1 FLU DI SED BED TREATMENT Field of the Invention The present
invention relates to nethods of treatnment of conponents using
fluidised beds, and to apparatus for carrying out such nethods. The
i nvention has particular, 5but not exclusive, application to the
thermal treatnment of components, such as netallic conponents.
Suitable thermal treatnments typically include heat treatnent but may
al so include cooling treatnent. Suitable thermal treatnents may be
applied to a conponent in order to pronote stress relief and/or the
devel opment of a preferred mcrostructure, for exanple, in order to
obt ai n desired mechani cal 10properties. IThe invention has particul ar
applicability to the treatnent of turbomachi nery bl ades, but the

invention is not necessarily FiuDiesEDBED TREATRENTENt Of such
conponents. Background of the Invention A fluidised bed typically

consi sts of d partlcles in the formof a powder
15(referre ' d%?ﬂ]%v —orb' "solid nedia") situated on a distributor
pl ate | ocat ed above a Ienum chanber. The distributor plate has an

ar r angenent TSt Praggf W@/&Qﬂcfn i§latesaie dnrihads of tesatypent of componsatsusingHiuidised

into the p'tfé@i‘énémrﬁb@érawse@ 5mydhdd R BEEH Rethodp. FR& ﬁﬁénﬁdﬁﬂ’nas partlcular
| at e. resul tant fl ow of process asmtot of

di stri butor
o & eauodRndtSiaElis; St se Pme vBaREAR A b AR of
Plr ocC gs s ?&Sgetaﬂig zemgbmehmasmltaaleetaeﬁnhmgrebedmse@pmwma a@? heatltletnaenta

ui Fl ui di, se eds t I OVi . e urface area
bont act | bot B Teldbadng reRl Syl hbmpdbamern € fRBe einled 1
t he cont acttoa@reaapemeant iabtder taopromopastkesd relEf aod/beitie dléhejoplnemcbf Iaeds
al so provi f. t
fluidised ‘af\éappg?grtg%ﬁéﬂ?h%k? gﬁ’br&%ﬁé’\@[ﬁﬁe dé%ﬁQg#n any
25conpeonentPrppriigse dTheinyendionbgs aartlwiiasan icahildy toothe rﬁr@atmnegﬁ okurface
area cont aghRRlMRRBr I ds! bmqhéfnogmmﬁss ﬁ&qwetcl@@sa%@ll!nqteﬁ‘?@ﬂ% PG

to the very frequent partlc e-particle, particle-
parti cl e- cOWBBREMPORYIS i si ons.

Background of the Invention

A fluidised bed typically consists of a bed of solid particles in the form of a powder
15 (referred to as “media” or “solid media”) situated on a distributor plate located above
a plenum chamber. The distributor plate has an arrangement of many gas flow
passages through it. Introduction of air into the plenum chamber creates a pressure
drop across the distributor plate. The resultant flow of process gas into the bed of
media causes fluidisation. The result is a heterogeneous mixture of process gas and
20 solid particles that behaves macroscopically as a fluid.

Fluidised beds typically provide a very high surface area contact between the
fluidising gas and the solid media, compared with the contact area available for a
packed solid bed. Fluidised beds also provide very good thermal transfer between
the walls of the fluidised bed apparatus, the fluidising gas, the media and any

25 component located in the media. This is due to the high surface area contact
between the fluidising gas and the solid media and due to the very frequent particle-
particle, particle-wall and particle-component collisions.

Fluidised bed apparatus typically have rectangular or cylindrical configurations.



Fl ui di sed bed apparatus typically have rectangular or cylindrical
configurations. 2 It is known to use fluidised beds in order to
provide a controlled heat treatnent for conponents, for exanple in
order to provide a hardness gradient within the conponent. Sone
exanpl e di scl osures are discussed bel ow. US-A-3,519, 497 discloses a
met hod of controlling the cooling of a rail section. The 5rail
section is subjected to hot rolling and is inmmediately subnmerged in a
fluidised bed. The fluidised bed is nmaintained at a predeterm ned
tenperature, in order to provide isothermal conditions for a bainitic
mcrostructural transformation. The raiP section is held in the
fluidised bed in a particular orientation in order to provide
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In the two documents discussed above, the entire component is submerged in the
fluidised bed, but special measures are taken in order to achieve differential heat
treatment of different parts of the component.

20 Other documents disclose the submersion of only a part of the component to be
treated, in order to ensure that only the submerged part is subjected to the required
heat treatment. The intention here is also to provide a localised heat treatment in
order to produce a controlled and sustained thermal gradient within and across the

component.

25 For example, JP-A-2005-059054 discloses the use of a fluidised bed to create a high
temperature gradient within a component. The component is pariially dipped in at
the top of the bed for localised heat treatment to induce a temperature gradient.
Figs. 2, 3 and 4 of JP-A-2005-059054 show how the component is suspended above
the top of the bed and the part of the component to be treated is lowered into the

aq bed.



3 JP- A-2003- 013142 di scl oses heat treatnent of a pipe section. The
pi pe section has a major portion forned with a constant, relatively
smal |, wall thickness. A connection portion at the end of the pipe
section, however, has a greater wall thickness. In order to apply the
sanme heat treatnent to the different parts of the pipe section, when
5taking into account the different wall thickness, the connection
portion of the pipe is dipped into a fluidised bed, in order to
provi de a heat treatnent specific to that part of the pipe section.
The entire pipe sectionis held in a furnace in order to provide a
heat treatment specific to the major portion of the pipe section.
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entire conmponent into the fluidised bed and yet still obtaining
different r BHOMRSIEN g at different parts of the conponent.
However, the disclosure of US-A-3,519,497 is still effectively a
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of heat treatnent to a conponent.
15 fluidised media is not perfectly level but instead the local height of the surface
fluctuates randomly, due to bubbling. Thus there is the problem that it can be very
difficult to obtain an even exposure level of the chosen part of the component for heat

treatment.

The restrictions of gravity mean that the surface of the fluidised media (ignoring the

20 local random fluctuations mentioned above) is horizontal. This affects the parts,
shape and orientation of the component that can be treated. Typically, if it is wanted
to subject more than one part of the component to the same heat treatment at the
same time, these parts of the component must be located on the component in such
a disposition as to allow simultaneous submersion of these parts in the fluidised

25 media.

With respect to US-A-3,519,497, this document discloses submerging the entire
component into the fluidised bed and yet still obtaining different rates of cooling at
different parts of the component. However, the disclosure of US-A-3,519,497 is still
effectively a ‘global’ heat transfer process, and it would be difficult to modify that

30 disclosure in order to achieve a highly localised application of heat treatment to a

component.



4 Wth respect to DE-C 3429707, it is considered likely that the
insul ated parts of the conponents subnmerged into the fluidised nedia
woul d still be subjected to unwanted heat treatnent over prol onged
time. Still further, it is considered that it would be difficult to
apply the teaching of DE-C- 3429707 to | arge conponents, because this
5woul d i nvol ve manufacturing a | arge container that could encapsul ate
and protect sections of the conponent that should be protected from
the heat treatnment. The present inventors have realised that it would
be advantageous to be able to carry out treatnent on conponents t hat
may be relatively difficult to treat by% mrersion in a known
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receiving at least a treatnent part of the conponent and for
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15 treatment of a treatment part of a component by inserting only the treatment part of
the component into the fluidised bed, whilst ensuring that a non-treatment part of the
component is outside the fluidised bed. Such treatments are of interest to be used
with different flow rates of fluidised gas. However, the use of different flow rates of
fluidised gas leads to a potential problem of loss of media from the fluidised bed.

20 The present invention has been devised in order to address at least one (and
preferably all} of the problems mentioned above. In preferred embodiments, the
present invention reduces, ameliorates, avoids or even overcomes one or more of
these problems.

In a first preferred aspect, the present invention provides an apparatus for the

25 treatment of a component using a fluidised bed of powder fluidised by a gas flow, the
apparatus including:
a treatment chamber for receiving at least a treatment part of the component and for
cantaining the fluidised bed;
a fluidising gas inlet for providing fluidising gas to the treatment chamber;

30 a fluidising gas outlet for removing used fluidising gas from the treatment chamber;



30a fluidising gas outlet for renoving used fluidising gas fromthe
treatnment chanber; S a powder screen | ocated between the treatnent
chanber and the fluidising gas outlet, the powder screen operable
substantially to prevent |oss of powder fromthe fluidising bed
entrained in the fluidising gas renoved fromthe treatnent chanber.
In a second preferred aspect, the present invention provides a
process for the 5 treatnent of a conponent using a fluidised bed of
powder fluidised by a gas flow, wherein the fluidised bed is forned
in a treatnment chanber and in contact with at | east a treatnment part
of the conponent, the fluidised bed forfed using a fluidising gas
flowwng into the treatnent chanber froman inlet, fluidising gas
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of the pOWSEle@erecrlu%?siﬁé‘55’%[& conduit may be connected to a source of pressurised
20 fluidising gas. Preferably, the treatment chamber is moveable with respect to the
source of pressurised fluidising gas. In order to accommodate this, preferably, the
fluidising gas inlet conduit is flexible. This helps to position the treatment chamber
with respect to the component to be treated, without necessarily needing to
reposition the source of pressurised fluidising gas. Similarly, the fluidising gas inlet
25 conduit may be extendable, e.g. telescopic.

A distribution unit may be located between the fluidising gas inlet and the treatment
chamber. The distribution unit is provided in order to distribute the incoming
fluidising gas in order to generate the required fluidised bed. Preferably, before
fluidisation, the bed of powder may be supported by the distribution unit. Typically,
30 the distribution unit is provided in the form of a distribution plate. The distribution unit
typically has gas flow passages formed through it. Preferably, the gas flow passages
are small enough substantially to prevent passage of the powder particles through



6 the distribution unit and into the fluidising gas inlet. The
distribution unit may be in the formof a nmesh, for exanple. The
powder screen may have a simlar structure to that of the
distribution unit, in particular in terms of having gas fl ow passages
formed through it that are small 5enough substantially to prevent
passage of the powder particles through the powder screen and into
the fluidising gas outlet. The aperture of the gas fl ow passages in

t he powder screen are preferably larger than the aperture of the gas
fl ow passages in the distribution unit, bearing in mnd the function
of the powder screen being to prevent tKe powder from escaping.
Preferably, the footprint area of the powder 10screen is greater than
t he foot prith¢ datrivatiaf utihendingt the iuidisory gagiitlet. TexdistSisitivh Sinit Mdyte: in
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fluidising gas inlet of the treatment chanber. 25Preferably, the
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30t el esCopigfigising gas. This allows heat recovery from the fluidising gas, and also reduces the
cost of operating the apparatus. Thus, it is preferred that the fluidising gas outlet is in
communication with a fluidising gas outlet conduit. This in turn may be in

communication with a fluidising gas reservoir.

20 The fluidising gas in the reservoir may be subjected to a heat exchange process in
order to recover thermal energy from the fluidising gas.

The fluidising gas in the reservoir may be subject to pressurisation, in order for it to
be re-used as fluidising gas to be directed to the fluidising gas inlet of the treatment
chamber.

25 Preferably, the treatment chamber is moveable with respect to the fluidising gas
reservoir. In order to accommodate this, preferably, the fluidising gas outlet conduit
is flexible. This helps to position the treatment chamber with respect to the
component to be treated, without necessarily needing to reposition the fluidising gas
reservoir. Similarly, the fluidising gas outlet conduit may be extendable, e.g.

30 telescopic.



7 Preferably, the fluidising gas inlet conduit is of a length
suitable to the required di stance between the source of pressurised
fluidised gas and the treatnment chanber and the conponent to be
treated. For exanple, the fluidising gas inlet conduit may be at
least Imlong. Simlar considerations apply to the fluidising gas
outl et conduit. 5The treatnent chanber may include nore than one
fluidising gas inlet. Miultiple inlets nmay be preferred in particul ar
in order to establish a desired powder flow distribution within the
treatment chanber. For exanple, it may be required to have different
parts of the component subjected to powder flow at different angl es.
This can help to ensure that the required heat treatnent is given to
t he treat nefrefgpably, thé fllidsing gas indetrmentuit is of hderigteatin®lt to tihardyaired
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components. This allows the same source of pressurised fluidising gas to be used to
treat the different treatment parts simultaneously, giving rise to efficient operation of
the apparatus. Similarly, the same fluidising gas reservoir can be used for each
treatment chamber.

20 Where the treatment to be applied to the component is a thermal treatment,
preferably the fluidised bed is heated or cooled. This is preferably not achieved by
incorporation of heating or cooling means within the fluidised bed, because to do so
places limits on the configuration of the fluidised bed. Instead, suitable
heating/cooling means may be provided in contact with the treatment chamber.

25 Additionally or alternatively, the fluidising gas may be heated or cooled as
appropriate, by fluidising gas heating/cooling means. Preferably, the fluidising gas
heating/cocling means are located remote from the treatment chamber and the
treatment chamber is movable with respect to said fluidising gas heating/cooling
means. For example, the fluidising gas heating/cooling means may be located at the

30 fluidising gas reservoir and/or source of pressurised fluidising gas.

Defined with respect to the direction of gravity on the apparatus during operation, the
fluidising gas outlet may be at the top of the freatment chamber. However, it is also



possi ble in sone enbodi nents for the fluidising gas outlet to be at a
side of the treatnent chanber. Further explanation of these features
is set out below. The present inventors have considered the situation
in which part of a conponent is submerged under the surface of a
flui di sed bed, |eaving the remainder of the 5conponent projecting
fromthe surface of the fluidised bed. The inventors have realised
that the boundary between the part of the conponent to be treated and
t he remai nder of the conponent is constrained by the gl obal

hori zontal arrangenent of the surface of the fluidised bed and the
local |y randomirregularly fluctuating $hape of the surface of the
fluidised bed. Instead of this, the inventors propose that the
aoboundary mESMEﬂnsbmeqmﬁmmméméhﬁtmamnmﬁﬁgga§eumﬁhibeaiﬁdd@ﬁﬂmbhe

rem nder of t a_boundar ont ai nnment
surface of tf%%?rl% ﬁ@gg f %%ngﬁ:%naé'%ﬁﬁ &gggp%aé HeHE 5% 83%6630"\’/“ th
preci sion, and need not be hori zontal, nor planar. This allows the
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slur f ag es, atea|is]9|asmat@mebwr@gwmemmb paft df e &RTFRABAIND beSrebitdl &l thé(

pl ace in the bed and at e n r eat ar

Phe - conpondiiriargdl 8LGF EerPbondt i @narien el be ot o ar=Sinester o
cont act wi tthe stréadel afithtt fhedisdabloed 2@ the idually cmgem ltrh@lé]wmdarayn@ehm

the treat ”EtﬁéFl nec% qg% ﬁuﬁ sé]:ot%at Iﬁ&%’%&tthf&a he 1r9refngokrle congom%p%l&

preferably oundary cont al nrren
| ocat izon whdwndm;b@bfleetndh@ hert ob&lﬂp@nmmbneﬂfh@baireateﬂ and fsuredsmder of the

cont ai n”entcoﬁ‘}H’oﬁéﬁteshbﬂlcheqreﬁ'lné@b?ﬁfbbﬂ d&rﬁ'%orﬂﬁ“neﬂf l.fr@%e%f)fﬁgcmﬁ:;ﬁedt 0

be treated avoids the em di scusse ove I n relation
| ocal |y 25r8fdeveh arepifareeanbe logeted aithigedsien @ndmeed aolshe hatizenief. nphe

f1ui di sed Qfghar Funit28600HR, reﬁéalt@MﬁtQ of ﬁw@Qre’éQﬁeﬁt &8 nﬁ;s}bvéba%.hd Qfsot he
conponent to exteqF%out treat nent chanber neans

of
conponent s PAPVER the fexbilily ofdpe Pcass: ibiefme of ﬁﬁ%ﬁﬂldgf?re%p?ﬂ%ﬁﬁd'ﬁ?fém
need fier a ceaipoasmendi ngly |arge treatnment chanber, fluidised bed and
shield (for shielding the non-treatnent part of the conmponent i nside

the large 305 LeRk H?ﬂ}ta gm%e)d bed |§f'e% ?’ﬁth% ﬂ?ﬁﬂpe%ﬁ:l%n%er §ron oF

adj ustable 1n ord 03| fon o e coffponent
respect to nere cpnfairtmejéaums aicbeasémerrbe@t,menheardefﬁhh cmmpsmﬂmmmspioaﬂy

placed in the fluidised bed and at least one non-treatment part of the component is
located substantially outside the chamber and out of contact with the fluidised bed.

20 In this case, the boundary between the freatment part and the non-treatment part of
the component is preferably defined by a boundary containment surface at a fixed
location with respect to the component.

The use of a boundary containment surface in order to define the part of the
component to be treated avoids the problem discussed above in relation to the locally

25 random irregularly fluctuating shape of the surface of the fluidised bed. Furthermore,
allowing the non-treatment part of the component to extend out of the treatment
chamber means that large components can be treated according to the invention,
without the need for a correspondingly large treatment chamber, fluidised bed and
shield (for shielding the non-treatment part of the component inside the large

30 treatment chamber).

Preferably, the apparatus is adjustable in order to adjust the position of the
component with respect to the fluidised bed. For example, the depth of submersion



9 of the treatnent part may be adjustable, by suitable adjustnent of
the location of the conponent and the boundary contai nnent surface.
Preferably, the treatnent chanber has at | east one side wall, in
order to restrain lateral flow of the fluidised bed, the side wall

t hereby form ng part of the boundary 5contai nnent surface.

Preferably, the conponent is disposed with respect to the treatnent
chanber so that the treatnent part of the conponent is |ocated within
the treatment chanber on one side of the side wall and so that the
non-treatnent part of the conmponent is | ocated on the other side of
the side wall, outside the treatnent chénber. In this way, the side
wal | provides a definite and fixed limt to the contact 10between the
treat ment pafithé beataredt parembl bis didistiblee dy stitableadidinent dfehs lodationedflthd s

adapted to éohﬁ O%g aer[d%ebhgnoc?%rrggrﬁgﬁ;nen{r&%c the side wall preferably
has one or Tore apertureés corresponding in rf‘nape and location to the
treatnment parts of the conponent. Form ng nultiple apertures in the
si de wal | a%mfﬁr@laiméa%ae@twbd@ﬁmbﬁn@aaatﬂs@arqné Ihéh erdamleregrain
conponent s, ja@fal Abiviof MesurAsdasb e tHéQﬁ’dé@ﬁlptP@ ,foﬁrﬁndnsart saAk edutdary he
f1 ui di sed bed at the sanme tine, q_gl red. ng enbodi rrents t he
si de wal | rﬁ&v‘t%@“%ﬁuﬂﬁ%armﬁ%ﬁaWd'@?C P%[@@Bﬁr%%P&F% With Eznpefidg the

non- pl anar tenineRrchahBireehat the tica@aériTpatt op 8ie confdeMas idchRatwiBM the
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are of courtbe cempohgnt envcaed ed tenuth@rsidiucfdde sida walineutsidd de treathent t he
e e Lnal R e et B8 SAIRANGBYGL Lo hORESRHER o AHRRonlHRY

extend throug screen
cont almrrentbeiwerattlétﬂeﬁtmem@grtmahééJmﬂLWeectle@ rrenber to 255eal
bet ween the conponent and the treatnent chanber (e.g. the side wall

of the t reairewaéblph@éTQaé)Nallea'@eeﬂ tomwmerpelo?tﬁé/&n?ﬁlnbm |‘ﬂﬁ1§tiﬁe|sﬁjei n

an aperture i , _as nentioned above seal nenber
be chaped tHAILRHETRERS RO CBTEGERIe S RABESPOT I GR SrRE G ARFOE e
conponent shapeehtadts olperdomipenemt. t he side wall of the treatnent
chanber. In this way, one treatnment chanber may be used in 30order to

treat a Ser#o‘?ﬁlfr@fr?ﬁ’lhé{é%Eér%rg&%%ﬁ%tﬁanois LS, X(al%‘rléwﬂp' cally

generally sim rovi a correspon series of
seal ﬁgnber@rreswd@m r]tynber of components, or multiple parts of ane component to be

treated by the fluidised bed at the same time, if required.

In some embodiments, the side wall may be non-planar in order to accommodate a
required non-planar boundary between the treatment parts and non-treatment parts
of the component. For example, the side wall may be curved. More complex

20 shapes, to correspond with more complex components, are of course easily
envisaged and produced.

In some embodiments, the aperture for location of the component in the treatment
chamber may extend through the powder screen.

Preferably, the boundary containment surface includes at least one seal member to
25 seal between the component and the treatment chamber (e.g. the side wall of the
treatment chamber). The seal member is typically locatable in an aperture in the side
wall, as mentioned above. The seal member may be shaped to complement the
component shape, in order to adapt the component shape to an aperture in the side
wall of the treatment chamber. In this way, one treatment chamber may be used in
30 order to treat a series of different components of different (but typically generally
similar) shapes, by providing a corresponding series of seal members. Typically,



10 the seal nenber is conpressible to acconmodate the conponent. For
exanple, a hollow seal nenber may be used, a hollow cavity within the
seal capable of being defornmed in order to fit between the side wall
of the treatnent chanmber and the conponent. 5Additionally or
alternatively, the side wall of the treatnent chanber may be

repl aceable, e.g. in order to adapt the treatnent chanber to a nore
radi cal difference in shape between conponents to be treated.

Thus, in the kit of parts, the interchangeabl e boundary contai nnent
surfaces may be provided by a series of seal neans of different shape
as mentioned above and/or by 10a series 8 side walls of different
shape. In sone preferred enbodi nents, the conponent may have two or
mor e treat nthaseglandraberli¢ cormpiresiblerts adsonvhedate pfrescsinionent, IRt ekéreple, a

t r eat ment ' f | uldi i_mul tanepusly..
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2000rrespod'alshﬁpe[%etﬂegréﬁ?mgo%ngsalf’r@me%%ft. This can be achi eved by
bl anking off a respective part of the distributor plate of the
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shi el d°mearsSHigpIcf eige wallg of ﬁ"%@rﬁﬂhﬁha@ﬁ; or deliberate stagnation to
vary 25tenperature/ heat transfer coefficient as a neans of
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t he shape onen sone enbo
pr ef erifed. boundary between each treatment part and the non-treatment part(s).

Where the component has two or more treatment parts, the apparatus and/or method
may be adapted to allow different treatment of the treatment parts using the fluidised
bed. For example, the fluidising gas flow at a first region corresponding to a first
treatment part may be different to the fluidising gas flow at a second region

20 corresponding fo a second treatment part. This can be achieved by blanking off a
respective part of the distributor plate of the apparatus, and/or a variation in the
treatment chamber dimensions, and/or a diversionary gas stream bifurcation to
regulate pressure. Additionally or alternatively, the first treatment part may have
shield means applied (e.g. insulation, or deliberate stagnation to vary

25 temperature/heat transfer coefficient as a means of insulation) different to the second
treatment part.

The overall shape of the treatment chamber may, for example, be based on a
rectangular shape, a parallelogram shape, a cylindrical shape, an annular shape or a
partial annular shape (e.g. half-annular shape). The overall shape of the treatment

30 chamber does not necessarily need to follow the shape of the component, but in
some embodiments this is preferred.



The preferred enbodi nents of the invention have particular utility in
the heat treatnment of parts of conponents, e.g. in order to control

t he mechani cal properties of the conponents. Suitable heat treatnents
i nclude controlling the tenperature of the treatnent part so that the
treatment part has a higher or |ower tenperature than the
non-treatnent part. Additionally or alternatively, suitable heat
treatnents include controlling the tenperature of the treatnent part
so that the treatnment part has a higher or |lower rate of change of
tenperature than the non-treatnent part. However, the present
invention is not necessarily limted to*duch heat treatnments. The
concept of the present invention may be applied to other uses of
f1uidi sed bEdsprefecedembaginidngs ofSie @fvestiunhdvegarticalag afilty inaté heﬁtem' cal
reactions I| ation f fl.uidised beds
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be 20 f f f1uidisi ,
poner 1 nput TegnperscR Heetdn i BREHRETEE hpfleg g B lods of gl dgte
t han 30% bysuglBe the e thaclmbﬂqmtn@atry iost demical nesdtioms. t Treust amasuitehlie

part(s) of athﬁ’ca(flngBPﬂﬁ&Eed B_gﬂéscanﬁ{ | o dmrogﬂﬁrgigeﬁbﬁﬂerﬁfaf fhlaeside of

conponent is not located in f € coo
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In the process, it is preferred that the conponent is initially

i nstall ed |_|r| t he trea]t ment chanber before the solid particle bed is
f1ui di sed. TR SPRY Bardidea mayhave AR pYiAbe Har/Bhapp/densiéstEbrinb e Rfdeate
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30before fl On fluidi atl at nent part
conponent g&'é&{%ﬂl&ﬁm%pa\fe&%ymegﬂﬁfzg{sgup ﬁ'?ﬁﬁté!td@sé WAker the
rising surface of the fluidised bed. This is advantageous because it
al | ows t he Asdngidicend abevenhs fluidizsing gas may bhdéndepeadendlithestednber wi t hout
risking loss of the nedia. More generally, in the process, it is

possi bl e f genfpaeatGren eieitbeds® dan bRIMstalted @rdethe e.g. using one or more
thermocouples in the bed. Additionally or aiternatively, temperature may be
20 monitored indirectly, measurement of flow of fluidising gas, power input, exit gas

temperatures, etc.

Preferably, in use, less than 50% by volume of the component is contained in the
treatment part(s) of the component. Thus, preferably, the majority of the component
is not located in the fluidised bed.

25 Active cooling of the non-heat treated regions of the component can be incorporated
to encourage the desired temperature gradient across the target areas.

In the process, it is preferred that the component is initially installed in the treatment

chamber before the solid particle bed is fluidised. In this case, the treatment part(s)

of the component are preferably located above the surface of the solid particle bed
30 before fluidisation. On fluidisation, the treatment part(s) of the component are then



5treat mnent chanber for treatnent, as inplied above. However, for

| ar ger conponents, it may be preferred for the treatnent chanber to
be portable, in order to treat the conponent in situ. Additionally or
alternatively, the treatnent chanber may be assenbl ed around the
treatnment part of the conponent. In this case, typically, the nedia
for the fluidised bed is added after assenbly of the treatnent
chanber around | othe treatnent part of the conponent. In sone

enbodi ments, it nmay be preferred for the apparatus to be provided in
a clamshell-1ike arrangenent, in order to enbrace and seal with the
conponent in order to treat the treatnedf part. Further optional
features of the invention are set out below Brief Description of the
Drawi ngs lirEfepady cemplstedf subhergetvenier the risirdg suifave biethd @aidiseb®ddbThisay

of exanpl e .\ -t 0 i.n r aw,nas, .l ich, Fig.
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enbodi ment ahambeewithoud miskiog Joss of thgingedi@ shows a schematic view of the
process of applying a sealing nmenber around a 20t urbi ne bl ade and
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chanber. Fig. 3 shows a,
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10 the treatment part of the component. In some embodiments, it may be preferred for

the apparatus to be provided in a clam-shell-like arrangement, in order to embrace
and seal with the component in order to treat the treatment part.

Further optionai features of the invention are set out below.

Brief Description of the Drawings

15 Embodiments of the invention will now be described by way of example with
reference to the accompanying drawings in which:

Fig. 1 shows a schematic view of a treatment chamber for use with an embodiment of

the invention.

Fig. 2 shows a schematic view of the process of applying a sealing member around a
20 turbine blade and inserting the wrapped turbine blade into an aperture in the side wall
of a freatment chamber.

Fig. 3 shows a schematic sectional view of a side wall of a freatment chamber with
sealing members sealing across an aperture in the side wall.

Fig. 4 shows the arrangement of Fig. 3 but with a component projecting through the
25 side wall and sealing with the sealing members.

Fig. 5 shows an enlarged schematic sectional view of hollow sealing members
suifable for use with the arrangements of Figs. 3 and 4.

Fig. 6 shows schematic view of an apparatus according to a preferred embodiment of

the invention.



The basic design of a fluidised bed involves a bed of solid nedia
(which in sone enbodinents is alum na powder, but any suitable powder
can be used) situated on a 5distributor plate (a suitable porous or
mesh-1i ke material) |ocated above a pl enum chanber. |ntroduction of
process gas (or other fluidising gas) into the plenum chanber creates
a pressure drop across the distributor plate, which in turn fluidises
the nmedi a above. The holes in the distributor plate, through which
the process gas flows, are typically small enough to prevent passage
of the solid partlcles in the 10reverse direction through the
distributor plate. Usually, fluidised béds are either rectangul ar or
cylindrical in shape, the shape being defined by the shape of the

pl enum chanbesilaibedchpti@oofities BrefetrethEmbsdimiebtst ad Blirtiee Catidnal IFeatubas of
t he Conf'g%E@pk%Hngf the side wall which contains the fluidised bed
fromflo |y out of the apparatus. 15Fig. 1 shows a
schematic view of a fluidised bed apparatus for use in an enbodi nent

of the inveHskasic W&Q”&Fﬁ@é@“ﬂ'w heg ippdvag aohedofselid megdial (whichdysome
confi gur at 'é?ﬁbodTrﬁ&t@Mﬂﬁﬁ;ioﬂ@Er dut sR24UBPE fgmgbé%n B@ué’éd? Bitd%4 on a

d [ 1 Th | are vertica n
or | ont Bt | orfISHHRHE! P (@ SHILHE BRIoUS PSR eh B abo i Pervey
pl anar in ﬁimamber almdodil&:tldﬁbﬁpnob@sil da3 (gUdSthBﬁﬂuuﬂﬁhi@ghs)bﬂb?iré plgmrhe
appar at us as ,inl et ich deljvers.fluidisi. as
P 2 prr GBpmibet bidhftl 3 ftH 80 uloB s¥hos dnd By SE el ehich ity Ryl
| nt er posed tbetnN@nat;@IvenEFhe thizairethe 2iBtréndort platat thiemigh edhiviiibe pdd@essgas
di stri but i i j
o 11 UL ool Bca PSP Bl B LRGP ARREE R Y
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treat nent chanber attaches to sid I n some

preferred é’f'ﬁﬂb’(ﬂ? FRaniker agd de %TQSPQTW'%?SWBUWO@H’@%%%@ bwutkabl e to

side wal | fqiatidrdst th@sibie Al whithtddataikahe fluidised BB@f@ﬁtfloWI@al@éliw _
typically of S{} ferent shape, nmay be substituted for side wa 18 n

order to uf¥tPHEeABBYAMEUs to treat a different 30conponent. Side
wal I 18 includes an arrangenent of apertures 26, 28, 30, 32, 34. In
t hi s embodimgrit shosschschpmatic viewtd ladwidided tfedrappanfattafoem:a‘igmenmwtmentn
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20 The apparatus has a fluidising gas inlet 20 which delivers fluidising gas at an
appropriate (and adjustable) pressure to plenum chamber 22. Interposed between
plenum chamber 22 and treatment chamber 10 is distributor plate 24. Distributor
plate 24 is arranged generally horizontally and is formed of a mesh sized to prevent
the particulate (not shown) used as the fluidised bed media from passing from the

25 treatment chamber into the plenum chamber.

Side wall 18 of the treatment chamber attaches to side wall 12 and side wall 16. In

some preferred embodiments, side wall 18 may be removably attachable to side wall

12 and side wall 16. In that case, a different side wall, typically of different shape,

may be substituted for side wall 18, in order to use the apparatus to treat a different
20 component,

Side wall 18 includes an arrangement of apertures 26, 28, 30, 32, 34. In this
embodiment, each aperture takes the form of an elongate slot. In this embodiment,



The general curved shape of side wall 18 is illustrated in Fig. 1.
This allows the shape of the non-treatnent part of the conponent to
be accommopdat ed outside the treatnent chanber, whilst ensuring that
the treatnment parts of the conponent are |ocated inside the treatnent
chanmber. 10In the exanple illustrated in Fig. 1, the treatnent
chanber is adapted to treat blades, for exanple fan bl ades,
conpressor bl ades and/or gas turbine bl ades of a gas turbine engine.
Each aperture 26-34 is shaped in order to locate and fit with the
conponent to be treated. Form ng each aperture as an el ongate sl ot
all ows the position (e.g. height) 150f tife treatment parts of the
conponent to be varied in the treatnent chanber. In order to reduce
the |ikel i hesuth apkrtuteds opeh at the top dilsidel wali th, patinletkrestaginiatd, baswot he
treatnment c l V] e e nent_.(got, shown .
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wal | ofs t hetutyidatheermatropatiabamberi gs. 2-5 illustrate various sealing
arrangenents for providing the boundary contai nnent surface between

t he conpgnefmeh@merél lRervet Ray@di sidd walhes ishikatraratin ERaNDahis 208NetHeI J.
2, a turbongchin

bl ade, 40 is wr ed in a ceramic claoth 41 apd the
wr apped bl &t 3p‘r:’gf%é’é’f‘%%%@ﬁ?tl?%gpoéW%?O@@emmiﬁeﬁcﬂﬂmogﬂtﬁwts ¢ the
treat ment dreatrbent.chS8uibeg whistcansanngthat the lreatment padswf thbicolmpo@ent are
wi thstand t, g%?gé Fﬁtstd%‘?l?e %atﬂﬂreﬁyﬁ%nﬁ%)c' Aperture 43 can have a tapered
at as

shape, so t e W apped conponent 40 is pressed downwardly, the
cloth 41 is conpressed between the side wall and the 30conponent,

gi vi nd%eal N ampie Hustraied thdenk the Berimenkchamber isadaptedite trepifades,

and 4 show fse&eiidlé fandffs, SRAHeHR blades WRdBf gas Birdii€haks of a gas
arrangenent,. Side wall 44 of the treatnent chanber once nore has an

aperture 45YP8IER9N% it. Fluidised bed powder 46 is provided
internally in the treatnent chanber. Qpposed sealing nenbers 47, 48
are provi dezhchtapetereadfed4 isrsbaddd inlandd¥itg locate artudit ayitbrtheicengdnebtioe® not
have a componeni piriiiaCldcA%pkAiRUEN & | 7208 48
seal i ng agal%r%st 'eaéh r@tcéﬁgr. phllqlé. Lé% gho%ﬁgéggﬂﬁemgvﬁﬁ%gn RI%' Q@B&)g
3, butisher ©f edisratmenigrasised the eampanght tothe vaped inihe trggtnand caraberng
menbers 47, 48 seal against opposite sides of the blade 40. Fig. 5
shows a scheodert RIIOES tHeaREIHBElof tHeaWed fib@athé NGIdIEBABEA SscbhirdfTebrd 8.
Each the treatment chamber via any gap between the component (not shown in Fig. 1) and
apertures 26-34, it is preferred to provide a seal (not shown in Fig. 1) between the
component and each aperture. The seal therefore provides a boundary containment
20 surface in order to contain the fluidised bed with respect to the component and the

side wall of the treatment chamber.

Figs. 2-5 illustrate various sealing arrangements for providing the boundary
containment surface between the component and the side wall of the treatment
chamber.

25 In Fig. 2, a turbomachinery blade 40 is wrapped in a ceramic cloth 41 and the
wrapped blade is inserted into aperture 43 in side wall 42 of a treatment chamber.
Suitable ceramic cloths are known which can withstand temperatures of around
850°C. Aperiure 43 can have a tapered shape, so that as the wrapped component
40 is pressed downwardly, the cloth 41 is compressed between the side wall and the

30 component, giving sealing between the component and the side wall.



10seal ing nmenber is hollow, defining an internal cavity 49. The
internal cavity allows each sealing nenber to deformto acconmopdat e
the blade 40 and to conformw th the shape of the bl ade 40.
Additionally, the cavity allows for the flow of coolant internally
al ong each sealing nmenber. This is of interest in order to prevent
overheating of the material of the sealing nenber. 15In use, the
treatnent part of the conponent is inserted into the treatnent
chanber, through at | east one of the apertures 26-34, before
flurdrsatron of the particulate. Therefore the treatnent part of the
conmponent is | ocated above the upper surface of the non-fl uidised bed
of powder. The seal is |ocated between the conponent and the
aperture. Afys.rBoandubsitcbvapaheimatie sraas ectiicnakeewo bf a differegt suanigabient. Side

blranki ng_ gL, 2ROt e SR nadls REL ricte hAeD, LLULAL 385t kne

ui di sed sur ace rises to cover reatnment part
of the conpduidised bed apwder 46 is peovidegznieemnally tmamtreatmerm ehdrolerd LIpposed
bet ween t hegd dﬁf&%ﬁ'@%g&@f tﬁgadggartogﬁlee%ﬁﬁer HIRMs. HﬁrFﬁg af tﬁerh%erture 45

conponent 1Is t COI’lt nnment  surface

seal bét weetpeshet W%%ﬂmomapwtle@wahet ﬂmhe@(memmW%m@
when a fl unéaaﬁ@agm%ﬂeécrﬁ Hinkd, ©iged Shdvid ik saﬁreeantaﬂ@eraeﬁtfa%q#g@ bl ¥ere
fluidised iqﬁd] P %al | y uneven due to a phenonenon_simlar to
bubbl i ng. Proﬁcsat H%ﬁ?ﬁs?ﬂeri“ée f‘%aﬁ%s?ﬂi'rnﬂ|”éﬂ"|“§ﬁr§65rf£3r%eé’bagﬁﬁ'ﬂ%
the bed, i toppssiwesivedoffthé Blabe 400 control and maintain the anount of
surface coverage of bed nedia to conponent. However, in the preferred

embodi ment ﬂ H ARG &ﬁ gﬁtubg orsggﬂ&!orﬁgl G&?o??é@ﬂ@ﬁ@rqbaetrs 4739m§ he EIE’ g .

of the bed e sures con I'a coverage t ment par
t he canponesalinthaterbagis|hotles. defiding @urictemgl @%fﬂtwé@n Thiadntennekbeavisnallqyer t

and the nonsdcheakithe®Btio dLihS: torala@onﬁrﬁs@até rrre QRE&SHG BRd & r#o‘?r‘(cﬁrn WwigP

surface of fluidiséd nedia is elimnated. Al's a nore uniform
t enper at ur dhgebanesfthablade 40+ ﬁédwemﬁilant@mcaww a"spws drrebe flom obeqpland

achi eved. Theres koA @b@r@s@érrhg\rﬁanﬁw trhe |§@ﬂﬁ@:ﬂ%mn draehd preligast ed in
hei ght reIatrvetot?r wll be noted, Fig. 1 does

ot “show hattetiirelitaatihe frateiialphBe8eMameBhgyed 1rom the trei ment

chanmber. This issue is discussed in nore detail with respect to Fig.
6. 5SFiig. 6 Ishesshatreatpmat patisf the comgonent ixingerfrddfiterthe treatnend craantier of

Lo LYent i AugTLEBLTER o Tagi kA% 5 BENALRG.REN LA hBLibRUt | O

plate 102 omder screen disin
in fluid cormegipredhe aatmeant pant of @B@pmgogerﬁ ig lﬁcet@d 2beve the pipgersurfgce of

provide a sHPRbN-fGHIsBE B8 UF hosdbrf THb @é&r'.mc&ea bbﬂvééhftﬁé b&H%ér%’i‘rt Rhfire

102 in order to ensure fluidisation of shown) to
form a 10f |ApEHHSe AYEWNYFEE 2RRBWRT arq:‘l"ﬁi"fﬂdsqfﬂge"@ﬁa@'téﬂlﬂ nkingriaeans 110

i's ingblui dnetmBWA).CEid B8t iithdh fididisst, ah@ﬂwﬁﬁd@&é&racééithbrbe@rr@@é tof O
provide a route for romthe

used fl dis
P ot ment cRsine Shirk TERlRent Paria habenhone i peied BgMe Restotant Shbmbes.
the fluidi snmgaogaSarw:etwefenrtﬁé trpatsrgent ba&mthmmafeaﬁrﬁérﬁimrtlﬁ‘ﬁ)e whi ch

fil ters subsh BALALL Yorfls 5'HhE BARH SRAAREN AL RS, BE2BARRIS: e

component and the aperture.

25 As explained above, when a fluidised bed is fully operational, the top surface of the
fluidised media is typically uneven due to a phenomenon similar to bubbling. As
such, if a component is to be partially submersed into the bed, it is very difficult to
control and maintain the amount of surface coverage of bed media to component.
However, in the preferred embodiment described here, introducing the component at

30 the side of the bed ensures controlled media coverage of the treatment part of the
component and a well-defined boundary between the treatment part and the non-
treatment part. Thus, the need for creating a level top surface of fluidised media is

eliminated. Also, a more uniform temperature gradient across the component in



In practice, the distribution plate 102 and the powder screen 104 nmay
have sim | ar shape and may be forned of simlar sized nesh. The nesh
size is selected in accordance with the particle size and particle
size distribution of the powder. In sone enbodi nents, the nesh size
of the powder screen 104 nay be | arger than the 20nmesh size of the

di stribution plate 102. In sone enbodi nents, the area of the powder
screen 104 may be larger than the area of the distribution plate 102,
t hereby assisting in avoiding build up of powder at the powder
screen. In order to treat a treatnent part of a conponent, the
treatment part is inserted into the tredtnent chanber 100 through
aperture 114 in the side wall of the treatnent 25chanber, in the
manner al r eadgticlesar béachisvedh Theslesigh alse fogs fok.thScdrsesienntol be adjiged
bed of po I ihs Al uidised by a suitable gas flow through
t he distrrﬁﬁﬁg&mg%ﬁfggﬁggméﬁﬁ'%#é&h%ger surface of the fl uidised bed
rises to cover the entire treatnment part of the conponent. The upper
surface of Ahwillfaenoigds Eig- detoee aat rovahevpihedsed flpidisinggasds resmpved fioner

i ncrease ofthk RRafrhdht Bhahbar. Ohs b4V HREEIseH™ Iord &atRIE FesPBSUL FRES.
of the fluidised bed neets the powder screen. In this manner, the

P s S PR B 035 Sl b DNrgpa
forced out Deatnemt thaaberd®0 icbeurided beltwbyt distribltivindilzte d 08 aad putvbiet
112. | Fi L AL Sd i - b .a
b it 1 7Sl PG00 TSl RS AILAEARIS 08 Wlale,
be known t gastieles1dd inerlgsée stanidest sUpPlyef peessurispedtyivising ges ieetistribution
chanber 200,48 198 W\Brdet 1 dridure RINSHIRRRE bel b ?o@@&?{eﬂ& %Bﬁﬁwah 3

the f amber 100

chanber has a simlar structure to irst treatnent c

and i £ nt dhiflitpdiRad (PPEROWRY ei t her another treatment part of the
same conponent, or a treatnment part of a different conponent.
However , i tFluisisipgmis utettdoatiuit 10 iséc tuid coambRatidrewits faldisinglgas autiét

conponent of L . differen onet.ry. 10The.second. treat nment
chanber has 2oL Biokae e eeas i veed MBI st i
f1 ui di si ng teeadmenitchemben nd wrder 24 Geach dheafldidising gpapatted 182 rthe dlidisingtdae
gas flow i E Lo . fQr e
Gondui £5  q"Ba S Raar o IoRE) o UATRGE yrlch ASrRLELENTA d¥ukied

reser vsi r dewdgufipnihsgasspassingdhegobpenwderseressntddi ts for the first

treat ment chanber 100. However, as shown in Fig. 6, it is

In practice, the distribution plate 102 and the powder screen 104 may have similar
shape and may be formed of similar sized mesh. The mesh size is selected in
accordance with the particle size and particle size distribution of the powder. In
some embodiments, the mesh size of the powder screen 104 may be larger than the

20 mesh size of the distribution plate 102. In some embodiments, the area of the
powder screen 104 may be larger than the area of the distribution plate 102, thereby
assisting in avoiding build up of powder at the powder screen.

In order to treat a treatment part of a component, the treatment part is inserted into
the treatment chamber 100 through aperture 114 in the side wall of the treatment

25 chamber, in the manner already described with respect to Fig. 1. Subsequently, the
bed of powder (not shown) is fluidised by a suitable gas flow through the distributor
plate 102 and the upper surface of the fluidised bed rises to cover the entire
treatment part of the component. The upper surface of the fluidised bed can be
allowed to rise (e.g. on further increase of the fluidising gas flow rate) until the upper

30 surface of the fluidised bed meets the powder screen. [n this manner, the powder
screen can be used to ensure that the entire treatment chamber is filled with the



15 convenient for these conduits to be grouped together.

Al ternatively, these respective conduits nmay be connected at
Y-junctions, and suitable pressure regulation provided as required

al ong the respective conduits. The conduits may be provi ded by shaped
or flexible hosing of the type known to the skilled person for use in
t he pressure ranges of interest. The use of flexible conduits
20al l ows the treatnent chanber(s) to be noved i ndependently of the
conbi ned fluidising gas reservoir and punp 116 (which may be rat her
bul ky) and thus allow the treatnent chanber(s) to be presented to and
encl ose the treatment part of the conporént to be treated. This is
particularly useful for treating conponents that are difficult to
access or diuidiseziietd, bat thatrtbe pokderris hbtoiced bat ¢fl thatreatmehbetadnen shito Hech
25conmponent.s.; ¢ I ly and sel ectively treated. The renote

t reat ment Jﬁgﬁ%@#g§f%@§292a smal | cust onm nodul ar boundary between the
treatnent part of the conponent (e.g. blade) and the non-treatment
part of thdnEhBotherduidising gasds stord anst prepelrised i 2 aprgeinedhuigisinggeisous
regi ons of (3srOSPANERImD Has. BoHHE SRterREWNIRNnBIA thihe JKMBA PERBNOT the
component into the surface of a known fluidi sed bed. Speci

c
30 - di i but.i be, i d i ] t I i
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areas of t secomhipeaternt chbfhbeahade smdlar seliciuredo tredirstdreatrhentchatber 100
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is a | ocal eneeatmentarhefmdiffaraet dompodest itpwexer, itdy porsitietabthe sehord i s

preferably i o TSy j d punp
116. Addi ticgﬁg\gie@ﬁ%?%l t?i'?ﬁ%??@?%@”?ﬁ?f%ﬁ?ﬁ@ﬁ?ﬁge e 0" may be

heat ed. Thi.s can be dqne using a heater jacket (not shown) around the
ant ant | OREEEPE HHMRBLEaTDe; e Co P N0 fHBPinacaRe R sabt 204

t he conponent fMid&irtd’l%sf dLﬁlbmcsxieldit beol m? amﬁv\dqsavr\%wmﬁﬁncgaifm @RifBHwan tige

heat sink, whe r.nal., . owder .r ces tenperature
ot uat | ofeog B, colFHEE 1 R Bierti b PeBe ARy FEBE BnsEIERGt 1 he
treat ment peparatsly tolibe compioad fAtidisbng gale resdvavad pum@l th agctmparad e4th

e 9. uSi NG QNE AR rd Sl PREAUR! ool 1618 ltr&ﬂevefﬁdésesrhwngg/%{gry%is

tenperature control can be indirect, through neasurenen _
power 1f nputcoryrnientfar thgse qoadyitsrtatberaseunsd tegalberbiAtarratveln fthesegespective

af or ement i @BR&Lits A e BsHNebEH R §uiBi¥n 2E cfanémé bf'e_'sgyr%%gtﬁéﬁo‘ﬁ proviaie
e a desire

or density distribution, in order to provi t T eat nent
ef ficacy. ASreqHiipdiiong<tbe respestye qongyith si ng gas. Alternatively (and
preferably), other gases nay be used.

The conduits may be provided by shaped or flexible hosing of the type known to the

skilled person for use in the pressure ranges of interest. The use of flexible conduits

20 allows the treatment chamber(s) to be moved independently of the combined
fluidising gas reservoir and pump 116 (which may be rather bulky) and thus allow the
treatment chamber(s) to be presented to and enclose the treatment part of the
component to be treated. This is particularly useful for treating components that are
difficult to access or difficult to remove from their installation locations. Such

25 components can be locally and selectively treated. The remote treatment chamber
creates a small custom/modular boundary between the treatment part of the
component (e.g. blade) and the non-treatment part of the component. This allows for
specific targeting of various regions of a component that would not be possible by
immersion of the component into the surface of a known fluidised bed. Specific

30 temperature distributions can be induced in a component, allowing for a
predetermined localised heat treatment. Additionally, other areas of the component



As will be understood by the skilled person, it is not essential to
ensure that the flow 20of powder in the fluidised bed is constant in
all locations. Indeed, differential flowin different regions of the
bed may provi de advant ageous effects. Thus, one or nore different
regions of the bed may be bl anked off or nmade stagnant. This can be
achi eved using specific insulation or purposeful |ocalised particle
stagnation. Further neans for achieving differential treatnent can be
provi ded by providing | ocalised 25differential fluidising gas flow,
e.g. by appropriate control of the gas flow in the plenum chanber. A
di versionary gas stream bifurcation nmaylBe used to regul ate pressure.
A high I evel of coverage of the conponent by the fluidi sed powder can
be achi evecl:air))beu&i:eveﬂ{r1 covlbd ipéréhanod Etfe&elﬁbipéﬁatm'é ﬂwn'zbuﬁbrﬁ bd':r’gsé the area of g
treatnment c Lot HEOIE nkets can 30be arranged in order to avoi
uneven expé%ﬁﬂRE ?tW%éfﬁ%ﬁﬁ%nent The specific arrangenent can be
desi gned based on the shape of the treatnment part of the 19
conponent , oyt rrgfariediembadiraent; the rrainrent aprliedde theaspsnpehent is adocsé beat

medi a cone tréatrﬁemonmamh.dw.ﬁdbéshﬁawérﬁgéte@t Thi8 id &aféamy whe! & tﬁé u' di sed
nmedi a C|rculat|on|s expected to be a in Vview of

m_ni mu
i ntrusiPon dPMbneddifiRine ARs feseyor gad Pp@aﬂﬁénﬁdé}tfaﬂ%ror agqfﬁ@t'vb%y@ of
the treat nﬁf&atrﬁmrmemaesmo/\nﬁay Be hegied. Thiaren Bedlohe RBIRGE HAAteR jacket (not
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are inserte he trea nment
annul ap si dbetﬁaﬂitrﬂeotpah out er annul ar 5| de wal |l of the treatnent
chanber. The term "heat treatnent” used herein includes heating and

cool i ng. CoRimpegatGRcdpBolstihd fektRdht ;kaﬂ SRE Q&hba{e%t £&1 bd g8ti@lddan a0f
the fluidi slrﬁ(g’tlrﬂas and/ or  al um na ‘5’81”1‘ er. Fl UI di sed beds have nmany

ot her uses HUN 1S9 4509 AW WU ASFIREOURIES IBfkig peda Altermatively,
reactions. tdmperatueé esritasl cambe thdredt mrmghtrhv@asurw@éﬁt boﬂbvaé lneWegiRPuUt and

sui tabl e fl uidi se d bed rocess to oW ng a conponent
To be tr ealth 85 HIRTBUBEL Gronthaan 3 BB Siretkafnedl ai sed bed. Thi's
allows local, nore uniformmedia flow around the treatnment part of

t he céﬁponé'rh‘ie.PathUtﬂfﬁémaaﬂ?pW 8 alltomedalrsizen doaner g densityudistribution, in order to

provide a desired treatment efficacy.

Air may be used as the fluidising gas. Alternatively (and preferably), other gases

may be used.

As will be understood by the skilled person, it is not essential to ensure that the flow

20 of powder in the fluidised bed is constant in all locations. Indeed, differential flow in
different regions of the bed may provide advantageous effects. Thus, one or more
different regions of the bed may be blanked off or made stagnant. This can be
achieved using specific insulation or purposeful localised particle stagnation. Further
means for achieving differential treatment can be provided by providing localised

25 differential fluidising gas flow, e.g. by appropriate control of the gas flow in the
plenum chamber. A diversionary gas stream bifurcation may be used to regulate

pressure.

A high level of coverage of the component by the fluidised powder can be achieved

by use of multiple inlets (not shown) within the treatment chamber. These inlets can
30 be arranged in order to avoid uneven exposure of the component. The specific

arrangement can be designed based on the shape of the treatment part of the



Dryi ng 20Pre-heating Surface engineering Cooling Conbustion Nitriding
25Fl ane free heater for repair in a hazardous environnent
Sterilisation Shrink fitting While the invention has been descri bed
in conjunction with the exenplary enbodi nents descri bed above, many
equi val ent nodifications and variations will be 30apparent to those
skilled in the art when given this disclosure. Accordingly, the
exenpl ary enbodi nents of the invention set forth above are considered
to be illustrative and not limting. Various changes to the described
enbodi mrents nay be made wi thout departing fromthe spirit and scope
of the invention. 20 All references réferred to above are hereby
I ncorporated by reference. 21 CLAIM

component, typically in order to ensure that streams of fluidised media come into

contact with the component in regions where fluidised media circulation is expected
to be at a minimum, in view of the intrusion of the component into the treatment

chamber.

5 The shape of the treatment chambers shown in Figs. 1 and 6 are based on a
rectangular shape. However, depending on the component to be treated, it is
possible for the treatment chamber to be of any suitable shape. One particularly
useful shape for treating turbomachinery components is an annular shape, in which
the treatment parts of the component are inserted into the treatment chamber

10 through either an inner annular side wall or an outer annular side wall of the

treatment chamber.

The term “heat treatment” used herein includes heating and cooling. Cooling can be
carried out by appropriate refrigeration of the fluidising gas and/or alumina powder.
Fluidised beds have many other uses in industry, including carrying out chemical

15 reactions. The preferred embodiments of the invention allow any suitable fluidised
bed process to be adapted by allowing a component to be treated by introduction at
the side of the fluidised bed. This allows local, more uniform media flow around the
treatment part of the component. Further applications in industry include:

. Drying
20 . Pre-heating
. Surface engineering
. Cooling
. Combustion
. Nitriding
25 . Flame free heater for repair in a hazardous environment
. Sterilisation

. Shrink fitting

While the invention has been described in conjunction with the exemplary

embodiments described above, many equivalent modifications and variations will be
30 apparent to those skilled in the art when given this disclosure. Accordingly, the

exemplary embodiments of the invention set forth above are considered to be

illustrative and not limiting. Various changes to the described embodiments may be

made without departing from the spirit and scope of the invention.



1. An apparatus for the treatnment of a conmponent using a fluidised
bed of powder fluidised by a gas flow, the apparatus including:

a treatnment chanber (100) for receiving at |east a treatnent part of
t he conponent 5and for containing the fluidised bed; a fluidising gas
inlet (108) for providing fluidising gas to the treatnent chanber; a
fluidising gas outlet (112) for renoving used fluidising gas fromthe
treat nent chanber; a powder screen (104) | ocated between the
treatment chanber and the fluidising gas iooutlet, the powler screen
operabl e substantially to prevent |oss of powder fromthe fluidising
bed entrained in the fluidising gas ren®fed fromthe treatnent
chanber. 2. An apparatus according to claim1 wherein the fluidising
gas inlet Al @iphicsdefsirel té hvdvdi Hb ngrwgmcégﬂ;r@tea byrsfeenbg gas inlet
conduit (106), the fluidising gas inlet conduit belng connected to a
source (116) of pressurised fluidising gas and the 15treat nent
chanber being noveable with respect to the source of pressurised
fluidising gas. 3. An apparatus according to claiml or claim?2
wherein a distribution unit is |located between the fluidising gas
inlet and the treatnent chanber, the distribution unit being provided
in order to distribute the incomng fluidising gas in order to
20generate the required fluidised bed. 4. An apparatus according to
any one of clainms | to 3 wherein the footprint area of the powder
screen is greater than the footprint area of the distribution unit.

5. An apparatus according to any one of clains 1 to 4 wherein the
treatment chanber includes nore than one fluidising gas inlet. 256. An
apparatus according to any one of clains 1 to 5 wherein the apparatus



i ncl udes nore than one treatnent chanber (100, 200), each treatnent
chanber for use to treat different treatnment parts of the sane or

di fferent conponents. 7.An apparatus according to any one of clains 1
to 6 wherein the treatnent to be applied to the conponent is a
thermal treatnent, and the fluidised bed is heated 30or cool ed by
heati ng/ cool i ng nmeans provided in contact with the treatnment chanber.
22 8. An apparatus according to any one of clains 1 to 6 wherein the
fluidising gas is heated or cooled by fluidising gas heating/cooling
means | ocated renote fromthe treatnent chanber, the treatnent
chamber being novable with respect to sd&'d fluidising gas

heat i ng/ cool i ng nmeans. 59. An apparatus according to any one of clains
1 to 8 wher@iAiMshe apparatus is adapted to allow at | east one
treatment part of the conponent to be placed in the fluidised bed and

at |east ong NORyifRRLARYL @rtlteafhfleﬁt%?aﬁe H&ﬁrusﬁt ARidi %‘Eﬁ%ﬁ%f powder

substantial | y outsi de the c out conta t wt
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and t he nong fréARkREMHanibRF 11000 f&h@cé.\m@am%g@attréaﬁn&ﬁ paR@F tHVooponent
boundary cont afl nment surfa?e at a fixed |ocation W|th respect to the

conponént . %@P%m‘f‘s‘(%ﬁ‘?ﬂ'?ﬁ%g to claim9 wherein the boundary
cont ai nmenta fmdhfslag @ab MdtYIEs) fatprbBaing fl@ﬂ@rr@@’ﬂs tﬂﬂiﬂlﬁb’at&léﬂt,ché&bei o

| bet th t. t
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flui di sed hambggs flow, wherein the fluidised bed is forned in a
t t t t o\ I
ettt PR A DATALAG L, B B RS b A R e b8 es
flowng i ntcwtlehﬁtetncymenewe@hamble Sbestﬁnimilyl’tmbr@t/entﬂdJm qjupswdgrfgomthe
bei ng renovegdif W]QDI%& HMrdifah ttfé‘ﬁu.&gtg&g% reth&eft ﬁfotﬁ‘fhg'tr%'aﬂﬁ’?lﬂ%ﬁaﬁgél] et,

20wherein a po screen is at ed” Bet ween the treat

and the fI j di sin as, outlet, the powder screen_ gperating . ,
substant i ald y tén%Pg%féms Gtcﬁgré"r@ft°ﬁl§’5(ﬂérw'ﬁf%ﬂtﬂt%f@q 509 P VRS isupplicd
entrai ned iwithtfhwdidihgigal i Bglugisng gV chdridai( 1483, the Rakdsy gashagber .

conduit being connected to a source (116) of pressurised fluidising gas and the
15 treatment chamber being moveable with respect to the source of pressurised
fluidising gas.

3. An apparatus according to claim 1 or claim 2 wherein a distribution unit is
located between the fluidising gas inlet and the treatment chamber, the distribution
unit being provided in order to distribute the incoming fluidising gas in order to

20 generate the required fluidised bed.

4, An apparatus according to any one of claims 1 to 3 wherein the footprint area
of the powder screen is greater than the footprint area of the distribution unit.

5. An apparatus according to any one of claims 1 to 4 wherein the treatment
chamber includes more than one fluidising gas inlet.

25 6. An apparatus according to any one of claims 1 to 5 wherein the apparatus
includes more than one treatment chamber (100, 200), each treatment chamber for
use to treat different treatment parts of the same or different components.

7. An apparatus according to any one of claims 1 to 6 wherein the treatment to
be applied to the component is a thermal treatment, and the fluidised bed is heated
30 or cooled by heating/cooling means provided in contact with the treatment chamber.



12. A process according to claim 11 wherein fluidising gas is
recycled, the 25fluidising gas outlet being in communication with a
fluidising gas outlet conduit (110). 13. A process according to
claim12 wherein the fluidising gas outlet conduit is in

conmmuni cation with a fluidising gas reservoir, the fluidising gas in
the reservoir being subjected to a heat exchange process in order to
recover thermal energy fromthe fluidising gas.

22

8. An apparatus according to any one of claims 1 to 6 wherein the fluidising gas
is heated or cooled by fluidising gas heating/cooling means located remote from the
treatment chamber, the treatment chamber being movable with respect to said
fluidising gas heating/cooling means.

5 9. An apparatus according to any one of claims 1 to 8 wherein the apparatus is
adapted to allow at least one treatment part of the component to be placed in the
fluidised bed and at least one non-treatment part of the component to be located
substantially outside the chamber and out of contact with the fluidised bed, wherein
in use the boundary between the treatment part and the non-treatment part of the

10 component is defined by a boundary containment surface at a fixed location with
respect to the component.

10.  An apparatus according to claim 9 wherein the boundary containment surface
includes at least one seal member (47, 48) to seal between the component and the

treatment chamber.

15 11. A process for the treatment of a component using a fluidised bed of powder
fluidised by a gas flow, wherein the fluidised bed is formed in a treatment chamber
and in contact with at least a treatment part of the component, the fluidised bed
formed using a fluidising gas flowing into the treatment chamber from an inlet,
fluidising gas being removed from the treatment chamber via a fiuidising gas outlet,

20 wherein a powder screen is iocated between the treatment chamber and the
fluidising gas outlet, the powder screen operating substantially to prevent loss of
powder from the fluidising bed entrained in the fluidising gas removed from the

treatment chamber.

12. A process according to claim 11 wherein fluidising gas is recycled, the
25 fluidising gas outlet being in communication with a fluidising gas outlet conduit (110).

13. A process according to claim 12 wherein the fluidising gas outlet conduit is in
communication with a fluidising gas reservoir, the fluidising gas in the reservoir being
subjected to a heat exchange process in order to recover thermal energy from the

fluidising gas.
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