 142,
144 Trom g @ehberortid cABHREL Rfor r LA0GH b@%scﬁﬁ@dqgte?xh%'acbrb@&tﬁ:_?ho| es 204

in a common vacuum fixture eration devi ce: o operate
t he devi ce, dowewwpérrfmmﬁhe:antsgrf@mofﬁb@@yvemtzate 148 is dspring-vadeim sour ce

and then Pl gSadbdniEdRYs GwhER 185 WhE, hARARSo e cBftfhi Spibmes 1t to the

desired | ocati on on m cal react
whether the lower plate 118 is resting on the tube sheet of the reactor. When

the lower plate 118 is resting on the tube sheet of the reactor, the spring-
loaded pin 150 is retracted, closing the switch 152.

A projection 154 is clamped onto the tube 114 and supports a leg 156,
which helps the device 100 stand upright on the tube sheet. The projection
154 and leg 156 may be removed very easily if desired.

Mounted 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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The pins 146, 148 are inserted into two of the reactor tubes, which causes
the vacuum pipes 132, 134 to be aligned with two other reactor tubes. The
central axes of the vacuum pipes 132, 134 are held in a vertical position
and are aligned with the central axes of the respective chem cal reactor
tubes. (To see the layout of a vertical tube chem cal reactor, see U.S.
Patent 6,725,706, which is hereby incorporated herein by reference.)

The vacuum relative ta B, frarse, whieh gispsauses thawvacem Rings 1Sdoldfhtc ReY’le di aneter

to permt t%? 8@@9%%?%@@\%' t‘iglt Wfrgﬁ%e(tlaﬁ% H@%tﬁfg?f)% béacw?j?uﬂe@sd%e di amet er of

the vacuum arger argest dinension of the
catal yst and | esSgureadOtandeéd shomesotendethilr ofdke upperaiate dg0ovhichis zat al yst .

If th ' 3 ' LEa inth
erbodi ment ST 5 PR B sERS) Bl bR IE M RERE TRE BaEL G et or of
t he vacuum hiepeft 33 rightFdanpevedrie tatesyl i2s 1449 -réféctifely h&he hsledd 3@8Aanmet er of the

reactor tub in.order .to | eaye a substantj ace betwegn the vacuum
pi pe and thg315/§§q°88{e\kg‘? [eﬁo%“dtr@'\{ya%mp'pfaﬁﬁg,b’a{%s' E‘?S@\?F@\éeﬁyanﬁﬁ??tr% ow pat h
from gut Si dl@oléheﬁAeeﬁi\ms thétpikédm&)dttbz% and is heedél &ﬁf@tmﬁ atmdyﬁncfémzs@o air can
ass down into the reagtor tube t e, vacu up thro t.he vacuum pi pe
B ong i th (eaRpSt Blpl {20 by meats oba AOL AN '8 SRPUTIUEUSAS  do the pi pe.
as with the pi perigéa sofantizputRwidare ddsil dfiite loeg pite di 8BMAGEIORa! the
conbi ned conduits 132a, 196a cap be very close tqg the |nS|\% di anet er of
‘the react orh?'%é“@%.14,§Pst8,SeF‘FreaihgQ%nﬁﬁca)%lﬁ??pe@ﬁ)@'y-i HogsavPded within the

out si de di apRbre tid védﬂ@np%iﬁés 382, 18451 HBKs @248 iPiisl 18 6eBurbbhe blR&sh t he out si de
di aneter of the pipe can be very close to the inside dianeter of the

react or t ub®@dst28 tejthgkotiana il %?{%eHﬂeu‘iE@BvﬁeP?iV%%\g@ Ri 8@ gRd {esedecond

condui t 60Aq £RBre th8GaittRH 52t e u¥BANSlaON@UI t) . I't is preferred to
i nject pressurized gas through the second conduit, in which case the

pressure of the fawei29 alspeshawsoientesddeangyasd atates HiyHES. epeerdivel t han
anbi ent ( megu i s ] r jr
surroundi ng t %g'}ag’%cbt%gﬁ )O%]g%? mé@;ﬁn%f E,Z%?g%%@g)s%dﬁg%#{ ﬁe gi;%eﬁgr %orrpr essor
180 of Fi guthe vatuvmpinss 182nhé¢ maetdownivardy inde theomdctof tubhe Eiguond condui t

AL - ) q dui t
i acent t piS FRBSHbUEG@Ar 17 BEERIE: BRI nBR BT phbB AR Do
fluidi ze t hacoentallyldesing wpetation efttieatevicel®052 and entrains the particles to

make it easier t e rticles into_and thraugh the respective
vacuum pi pe 132,(-?9_%%%‘@0&}3 o%%@nqrﬁn Wb%br\lgf’%‘fmQFWO%‘%pEOH@eaé%ﬁ“%n t he
second conddeice tOenahis @xamglee thepvaznistnie ctdatad byrboraptesséd aimeipmal so be t he
case that the inlet end fg t he. setf‘ond condgi t é%[?g‘?en to the anbient air,
and the vacHURY SPPPIESaCR1cq PRSS Equgga Yehur, 1 BATAYICUHT: used to pul |
ai r throughThdreerge 082 aned tablpdrt 184 to be ddrmebridito @ wicatim Hok8 10D drdie dﬁvi ce
100 rests on the top s ce.of the tube sheet of the reactor, which causes
the spri ng-'ﬁP‘a\_%t@H Oﬁi%"#%P@“'&bﬁ'?%eét?#@ﬁd?%aﬁ g 38§'H’éh'6'?aﬁ?? 8ller that the
devi ce 100 1usbemire@3b0 tdtatch &l pAHcies tHal Bre HRaumaalp.
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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Looki ng now at Figure 34, once the device 100 is in position on the tube
sheet, standing independently, the operator activates the start switch 164
nount ed on the upper cross nmenber 116, which begi ns an aut onated sequence
of events. First, the processor 162 checks to see whether the device is
installed (whether the pin 150 is retracted). |f so, the processor 162
activates the valves on the air cylinder 126 to retract the piston rod 128
i nto the aivamwyhi pipes 1326 34dabeiaignecwitiuppether rrastordapase heve downwar dl vy,
and novi ng rgl rate into
their respeé%]rﬁr\?lg)?eaéﬂtgé Q?abﬁa'pg%igﬁt e nuth%cglgaé\léh[ e%%g{)aé 2{?}? ate 120
contacts therecajbhed wﬂtB(ﬂmmrttMapesofdhe respet@ chemicalppastopubeés 120 cannot
nove down apy fur The ¢ stop, and its
position ca %seeeth ?@'Fgg tha V‘?rg% |n§%tn?é§ %&g@;@%\/@gwé&%tg the collar 130
to the desiﬁ,@dshesghm:clors hdfrebyolr&bmmrateaﬂhé@m byarederehea) t i ght eni ng the set

screw.) At that t he r.e in the. ai 6 | ds up, and
the pressure svmﬁ'ten %9m&p$%i§$ﬁg%aé%ﬁg?§ %Ye\/%‘aig%g?%(fg%t %H%ur suppl y
172 swi t chegiametdtite peinmigthiecatdigstpo dowsieely. Foaferdtay, thé tsidediameter pes 132,
vacuum pi ped HSFACUTAPIFG el o4 BTG {IEEADE FHGEF GUBFETOROT DR o decired
period of tgdBlystahdBBSIhantthik tihe tﬁé‘ﬂatrgé‘ét@ﬁn@ﬁxéldiﬂ of thBeatBaet Pthd ube have
been vacuunmed out to the desired | evel. The dwell tinme nmay be from one

second to fY3QUEBHPIRRASACL34 dRespniinalude 4 serondsrndiit.as in Hl?nd t hrough testing
to ensure t@u%o&%npérré b@EQ%ZWShwa% F@U@’% ttl‘iér{ ﬁﬂ@ Aesdd gdnewrage | evel .

The processor 162 al so 2; pr ogr ammed gradual | y or instantaneously

reduce the hgvagrumeirg 13 1t3ﬁé>r?fﬁf?@§’ is 49- GOf/S@fEW ingide diampteralithe he vacuum
source, by 08} AhedS m‘(ﬁ"ﬁé’reté léébetéq&ﬁé%ﬁﬁf@%@%\k%erpfhegﬁc&ﬂﬁ”' ng val ves

to allow air to enter pi pes , 134 to break e vacuum | f the pipes
132, 134 |n@lgepodén%mgtdﬁefva}lecrféh@rea@forﬁm smprovide areail tew peihdtare 1, for

nstance), {eRehfier AREHYIT Y B i LBERYILGAL, Lot SshaBnt he desired

outage level Ts reach moving to a pos £ion 't hat
uncovers a mmieveagieniuhe to he vasuureerper throughpihpeyat@@n pigdalong with Once t he

progr amed (el M @3R8 ERLEATE LN JASgBACERECL ARFuRARRL Ol S | e

val ves 175 on e alr su exten n ro faising the
upper pl at e13221)ofa‘hghrb|412m mgnttlhelarg&nndmmwsmsofjtﬂépomBmedubndxictst hei r

respective m,cal ctor tubes., . . ce, t ns 14 8 have been
hobried | nited aRs cpEBEYRM GE Bube inside AREC e AR BREBERRe S i ot he
start swit chisdGifla sémcbmfdattISOA isprevitiéd ltlyinaké omtdeohnarﬁbteSoﬂnabl es the
operator to_.0 erat t wo, or o tJrre t may be

Gos rabl e tRPRABYT HigutE 1bPr AguR R SRt R Gle de o atenaidunobhdbber om

col l ars 136verpdiokbeo ui@ﬂﬁ@d@bﬁn@etéa&tﬁ@rédwr,tubé 52 hendsabl bitsideomad 132, 134
encounter a restriction.in the reactor tube, it will cause the spring to

conpress, aWd Rﬁ??FhrE‘éﬁfk@etsﬁéop%ﬁ%?d%tl%@%WQ? {or pthengeeand of the tube
sheet, aI | oydr@ity. he spring-biased pin 150 to extend. This signals the
processor 162 that there is a problem and the status lanmp 170 will [|ight
up to indicate thigPefasedia et Reesspigesians throngh dhrepegand coaduit fien | ook at

the device |gichegsdMHeTesiiré Bgth%fg‘%s'.ﬁm‘eog%ﬁa%eﬁdwtﬂ@'a@% ildr et the

operator know which pipe is encountering the restriction and needs further
attention. pressurefhign grabientinesanintat abigherpyassuee than thefpressere efdbeor t ubes

pass throu p ;Fll.gsa%q spective hoses
142, 144 a%] conn@?tﬁgﬁgéﬁ%%t% fio rOLPg%zct%ﬁné} Eosﬂbggﬁ%% t he rubber-1ined
drum 188 (Sﬁmn;ﬁegsmé%b)‘ Figunedé nnay bescarmgtiedad thél'fwnm/cacendmfmeessure IS

aL, case t he drum 188

carefully r t Jdn this cul S t
i s maintai neeg: ?"59%‘%% ?! |Sdgje§€é r{‘hrr?ﬁg ﬁhepgqcohg&ogﬂg:&% F’H%tt €he particles
ar e vacuuneskcont coodditedjsceme treufiragend etied vastemy plpellelhis 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.



The Iid 186 has a vacuum gauge attached to neasure the vacuumin the drum
188. The operator can observe the vacuum gauge and adjust the regulator to
adj ust the anount of vacuumin the drum 188. Each of the vacuum pi pes 132,
134 has a vacuum gauge (a pressure gauge) to pernmt the operator to observe
the vacuumin each pipe to indicate whether there is an obstruction and to
i ndi cate when particles are is noving through themas well as when they
are clear or cl ¥dyledtis Prefeued fariberggaingbe satesl ganduitto baat ap@hat or to
adjust the r I r . L =Yoo i, t he vacuum

pi pes 132, p{%%ﬂxr@{h%n a%?ﬁ?‘eﬁg?\%g%‘wg%ﬁ%égq.ﬁéé tﬁgéng&%éﬂge,”ﬁcﬁ her known neans
f or aut onatsedond corduitlis epemtovtberambierdt airhend thewacupinpapplied et tkso known and

coul d be use h .- dr i r r-driv ar, a

odr aul . QTR vty FRARE S WHE I RS b Se et Rl n
addition to bei Nge bettomtpateadduwhtipadéviad €30 @sts @f thieltep sorfacef ofahe eact or tube
to achi eve .t he desi red out,age ,or, open ace. at, .t he, t.o f the tube as
descri bed é%‘?/@r,‘ee?ﬁf e\fﬁ@ﬁﬁﬁ]%ﬂ’n% sfégpm'ngéb'ﬁ%eéjdp‘f‘ﬁp%q hegﬁactjurposes. For
exanpl e, i tindigating&o tsicoritngr aothghidvizeri@addin prsitor, textin@bntie react or tube

in order tq congela?tely enpty catal yst fromthe reactor tube. In that case,
it may be dus $ € to nount a brush on the vacuum pi pe a bit beyond the

inlet opening atlobkifg ABW R Fidure 34 36rbetheHBEc N0OILiArpdstioRlondhe t he i nsi de
wall of the reactor tube and clean the reactor tube as articles are

)€ ¢ be as the
bei ng vacudHeRiStRft, standing indepengersly g operafractiyaies “P%Stﬁl't&bﬁﬁtﬁri‘ 1%%r ot her

gas into thgokféd 8 uddRR cFRRThEMbEMDB, dhidRaSdgirtd AP adtbmakel Ng vacuumed out
the top using this device or any of the other devices described above. In

order to blsgAuanee ofipventshd isbithe RiasEstand 62 eheeksrtotsesevhathaidie ce such as
that shown d&icy-iéns{?@éémhétgéﬁﬁe7p%1Stgaé rQﬁa&é?ﬂiIL%,QHé ldd@séyi 168 ector tube

that seal s against the inside of the bottomo e reactor tube and that
i nj ects prastivatey e wiesan theainminden 186 te frirac tha pistonube 128 inte hat  case,
t he nunber i t L i r..bl owing into
t he bottomtgef‘f g?gﬁf{@%qg\/\%u#%g@gqﬁ%ggg%ﬁ%ggég hgﬂﬁlojﬁi?gﬁg\%@g’ear@ti ng vacuum
pi pes bei ngnedrgitheoacvaonipentBzat! 3¢ dewnwprdls at a hentmiiet eate intodhelr mat ch up

and the Sang.deas! ol JdihdsAnd B 0L UL LR e DB BAbLEM woul d be

getting vacu 0 romthe top. 'S used to bl ow
gas into t Hiee botar 460 oh thérpistaramtot28; theagppeoplate $2ataragdimuye dolve | nsi de wal |

oo o TR G 8 B R B Bl 25, e
up cat al ystbefadpmtédby toopenihg thesataandvsliding ¢he Shiae a@ 30 hethgatestrd@t 1 s bl own
into the b%tetlg rtnogfthet [gllgtornergg tﬁé, etl# t%eg?ightening the set screw.) At that point,

the pressure in the air cylinder 126 builds up, and the pressure switch 177 on

the flow control valve 175 for the air supply 172 switches, indicating to the

processor 162 that the vacuum pipes 132, 134 have reached their extended

positions. The computer 162 then allows the vacuum pipes 132, 134 to dwell

at that extended position for a desired period of time, to ensure that the

particles within the reactor tube have been vacuumed out to the desired level.

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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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
provi de sonme type of collar that rests on the top tube sheet in order to
provi de substantial coverage or sealing of the top of the reactor tube to
ensure that the dust and particles are vacuunmed through the vacuum hose

rather than | eaking out and making a ness in the reactor. In the enbodi nent
of Figure 4bthetpiees tiger 3plingosparats same varsign ofthepthullte 28 63egfgvre bn the top

tube sheet, ;ARdidnRE) HedStRe VabuRRINRER dufsinXREHY AIRCBE WhERZhe 134 and the
| ower plate 118 provide substantial sealing at" the top of the reactor tube.

In the enbotisiredoutsgenevnlisereachechby thet shaitle8 meying toa POREOR 819ttt ube sheet,
and the cl %05%'155{\9?}?@%{58%“@?%'”&%Sé%g“@m?é Iagz'vf‘gctyum pi pe 12 provide a

substanti al sea the reactor tube. In the enbodi nent of
Figure 18, the dcidedhe programmesiidvelidinnehambedrecaropetedbtheqiiecassand, t oget her
with the pi royi i 0 e reactor
tube. In tht&eér%%‘(% I rrtg%b’g@?s%yééﬁﬁggﬁ sﬁ;hpel?gz# @%Xt%ﬁgﬁeoﬁs@é'réér]ests on the
t ube sheet , 12 daising the aseer fpiate R0 land tiking itipeva@iunppipes a2, B4saubsf anti al seal
at the top t he reactor Fi gures 43-46 show anot her

f. . .
alternati vetgsﬁﬁ%sc?ieﬁté\? °h§1’”'§513§%‘i}8%“8%§n ce 310 that is intended to be used
for unl oadi ng t [@nhoeahé pinlselsief 148rhaemabear insertmsintthibeir gespectvebteaatori n from

the bottom,of the reactor, tuhe. This vacu fixture,310 differs fromthe
i reret | oM hes AadESBoeTator S the NaR VAN 153 1hE bBREEE FreRe’ bact or
t ubes. autéwatedoWhis éndbiegpthe opdrat@itoiopblaaé b er sead maghinesat anf | at ed by

means of a gas supply line 326 and is used to seal an injector tube 322
agai nst t hdMfner surface at the bottom of the reactor tube 52, and

pressurized gas Ii raay bé aesiegbié by pregidetdepring)186t(Ske Fiife 38 bétiwken t he bottom
of the reactor tube 52 to fluidize the n the reactor tube 52.

I
Fi gure 45 sheReteReodars 196N Ne HRPes @atgglr@tﬁlst%dﬁ%r k\ﬂi‘%léaci%’@ Yhest or

inflating t{5 988kndithtérdstictibRirhkirBactbnitbe iTRilRAUEOMLpringqo F €act or
tube 52. The pressurized gas source may be an air conpressor, a tank of

conpr essed PAPressy. agd vl ‘é@%@rt@dﬁwf%fé"ﬁiz 198 & bftipp 2EPf §2estubeibeeti f f er ent gas
flow paths Jigguey thegbr;.pgdmaa 'p%ﬁ?scgﬁsex%&wr SRS alnaiSlie En%%e%éog‘g’gﬁat h 326

provides the pressurized gas to inflate the inflatable sea The ot her
gas flow pdbattBew ipadgrpkies, and the stetigdampd7gadll ighupga dwkicate theough t he

| ector ¥yl BRAog bttt MRl A0 0l PRI abyiegEe A Pl urll Y
45, whi ch périch spring Bdds contpregsedf which will lettherapesatdr knowwhisheipef t he gas
being inj eql @Hcél.n\rtéw%r}hé rPgs’tiicptio‘?}c«e;n%rneeds further attention.
The particles that are vacuumed out of the reactor tubes pass through
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
(See Figure 41), where it is captured. The vacuum pressure is carefully
regulated. In this particular case, the pressure at the drum 188 is maintained
at 7 psia plus or minus 2 psi, to ensure that the particles are vacuumed out to
the same outage level every time.
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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tube(s) 322 into the bottom of the reactor tube(s) 52. The val ve(s) can be
pul sed on and off, if desired, to help break up any bridging of particles
50 in the reactor tube 52. A device that provides an inflatable seal
and an injector and that is preferred in this arrangenent, is shown and
described in U S. Patent 6,981,404, which is hereby incorporated herein by
reference. O course, the nunber of injectors may be changed to suit the
particul ar agwhen they are clear oBjlogged. i Thgsayasuiie gakges alpe pesiit thgce of t he

react of L uPSherkidh ® SN s RANIRS RNGb dchiBGe I GEGh daBulthAfthe MG NI LNe

j ob easi er e S cou used instea esire Ref erring
t o Fi gures vEguumdipentB24 634t he vacuum fi xture 310 at the top of the reactor

tube(s) 52 incl | at,. I | 330 t hat
seal s between tﬁ&ﬁgﬁ%ﬁe’%\ﬂ@gghg L{S%é%tegep%ﬁﬁeb é%{eetéa%f aq.[tﬁrgglr gact or. The
pl ate 328 amlhtme@d mBB@ﬂsetmfehasacwmbubas aresalad kngvagad nstldbeaisedp t ube
sheet. The se sone air sufficient

in uf it should b
to keep dusi¥ ra(§rﬂ '¥‘8 rdﬂée%ﬁ?rewTﬁén?}P qrévegﬂ?afr?r?‘f#rgm@rﬁyﬁr&éj%mdedefi nes two
openi ngs 368themtriodn dutemaledghiving rmedtg@ismsn di aneter than the inside
di aneter of the re or tuhes 52  and which. are arrgnged rest above
two respective H%Q&&%ﬁ?” {o fpriag yeed WCEWHWE&%S%F?@?‘% o??tregﬁérm y into
t heir respeagbé vCasHieR the Hesitdd bmag@er @;be&iﬁ)a%%%t@@tobldftwgé)ésl nto a
fitting 311 on the vacuum conduit siml to. the |I?r evi ous enbodi nent,

so one vac RRsCERRRRIVel higwaruya Q%Vé"t? 1 way EMSS%WFE LPURASESt two react or

tubes 52. g PR, #2%ayaHs nﬁ@é'lor;ziﬁéh Altd RhcANhé BBtéARS iHRaslaeet 54 and
the close fit between the plate the connect or pi s 300 and the

hose 311 erfsbg & erHER tot%’@%?b’l%‘l‘@% CQWSHU%'P the sracirrdubg. olrihdfaasehe top of
the reactor ﬁﬁg‘ﬁe@%s#?a‘(blé R8st 4 bﬂ}%rﬂﬂ tﬁg'(lé’élﬁj?n blpe d Bt 8%0916%@’22 will be

vacuuned out through the vacuum hose conduit is
enbodi nent ‘B‘ﬁb@%%@fdheﬁﬁd@f%V@Uammmt%efrt@dwﬂthﬁum@e well otoul d seal

only a si Nghe (LEAGAke LiPEeaRind R AR KONLBaRRVE allp| © reactor tubes

wi th an opening tor each I't covers, seal sealing at
| east bet wexasuumed put.i neter of the plate and the tube sheet or sealing

around each, | ndiivhghifley bR H BRI SALALYEL ARIndBBkoRNRtd caves Lhe

vacuum hos han one ube i s being
unl oaded byreactter tuhetmrpartm ar‘eiwmggmuanad loat they teanenigtthls«iagme bhose

LB e G AT AR SR P T e RIS R lpy e 9o
6, 981, 404. of the reactor tube, a device such as that 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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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

col | ection hopper that catches the particles be at |east as large as the
cross-sectional area at the top of the reactor tube 52 to mnimze the
opportunity for bridging of particles. Figure 44 shows the gas flow
fromthe reactor tube, through the hose 311, past the three-way sol enoid
val ve 360, dof bolarditetaesty ohdhe topdobe sest inorsishtmrrevidesubstaptiajacuum sour ce

380. The VagHLaLs QYSEaind I il YA %% RaBIoPRIMIE cACLRANARE B0kt A he top of

t he reactor the pressurized gas source 350 provides gas at a
pressure alpavtclesrdreatuuned theotgit thervaedurn hese eatberdhan igskingsmt and The gas

flow volu : e selected to
br ovi de. sufFai RIS g R Rhepl itk baBopitertior FBfig 88 iR, 221 Fhem and
carry themplateting senkk asta anilacthabtssts orTie tgmtube shwehtandiiee plose Bin may be
controll ed by an orifice or sijpl L Lt I y. The gas
flow at t h@%’&ﬁnoﬁneé'ﬁﬁu%? p{pﬁ% ﬁ%p){%'gﬁﬁ(g]eh edg\ﬂgé@a{engfégpéﬂég@%t ly or in a

coor di nat edubstantdl sehlirguathhe op ofiise nesahs take. Heltpe dimbbdidgent phFigue es t hat
have bridged,and th

are nqt disl.odged, b st ead l.ow of fluid. For
exanpl e, t he EeRlEf gé MRS O )5 §P u%epgr}?e&r%dgpgg S?ﬁ'&gﬁtyfeggbepl y sol enoi d
val ve; the obaébmzaéhnd/\dhb@bcmm Pz pRvide a(subsaatrigersqz{i eB?uﬂtbﬂeﬂlhgas_ sulppl y)
operates nm e changed, the vacuu orce_can ul se sel ectively
venting thég?ﬁiefutﬂﬁ?- ?’h‘gereﬁ%dé{f‘e%ﬂmgtl‘guée 39{:‘56&0 rﬁ?"(%ﬁﬁ%@% Y4cuum
source) OpeRatdpuPBYhER arbargether MitH tikdpib@MRE. prblide®y shBsteetl 664l
tenporarily to reduce the pressure at the bottomat the same tine that the

vacuum | evél thestop&fitheggagior tuhe- 1o fhre embedimgpt ¢ifddwerdd feeligbrent arily to

fal | downwgyogor 30Fedid ofBNE tBe dREEL BRU kDcIBEE B Wt theShipaihaieRYSs | ncr eased
pressure at the bottom and i ncreased vacuum at the top wth sinmultaneous

decreased prdsiantakaeal alchpden ehthafepdidiased vacuum at the top, or to
increase the pre %5‘3433116Eﬁﬁg%gg%h?g?n%%tﬁ/gdé}%&ﬁﬁbﬂgoﬂ‘ A@fuum at the top,

to reduce the pressure at t I ncreasing the vacuum at the
top, or vardeyigs AdOnkat it bitdsidedttp basisee faruainading tee Particlesfepm reactPrf | ow

changes or ayauidRaal i ftRul iR 1d WorloRA6H AE rLathE: 16e NehA ydkgligdae bri dged
particles. ese changes nmy be part of an autonma ad sSequence

cont r ol | ed fisturad 1@ difets foorn ¢he otiersinl teat itsdpeshrant insertemythingligiontheitep
encountere tﬁeh'%a&gﬂﬁggr pushes a button and the controller puts the

val ves on the vacuumside and/or the val ves on the high pressure side

t hrough a sequeAsshbhwain Eigest 43, am ipildtsblageef 326cis inflatedcipemeeadd gf a ncr easi ng

and decr xR h0G bt o6 Shuid ek LR Do RRE S WIS B R P oY
It will be sakutossthe dotttvdsH tiskiddcra tibe 8 andipredshiitedgsk kiigjattegns may be
mRe L0 D onoa fhe Bictor fhe 332 10 B DoRom o W Teatiar ube 5510 itz 1€ S€OPe Of
the present"PHIRNS iBig: ctor tube 52°to fluidize

the particles in the reactor tube 52.

Figure 45 shows the gas supply that is used to provide the gas for

inflating the seal 320 and for injecting into the bottom of the reactor tube 52.

The pressurized gas source may be an air compressor, a tank of compressed

gas, or some other source of pressurized gas. Two different gas flow paths

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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Clains 1. An arrangenent for vacuuming a vertical chem cal reactor tube to
a desired outage, conprising: a device including a vacuum conduit having a
vacuum conduit inlet and a vacuum conduit outlet and a coll ection hopper

bet ween said vacuum conduit inlet and outlet; said vacuum conduit having a
side wall defining a wi ndow opening; a collar rmunt ed onto said vacuum

condui t, includi n& portion for coveri n‘ﬂ?ﬁtﬁhe w pdow %é)enl n said collar
bei ng novapiee(Ek? P%thﬁéogaﬂlﬁf\}ﬁ%[ﬁﬂﬁ% $}%°% o ec\‘f\‘) (Phepe uncoveri ng
the w ndow | gH0an el .ﬁdé&iré&ltegwe‘ﬁpwealuwﬁahylanbguagwpédﬁelegcsblnar to a

position in which the collar covers the w ndow opening. 2. An arrangenent

for vacuumthgr@%ﬂﬂh%é? chem cal reactor tube to a desired outage as

recited 1N cl ai 1 devicthRsirdiak ndfldtdile b BRG EndficdtoP Bbd gt echant sm

i ncludi ng means for autonatica novi ng the col in adrection to
uncover t hepreferredin thisearrangentra, lSHBOWQéD@ﬁFﬁ%@W@Ql"ﬂLi%l%ﬁlte'ﬂias nmoved a

desired di %3@10 'Nh(?cr{ B%e qulclﬁi%rp ?’égé'dsheréng by}e?éréﬁ&gmrgé"i he/acuumng a

verti cal chémc 'reac ire utage as recited in claimil,
wher ei n sawdmdmnoﬁmjeimirsmw@emdt@ewﬁmetpm%@wfat@nt he vacuum

conduit, said segand;foRdind hdHALIBARAR fodbi? WAL Willdefitd gal  gas

t hrough the top mca react or tu Fe vacuum conduit inlet is
inserted i rttetlp hbid tm&)pje@tortuhlelalceamabmgtthmeb eadier. AQttmrsealgersldtbef or vacuum ng
a vertical ctor tube to a desired outage as recited in claiml,
wher ei n théjsggd'%%e%deé SkeY- area at said vacuum conduit inlet is smaller

than the cross- Retdrting &l Figuas 45, 4thand 48yaherdecuund figtaied3 Waatibertapondui t up to

roactor ulst terAoRE et inaReSE RTEReLn Rl AT 4T Ao el a e o

Ccross-sect 'tﬁé‘tadeaﬂ-ﬂ%iwaén m ;dareaxzmdcma@bp fubkheét 54ofthakdatort han t he
cross-sectional ar ea 1r!emal nder of said vacuum @? ondui t up to the

col l ecti on H&pplEe. 2869"‘1,@(?&‘5{3 QRGRVAESHE YN \?5@'61%?9?@“% & QPIURs i cl es and gas
froma vertdyeat, ﬂ%@é@éxmayﬁf@aﬁm%rﬁém% IESKTR! bt iNShioukd Nasuieaagdui t  havi ng

a vacuum Cokrclaggldtus{ frr]chg leaking out. The plate 328 in this embodiment defines two
openings 360, which are slightly larger in diameter than the inside diameter of
the reactor tubes 52, and which are arranged so they rest above two
respective reactor tubes 52. Two connector pipes 300 fit snugly into their
respective openings 360 in the plate 328 and fit snugly into a fitting 311 on the
vacuum conduit 11, similar to the previous embodiment, so one vacuum
conduit 11 can be used to vacuum particles out of two reactor tubes 52. The
plate 328 and seal 330 resting on the top tube sheet 54 and the close fit
between the plate 328 and the connector pipes 300 and the hose 311 ensure
that the particles and dust that are blown out the top of the reactor tube 52 by
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 muitiple
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. If more than one tube is

being unloaded by the vacuum hose, then gas can be injected through those
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and a vacuum conduit outlet and a collection hopper between said vacuum
conduit inlet and outlet; a second conduit having a second conduit inlet
and a second conduit outlet, wherein at |east a portion of said second
conduit is fixed relative to said vacuum conduit so that the second conduit
outlet is adjacent said vacuumconduit inlet; a vacuumsource in fluid

comuni cation with said vacuum conduit outlet;, and a pressurized gas source
in fluid conwtipledarescat the samedime. seelbauby Bsinainiestarsdbat arg gapgedyy r angenent

for Vacuumtpgetgga érg% i@@é%&ﬁw@mﬁﬁ%{eﬁ@ﬁeg {anngh{’ﬁrlj.F?ﬁéteﬁh@,@h‘?,ﬁbﬂ eactor tube

as recited ' ereins vacuum c¢ondui as a side wall defining
a Wi ndow openi ndt is areferfed thaéthecarags-sedtingal asez of thgrmaffpliehdbe 8 sai d vacuum

condui t, 1 Gk il daét an@85 trBliof e SRKELLNS0S iy HOLKIPN RARDLDRysA! d col lar

bei ng novabl e felatrive d vacuum con for covering and uncovering

t he wi ndow hapeer thgt catnidesathbipastiales spal leastwisilarge isdke srashksectidnahr to a
position in whi t.he LI ar rSat .}M p.go j AR arrangenent
for vacuum'aﬁ‘cifja?grhieoto'f)gﬁ?\e‘({fi%%tg\f’?lt\rgj eg%stgﬁ'om'a e\e{g%?’?’ggprqghfgﬁlb%ﬁh eact or tube
as recited dfpattickésm 7, includi ng neans by which relative notion between the

vacuum condui t and t ol |l ar opens and .cl oses th | N 0 ing. 9. An
arr angenent for%n\%gﬁggisﬁawgg‘i"? %gsp@f?vfﬁgﬁnetﬁe5ﬁ%ﬂ§g€?'%ﬁ%ﬂgw\%€?€&§al chem cal
react or tuls1apastané treee-waycbinsidvalv8sEithrotifiea eycesiczetidédtional area at the
vacuum condui t i nl Z@ is smaller th%g tq,ﬁ Cross-secti %@I ar.ga of the

remai nder NappE FAR IRAVREHHIGSPUSE 908 ('RE VBGYYRSPHIGR O RIRYdes 39 an

ar r angenentpré&dury BElWEMBiertCAtithe R &fithé RBcindulgrSX, badtee verti cal chem cal
reactor tube as recited in clai ., and further coppri si zzle at said

] im®o g% a \r/]%g
second condlif$susiged 88s sQure SRBPIPEIRRIASH AP EFSUre 40PV ABPESHAMAR dI y
di rected t hygaaghofaRe rédtebransesaspl ural ity of angled through openings in
fluid conmuni cati on with said second conduit, said angled through openi ngs

being directed dhefasiipwatotiangne prespyres et fha bRitem 8nd GLIEEUIMR AFYsol i d
particles apddaged &gﬁ?Pgﬁgé%ﬁfﬂcﬁﬂt ﬂg\bgmift?ﬁ#e daRAgdt ParticiRenuigRamidmi ng the

steps of: insertin inlet end of a_vacuum conduit and the outlet end
of a secondngdosdtyitbemnie $he electon eiambps. dhegias dpwratdlea bettanumay beppl yi ng a

vacuumto t&%frﬁh@cj 5‘);ar‘?lﬂﬂfi&forts}i’l%f)&g;fewmeﬁ(?ﬁ%\ivtfre'éﬁ/mt e fromits respective

inlet end, pulling sol partic om t he chem’cal reactor tube into the
vacuum condui t iTheegiasdiow athirbgltom kedwhtheuap candeaipuised irdepentienttyi on hopper,

200 by SREEALERFE AT B A UbddiS AW T condl

react or t ulbattHaveugidgedthaend dadrde ootmdisipdged by a steady flow of fluid. For
example, the operator may rapidly open and close the gas supply solenoid
valve; the rate at which the compressor (or other pressurized gas supply)
operates may be changed, the vacuum force can be pulsed by selectively
venting the vacuum, the rate at which a vacuum pump (or other vacuum
source) operates may be changed, and so forth. It may be desired
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 simuitaneous
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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12. A method for vacuumi ng solid particles and gas froma vertical chem ca
reactor tube as recited in claim1ll, and further conprising the step of
substantially reducing the vacuum | evel being applied at the vacuum conduit
inl et when the vacuum conduit inlet reaches a desired depth within the
reactor tube. 13. A nethod for vacuuming solid particles and gas froma
~vertical chemcal reactor tube as recited in claim1l, and further

conprising the sthgseahang¢swel g Rﬂﬁe@fs?@rﬁui@ﬂatﬁﬂﬁﬁﬁuﬁ’ﬁﬁeppoﬂ‘%“qw’\ét of said
second condy, Telecfr?:?ﬁc c’%Pf?&Fe*P% thé! wHéﬁHHJQ%ﬁ@isS&JcbdntE?é&, kel Ggeraged gas from a
vertical chemcal reactor tube, conprisihg the steps of: nounting a vacuum
condui t on pushestaupwion and theicagtrelter lpetsthe valves oty AWIpside 88d/Phg | ocati ng
pins; setti f 1 <cal reactor,

N th sad | BRales e MR8 Sconlolh =SpERend: E“%ée%gfe@n?%ﬁgs 'n the tube
sheet ; act i pasinggfiant utepeatedtly inorasiog andidecieasing vesflowef fivitet of t he

vacuum condyi t i.nto_on f ] [ I rolled rate
to a desi reg"rﬂ%?ﬂth?s?l?ﬂ%&% ?%‘1@%%@%3%%@&?33??{hl%r“lsr’é/tg ngg t?%ﬁosgg%{eﬁﬂf or a
control | ed dmiel o disiege aridgéchparticlesr act s t he vacuum conduit fromthe

chem cal reactor  tyhe; .and ing.a vacuumto.the.vacuum uit outlet
in order to vacuiﬁmﬂ%?t?vé?‘éggt%gh%{seo%”%%n ee{?ﬁt tqogéﬁéegéjnstraéggg 15. A

met hod for wageustigerabbdichepsy ddsclieed aslegaithdut depaating froinathad schdpeni cal
reactor tube %s recited in claim14, and further conprising the step of
subst ant i al P{ERIBREMYPVERE  acuum | evel being applied at the vacuum conduit
i nl et when the vacuum conduit inlet has reached the desired depth. 16. A
nmet hod for vacuum ng solid particles and gas froma vertical chenica
reactor tube as recited in claim 14, and further conprising the step of
injecting gas at a pressure higher than anbient pressure into the top of
the chem cal reactor tube through a second conduit as the vacuumconduit is
vacuum ng particles out of the chem cal reactor tube. 17. A nethod for
vacuum ng solid particles and gas froma vertical chem cal reactor tube,
conprising the steps of: injecting pressurized gas into the tube to
fluidize at |east sone of the particles in the tube; providing a vacuum
conduit at the top of the reactor tube; drawing a vacuum t hrough the vacuum
conduit to pull particles fromthe reactor tube at the sane tinme that the
pressurized gas is being injected to fluidize the particles; and
positioning the inlet of the vacuumconduit in close enough proximty to
the reactor tube and providing sufficient flow through the vacuum conduit
to prevent the solid particles fromleaking out into the reactor as they
are bei ng vacuuned.



18. A method for vacuumi ng solid particles and gas froma vertical chem ca
reactor tube, as recited in claim17, wherein the pressurized gas is
injected into the bottom of the reactor tube. 19. A nethod for vacuum ng
solid particles and gas froma vertical chem cal reactor tube as recited in
claim17, wherein the pressurized gas is injected into the top of the
reactor tube. 20. A nethod for vacuum ng solid particles and gas froma
verti cal 2penlcal reactor tube as recited in claim 18, including using an

i nj ector s o i nject the pressurized gas into the bottom of the reactor
tube and sealing between the injector tube and the inner surface of the

reactor tybe. ARlrrafgERERGEr fRUUMRGEIRerHal SRémBaP@Bttoriues taadegiesl from a
vertical chem cal reactor tube as recited in cl ahm 20, incl udi n(gjgt he step

of infl at PHGIR mrisHg: adeKce Meludiioet Yaruum apaduih RaYIRG 2 VAR SoNFice of t he

react or t a8 .and a vacuum conduit outlet and a collection hopper between said vacuum
conduit inlet and outlet; said vacuum conduit having a side wall defining a window
opening; a collar mounted onto said vacuum conduit, including a portion for
covering the window opening, said collar being movable relative to said vacuum
conduit for covering and uncovering the window opening; and a biasing spring
which biases the collar to a position in which the collar covers the window opening.

2. An arrangement for vacuuming a vertical chemical reactor tube to a desired
outage as recited in claim 1, wherein said collar is part of a shuttle mechanism
including means for automatically moving the collar in a direction to uncover the
window opening when the vacuum conduit inlet has moved a desired distance into

the reactor tube.

3. An arrangement for vacuuming a vertical chemical reactor tube to a desired

outage as recited in claim 1, wherein said device defines a second conduit adjacent
to the vacuum conduit, said second conduit including means for supplying external

gas through the top of the chemical reactor tube as the vacuum conduit inlet is

inserted into the top of the reactor tube.

4. An arrangement for vacuuming a vertical chemical reactor tube to a desired
outage as recited in claim 1, wherein the cross-sectional area at said vacuum
conduit inlet is smaller than the cross-sectional area of the remainder of said

vacuum conduit up to the collection hopper.

5. An arrangement for vacuuming a vertical chemical reactor tube to a desired
outage as recited in claim 3, wherein the cross-sectional area at said vacuum
conduit inlet is smaller than the cross-sectional area of the remainder of said

vacuum conduit up to the collection hopper.

6. An arrangement for vacuuming solid particles and gas from a vertical

chemical reactor tube, comprising: a vacuum conduit having a vacuum conduit inlet
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and a vacuum conduit outlet and a collection hopper between said vacuum conduit
inlet and outlet; a second conduit having a second conduit inlet and a second
conduit outlet, wherein at least a portion of said second conduit is fixed relative to
said vacuum conduit so that the second conduit outlet is adjacent said vacuum
conduit inlet; a vacuum source in fluid communication with said vacuum conduit
outlet; and a pressurized gas source in fluid communication with said second

conduit inlet.

7. An arrangement for vacuuming solid particles and gas from a vertical
chemical reactor tube as recited in claim 6, wherein said vacuum conduit has a side
wall defining a window opening; and further comprising: a collar mounted onto said
vacuum conduit, including a portion for covering the window opening, said collar
being movable relative to said vacuum conduit for covering and uncovering the
window opening; and a biasing spring which biases the collar to a position in which

the collar covers the window opening.

8. An arrangement for vacuuming solid particies and gas from a vertical
chemical reactor tube as recited in claim 7, including means by which relative
motion between the vacuum conduit and the collar opens and closes the window

opening.

9. An arrangement for vacuuming solid particles and gas from a vertical
chemical reactor tube as recited in claim 8, wherein the cross-sectional area at the
vacuum conduit inlet is smaller than the cross-sectional area of the remainder of the

vacuum conduit up to the collection hopper.

10. An arrangement for vacuuming solid particles and gas from a vertical
chemical reactor tube as recited in claim 6, and further comprising a nozzle at said
second conduit outlet, said nozzle defining at least one downwardly directed
through opening and a plurality of angled through openings in fluid communication
with said second conduit, said angled through openings being directed at an

upward angle.

11. A method for vacuuming solid particles and gas from a vertical chemical

reactor tube, comprising the steps of:
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inserting the inlet end of a vacuum conduit and the outlet end of a second conduit
into the top of the chemical reactor tube, applying a vacuum to the outlet end of the
vacuum conduit remote from its respective inlet end, pulling solid particles from the
chemical reactor tube into the vacuum conduit inlet and through the vacuum conduit
to a collection hopper, and pulling gas from the chemical reactor tube through the
vacuum conduit to the vacuum conduit outlet, wherein at least some of said gas

enters the reactor tube through the second conduit.

12. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube as recited in claim 11, and further comprising the step of substantially
reducing the vacuum level being applied at the vacuum conduit inlet when the

vacuum conduit inlet reaches a desired depth within the reactor tube.

13. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube as recited in claim 11, and further comprising the step of injecting

pressurized fluid into the inlet of said second conduit.

14. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube, comprising the steps of: mounting a vacuum conduit on a fixture,
including atlleast two downwardly-projecting locating pins; setting the fixture down
on the tube sheet of a chemical reactor, with said locating pins projecting into two
respective openings in the tube sheet; activating an automatic control, which drives
the inlet of the vacuum conduit into one of the chemical reactor tubes at a controlled
rate to a desired depth, holds the vacuum conduit inlet at that depth for a controlled
dwell time, and then retracts the vacuum conduit from the chemical reactor tube;
and applying a vacuum to the vacuum conduit outlet in order to vacuum particles

out of the chemical reactor tube.

15. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube as recited in claim 14, and further comprising the step of substantially
reducing the vacuum level being applied at the vacuum conduit inlet when the

vacuum conduit inlet has reached the desired depth.

16. A method for vacuuming solid particles and gas from a vertical chemical

reactor tube as recited in claim 14, and further comprising the step of injecting gas
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at a pressure higher than ambient pressure into the top of the chemical reactor tube
through a second conduit as the vacuum conduit is vacuuming particles out of the

chemical reactor tube.

17. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube, comprising the steps of: injecting pressurized gas into the tube to
fluidize at least some of the particles in the tube; providing a vacuum conduit at the
top of the reactor tube; drawing a vacuum through the vacuum conduit to pull
particles from the reactor tube at the same time that the pressurized gas is being
injected to fluidize the particles; and positioning the inlet of the vacuum conduit in
close enough proximity to the reactor tube and providing sufficient flow through the
vacuum conduit to prevent the solid particles from leaking out into the reactor as

they are being vacuumed.

18. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube, as recited in claim 17, wherein the pressurized gas is injected into the

bottom of the reactor tube.

19. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube as recited in claim 17, wherein the pressurized gas is injected into the

top of the reactor tube.

20. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube as recited in claim 18, including using an injector tube to inject the
pressurized gas into the bottom of the reactor tube and sealing between the injector

tube and the inner surface of the reactor tube.

21. A method for vacuuming solid particles and gas from a vertical chemical
reactor tube as recited in claim 20, including the step of inflating a seal between the

injector tube and the inner surface of the reactor tube.
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