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-1- 7 FLEXI BLE JO NT The
present invention rel ates to a flexible joint for use in conduits
and vessel s through which a fluid flows. - 1 - In particular, the present-
I nvention relates to a flexible joint for use under aggressive
conditions, such 5 as high tenperatures and for handling of fluids of
a corrosive or abrasive nat (FEEXIBLE JOINT The need for flexible
joints in conduits and vessels ari ses frequently in the design and
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opetation of such a rigid construction would result in
unacceptably rapid deterioration and failure of the
process equipment. Accordingly, there is a need for a

15 flexible joint which may be incorporated in the wall of a
vessel or pipe, which flexible joint combines the
necessary degree of flexibility with the required
integrity to withstand the process operating conditions.
Designs of flexible joints have been available for many

20 years. Reference is made to Chemical Engineers'
Handbook, Fifth Edition, Edited by R.H. Perxry and C.H.
Chilton at page 6-48 for a general discussion of flexible
joints for use in piping constructions. A typical
flexible joint for use in a vessel, pipe or the like

25 comprises a first and second rigid wall portion connected
by a flexible wall portion. The three wall portions
define a longitudinal passage through which a process
fluid can flow and are arranged along the length of the
passage. The flexible wall portion is typically in the

30 form of an undulant wall, often referred to in the art as
"bellows".
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- 2- More recently, as chem cal aprocesses advance, it has
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that such high operating temperatures and the presence of
an abrasive component, such as the cracking catalyst,

15 give rise to a very aggressive environment for the
flexible portion of the flexible joint. In order to
prevent premature failure of the flexible portion of the
joint, it has been found necessary to construct the joint
from suitable resistant materials, for example alloys of

20 steel, and protect the flexible portion from direct
exposure to the process fluid. '

European patent application No. 445 352 discloses a
flexible joint comprising a first rigid wall portion, a
second rigid wall portion, and a flexible wall portion of

25 which the ends are welded to the rigid wall portions,
which three wall portions define a longitudinal passage
through the joint, which joint further includes a sleeve
member including a sleeve of which one end is secured to
the first rigid wall portion and of which the other end

30 extends into the second rigid wall portion, wherein the
outer diameter of the sleeve is smaller than the inner
diameter of the flexible wall portion and than the inner
diameter of the second rigid wall portion.

The known flexible joint further comprises a box
35 filled with heat-insulating material which is arranged on
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and are nore didonstutuctt anbiataimpre [difficult to wmaintain. 1In
15 addition, it has been found that the seal deteriorates
due to corrosion, embrittlement and/or relative movement
between the sleeve and the second rigid wall portion,
leading to an eventual failure of the seal. Debris from
the seal may then be carried by the process fluid into
20 other parts of the plant, causing blockages and damage to
plant eguipment. _
When the seal has deterioated hot process fluid can
enter the annular space between the sleeve member and the
flexible wall portion. The process fluid will form a
25 stagnant layer which adds to the heat insulation. However,
at the entrance of the annular zone the fluid flow will be
turbulent and thus high-temperature proéess fluid is in
direct contact with the second rigid wall portion. This
contact will increase the temperature of the second wall
30 portion. Although this will not affect the second wall
portion itself, it does affect the weld between the
flexible wall portion and the second rigid wall portion.
Accordingly, there is a need for a flexible joint
which combines both simplicity of construction and ease
— 35 of maintenance, whilst at the same time providing the
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i's portion falling below the dew point of the process fluid,
causing condensation to occur on the inside of the

15 flexible joint. This may in turn lead to corrosion and
premature failure of the flexible wall portion.

Moreover failure of the weld between the flexible
wall portion and the. second end portion should be
avoided. '

20 - To this end the flexible joint according to the
present invention comprises a first rigid wall portion, a
second rigid wall portidn, and a flexible wall portion of
which the ends are welded to the rigid wall portions,
which three wall portions define a.longitudinal passage’

25 through the joint and are arranged along the length of
the passage, which flexible joint further includes a
sleeve member including a sleeve of which one end is
secured to the first figid wall portion and of which the
other end extends into the second rigid wall portion,

30 wherein the part of the first rigid wall portion facing
the passage, the inner side of the sleeve and the inner
side of the second rigid wall portion are provided with a
layer of erosion-resistant material, wherein the outer
diameter of the sleeve member is smaller than the inner

35 diameter of the flexible wall portion and than the inner
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to be installed. Most typically, the rigid wall portions
will be c?lindrical in cross-section. The rigid wall
portions are typically constructed from the same material
as the adjacent apparatus. Typical materials include
- 20 mild steel, stainless steel and other steel alloys, with
the selection depending upon the prevailing process
conditions and the fluid being handled.
The flexibie wall portion is disposed between the
first and second rigid wall portions and is intended to
25 absorb relative movement between the two rigid wall
portions. Such movement typically arises, for example,
due to vibration and pressure and temperature
differentials which occur in the process equipment. The
flexible wall portion may be of any suitable form. Most
30 typically, the flexible wall portion is in the form of an
.undulant in longitudinal section, more commonly referred
to as a "concertina" or "bellows". ' The size and form of
the undulations are selected according to the degree of
flexibility and displacement required. Techniques for

35 the selection and design of the flexible wall portions
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‘sleeve extends within the passage so as to overlap the
second rigid wall portion. The sleeve is spaced from the
20 flexible wall portion. The remaining end of the sleeve
is not secured, thereby allowing the sleeve to move
relative to the second rigid wall portion. Typically,
the end portion of the sleeve overlapping the second
rigid wall portion will be spaced from the second rigid
25 wall portion.
In a preferred arrangement, the slee%re member extends
from the first rigid wall portion in a manner providing a
continuous wall surface, thereby presenting little or no
obstacle to the flow of fluid through the flexible joint,
30 that is, the sleeve and a portion of each of the first
and second rigid wall portions combine to form a
substantially smooth sided passage for the flow of fluid
through the joint. The required spacing of the sleeve
member from the flexible wall portion is accommodated by
35 having the width of the passage defined by the flexible
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It is the intention that, in operation, process fluid

15 is allowed to occupy the annular space between the sleeve
member and the flexible-wall portion. Process fluid may
enter this space between the free end of the sleeve
member and the second rigid wall portion. The process
fluid in the annular space is relatively still and acts

20 as an insulating medium for the flexible wall portion.

In order to allow the process fluid in the annular space
to remain still, it is preferred that the first rigid-
wall portion is at the upstream end of the flexible
joint, when installed and in use.

25 Heat-insulating material is provided on a surface of
the sleeve. The material may be attached to the surface
of the sleeve in direct contact with the process fluid to
be handled. Preferably, the insulating material is

- attached to the surface of the sleeve facing the flexible

30 wall portion. Insulating material may be applied to both

-surfaces, if desired. The heat-insulating material may
consist of one layer of material or may compriSe a
plurality of layers. If a plurality of layers are
employed, the layers may be of the same or different

35 material. The selection of the-number and position of
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insulating material is preferably a fibrous ceramic

15 material. Suitable ceramic materials are fibres of
silica, alumina, zirconia, magnésia, calcia and mixtures
thereof. Suitable materials are available commercially,
for example under the trade names "Saffil" and "Zircar".
Alternative, less preferred materials for use as the

20 insulating material include graphite and ash paper.
Again, such materials are available commercially.

In a preferred embodiment of the present invention,
the layer of heat-insulating material on the sleeve is
covered by a protective sleeve. The protective sleeve

25 preferably covers substantially all of the insulating

' material, such that a sandwich of sleeves and insulating

material is formed.. In a further embodiment, the
protective sleeve is not secured to the layer of
insulating material, thereby allowing the protective

30 sleeve to move relative to the insulating material. This

' allows for relative movement between the components
arising, for example, from the effects of differential
thermal expansion.

The flexible joint is provided with a layer of

35 erosion-resistant material in the form of a refractory
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both s sWnhAAeS, ididetid ehirddbhieatcd 614 AthdgndBLgT hAE MR¥tures
consi st of one | ayer of materi al ag{leemxXa conprjse a lF{I,urallty o?

layers. |f a ptiexgad ofneytd terial coppEisesnd PiFeHEe 8§ be of
the same o][ di Gilemama Ind s/ilirfﬂi eridilis i babbet undeof thbet pagbenamad
position o " ./ 20165 . . . .

PCT/ EP96/ 05361 " CURAS 9@D§F7. :%%e refractory ox1d§8§s typlcallyhappé§8ps
and the type ofinhé&dte ifitaml atfi iy qemiegrti adr vink [tiles or bbpeksd. upThet bayer
processgy oper at | ' 'CQ:I]S : ﬁ{gf;r,i b exkpl.e

j oint, ﬂ% he mat g??elfl% roé% c';)&cﬁeevvhli%‘&hret]haet, exl b eftve\gl |¥%%JP§{%J% %S!slph
construct ed andhatte of the lagier ohfingielafipesBaterial pei Fehunfragtoryhe

heat - RS dAtiNHIFRIR,| 1IN S d5e BctO¥EtHEI FRE process
conduptivity at hi, t%petrati nag, t ry,eraturreéécé.hereb : mar uallovm' ng a
rel atively thlﬁlWHggr of qﬁu?ﬁhﬁéglﬁﬂgtﬁP %r%ﬁ}ﬂ% ¥R ?Bﬁﬁ?r@g | eve
of insul ati on. thee nedfirerdtadry oxide is to provide protection against the
15 abrasion and erosion of the underlying surface. If
desired, the layer of refractory oxide may be applied
over a layer of insulating material covering the surface
_of the sleeve. ' |
- The layer of heat-insulating material provided on the
20 surface of the second rigid wall portion should cover at
least that portion of the surface of the second rigid
wall portion overlapped by the sleeve. More preferably,
the layer of heat-insulating material extends over
substantially more of the surface of the second rigid
25 wall portion. Any of the materials discussed above for
use as the layer of héat-insulating material on the
sleeve may employed. Again, one or more layers may be
used, the layers being comprised of the same or different
material. The layer of heaé-insulating material is
30 covered with a layer of refractory oxide, as discussed
hereinbefore with respect to the refractory oxide applied
to the surface of the sleeve.
As mentioned hereinbefore, the sleeve member is
_ spaced apart from the flexible wall portion, forming an
35 annular space into which process fluid is allowed to flow



10 shoul d preferably have as | ow an ash, sul phur and chl ori de
content as_possi ble. The material should be sui t abl nder
t he prevai ﬁ%]’i?”?cess condi tions, for exanple cond?"tﬁ'@‘ﬁf’s’g’@?"ﬁ. gh
tenperature. The insulating material is preferably a fibrous
ceram c 15 material. Suitable ceram clgreterials are fibres of

silica, alumna, zirconia, nmagnesia, calcia and m xtures t her eof .
Sui t abl e mat erdwt Enarepeavatiabl e Thenprocabby fluid in ther ammﬂpixe spzﬂ&r

the trade nameg,ypafdi in, s%%\gio;p Bfage}gtlvelxasélﬂlﬁr %U ave 5 aﬁ-%'[tt &d ed

materials for use as terial |nc
ash paper. furth%aﬂhsu%%'éﬁ ﬁh@eﬂéxéb&ﬁewéﬁél paptd oromdiay dihey.

In a preferre(bﬁﬁ&dlcag@é%a@ioﬁhsfpfsﬁsnkegewaikoa,f fluid asthﬁl | ayer of

heat -i g sul atin eri al the.s er ed a pr Qt ective
s| eeve The pr’%i%‘?li?rv%rsl’e‘év%szﬁmp°rtaBFeFE?5bF§r E&U@%‘%E@ét ativedy y al |l
of the insul atstngll It hamftmwabeeaufbunuathatsahé\mde}slcg‘n ?dfee‘_\t% farge
| nsul ati ng Jt;ﬁa&f'éh O%f@gve ﬁeﬁbEW %Pﬁr 1%@)%%1 thﬁe

0 nsu eﬁ é’

protective sl SR% B o8 P
mat eri al, thervsigih aﬁh@vﬁ%@omﬂlerpgb@ewﬁllepgﬂtlon pilaer@v@nt d-mpoxt and at ive

to the insul atyduge NBd efhel 1nsﬂ_i‘é§1ng prop eﬂ:h@‘.ﬂ’so%oﬁ:h%elpérddé%
bet Weﬁ@ t he conponents exatrIBI e, fromthe effects or*
n

|SIn
differ@ntial tHe annylar n%ﬂ’a‘é?paﬁgl %rtlcular extent &y mhdghoithe i s
provi ded with sldeyermeafib&@b overlapssthe- sesbadartgid eailal ﬁd?cttlhﬂa form of

gC&?ELSEESE%Gl Thev¥%égzg0395the portion of the séeeve member Toi de

covering the wgmapping hehe| segenddragédt wahé portion pgrso@gsdefdsyi d when
the joint is igyHSe ik t@Rd €distance of the sleeve member from the
15 second rigid wall portion, as measured perpendicular to
the sleeve member. _

Preferably, the length of the portion of the sleeve
member overlapping the second rigid wall portion is at
least 100 mm, more preferably at least 200 mm, under any

20 condition. '

It will be readily understood that the clearance
between the free end of the sleeve member and the second
rigid wall portion must be sufficient to accommodate any
relative movement between the two components when the

25 joint is in use. In a preferred embodiment, the sleeve
member and a portion of both the first and second rigid
wall portions combine to form a sﬁbstantially smooth
sided passage for the flow of fluid through the joint.
In such cases, it is preferred that the distance of the

30 free end of the sleeve from the second rigid wall
portion, as measured along a line parallel to the
longitudinal axis of the sleeve, is at least 10 mm, more
preferably 25 mm under'any condition.

The flexible joint of the present invention may be

35 applied in any application requiring a flexible joint.



refractory nwoeraeies are avail able comercially and wel | PCT/ERMAR6L n

the art. Suitable materials include silica, 5 alum na, titania,
zirconia, calcia, nmagnesia and m xtures thereof. One suitable
material conprises a m xture of afufitnd and silica and is available -

under the trade_ nang F" The. refract ory _.oxi d
typically appli @(? m:tr;tloned }f%@fp\iﬁ?ﬁoﬁ lﬁrejn?l%F % R%Gf%lsc%faf)f%cks.
The | ayer 10 sudft e foaotss yimoxi h@dhlreglwfélglluiﬂs:M;angdeabihe
that of the |ayeio il aterg%l rﬁge{ Handhng eff@ﬂ;érﬂaf a corrofi ge is

porous, allow ng sone access rocess e underl yi ng

surface. A pri mBaFYRs Pt/ g3 fluids urtqfﬁar R8s b dé?'-g% to provide
protecti 9n agal Rempdiatire. mﬁaﬁe@mﬂ&%ﬂa&m xide mEeriyl8%also

rface. esi r.ed, | ayer of r xi de, may be applied
g\ljer al ayer of Rrr?glﬁ‘%ﬁ ﬁd’ema"t e’:al tg’\‘/ear ]?fggekf ng%‘%i yorféc)eresmtgnc%f tgﬁe
sl eeve. abrashhve lantkremdsiheatflinisisd at mm n;'&tmu ahayrioyi geel 08dt ba
20 ot tnourface ah (e ase U QIR dn P ULLAN AN 0V ea ponc sonag

| east t hat portlon surface fe' S econ
overl apped by thersiahome, N JRidgiterigbiaf particulaheiseyin pfocesses

heat - i nggl ati ng 1YY i3lg %ﬁmsséa/eéolld medléu%l&md@t{ %nﬂ[@l@f the

surface of the second r.igi wal | _ portion. e materials
di scussed above R§Rlytic Cral.é%‘% ‘I%é"ﬁ%aﬁ?o%a%n‘irﬁtlﬁ at ey mePehenl on

t he s| eeywecimi e pplyietht Agad rh.ndilﬁ.ﬁie)rtri@rlfaﬂdﬂyﬁié SBYgdEes at

used, the Iayers hej onprised .of the same or rent . terial.
The |ayer of hedt— |'gg'lga [gr::eénpe RS S 4 %examd]t éf%&‘%%l%gﬂgg?%f
refractory oxi dél% géisesussed herei nbefore with respect to the
refract @5y oxi de apgijee¢hresent J.rfw/%ﬁtﬁ%nsw lqc%é)ffd%éll‘%?é’ drlbed b¥r0m

As nmentioned herei nbefore, the sleeve nenb spaced apart
the flexible waME¥p& |e(39‘?'mPf]@r rY‘PfYé‘ é’rgf;gence %M%ra%ﬁﬁﬂﬁaﬂmféﬂmhl ch

process fluid i graviowed tig WHiwh:
Eigure 1 is a diagrammatic representation of a
_ section through one half of a flexible joint according to
20 a first embodiment of the first aspect -of the present
invention; -
Figure 2 is a diagrammatic representation of a
portion of the sleeve of a flexible joint according to a
second embodiment of the first aspect of the present
25 invention; '
Figure 3 is a diagrammatic representation of a
portion of the sleeve of a flexible joint according to a
third embodiment of the first aspect of the present
invention; and
30 Figure 4 is a diagrammatic of a portion of a flexible
joint according to the second aspect of the present
invention.
Referring to Figure 1, a generally cylindrical
flexible joint for use in a process pipeline, generally
35 identified as 2, comprises a first rigid wall portion 4
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- 10 - during operation. The process fluid in the an ace
forms a res¥QB(P165 relatively still fluid which acts to Pngﬁk@%&Fher

insulate the flexible wall portion. For the proper operation of
this reservoir of fluid as an 5 insu atxor, it is inportant that it
remains relatively still. It has now been found that the design of ~
the free haeing parbasrowf cybéndktent catber eaddpbigibal at akaashi p

wi th the secon h Qi [ a n_J t apt role_in the
I nsul ati ng proﬁ%%#?egy%?k%ﬁggééoggggkf%ﬁ?gp?%g§§£ 78 C?ngEEEGIgy §pace, I n
particul ar the esateral bfrupateaonheal wall perbaon Benber overl aps the

second 1 gid wal | porééRérally cylindridi® kf&ﬂiﬁl@fw%PE pertisn 95 the
sl eeve nber over |l appi ng the second rjgid wa portion_is at |east

five tines the HreRdBeLrPm hResiaReE RRfpef Fhenfirgti15igid waddond rigid

wal | portion, agsorebswnredepespsadondl aigiq@ wall porthénshegvRavenger .
Preferably, the_ length of theﬁﬁartion of ,t he,sl

3SLEEYE g menber ,
over | appi ng t he® ¥ecohy H14FY I BEPEFRh B puter end yalli PYFRIARF npre
preferably at |Ebst OO 20n resdectavgl@d to theofilrstonigid wall | t

will be readil tpo at .t C . wee h eecend
of the sleeve ﬁ% eréghg'?%%@s%%oﬁge %ﬁﬁ&gﬂegiaféeﬁ%?Fgg%Ftigﬁ%nggégbgf
sufficil@nt to deonfbrrsilanyall portieg| argveehdodnbat thet négadt waliwo

conponent s wherpdeid®s. The] Pibbt| Sf18xUBEe ahl SeB86RBCHATY pAbEULABRNL,
t he sl eeve q% ort#gn of both.the fLrst and. second rigid

er and a
val | portions chmiTh T8¢ rBYRPSEEhpel LRt REFRRSEHoabRUE 3 singlf eanhralage
for the flow ofldngitudimalgixibeandi bbhey define anpasshgeaBes, it is

preferred that the dfﬁéaﬁféxfﬁléhﬁall portion 12 has a undulant form in

15 cross-section commonly applied in the art and often '
referred to as "bellows".

A cylindrical sleeve member 21 comprising a sleeve 22
is disposed co-axially within the wall portions 4, 12, 14
and is secured at one end to the first rigid wall portion

20 4 in the region of the junction of the outer end portion
6 and the central portion 8 by welds (not shown). The-
sleeve 22 extends past the flexible wall portion 12 and
overlaps the inner end portion of the second rigid wall
portion. ' '

25 A layer.26 of erosion-resistant material is disposed
on the inner surface of the sleeve 22 and of part of the
first rigid wall portion facing the passage P. Moreover a
layer 28 of erosion-resistant material is disposed at the
inner side of the second rigid wall portion 20.

30 The outer diameter of the sleeve member is smaller
than the smallest inner diameter of the flexible wall
portion 12 and smaller than the inner diameter of the
layer of erosion-resistant material 30 on the second
rigid wall portion 20.



30 fr awpom@o1ss the sl eeve fromthe second rigid wall  PCTEPIGQS3EL op

as measured ‘along a line parallel to the | ongi tudi nal axis of the
sleeve, is at least 10 nm nore preferably 25 nm under any

condi tion. The flexible joint of the present invention may be -
35 applied i | Lc r a WO
97/ 20165 Pp Nv8PYoGRR! ACRELEP BBAHEN hRgta I%gl'/ EP96?\§€§%§13er1a1 is

-1 - digpgoredt PeRUgeRecEBRNBBREYe SWT@Giaf the magenrd vl

suited to use g:aréhthﬁadhhagtaé i hiyeds 28NSFT 3GHRFSIMSistant

conditions, that is,ipn handling flurds of a corrosive nat ure and/ or
fl'ui ds under c%ﬁﬁ??%ﬁﬂs of high 5 tenperature. The use of refractory

oxide materials al 50 is to bepundestssobhe thaitnicosiventd driggh fimeingé to

resi stance to . a e erQs fd applied
1S L6 ey ESHLN BACHEE N il 0 il o
her eabove, thel¢akndetecbiopapyptamar weashexr mhyrusbing Fnd the egm$oyi ng

fluidised sol ngéfr?sll aonﬁeeblaﬁ hB%el bkl omitted %zaleﬂé CsedckE ng of
hydr ocar bons ah I'1 ke. her specific applications include the

handl i ng of gaGeaTAEY - very high tenperatures, for exanple the .
handliymg of hot  In usefl tRegftesibll ]01nt 2 ofheripngsent 1§1V£fh§dﬁ)@e&\4 Il

be further descrl exanpl e th refere ce t

acconpanyi ng Eﬁatd%ﬁﬁfﬁﬁg f}Hléhgéﬁws in a dir {? @h% "Firse
di agrammatic repgidewadli porofion 4 to theseebomdtﬁngnﬁﬂwaﬁkapmtElom n4,
f1exible joint écﬁﬁa%ﬁﬂehobgothe arZold &St %‘1% ure LB.fd tél&éfé Stp@spect

of the present agramatic
repr esent at i onSBRcg remaining between the sleeve 22 and the flexlble

15 wall portion 12 through the annulus between the sleeve 12
and the inner end portion 16 of the second rigid wall
portion 14, to form a heat-insulating layer.

The heat insulation is provided by a stagnant layer
of precess fluid in the annular between the sleeve

20 member 21 and the flexible wall member 12. The fluid in
the annulus between the sleeve member 21 and the inner
end wall portion 16 of the second rigid wall portion 14
is constantly mixed with process f£luid in the passage P.
Consequently, in the absence of the layer 30 of heat

25 insulating material, the temperature of the inner end
wall portion 16 would rise to such a level that the weld
with which the flexible wall member 12 is joined to the
second rigid wall portion 14 is affected.

Referring to Figure 2, there is shown an enlarged

30 view of the sleeve member 21 and the insulating material
disposed thereon in the region adjacent the first rigid
wall portion 4. 1In the embodiment of Figure 2, the
sleeve member 2 includes a layer of heat-insulating
material 32 disposed on the inner surface the sleeve 22.



portion of the sleeve of a flexible joint according to a second

enbodi nent_ of e first aspect of the present 25 I nventi on:

Figure 3 i‘¥86?7}31§|l§aram’ratic representation of a portfﬁﬁ"%?"?ﬁ@- v
sl eeve of a flexible joint according to a third embodi ment of the
first aspect of the present I nventigon; and 30 Figure 4 is
a diagrammtic of a portion of a flexible joint according to the -

second aspect The flayepr efemefractory iowiads i 2h.extends over Bréelaygg to

Figure 1, a ggﬁeﬁﬁhhlaﬂ:n:g;qgg@ial 3 flexible joint for use in a

process pipeline, _genera identified as 2, conprises a first

rigid wal | portioffekerring to Riguyg Zpiehowing a similar view to

PCT/ EP96/ 0536figure 2 of andalte:natﬁye; articularﬂ?_%fegeffﬁgriEZYiP%ngr
end port]on 1B"EBHABERE Bycatleevd marih 41 GORRBLERF cal LAKFF BEr i on 6
A general |y cbeand@hsaﬂatﬁpgimb¢emﬁdl[&Htdixpdéédif?(f%fggﬂgﬁﬁ %ﬁ??ﬁ&ﬁ;u
orti on 14, hag; e Sekvd 328 a cytinardilY declife SieRve chf Ll
portions extepdg oysr fber dgyes iofelhgatgvinswldting magediakbl 36.
portion 4, buthenlhBeropBogelfeaRitictit duitle 2686 LS Msd® on thiNfnn
f!exiﬁ}e wal | gggtign %rﬁ wel ded to Fhe'¥§£‘1£M§4 of e _por&iggfh The
first. flexi bFBTARGCsRE RS WEIESYS B%ons WA Y ) heay- ppe g
symet ri cal | ynateazmngdd3gbentl &he mylokecaritvenlsleeve 38 |swmiadi nal axis and
they define a,pagsadfil extend as close as possible to the first rigid
wall portion 4, whilst still allowing sufficient space to
accommodate any relative movement between the various
15 components. Space will be required, for example, in the
case in which the protective sleeve 38 is not rigidly
secured to the layer of heat-insulating material 36.
Typically, for the embodiments shown in Figures 1 to
3 adapted for application in a pipeline in the fluid
20 catalytic cracking process referred to above, the sleeve
has a thickness of the order of 10 mm. The layer of
insulating material or multiple layers thereof, if
employed, has a total thickness of the order of 3 to
10 mm. The layer of refractory oxide has a thickness of
25 the order of 25 mm. The protective cover, if present,
has a thickness of the order of 3 to 6 mm. It will be
readily understood that the thickness of the wvarious
components will be determined'by the application in

question.
30 Figure 4 shows a detail (not to scale) of a flexible
joint according to the present invention. Identical

components to those described above with reference to
Figure 1 have the same reference numeral in Figure 4, and
for the sake of clarity the heat-insulating material of

35 the second rigid wall portion 14 is not shown. Thus, in



The fl exi bl eywpdirzongs tion 12 has a undul ant. formin 15 cmmﬁswn

comonly applied in the art and often referred to as "bel | ons"
A cylindrical sleeve nenber 21 conprising a sleeve 22 . s dlsposed
co-axially within the wall portions 4, 12,7 & and is secured at one

end to the first,.rigid I OL% | 2 h relono the nction
of the outer enc lﬁ)‘%ﬂz o%\l? tné éié%p%n'gett"ﬁ%rcé%t F?i:?: glgrst |gon % ds-FFhot

shown). The the reyecend parebos pasoft hbef Bezpbﬂermllﬂ p'erltll on 12 and
overlaps the in@far@mhpmtlomfdi@@aﬁegoad h! gagug@'h is the dA@LL 25

A layer 26 of erosion-resistant materiral is |s 0 n the 1 nner
surface of the RetrRemthgetepsurfacenat the slepvespempgird 2al@nd the

portion faci ng tihepassettade dbrenyeinder end pok8ieh 28 9EoV1ded with
er osi on- reS|stan rrg#erlal s d|s osed at si de of the

t
second rigid wal 3Y%h on- res"srrﬁﬁtoE}FEFr&F‘émﬁgermS"F‘SH’f@dsI eeve
menber is small gerpendiculimntd: hehe nhbhgstudihnel dikdsebér the theeklexidhl e

d f th
ngl/ler of er oslog:l resf‘;l%r fﬂérﬂllglr % tgggbgggg%dmgﬁ& F §|e§°\7ﬂ’léill

portion 20. rlglqmy@mlgmgggnon 14, represented by the distance 1 in
PCT/ EP96¢ 05361 gj ure " 1s .at least S5 times the didtance 3
Mor eover a | ayer nsul at i n mat er i al i sposed bet ween

of
the inner surfa&’éed"feq %'ec n’tlsv\%q‘l ast zoopBF‘tl ohheodafREapRe Payer 28 of
er osi on-resi st apleasured fmﬁeu:halen& of the slébvesmbabee pndebsteed t hat
conventi onal flttelézgls t

limting rods, %%ﬁgd%?ect é y%t glnagggﬁgfE%ﬁ%oég%ﬁgigig%#ﬁghﬁas
longitudinal axis of the sleeve 22 is at least 25 mm.

15 ' The present invention will be further described by
way of the following illustrative example.
EXAMPLE .

The operating tempefature of the flexible wall

pertioh of a flexible joint according to the present

20 invention can be calculated. A flexible joint was
considered having the general structure shown in
Figure 1, but employing the arrangement of layers of
insulating material, protective sleeve and layer of
refractory oxide shown in Figure 3. The joint was

25 considered as being installed in the catalyst stand-pipe
of the_regeneratof of a conventional fluid catalytic
cracking plant. The process fluid being handled was
assumed to comprise hydrocarbon gases and entrained
catalyst. As a worst case scenario, the space between

30 the sleeve and the flexible wall portion was assumed to
be filled with gas, with no catalyst being present. The
flexible joint was assumed to have a geometry at the free
end of the sleeve in accordance with the requirements of
the second aspect of the present invention, as shown in

35 Figure 4. Details of the construction of the joint, the



purge connection have been omtted for the sake of clarity. 10

In use, the flexible joint 2 of Figure 1 is arranged so t hat
process f| WQO¥304¢E in a direction fromthe first r PG EPagP61.
portion 4 to the second rigid wall portion 14, as indicated by the
arrow A. Process fluid enters the - 1pace remaini ng between the

sl eeve 22 and the flexible 15 wal | portion 12 through the annul us
betmgen fre S| eeeeatdPng temperaadréhenanané eadumﬁ&hQOBeﬁPeﬁﬁtﬁbé second
rigid wa e er. .

The heat |nsula??o%9$%£%$%v%%1% §°L ag gaﬁb EEE ax SEXHF pRotBEs
fluid in the dﬁmhﬂgfb%b@Meen t he sleeve 20 nenber 21 and the flexible

wal | menmber 127 T%éléwpaalson purpégssanaugyﬁlbswesmcwstaibgews menber
21 and .t he |nner tion,16 of the second ri

portion 14 °°ndu?%e€oﬁ%¥aﬂm?}eﬁ£9iﬂ QP%ﬂtpPSCé§§nFFEF& FﬁrPﬁéuﬁassage P.
Consequent |y, ®ut tdetRbskecemdssibe bﬂyehe3Qnsﬁlaeah925aterlalasulQhéng

material, the atur of .t i nper, end poction 16 wou
rise to such é?%%% ¥%%u€§?d E°this eﬁf?ﬁlmﬁPgaaFﬁ aﬁF@xFBFe W&l
menber 12 is Jxmrmhbtbabhe second rigid wall portion 14 is

af f ect ed. Referring to Figurgfg gpthere is shown an enl arged 30
vi ew of the sleeve nenber 21 and the insulating materi al di sposed
thereon in the_reqgion adjacent the first rigid wal | _portion 4. In

the enmbodi nent of Figure 2, the Ega“@g¥g neskhgharativel Bdampael pyer of
heat - i nsul at i neterat f ﬂ‘r §—pUb3"Uu otfr—ttre—t ||||C|1oaw face—the

Il
sl eeve 22. Sleeve THirEre 98 1 £5m
PCT/ EP96/ 053§iceramic Fibre

Insulating Layer 36 3 None .

Thickness {(mm)

Protective Sleeve 3 None
Thickness (mm)

Weather Enclosure Yes Yes

Maximum Process 750 750
Temperature (°C)

Maximum Temperature of
Flexible Wall Portion 324 497
{(°c)

From the data in the Table, it can clearly be seen
10 that the flexible joint constructed according to the
present invention would result in a significantly lower
temperature being experienced by the flexible wall
portion of the joint. This in turn would lead to
prolonged life of the joint and the opportunity to employ
15 more commonly available, and hence more economical,
materials of construction.



- 14 - wo 97h8fssl ayer of refractory oxi de 26 extends overPCIvEPY6H5361

of - insubattng naterial 32. Referring to Figure 3, show ng a
simlar viewto Figure 2 of an alternative, particularly preferred.
S ' enbodrn‘em—‘t—he—*eﬂ—eeve—rrerrber 21 conpki ses a |ayer of

heat - i nsul at| posed on the outer surface of the

sl eeve 22. A (ﬂ tive sleeve 38 extends over the

| ayer of heat- rrate:rl al 36. ¢ 1, A 1Thegl ayer of refractory oxide
26 is di sposed on the I nner surface of the sleeve 22. The |ayer of
heat -i nsul ati ng materl al 36 and the protective sleeve 38 should

preferably exterd a® cﬁ](isala'lse pxmsxtbltmmprntmg ia stirsggixigid wallwal |
portion 4, whil i [ d
xs:.t Artet 3 Seca id MISWJ.&Q arrlldn?sfi@%?m %&ﬁll

any rel ative rm enent TS
be Tequired, foPaxstdrn of iwhigh “the ends e welded ctppttr-ﬂ@e prregedt vadl

sl eeve 38 i S NOfpdidicHy, which CIBARUINALT AN Slepindoat 1653k Al AL
mat eri al for ‘geﬁo i ments shown in |gures 1

‘o 590, BRI IHGTE 1% Thnts ARG AT TAEGEA 14 LPES 26he

catal ytic crackilighguo st cHee frgsatyd 0 wihinte, fIéle.Ei@ej/@lnt furthéas a
t hi ckness of the orde of The .l aver nsul at eri al

or multiple |ayéfs ]tlhereo Sqefeve nehbe, a5 f)bg)‘é%ln%a% %i?%Y%IO hgm(ﬁé Sl
the order of 3 temd is secuxednho T |fiyeat ofigisd rexlbrpovixioe aad af

thickness of 25yn;ch ldife Bl @n@%fﬂ@nd *Fm% Cﬁﬁ%téé@oﬁ'@\’figlaf w?ﬁ.fsent

has a thickness of the order of to mm

under st 88d t hat R %M  Rihaxe i tthfﬁa RP&?‘?I (ﬂfs 'the first orgdH nval b P‘Prbéon
determ ned by tFacipy vk I;Qsl"ss!dye, the irffi@sStdide P the sleevéi gHACthe

h det ai | t t I er bl e ng according tqQ th
Brg\é\in? |(r=;vzunt|((7)‘r"‘c%1 & S‘fa cHe % %ﬁrﬂ%’rﬂe‘rﬁé”atjoltéﬁ’é%l%sﬂf?béﬁggb§9g
with reference with a laydw quff exbdianre tdw stoaret rmed eeeiwk, nwberaini the

Figure 4, and oyrer diUndthts S AV InddieleRl - SRSt &' O gBERL! @

of .
IS inner diameter of the flexible wall portion and than the

inner diameter of the layer of erosion-resistant material
on the second wall portion, and wherein the second rigid
wall portion is further provided with a layer of heat-
insulating material disposed between the second wall

20 portion and the layer of erosion-resistant material.
2. A flexible joint according to claim 1, wherein the
sleeve member and a portion of both the first and second
rigid wall portions combine to form a substantially
smooth sided passage for the flow of fluid through the

25 joint.
3. A flexible~joint according to claim 1 or 2, wherein
the sleeve member, includes a layer of heat-insulating
material disposed between the sleeve and the layer of
erosion-resistant material.

30 4. A flexible joint according to any one of the
claims 1-3, wherein a layer of heat-insulating material



35 the second rigid wall portion 14 is not shown. Thus, in
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distance d in Figure 4 i$ the Wistartfce - 18 - between the outer surface of
the sl eeve menber 21 and the 5 i nner surface of the inner end portion
16 provided wiid disposedtdme thgesustaceosifonheesiletant famting &he28,

measur ed Lyl he | ongi tudi nal axis of the sleeve 22.
The overlap off%?%ﬁéfgggéfﬁéﬁgg%gg§'mﬁthin the second rigid wall
portion 14, rédpreskenfkexbylehpointt ageerding $o claimj dur wherein she| east 5

tinmes the di sStBAREr dof heat-inEGEheLAR! Matdriflabsl east s3@8vEMmekbRr is
di stance a neasured fromthe éen the sl eeve nenber. 21 to the

of
second>ri gi d vﬁRYe{E#tbﬁna1Er8F6ﬁ5136I?ﬁ@eﬁﬁrallel to the
| ongi tudi nal a&i s Dfflébeilsleej'oiﬁedh&c&tdﬁ.ﬂgStoZElm 55 wherein thee
present invention w e ‘t het ri of the follow n
illustrative %% ?%é%vg Sigé&gx&ﬁPﬁéE gQ%GrQ& t? %Hg %%g%gt%gg%%gkﬁeraturg
of the flexiblnswlating matepdali ofherelyr rdpwiag) Shet PEOEECHilNg to t he

present 20 o) iYENtSORoFaNrEEatakeuka! 8de hlatlexkhiatiaghhadesial .
consi dered having the_general ,structure agomm [ e 1, but

n El gur
enpl oyi®ng t he Arr ahgeheribhe 1QyBFsagFording to; gay) QPFn(j’fnrg rial,
protective sl egvgimgdi}teyewherein the heatrdasalutdngdmateadali n Figure 3.
The joint was 25 . cons%d red as bein% inétaLI d in Ehe t al yst
st and- pi pe COMPTHPEF h3 é§£ﬁBFaFSFaﬁﬁ a"ConveRt i oRar 1 Slgybgtalytic

material comprising fibres of silica, alumina, zirconia,

magnesia, calcia and mixtures thereof.

15 8. A flexible joint according to any one of the
claims 1-7, wherein the erosion-resistant material is
refractory oxide, suitably selected from silica, alumina,
titania, zirconia, calcia, magnesia and mixtures thereof.
9. A flexible joint according to any one of the

20 claims 1-8, wherein the length of the portion of the
sleeve member overlapping the second rigid wall portion
is at least five times the distance of the sleeve member
from the second rigid wall portidn provided with the
layer of erosion-resistant material, as measured

25 perpendicular to the sleeve.
10. A flexible joint according to claim 3, wherein the
length of the portion of the sleeve member overlapping
the second rigid wall portion is at least 100 mm, more
preferably at least 200 mm.

30 11. The use of a flexible joint according to any
preceding claim in the fluid catalytic cracking of
hydrocarbons and the like or the handling of hot flue

gases.



cracki ng pl amo 97ffepr ocess fluid being handl ed was as puimPot/05361

conpri‘sé& hydrocarbon gases and entrai ned

catalyst. As a worst case

scenari o, the space between 30 the sl eeve and the flexible wall
portion was assuned to ' be filled with gas, with no catal yst being
present. The flexible joint was assuned to have a geonetry at the
free end of the sleeve in accordangeré th the requirenents of

- the second aspect of the present inventioﬂiégg;shomm in 35 Figure 4.
Details of the construction of the joint WO 97/ 20165
PCT/ EP96/ 05361 - 16 - operati ng
tenmperature and the resulting tenperature of the flexible wall
portion of the joint are shown in the Tabl e bel ow. For
conpari son purposes, a sinmlar calculation was 5 conducted for a

flexible joint of identicgd structure,

but with the om ssion of the
results of this experinent

insulating materials. Thees details and
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that the flexible joint constructed according to
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t enperature bei ng experienced by the fl exi | portion of the
joint. This in turn would lead to Wged life of the joint and
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sl eeve ‘feftber i ncluding a sleeve of which one end is secured to the
first rigid wall portion and of whi ch the other end extends into
the second rigid wall 10 - portion, wherein the part of the first rigid
wal | portion facing the passage, the inner side of the sleeve and

t he i nner side of the second rigid wall portion are provided

with a layer of erosion-resistant material, wherein the outer .

di anmeter of the sleeve menber is SW&H(H:;,E;Ithe 15 i nner di aneter of
the flexible wall portion and than the i nner dianeter of the |ayer
of erosion-resistant nateri al on the second wall portion, and
wherein the second rigid wal | portionis further provided with a

| ayer of heat - insulating material disposed between the second wal
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flexible joint according to claiml1, wherein the peve nenber and
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according to any one of the clainms 1-3, wherei of
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A flexible joint (2) comprises a first rigid wall portion (4), a second rigid wall portion (14), a flexible wall portion (12) extending
between the first and second rigid wall portions (4, 14), the three wall portions defining a longitudinal passage through the joint and being
arranged along the length of the passage, a sieeve (22) secured at onc end to the first rigid wall portion (4) and extending through the
passage so as to overlap the second rigid wall portion (14), the sleeve (22) being spaced from the fiexible wall portion (12) and free to
move relative to the second rigid wall portion (14). In one aspect, a layer of insulating material (24) is provided on a surface of the sleeve
(22) whilst leaving the space between the sleeve (22) and the flexible wall portion (12) substantially free to be occupied by process fluid
when in use. In a second aspect, the length of the portion of the sleeve (22) overlapping the second rigid wall portion (14) is at least five
times the distance of the sleeve (22) from the second rigid wall portion (14), as measured perpendicular to the sleeve (22).




