Claims

1. An arrangement for vacuuming a vertical chemical reactor tube to a desired
outage, comprising: a device including a vacuum conduit having a vacuum conduit
infet 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 vécuum 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 condulit 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.




and a vacuum conduit outlet and a collection hopper between said vacugim conduit
inlet and outlet; a second conduit having a second conduit inlet and a gecond
conduit outlet, wherein at leastiélportion of said second conduit is fixgd 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 vgcuum conduit
outlet; and a pressurized gas source in fluid communication with/said second

conduit inlet.

7. An arrangement for vacuuming solid particles and g‘ s 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 wigidow opening, said collar
beiing mdvable relative to said vacuum conduit for coyering and uncoverihg the
wiridoW opening; and a biasing spring which biases ‘he collar to a position in which

the collar covers the window opening.

8. An arrangement for vacuuming solid pagticles and gas from a vertical
-chemical reactor tube as recited in claim 7, ingluding means by which relative

motion between the vacuum conduit and thefcollar opens and closes the window

opening.

0. An arrangement for vacuuming gblid particlves and gas from a vertical

chemical reactor tube as recited in clajyn 8, wherein the cross-sectional area at the
vacuum conduit inlet is smaller than jhe cross-sectional area of the remainder of the

vacuum conduit up to the collectio hopper; ‘

10..  An arrangement fof vacufiming solid particles and gas from a vertical
chemical reactor tube as recitefl in claim 6, and further comprising a nozzle at said
second conduit outlet, said ngzzle defining at least one downwardly directed

through opening and a plur ify of angled through openings in fluid communication
with said second conduit, gaid angled through openings being directed at an

upward angle.

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

reactor tube, compriging the steps of:
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inserting the inlet end of a vacuum conduit and the outlet end of a secongt conduit
into the top of the chemical reactor tube, applying a vacuum to the outlgt end of the
vacuum conduit remote from its respective inlet end, pulling solid par 'bles from the
chemical reactor tube into the vacuum conduit inlet and through thefracuum conduit
to a collection hopper, and pulling gas from the chemical reactor tybe through the
vacuum conduit to the vacuum conduit outlet, wherein at least sgme of said gas

enters the reactor tube through the second conduit.

12. A method for vacuuming solid particles and gas fronf/a vertical chemical

reactor tube as recited in claim 11, and further comprising fhe step of substantially
reducing the vacuum level being applied at the vacuum gonduit inlet when the

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

13. A method for vacuuming solid particles and hs from a vertical _chem'ical :

reactor tube as recited in claim 11, and further conyprising the step of injecting

pressurized fluid into the inlet of said second conguit.

14. A method for vacuuming solid particle§ fand gas from a vertical che_mica'l' :
reactor tube, comprising the_v steps of: mountjig a vacuum conduit on a fixture,
including at least two downwardly-projectin locatihg pins; setting fhe fixture down ™ -

on the tube sheet of a chemical reactor, with said locating pins projecting into two

respective openings in the tube sheet; gftivating an automatic,cohtrol, which d_rives'
the inlet of the 'vac_u'um conduit into ong of the chemical reactor tubes at a controlled
- rate to a desired depth, holds the vaguum conduit inlet at that depth for a controlied
dwell time, and then retracts the vafuum conduit from the chemical reactor tube;
and applying a vacuum to the vacfium conduit outlet in order to vacuum particles

out of the chemical reactor tube

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

vacuum conduit inlet hag'reached the desired depth.

18. A method for yacuuming solid particles and gas from a vertical chemical

reactor tube as recitgd 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 rgactor tube
through a second conduit as the vacuum conduit is vacuuming particleg out of the

chemical reactor tube.

17. A method for vacuuming solid particles and gas from a verjfcal chemical
reactor tube, comprising the steps of: injecting pressurized gas iglto the tube to
fluidize at least some of the particles in the tube; providing a vatuum conduit at the
top of the reactor tube; drawing a vacuum through the vécuu conduit to pull
particles from the reactor tube at the same time that the pre' surized 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 Sufﬁdent flow through the
vacuum conduit to prevent the solid particles from leakjhg out into the reactor as

they are being vacuumed.

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

~ bottom of the reactor tube.

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

top of the reactor tube.

20. A method for vacuuming solid garticles and gas from a vertical chemical
_ reactor tube as recited in claim 18, influding 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 pgeactor tube.

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

injector tube and the inner glrface of the reactor tube.
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