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| NTERNALS The invention relates to a system for supporting certain reactor

i nternal s mﬁthin a b5 reactor vessel. Downfl ow reactor vessels are comonl y
used in ty ﬁﬁgg and refining industries in catal §es such as
hydrotreatlng, ydrocracki ng, hydrodesul furzation, nls I'ng, and
hydr odewaxi ng. The typical downfl ow rleactor is a vessel that I S equi pped
with a feed inlet and a reactor effluent outlet. Contained within the 10
vessel is a bed of catalyst particles with which the feed that is introduced

into the vessel kyppoRAtSPSEM FOR REACTORYASYANIBERNALLO | ncor porat e

within a downfl ow reactor vessel a feed distribution tray disposed between

t he point of I | t %EE | . ar bed of

cat al yst par |e§ Br&%ﬁ%&pu Sbtglgef&osﬁlg lﬁﬁ?? u |%§&§ﬁnem@%%d Oifd across the
CrosS 1pcasteciesssl. of the catal yst bed. A typical manner by which the feed

di stribution

tra | ncor oratedlnot ctaqr v Is by affixing or
connecti ng tP@wFﬁ%vﬁr?PFE’F?’?Sﬁ FF‘GW’F’F’Q&Y&WPH'@"&FHE ‘iﬁ’%ﬂgucture to the
i nsi de ‘ﬁﬁuh&im%ﬁﬁlﬁ@%ﬁde%seé’ﬁéﬁ%hyd}'étke%hﬁ@'hg&%iaelﬁn gs often achieved by

wel ding attachments to the inside wall of the reactor vessel. Affixing these

r eact or hydrodesnlrization, thydroffinishing, anf hydrodewaxing. Whe typicabdewndlow reagionie an

I f h
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hydnopr eesselds abed sfvatalyst paticled with wmchtmbeu thutsis irdodozeddiito alie vl isi S

susceptible to hydrogen can result in cracking of the weld overlay netal and
to otherﬂﬁﬁﬁBlenB The probl ens associated with affixing reactor internals

to the insidf ¥etdn AvartagtBud GdoRorite Sl /WAty BRAREACDY R NOVE! PO !

s@stemfor supporting reactor internal I nside a reactor vessel wthout the
need t o distritiufion trey dispasod betwpen fbcrmlot Qﬂfeedrlemdmhon mwéo the reamr vessaltimd, an

obj ect | t 0 u rting
react or %e lfeg ﬁgz’#éﬁ%} ?ﬂ‘:l}lcs gorrtg% ose %gdlggﬁ’ﬁﬁgq iﬁﬁ 855 ﬂ? (P%%f i X the
suppsrt seoﬁsﬁ ofithie @athlyet bed. A typical manner by which the feed distribution tray is

incorporated into the reactor vessel is by affixing or connecting the feed distribution tray or

its supporiing structure to the inside wall of the reactor vessel. This connection is often
achieved by welding attachments to the inside wall of the reactor vessel. Affixing these
reactor internals to the inside of a reactor wall, however, can be an unsuitable way of
20  supporting the feed distribution system within the reactor vessel. For instance, welding to
the inside wall of a hydroprocessing reactor vessel with a weld overlay material that is
susceptible to hydrogen can result in cracking of the weld overlay metal and to other
problems.
( The problems associated with affixing reactor internals to the inside wall of a
25  reactor vessel may be resolved by a novel support system for supporting reactor internals
inside a reactor vessel without the need to affix the support system to the reactor inside
wall.
Thus, an object of the invention is to provide a support system for supporting
reactor internals within a reactor vessel without the need {o affix the support system to the
30  inside wall of the reactor.
Accordingly, provided is a suppost system for use with a reactor vessel having an
inside wall that defines a reaction zone capable of containing a bed of catalyst particles and

which includes an inlet manway providing an opening into the reaction zone. The support



30 inside wall of the reactor. Accordingly, provided is a support systemfor -
use with a reactor vessel having an inside wall that defines a reaction

zone capabl e of containing a bed of catalyst particles and which includes

an inlet manwa roviding an opening into the reaction zone. The support WO
2006/ 0937?949@;24/‘)9&2006/ 006273 2 systemincludes a nmaniEl/USREE62Ravi ng an

I nsert upper end and an insert | ower 2end, wherein the manway insert is
capabl e of extending through the opening into the reaction zone. It further

i ncludes a support hanger, having a hanger upper end_and. a hanger |ower end
wi th t hEYHER N0k BATERER By e SRBHEY YPBFTIFE0 RS BSERINR BT | ower end,
and a S wHeRRPIE nidhivi fndéreis & RfendHpRRbESNEe g%%diﬂﬁ;:ilﬂtgihﬁéabﬁ}}ﬂ or tray and

which is fixedl connected to the hanger | ower 1l is a vertical

Cross s@ons. er inclusige 2 suppod hrger havdnga hangen uppps enshandfa hahger lowarent i on. FI G
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Cr 0S$- S eappodtsuctiteapable dfvappoitingd Hfluid distibutdritthyad pdidh is fivédityn t aken al ong
line 3-3 of FIG 1. FI 4 1s a perspective view with the reactor vessel cut

away tpweg%m%bﬂﬁﬁ? WeE§kk em contained in the reactor vessel. 15 The
| Venti on ¢ el oS h9oMBARs UibRbY § RActSHARN bl pH b Al bPE! nal S of 2

downfl owtype reactor wthout the need to affi support apparatus to the

I Xt
i nsi de vweMentiggf. the reactor. In FIG 1 is presented a vertical cross section

of a reactor el ,10,th 1,.S. equl ppe Wth the s ort_system 12. The
Pt or veos EIC7IE ndgah ihoh Vit PRiictys i pbGa B BR Mo e [ oe 0

r eag0i oand fheénldtmamag bl theGbactsrvestelshognan PIG| 116 of catal yst particles with
whi ch a feedstock is contacted, The reaction zone 14 includes both an

inlet/fluid BGFBERSHICHEME Viewoldhreatier ewl a6l PR BEITHELH zone in
whi ch, %F(ﬁﬁgbg,qftf;m_dlprocess reactions occur. Reactor vessel 10 has an
wa

i nsi de 18 which defines the reaction zone 14 that contains the
FIG. 4 is a perspective view with the reactor vessel cut away to show the support

system contained in the reactor vessel.

15 The invention relates to apparatus for the support of certain intemals of a
downflow-type reactor without the need to affix the support apparatus to the inside wall of
the reactor.

In FIG. 1 is presented a vertical cross section of a reactor vessel 10 that is equipped
with the support system 12. The reactor vessel 10 may be any suitable type of vessel that

20  defines a reaction zone 14 capable of containing a bed 16 of catalyst particles with which a
feedstock is contacted. The reaction zone 14 includes both an inlet/fluid distribution zone
17 and the bed 16 that defines a zone in which, typically, the process reactions occur.
Reactor vessel 10 has an inside wall 18 which defines the reaction zone 14 that contains the
bed 16 of catalyst particles.

25 The reactor vessel 10 is equipped with an inlet manway 20 and an outlet manway
or, altematively, a reactor effluent outlet 22. The inlet manway 20 has a manway inside
wall 24 that defines an opening or conduit allowing for the entry or passage from outside to
within the reaction zone 14. Thus, inlet manway 24 provides means for communication
between the outside and inside of the reactor vessel 10. The reactor effluent outlet 22

30 provides means for removing a reactor effluent from the reaction zone 14 within the reactor

vessel 10.



bed 16 of catalyst particles. 25 The reactor vessel 10 is equipped with an

i nl et mahway 20 and an outlet nmanway or, alternatively, a reactor effluent
outlet 22. The inlet manway 20 has a manway inside wall 24 that defines an
openi ng CRbiidsdsc @l | owi ng for the entry or passage f i to wthin
t he reac??vgn 6}26%64534. Thus, inlet magway 24 provides n%(iﬂ}g?z%ﬁ?oogzgmm cation
bet ween the outside and inside of the reactor vessel 10. The reactor

ef fluent outlet 22 30 provides nmeans for renoving a reactor effluent from

t he reaction 3Dk i NESHE 3756
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suppor t sippogeatiracta®e 3@nThe sipppohdngets 28 dhdmde a3ingdtuppeneniGRtandhahgmes 28 i ncl ude

a hanger uppe 32 and a h er . lower end .34 he, support hangers 28
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to the manway insert 26. Thus, t'he support hangers 28 will be, in nost

i nst &nc ésthempnwey inserd A0 Thus thessvgpert hangsrs 28willds, ingngst jnsangescBnnect ed to t he
support  StiHChpdr ' , ' %@ﬁgﬁ IB; ting the
hanger Iomé’#' enﬁgggtl%v?r%ga%%por s@?ﬁ%&&ﬁg“’%@ nd can |3n€€£§1§'cwel di ng or
connect ismigablescongedtioh treany fortonnedting thddmnger lowarend Bd o thegupeet stoagureet al parts.
10 In order . to permgit the off-site fabrication and the separate assenbly of
the Supgtepd caBhdh et of pongsting isligbofiS hay e Koo TERRIPL or 1 od for ¢ he
connect i.gkhedBd Betalpadg. & plate 36 that is affixed, preferably by welding,

to the support structure 30 and which plate 36 includes a hole through
whi 8 a bol t Inexfetfe prmaitihe off-sity fabrigatinpeand| thnpeparaisesgmbiy ek thesupppric| udes a

hole th ' .ehe | l.e. | t m ass
to 5 t et 12 Wthiile Mabldr b 6 Eic ottt for 8 pRIHAmMRLnEa Bl TRV
hﬁnger IBGMiﬂf&c%prgfmmﬁbywH]}dmg;tofthe su#bﬂls&utﬂﬁ-e 30tand shich@lute/36 I r ecogni éed
t hat any other  suitabl.e peans for i, xe opnectj ng t he er |ower en
B0t ot TS 5l PPt v e s Bolt ity b gt TRRBREFLIPET 4 Bl (o Fi G 2.
whi ch priggaRk & holk (R ihaskbawitihe holk RepReCld Rrdvakh wiRtha Holtdlhydsmsd fadi cated in

FIG 1. The enl arged sectional detail 40 shows the inlet manwa
15 thereby provide for the connecting means for fixedly connecting the hanger lower end 34

to the support structure 30. It is, however, recognized that any other suitable means for
fixedly connecting the hanger lower end 34 to the support structure 30 may be used.
Reference now is made to FIG. 2, which presents an enlarged view of the sectional
detail 40 as indicated in FIG. 1. The enlarged sectional detail 40 shows the iniet manway
20 20 and portions of the support system 12 (entire support system 12 is shown in FIG. 1) that
include the manway insert 26, the hanger upper end 32 of the support hangers 28, and
clamp 42. The hanger upper end 32 is fixedly connected to the manway insert 26 by clamp
( 2.
The manway insert 26 has an insert outside wall 43, an insert inside wall 44, an
25  insert upper end 45 and an insert lower end 46. While what is depicted is clamp 42 used to
fasten the hanger upper end 32 to the manway insert 26, it is understood that any suitable
commection means for fastening the hanger upper end 32 to the manway insert 26 may be
used. Such connecting means can include welding or connecting using bolts or any other
suitable means for connecting metal parts.
30 Affixed to the clamp 42 is a plate 48 having a hole through which a bolt may be
inserted. The hanger upper end 32 further may include a hole 50 that may be matched with
the hole of plate 48 through which a bolt may pass to thereby provide for connecting means



20 20 and portions of the support system 12 (entire support system 12 is
shown in FIG 1) that include the manway insert 26, the hanger upper end 32
of the support hangers 28, and clanp 42. The hanger upper end 32 is fixedly.
connected to the manway insert 26 by clanp ~. 42. The nmanway insert 26 has
an i nsertweuoewogyseal | 43, an insert inside wall 44, aFﬂTﬁzi"%g’@?zP upper end
45 and an insert lower end 46. Wile*what is depicted is clanp 42 used to
fasten the hanger upper end 32 to the manway insert 26, it is understood
that any suitable connection neans for fastening the hanger upper end 32 to
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clanp 42. 2 detachabl e or renovable so as to permt its
f abri cat Wosn thiefclanint 42 inusad as connsching meqna fortalixing thesupporidungeard8ite8ieal | ed

within the reactor,.v . It IS ed.ftor.. cl any ot her
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as connectin ns.for affixing the s or,t, hanger, 28 to th nway i nsert
26, it RO MY, egtlmé&%geﬂlzrfooéé SRiEHRT BaRin s clp R Jodhe sur f ace. of
the jgsehier BWef exfdi$. 46 and for the clanp 42 to have a matching or
corresponding protrusion 54, which nay be fitted toget her to forma joint

for joining tAsmentoned ave,dhe indet mpgway 2@ has 4 mewwvaydnsider@all 24 thatdefingmed above,

the inlet n 20 _has : . 1 NSl I t fines onduit or
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wherein the insert .lower end 46 term nates.
lower end 46 t es.

15 The insert upper end 45 may further include a flange 56 extending horizontally and
outwardly from the insert outside wall 43 and providing for its seating upon a face 58 of
the inlet manway flange 60. The face 58 of the inlet manway flange 60 provides a bearing
upon which the flange 56 may rest. The flange 56, thus, provides means for transferring the
load from the support structure 30, and the objects supported thereon, through the support

20  system 12 and onto the inlet manway 20.

In a preferred embodiment, the face 58 is provided with means for forming a ring
joint with an opposing manway cover flange (not shown). An example of such means
includes a groove or a bevel that is machined or formed into the face 58. This groove or
bevel is capable of being matched with a matching and opposing groove or bevel that is

25  machined or formed into the face of the opposing manway cover flange. A ring joint gasket
may be placed within the groove or bevel of the face 58 and the opposing groove or bevel
of the face of the opposing manway cover flange so that when the two flanges are joined
together the ring joint is formed. If the spacing being the face 58 and the face of the
opposing manway cover flange is not sufficient to permit the placement of the flange 56

30  upon the face 58 and the formation of the aforedescribed ring joint, a wider ring joint
gasket may be used, or, alternatively, a chamber may be formed in the face of the opposing

manway cover flange so as to allow for the placement of the flange 56 upon the face 58



15 The insert upper end 45 may further include a flange 56 extending
horizontally and outwardly fromthe insert outside wall 43 and providing
for its seating upon a face 58 of the inlet manway flange 60. The face 58
of the in fl ange 60 provides a bearing upo | | ange 56
may rest.hﬁﬁgﬁ?Pgﬁge 56, thus, provides neans for traﬂ%¢@?§¥ﬁ%mﬁﬁé | oad
fromthe support structure 30, and the objects supported thereon, through
t he support 20 system 12 and onto the inlet manway 20. In a preferred
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cover fl}ﬁg&ﬂaﬁéﬁéﬁitb réVideQhean® for ikt datiag 8 TR fréth oliBRicftd Wi (6 upon the face
58 WO 2006/ 093756 PCT/ US2006/ 006273 5 and the joining of the flange 60 with

t he ¥bposidignaetitldy cover flange in a manner so as to provide a desirable

ring joint. I r ' t?q S| has a
cylindrical glgoorre %@Lﬁ%@? %’ﬁﬂg%g%h%aorsgc ep@e’(ﬁ g?/hggkl ar?gt@%s%?ﬁgnd it is
further takenfabongdihefed of HIG. I Shewh iotht slacy 4Badnkto whicH dretaffieediplatek 48 Wi t hi n

| imity, t d_al h i nsi.d || 24 , ferably,
Ot bt p e e Fr S Shientedins BesRed pryer iR Sl et 1 he manvay
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a conduit through which a fluid may be introduced into the reaction zone 14

or tH ouggrbodiment, the platss 48 ardsthe hingsrinpey end 2wl have holes thatarpEtebingor
i ntr oduchgoR whichiabolt P B fasied B fofin W cbihddtibl Shis type of connection permits

the fabrication of the individual parts of the support system 12 off-site from the location of

the reactor vessel 10 and the later and separate assembly of the individual parts of the
support system 12 within the reaction zone 14 of the reactor vessel 10.

20 The clamp 42 is affixed to the manway insert 26 using a hole-and-bolt connection
62, which permits the separate fabrication and subsequent assembly of the clamp 42, along
with the other parts of the support system 12, within the reaction zone 14. It should be

( : recognized, however, that while the connections shown are the so-called hole-and-bolt
connection, any other suitable connecting means can be used in the support system 12,

25 The support hangers 28 extend from manway insert 26 downwardly to a skirt 64 of
the support structure 30 (not shown in FIG. 3). The skirt 64 may be a structural element
that extends to within close proximity to and along the inside wall 18 of the reactor vessel
10, The skirt 64 provides means for attaching additional elements that make up the support
structure 30 and means for supporting various types of reactor intermal equipment, such as,

30 for example, a fluid distributor tray (not shown) for distributing a reactor feed fluid across
the surface and cross section of the bed 16 of catalyst particies.



10 reaction zone 14. Now referring to FIG 3, which is a cross-sectional
view of the reactor vessel 10 taken along line 3-3 of FIG 1. Shown is'the
clanp 42 onto which are affixed plates 48. The plates 48 provide neans for
fixedly c | t he hanger upper ends 32 of the support_hangers 28 to

t he mnm%ﬁoﬁé{bﬁ%ﬁ& As al ready notead above, in a pre?grwg%?oi’g‘%éﬁbodi ment ,
the plates 48 and the hanger upper end 32 will have holes that are matching
t hrough which a bolt nay be passed to forma connection. This type of
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additional el ements that nmake up the support structure 30 and neans for
suppt? t i fixedhagonpented tplesskist 64.eact or i nternal equi pnent, such as, 30 for
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plate of a structural elenent,  having ,a flat face 66 that
f1ush agorited Weh thegrastor gssrl l%aﬁsm,owpﬁs Fraptor yessehd{) it (RURRAT Withe or nore
f|anges-thEE&ﬂEtHﬁmﬂSl%bﬁ:ﬁ?d{hBégo?ﬁﬁbb%gﬁ%eﬁ@ﬂ%ofﬁﬁ%&ctd‘é%ssﬁﬁﬁi iTR® the space

between the inside wa the reactor vessel 10 and the flat face 66 of

ski ri5 g4magwvayinsestAp ip upperied hthe mletveansvay 2@ at the flange feebd andibsugh t he space
that is &Qﬁmﬁ&&nﬁ?&&ﬂéﬁ ltlgtseop\é%h 118 i3d8nd @J the inlet manway 20 into

the inside of the reactor vessel 10 where the insert lower end 46 of the manway insert 26

terminates. Fastened to the insert lower end 46 is clamp 42, which provides means for
connecting support hanger 28 to the manway insert 20 and means for transferring the load
20  from the support hanger 28 to the manway insert 20.

Each support hanger 28 has a hanger upper end 32 and a hanger lower end 34. The
hanger upper end 32 is fixedly attached to the clamp 42 and the hanger lower end 34 is
fixedly attached to a skirt 64, which is part of the support structure 30 (See FIG. 1).
Support structure 30 provides means for supporting a load resulting from reactor internal

25  device such as, preferably, a fluid distributor tray. The skirt 64 extends along the
circumference of the inside wall 18 of the reactor vessel 10. The support structure 30 may
further include additional support members such as one or more beams 68, which extend
borizontally and are affixed at each of their ends to the inside circumference of the skirt 64.

It is understood that while particular embodiments of the invention have been

30  described herein, reasonable variations, modifications and adaptations thereof may be
made that are within the scope of the disclosure and the appended claims without departing
from the scope of the invention as defined by the claims.



face 66. Any suitable material or neans may be used to formthis seal. The
skirt 64 may also be any other suitable structural elenent that can provide
support neans for supporting a |load such as the aforenentioned distribution
tray system The hanger |ower end 34 of support hanger 28 extends
downwardly and away fromthe manway insert 26, and it is 10 fixedly
connected to the skirt 64. To providée/ further illustration of the inventive
support system 12, FIG 4 presents a perspective view of the reactor vessel
10 that is cut away to show the support system 12 associated with the

react or &Eijﬁig 10. As is shown, the reactor vessel 10 is equipped with the
i nl et providing for an opening into the inside of the reactor
vessel 10. The 15 manway insert 26 is supported by the inlet nanway 20 at
the flange face 58, and the manway insert 20 extends thyough the opening
that is Hefi rfe&mpprisspetemfpiise Fihgariacser vepsebhavingan ipyfewa fhad fefinesact or
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Fastened to the 1 nsert | ower IS C provi des neans for
connect i mgnveaygpovitingan gpeni@@inmsadeactimmaye, iwhsesit s@dsuppdrtsgaers f or
transferring. the load 20 fromthe support hanger 28 to the manway insert 20.
Each sup‘i?g} Sfanger 28 has a hanger upper end 32 and a hanger |ower end 34.
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lower end 34 is fixedly attached to a skirt 64, which is part of the
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7 CLAI Macludes support means for transferring a load from said support system to a bearing.

3. A support system as recited in claim 2, wherein affixed to said insert lower end 1s

attachment means for connecting said hanger upper end to said insert lower end.

4, A support system as recited in claim 3, wherein said support structure further

includes a skirt extending to and along said inside wall.

5. A support system as recited in claim 4, wherein said support means includes a
flange extending outwardly from said manway insert and providing for seating upon said

bearing.

6. A support system as recited in claim 5, wherein said attachment means includes
detachable clamp means for connecting said hanger upper end and for transferring of load

to said manway insert.



1. A support systemfor use with a reactor vessel having an inside wall that
defines a reaction zone capable of containing a bed of catal yst particles
and which includes an inlet mnmanway providing an opening into said reaction
zone, wherein said support system conprises: a manway insert having an
insert upper end and an insert |ower end, wherein said manway insert is
capabl e of extending through said opeing into said reaction zone; a support
hanger havi ng a hanger upper end and a hanger |ower end with said hanger
upper end being fixedly connected to said insert |ower end; and a support

structure capgble of supporting.,a fluid distributor .tray and ichis
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connect i eng teraiivhtingregthin spiprmacteomconesd for transferring of load to said
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8. A support system as recited in claim 7, wherein said support structure further

includes a skirt extending to and along said inside reactor wall.

9. A support system as recited in claim 8, wherein said insert outside wall extends to

and along said inside manway wall.

10. A support system as recited in claim 9, wherein said manway conduit has a

geometry that is cylindrical.

11, A distributor tray support system for use with a reactor vessel that defines a
reactor zone and has an inlet manway providing an opening into said reactor zone,
wherein said distributor tray support system comprises:

a manway insert supported by said inlet manway and extending through said
opening of said inlet manway and into said reactor zone;

wherein attached to said manway insert is attachment means for connecting a
support hanger to said manway insert and for transferring the load from said support
hanger to said manway insert;

wherein said support hanger has an upper end and a lower end; and
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extendi ng through said manway conduit into said reaction zone and wth said
insert lower end termnating within said reaction zone; a support hanger
havi ng a hanger upper end and a hanger |ower end with said hanger upper end
being fixedly connected to said insert |ower end; and support structure
means for supporting a |oad, wherein said support structure nmneans is
fixedly connected to said hanger |lowsy end. 8. A support systemas recited
in claim7, wherein said support structure further includes a skirt
extending to and along said inside reactor wall. 9. A support system as
recited in claim8, wherein said insert outside wall extends to and al ong
sai d inside n‘HhRKHP ‘spig|upperygnd ipfixadbpastachedyie saidptiachment meansiapd 83idi m 9, wherein
sai d man e i,stri butor
tray suptgg‘%é sys kEle%&ac?}g%ﬂchﬁ g&%%&%ba’\t/gﬁs%e g%&?gfgr%ﬁg@g react or
zone anddismbutntrayl et manway provi di ng an opening into said reactor zone,
wherein said distributor tray support system conprises: a manway i nsert
supported by said inlet manway and extending through said opening of said
inlet mnway and into said reactor zone; wherein attached to said manway
insert is attachnent neans for connecting a support hanger to said manway
insert and for transferring the load fromsaid support hanger to said
manway i nsert; wherein said support hanger has an upper end and a | ower end;
and 9 wherein said upper end is fixedly attached to said attachnment neans
and said lower end is fixedly attached to distributor tray support structure
means for supporting a distributor tray.



