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local density variations as well as a catalyst density that is less than optimal. Local
density variations differ from tube to tube and cause variations in the pressure drop over
the tubes. This results in distortions of gas distribution in a multi-tube reactor and causes
uneven temperature distribution over the tubes during operation of the reactor. The
20 resultant thermal and mechanical stress in the tube can reduce its useful life. To reduce
voids the tube can be vibrated by such methods as tapping or vibrating the upper part of
the tube. However, this is laborious and delays the filling operation. Additionally, tapping
or vibration can expose the tube to extra mechanical stress. If excessive crushing or
fracturing of catalyst particles occurs during filling, the only remedy is to remove all
25 catalyst from the tube and refill it properly. This adds substantial labor and results in the

loss of expensive catalyst

[0003] One method for reducing density variations utilizes a short sock or sock-like
member made of a material such as a soft plastic that is first filled with the catalyst. The
catalyst can be delivered from the manufacturer already in the socks. When filling the
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Pat ent Application RD 253040- A describes a nethod for filling a tube

with [0004] Another method for attaining good and even packing of catalyst into a tube
includes filling the tube with water and then pouring in the catalyst. However, this
method requires that the water subsequently be completely removed. Removal of the
water and necessary subsequent drying takes a long time. Additionally, used water

156  requires special treatment, adding time and cost.

[0005] RD Patent Application RD-253040-A describes a method for filling a tube with
a catalyst by adding the catalyst to the upper part of the tube by means of a transporter
comprising a slowly rotating arrangement. The catalyst is transported from a container
through a duct in which there is a rod with oblique/transverse propeller wings or brushes.
20 The catalyst particles are then transporied to the upper end of the catalyst tube and fall
smoothly into the tube. However, the parti.c!es must be added slowly in order to get even
filling of the tube. Further, the catalyst drops a significant length especially during the
first part of the filling operation thereby permitting the catalyst to be crushed or broken
during the fall. Therefore, the particles can pack unevenly over the vertical length of the

25 tube and the filling time can be long.

[0006] Therefore, there exists a need for a catalyst loading tool that is cost effective to
manufacture and is easily configurable to accommodate particular loading requirements
for a given reactor. There exists a further need for a catalyst loading tool that permits

filling of reactor tubes evenly without breaking the catalyst particles.



a catalyst by adding the catalyst to the upper part of the tube by
means of a transporter conprising a slowmy rotating arrangenent The
cat al yst ﬁuff@ﬁﬁ&ﬁ&ted froma container through a ductpifywh 3n8
there is a rog obl i que/transverse propeller w ngs or %rus

The catal yst particles are then transported to the upper end of the
catal yst tube and fall snoothly into the tube. However, the particles
must be added slowy in order to get even filling of the t ube.
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summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit to other equally effective

20  embodiments.

[0009] Figure 1 shows one embodiment of a damper member that is formed

horizontaliy relative o a filler tube.
[0010] Figure 2 shows the dampers of Figure 1 arranged along a central member.
[0011] Figure 3 is a top view of the embodiment of Figure 2 in a tube.

25  [o012] Figure 4 is a section view showing the tool of Figure 2 in a loading tube being
filled with particles.

[0013] Figure 5 is a top view of another embodiment of a tool where the dampers are



BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] So that the manner in which
the above recited features of the present invention 15 can be
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sonme of which are illustrated in the appended draw ngs. It is to be
not ed, however, that the appended drawings illustrate only typical
enbodi ments of this invention and are therefore not to be consi dered
li miti dgirakshapgdscope, for the invention may admit to other equally
effective 20 enbodi nents. [0009] Figure 1 shows one enbodi nent of a
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[ 0010] Fi gure 2 Shows the danpers of Figure arrange l ong a centra
menber filledoithpeilgisre 3 is a top view of the embodi nent of Figure 2 in
a tube. 25 [0012]Figure 4 is a section view show ng the tool of
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[0016] Figure 8 is a side view showing the embodiment of Figure 7 in a tube being

filled with pellets.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0017] The present invention is used with a catalyst filling process where pellets of

10 catalyst are placed in a tube with the help of a loading tool. The loading tool comprises
dampers that are formed into repeating shapes from material such as a wire or the like in
a manner whereby at least a portion of the dampers are substantially transverse and
axially arranged to provide substantially circumferential coverage along a longitudinal
length of the tube. The distance between damper members can be substantially equal or

15 can vary. The plurality of damper members reduces the falling velocity of the particles
and diverts the particles from falling in straight downward paths.

[0018] In the embodiment shown in Figures 1-4, dampers 10 are arranged in a
horizontal manner along a central member 30. Each damper is symmetrically shaped
and includes a central portion 12 and arms 15 extending outwards from each side of the
20 portion 12 in a single plane that is perpendicular to the longitudinal axis of the central
member 30. In the embodiment shown, a cross arm 20 extends at an angle of less than
ninety degrees from an end of each arm 15. As shown in Figures 2 and 4, the dampers
10 are arranged along the central member 30 in a manner wherein each damper is
rotationally distinct from the adjacent damper and whereby the arms 15 and cross arms
25 20 extend into an annular area 65 formed between the central member 30 and an inside
wall 55 of a tube 60. The result of the rotational differences are evident in Figure 3.
While there is no contact between the damper 10 and the wall 55, the arms extend
outwards far enough that pellets 70 are interrupted by the arms 15, 20 from free falling to

4



spiral -shaped. [0014]Figure 6 is a side view show ng the
spiral -shaped danpers in a tube being filled with pellets.
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relative to each other. 100161Figure 8 is a side view show ng the
enbodi nent of Figure 7 in a tube being filled with pellets. DETAILED
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT [0017] The present invention
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enbodi nment own in Figures 1-4, danpers are arrange ]
hor i zomeabotfmnmérth%taﬂhgataﬂfme!mmmt tive b icaB (e Partddicdyrpeised suntil the tube is
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10 of these two methods can be accomplished manually or automatically with an

appropriate mechanical device.

[0019] Figures 5 and 6 illustrate another embodiment of the loading tool 150. As
shown, the dampers 105 making up the tool consist of a plurality of spiral or helix-
shaped members, each of which has a slightly increased or reduced outer diameter than
15 the adjacent spiral and all preferably formed of the same wire or stiffened member.
Figure 5 is a top view showing how the spiral shapes of the dampers 105 substantially
cover the interior of a tube to stop the freefall of pellets being loaded into the tube.
Considering Figure 6, it can be appreciated for example, that spiral 106 is larger in
diameter than the spiral 107 thereabove but is smaller than the next lower spiral 108. In
20 the embodiment shown in Figure 6, the spirals increase in diameter along a first
longitudinal length of the tool and then decrease along a second length. 1n this manner,
the loading tool has a consistent center line and the stiffened member from which it is
formed can traverse a portion of the tube prior to forming another group of dampers. In
each case, an annular area remains between the outer diameter of each damper and an
25 inside wall 55 of the tube 60. Shaping of the damper members and changes to length,
stiffness, number, axial spacing of the spirals along the length of the wire, etc., can be
adapted to the material to be filled into the tube and the size of the tube. These changes
can be accomplished since the damper is relatively inexpensive and can be adjusted
easily. As shown in Figure 6, multiple dampers can be used along a tube’s length and
30 the distance between them can be varied.



and includes a central portion 12 and arnms 15 extendi ng outwards from
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could then be rotated 30 degrees counterclockwise from the first Z. The arrangement

25 creates a loading tool wherein legs of the various Zs are more likely to contact a falling
pellet at more equal intervals along the length of the tube 60.

[0023] Since the damper members do not occupy a substantial portion of the cross
section of the tube at any particular axial location they can be rigid or flexible and still
permit the particles to fall. The loading tool can be moved or jerked primarily in both
30 directions axially and is pulled gradually out of the tube as the tube is filled, or it can
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25 inside wall 55 of the tube 60. Shaping of the danper nenbers and
changes to length, stiffness, nunber, axial spacing of the spirals
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be filled Into ube and the size of the tube. Thes anges can

be acconplished since the danper is relatively inexpensive and can be
adjusted easily. As shown in Figure 6, nmultiple danpers can be used
along a tube's length and 30 the distance between them can be vari ed.
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Figures 7 and 8, the shapes can
5 change from tension to slackness as the lowest extremity of the center member contacts

the catalyst interface, similar to the sensation from a weighted fishing line contacting the
bottom of a body of water. In one embodiment of the present invention, periodic
adjustments also can be assisted by the addition of a sensor member at the lowest
extremity of the center member. This sensor member can communicate with the top of
20  the center member fo provide visual or auditory indication of contact with the catalyst

interface.

[0025] With embodiments of the present invention, a novel, reproducible, and quick
filing method is disclosed. The method is gentle to the particles such that crushing of
particles during the filling operation is avoided. An even filling of the tube is also
25 obtained, and thus one result has been avoidance of uneven temperature distribution
when a tube filled with catalyst is in operation. Further, an even density of particles in
the tubes is attained without exposing them to tapping/vibration, which is both time-
consuming and damaging to the tubes. Consequently, time is saved both during filling
and also since the tubes do not have to be tapped. The method is simple, cost efficient,
30 and can be modified both quickly and easily. Additionally, it is to only a very small



alternately rotated between cl ockwi se and countercl ockwi se. By
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can all be substantially identical along the center nenber. 10 For
exanpl e, the shapes can be symetrical or uniformy asymetrical in
geonetry and can provide a bal anced, limted coverage of the annul us
formed between a centerline of the tube and a wall of the tube.

[ 0024] Periodic adjustnents of the height of the | owest extremty of
the center nenber can be made nmanually. This is acconplished by
physically feeling the wire nmenber



15 change fromtension to slackness as the | owest extremty of the

' center nmenber contacts the catalyst interface, simlar to the
sensation froma weighted fishing Iine contacting the bottomof a
body of water. In one enbodi nent of the present invention, periodic
adj ustments al so can be assisted by the addition of a sensor nenber
at the lowest extremty of the center nenmber. This sensor nember can
communi cate with the top of 20 the center ﬁgg@ r to provide visual or
auditory indication of contact wwth the ca i nterface.

[ 0025] Wth enbodi ments of the present invention, a novel,

r epr oduci bl e, and quick fiIIing met hod is disclosed The nethod is
gentle to the pa C a crus articles during the
filling opef atl qaéz} OEECH C}'&HE% S ’ldlﬁ Wﬁ%‘iegf”t%’ﬁé”%'b%om%“ &0 25
obt ai ned, and thygeRBERSIEE aR@S been avoi dance of uneven
temperature distribution when a tube filled with catalyst is in
operation. Furt hem|uratityesfesuldaially ld&“ﬁmi legiss mantiess wigpesed saalong the

i me- consurd i AT Nl orag e ARhES Hsidha ohisg g TedTod Yidlgngy =
bot h duri ngeyfintiically amsbed swdyi nith & hisortuthese dbraath Hewecdaibe the center
opped TR LBl G SBRLeFl SRl n SR SRS B s
2007/ 10944261/ fa%ﬁl Q%’u%%%rﬂ%%%éﬂ?@@@%@ﬁr&ﬁ%e%‘ﬁ%’é&%ehﬁeff WPat least

particul ar operator durln% the filling process. Furthernore, errors
connect ed vﬁNtOhOPpwn@mgﬂ DB ¢ WEIERIN | it Basb ek dRmPaYdheméer As rotationally

subst ant i aI C r

SUbStant! 8RR 3EnpbBEROAE PRI A RACKARL IS LIE B MLin cacn
f or egoi ng i@ndinckcieed tt@seranmdextemﬂrsg difont he:ia@haésemhemv’eat azmlangketdsfaxp to
and further

th d
Gepar L1 ng. (FENY (0 G P00 debpBalte Poti SRACENE Lepsbopitsh fisthe ams
det er mi ned dwtat foehelcanrs nidrabef ol | ow.

2. The loading tool of claim 1, wherein multiple pluralities of damper members

extend between an upper and lower end of the center member.

3. The loading tool of claim 1, wherein each arm includes a cylindrically

shaped body.

4. The loading tool of claim 1, wherein each cross arm includes a cylindrically
shaped body.

5. The loading tool of claim 1, wherein the length of each cross arm is greater

than the length of the remaining portion of each arm.

6. A method of distributing solid particles into a tube, comprising:



CLAIMS 1. A loading tool for distributing solid particles into a
‘tube, conprising: a center nenber; and a plurality of
substantially identical danper nenbers disposed along the center
menber, each danper nenber including a central portion having a
cylindrically shaped body with a bore there through for receiving the
center menber and at |east two rigid and opposi ng arns ext endi ng

h .r al L ¢ al I
fromthe center Hefidihd e BR6HGI8oR HBRERLR: Bepl. PR ket g Grayine =
at | east onectanpeemierbendi a Ipu:traﬁt'yoroaléubs@ﬁrﬁiailylctdeﬁtumn adhaeenmembers

danmper nenbers o S thereof and \/\herel n each arm | ncludes a
cr (r)rgs ar m eXeUIRH G%fg?ff pk?rﬁ%(‘%ﬁr QeRbelniyherrin E8¢h damper apgnaeoinclyses @t least

ninety degr&@s igatarhe Siealng d@waﬂfsnétrﬁﬁ;%%tbw nfr{e@@dggﬂ%sﬁorﬁ%@ cBhter
the arns distal to the center nenber | oadi ng t clarm

1, wherein mgnmbesl & @tuleast ttves oopoeliagpérremmbeasdega@mddampe\earneraher is

oo 1 wniEorl Pl e R B s herdiy: SREER BER, Sy urtner
The | oadi ngm‘clmdbsoef cedsd e, exidveding rfrarach distalssndtiereot bud@sasgle of up to

cylindrical I.% ed body. 5. The loading tool of claim1, wherein
the | ength Oi® ég)g‘é?%ss armis greater than the length of the

renai ning porti Oﬁ]h@bth%a@'ﬂe%lm tHe scﬂncﬁﬁ‘érﬂ@l@so\fvh@#e‘ﬁ{ P& idNGarditles Tontact at

partlclesmtoat r|S|ndg
least some of the plurality of damper members; and

removing the loading tool from the tube.

7. The method of claim 6, wherein the loading tool is removed as the solid

particles fili the tube.

8. The method of claim 8, further comprising sensing a first position of a first

portion of the center member within the tube.

9. The method of claim 8, further comprising adjusting the first position of the
first portion to a second position within the tube in response to the sensed first

position.

10.  The method of claim 8, further comprising communicating the first position

of the first portion to a second portion of the center member.
1. The method of claim 10, further comprising adjusting the first position of the

first portion to a second position within the tube in response to the communicated

first position.
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positioning a loading tool in an interior of the tube, the | oading
tool having a center nmenber and a plurality of substantially

i dentical danper nenbers connected to the center nenber, wherein each
danper menber includes at least two rigid arnms extendi ng outwards at
substantially ninety degrees fromthe center nenber in at |east two
opposi ng directions and each danper nenber is rotationally distinct
from adj acent danper nenbers, wherein each armfurther includes a
cross armextending froma distal end thereof at an angle of up to

ni nety degrees; filling the tube with the solid particles,

wherein the, soli articles contact | east .so of the plurality of
damper menbdfs: giﬁ‘g n?%thﬁgiWg&?maq'gﬁaﬁ?fgc?@m[s'f‘g ?‘H@QttﬂgéPagT?Q t%%mto
met hod of ciadtiznd.aswherrehdveBedn9ad gt 0ol is renoved as the solid
particles fill the tube. 8. The method of claim®6, further

conprising sensing a first position of a first portion of the center
menber withiq t ; '§}%f : ri.Si

adj usti ng twe]' flhﬁﬁsé;t H%glg?cg ?gﬁiglo E{Tﬁé@?ﬁé&{m@oﬂ on '?%H]gﬁdsqg{ceoﬁg%g @bl a
posi ti on wi totionthe fikedeosition edperdfimgttbe tihe with sedsblic sdrtiplesi ti on.

10. The method of claim@8, further conprising conmmunicating the first
position of the first portion to a second portion of the center

menber. 11. The method of claim 10, further conprising adjusting the
first position of the first portion to a second position within the
tube in response to the conmunicated first position. 12. The met hod
of claim®6, further conprising breaking the |oading tool into

sections as it is renoved fromthe tube. 13. The nmethod of claim®6,
further conprising nmaintaining the loading tool in a rotationally
fixed position while filling the tube with the solid particles.
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