FLU DI SED BED TREATMENT Field of the Invention The present invention
relates to nmethods of treatnent of conponents using fluidised beds
and to apparatus for carrying 5out such nethods. The invention has
particular, but not exclusive, applicatilon to the thermal treatnent
of conponents, such as netallic conponents. Suitable therma

treatnments typically incIudeEg%ﬁblghgaggﬁn&REﬂ&M%ﬁ¥ al so include
cooling treatnent. Suitable e applied to a

| oconponent in order to pronote stress relief and/or the devel opnent
of a preffaeled ofi chestinwentrien for exanple, in order to obtain
desired nechani cal properties. The invention has particul ar
applicability to the.treatnent of turbomachi nery bl ades, but th
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al so provide very good thernmal transfer between tﬁe wall's o _the _

fl ui di se@rped 59pag§ﬁa§1dﬁﬁéred mechanical properties. The invention
has particular applicebility to the treatment of
turbomachinery blades, but the invention is not necessarily

15 limited to the treatment of such components.

Background of the Invention

A fluidised bed typically consists of a bed of solid particles
in the form of a powder {referred to as “media” or “solid
media”) situated on a distributor plate located above a plenum

20 chamber. The distributor plate has an arrangement of many gas
flow passages through it. Introduction of a process gas 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

25 heterogeneous mixture of the process gas and 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
30 bed. Fluidised beds also provide very good thermal transfer
between the walls of the fluidised bed apparatus, the

fluidising gas, the media and any component located in the



fluidising gas, the nedia and any conponent |ocated in the 2 nedia.
This is due to the high surface area contact between the fluidising
gas and the solid nedia and due to the very frequent
particle-particle, particle-wall and pariicl e-conponent collisions.
SFl ui di sed bed apparatus typically have rect angul ar or cylindrical
configurati 1S .known e d i_sed _beds _in o, provide
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di scl osures are di scussed bel ow. _US-A-3, 519 497 di scl oses a net hod of
control||ﬁ&qwﬁ@tc@&FtﬁglﬁrpérFéFﬁese@@F&ﬁC lehwaldi Frdeparbncle-

subj ect ed @ hehtr @ohiingiand .is imediately submerged in a fluidised
bed. The fluidised bed is maintained at a predetermnined tenperature,
in 15order to provide isothermal conditions for a bainitic

m criost r detudddisecr fesk epratiréts theicalllysheveonersanardarnothe
fluidise i i L-orientation in order to provide
stagnantgyggﬁgﬁgco tﬁéfggg%aF%OP e fluidised bed. In turn, this
affects the rate of cooling to which different 20parts of the rai
section drteisuljpeenedo an¢ $duvatifieetsbehe hardnésglnetarbuigEcal

properties_thr 0 h rall section. DE-C 34297 7 dISC|O es.
met hod of° P%caﬁﬁ%ghér én%ﬁg S&FE %PFSFOKP8QF rldgg Fs°r'oated w tﬁrder
drill bits. preldarhrhdgan93ssgbaaﬁgad wathia thei dbspdnbed. Tbeme

cartridge holds the 25drill bits in such a way that, for each dril
bi t30 onl $*ERB1EUFLECEOPYTHE ?F@a?é&CP§S§?pB§é8WmhlIst t he renai nder
is shielded with insulation. This allows a custom boundary/interface

to be acbisered,en,u8nyHngcGoBBRNENc8BOAELEI 886ntrolling the cooling

of a rail section. The rail section is subjected to hot
rolling and is immediately submerged in a fluidised bed. The
fluidised bed is maintained at a predetermined temperature, in

15 order to provide isothermal conditicons for a bainitic
microstructural transformation. The rail section is held in
the fluidised bed in a particular c¢rientation in order to
provide stagnant regions of the flow in the fluidised bed. 1In
turn, this affects the rate of cocoling to which different

20 parts of the rail section are subjected, and so afifecis the

hardness/metallurgical properties throughout the rail section.

DE-C-3429707 discloses a method of locally hardening drill
bits. A cartridge is loaded with drill bits. The cartridge
is submerged into a fluidised bed. The cartridge holds the
25 drill bits in such a way that, for each drill bit, only the
surface to be treated is exposed whilst the remainder is
shielded with insulation. This allows a custom
boundary/interface to be achieved for varying component

gecmetries.

30 In the two documents discussed above, the entire component is

submerged in the fluidised bed, but special measures are taken



3 in order to achieve differential heat treatnment of different parts
of the conmponent. O her docunents disclose the subnersion of only a
part of the conponent to be treated, in order to ensure that only the
5subnerged part is subjected to the required heat treatnent. The
intention here is also to provide a |ocalised heat treatnent in order

to produ r.ol | : i t.hernal. gradi wi_thi
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of a fl uipdirged cfOléed toompoeaind .a hi gh tenperature gradient within a
conponent. The conponent is partially dipped in at the top of the bed
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di pped into a fluidised bed, in order to provide a heat treatnent
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t he met hods and apparatus di scussed above, when the aimis to provide
| ocal he&pcggé§§§egﬁa5ftéﬁpymﬁgﬁtt@f1§duce 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

15 compenent to be treated is lowered into the bed.

JP~-A-2003-013142 discloses heat treatment of a pipe section.
The pipe section has a major portion formed with a constant,
relatively small, wall thickness. A connection portion at the
end of the pipe section, however, has a greater wall

20 thickness. 1In order to apply the same heat treatment to the
different parts of the pipe section, when taking into account
the different wall thickness, the connection portion of the
pipe is dipped into a fluidised bed, in order to provide a
heat treatment specific to that part of the pipe section. The

25 entire pipe section is held in a furnace in order to provide a
heat treatment specific to the major portion of the pipe

section.

Summary of the Invention

The present inventors have realised that there are drawbacks
30 with the methods and apparatus discussed above, when the aim

is to provide local heat treatment of only part of a



4 conponent, or where the conponent to be treated is difficult to
access. US-A-3,519,497, for exanple, discloses heat treatnent of rai
sections, in the sense of controlling the tenperature of the 5 rai
section whet her by inputting heat into the fluidised bed usi ng
heati ng means or by extracting heat fromthe fl uidised bed using

cool i ng %gﬁﬁgyégﬁe Q&ahlggen%ﬁgsf% SRl g, %%aQ%egE%ﬁlggeglfﬁlcult

US-A-3,5 opérate direct eat” or cool e soli art

of the nedi acmhew in the fIU|dised bed. 10As will be understood,
given that the purpose of the fluidised bed in US-A-3, 519 497 is to
heat tre ra|I ct.i t he fluidised b b Iar e i.n
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flui di sed_beds, can be heavg and/ or bul ky. The present invention has
E
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present | nventron reduces, aneliorates, avoids or even overcones one

or nore of these problens. 5
The present invention 1s based on the realisation by the

15 present inventors that it would be advantageous to be able to
carry out treatment on components that may be relatively
difficult to treat by immersion in a known fluidised bed.
Such components may be large, attached to other components,
and/or it may be wanted to carry out the treatment on only a

20 treatment part of the component. In such a case, the present
inventors realise that it may be more convenient to present
the fluidised bed to the component, rather than to present the
component to the fluidised bed. However, where the treatment
to be carried out is thermal treatment, there is the problem

25 of how the temperature of the media of the fluidised bed
should be controlled, since suitable heaters and coolers of a
power typical for use in fluidised beds, can be heavy and/or

bulky.

The present invention has been devised in order to address at
30 least one (and preferably all) of the problems mentioned

above. 1In preferred embodiments, the present invention

reduces, amelicrates, avolds or even overcomes one or more of

these problems.



In a first preferred aspect, the present invention provides an
apparatus for the treatnent of a conponent using a fluidised bed of
powder, the apparatus including: a treatnent chanber for
receiving at |east a treatnment part of 5t he conmponent; a powder
reservoir having heatlng or cooling neans for controlling the

tenperat ue O%lE@% d theme@mg %e@%%d%hePﬁQ%§$h%g1%%%9%1%h”§&891&@§ an

treat nent chanber reservoi conti nuousl
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use in t@p fl %I W§ %h mherelgttge go t|on of the treatnent
chanber PS4 & &6 Pe8BREF 55t EBW&QQ reservoir during
oper ati om Q&ehhme&mpahamb&r ¥ohrnracsecond prefleesedaaspestmebblepart of

present invention provides a process for the treatment of a conponent
usimg a i PEEE5EE of powder, wherein the fluidised bed is forned

in a tre%ﬁ@%%@e%“%@%%&v%@@ h@vﬁﬁ@tﬁghtthhoétcb%@%hgamééﬁétﬁggt part
of the conponent, and wherein thé powder “is subjectéd to heating or
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reservoir a _powder eyo 2 hi r referred, aspect, .the
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appar at ugeggcording to the first aspect, wherein the kit includes t wo

or nore interqhangeable treatment chanbers of different shape,
order tovA&aBLNt kBcappar-iiay ©6 ahﬁfér@ﬁtmgﬁap@§a6b6§péélVﬁélable with

30conponents ke bg Eﬁ@agggdeIh§egbE§51r388999 aeg%gataéhrgfa§ﬂsct of

the invention nmay have any one or, to the ext nt at they are
conpat i beppagagueenbi nati on of the follow ng optional features. 6

15 In a second preferred aspect, the present invention provides a
process for the treatment of a component using a fluidised bed
of powder, wherein the fluidised bed is formed in a treatment
chamber and in contact with at least a treatment part of the
component, and wherein the powder is subjected to heating or

20 cooling in a powder reservoir located away from the treatment
chamber, the position of the treatment chamber being variable
with respect to the powder reservoir during the process, the
powder being continuously conveyed to the treatment chamber

from the powder reservoir by a powder conveyor.

25 In a third preferred aspect, the present invention provides a
kit of parts suitable for assembling an apparatus according to
the first aspect, wherein the kit includes two or more
interchangeable treatment chambers of different shape, in
order to adapt the apparatus to different shapes of specific

30 components to be treated.

The first, second and/or third aspect of the invention may
have any one or, to the extent that they are compatible, any

combination of the following optional features.



Using the invention, it is therefore possible to provide heat
treatnment of a conponent or a part of a conponent that is large or
difficult to reach, by bringing the treatnent chanber to the
conmponent. Allow ng the tenperature of téie powder to 5be controll ed
remotely fromthe treatnent chanber allows the treatnent chanber
itself t%]be made nore easy to mgni pulate and locate in a required
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to the camoigint &19.-a RPHERInt IBaRALS. 0L AW RRMChat is
reservoir, the powder can be in fluidised or non-fluidised form
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powder is 1n non- Ui di sed orm the reservoir may still in PUdEToné
or nore nexicwgtiedllewentemotie] yorfaern ther edeaeeanp ehatibee walbati ahe
t hrough the powder. The heating/.cooling neans may be any suitabl e
means “of SR dnCIBBREE £6 Srdvitde "EhBaFEqirr el AoNIEP FeRpErAEtFe.
The powdemhdcarReend n"MBARS @R e 13ca@A%aY 0r The! ti nkeht20ar hLaRgeRBNbys
of conveyor belts), a screw feed or a gravity feed. Alternatively,
t he powdéMIESRFefieg tHaS ¢&n e apPdirdedobyhg FROPENENSw, €s@eh as a
gas streameABas edugtarcan provide a suitable powder conveying
nmeans. I n general, the powder conveying neans should be closed to
air. 25Preferably, the powder conveying neans is flexible. This hel ps
t 0 Yosi t ilen thige powelgirmeris cevanser thet borndspecant bet he ddnpdnert bo be
treated, \w,lhout pecessantly \gﬁ%%%&ﬁ%lg?. LRROBLLGAN tigeigo}l*}dgr-gl idised
reservoir. Simlarly, the powder conveyi ng ans ‘may ~be extendable;
e.g. tel €scopi end3@Fher €omay bevpnovidedea taturaspowdetr canvewpildga
means Iinkigg t he treatnent chanbﬁé and _t he pop@er,reservoir

§ Fa

Pr ef er abPy S3FRE PECGr A pBRUEF TconV8§F g thEaRSYEFENd ot Ps"BBRGEH 1L 5RF
the 7 form, the reservoir may still include one or more mixing
15 elements, in order to reduce temperature variations through
the powder.

The heating/cooling means may be any suitable means of

sufficient power to provide the required powder temperature.

The powder conveying means can be a conveyor belt (or

20 arrangement of conveyor belts), a screw feed or a gravity
feed. Alternatively, the powder conveying means can be
provided by a fluid flow, such as a gas stream. A gas eductor
can provide a suitable powder conveying means. In general,

the powder conveying means should be closed to air.

25 Preferably, the powder conveying means is flexible. This
helps to position the treatment chamber with respect to the
component to be treated, without necessarily needing to
reposition the powder reservoir. Similarly, the powder

conveying means may be extendable, e.g. telescopic.

30 There may be provided a return powder conveying means linking
the treatment chamber and the powder reservoir. Preferably,

the return powder conveying means transports powder from the



fluidised bed back to the powder reservoir. Powder is required to be
removed fromthe fluidised bed when its tenperature is no | onger
suitable for the required thermal treatnent of the conponent.
However, such powder is then 5typically hot at anbient tenperature,
but instead is at a tenperature internediate that of the powder in

t he powd eser \voi d ient. Thus, taq increase the thernal
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flui di si agdgasrcabibetg vf Havewebarbaussone thermal treatnents of
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air.. For_exanple, an_inert gas . nmay be. 8 preferred, e.g. .nitrogen ar
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reduces the cost of operating the apparatus.
here the powder is Conveyed to the treatment chamber by
mechanical means, there may be provided a separate fluidising
gas flow to the treatment chamber. However, where the powder
20 is transported to the treatment chamber by entrainment in a
gas flow, the same gas flow can be used in the treatment

chamber to generate the required fluidised bed.

The treatment chamber may include more than one fluidising gas
inlet. Multiple inlets may be preferred in particular in

25 order to establish a desired powder flow distribution within
the treatment chamber. For example, it may be required to
have different parts of the component subjected to incoming
powder at different angles. This can help to ensure that the
required heat treatment is given to the treatment part of the

30 component in the treatment chamber.

The fluidising gas can be air. However, for some thermal
treatments of some components, it may be preferred that the

fluidising gas is not air. For example, an inert gas may be



5Fl ui di sation of the bed can be achi eved by nethods other than a fl ow
of gas. For exanple, vibration, or a conbination of gas and

vi bration. The apparatus may include nore than one treatnent chanber.
Each treatment chanmber may be used to trat a different 10 treatnent
part of the sane or different conponents. This allows the sane powder
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the fluidised bed. The powder reservoir has an internal reservoir
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operation of the apparatus is at least 5 tines greater than the nass

of powder,,i.n t pent . r.. Preferabl he powder _conveyi ng
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The treatment chamber has an internal volume suitable for

15 holding the fluidised bed. The powder reservoir has an
internal reservoir suitable for holding the powder.
Preferably the internal volume of the powder reservoir is at
least 5 times greater than the internal volume cf the

treatment chamber.

20 As mentioned earlier, the powder in the treatment chamber is
fluidised but the powder in the powder reservoir is typically
not fluidised. Therefore it is possible that the density of
the powder in the treatment chamber is far lower than the
density of the powder in the powder reservoir. It is

25 therefore preferred that the mass of powder in the powder
reservolr during operation of the apparatus is at least 5
times greater than the mass of powder in the treatment

chamber.

Preferably, the powder conveying means 1s of a length suitabie
30 to the required distance between the powder reservoir and the
treatment chamber{s) and the component (s} to be treated. For

example, the powder coenveying means may be at least 1 m long.



| ead to poor repeatability of the heat treatnent process. This is
because the surface of the fluidised nedia is not perfectly |evel but
instead the | ocal height of the surface fluctuates randomy, due to
bubbling. Thus there is the 10problemthat it can be very difficult
to obtain an even exposure | evel of the chosen part of the conponent

for heat -treat _Ihe restricti Vi t rfa
of the fFEFH?§§§Q%§ﬁ¥éﬁfﬁg%§rﬁ%&a%%ﬁ ﬁ%cghgrg%%&%ﬁ?ﬁ&c?ﬁ%ﬁ%%%s%%om the
15nment i ontegh abiowde itxcaamenanichlarnbehi, s wattheche theaparhs pkrthef the

conponent_ that can trea pically, i s wanted to _subject

d.. T if it
mor e t haFoBmeTsaM ingd ﬁf’g’nﬁ(}}ﬁénpaﬁg f’lfreltglﬁlnﬁoﬂlé’ﬁf‘eﬁteﬁpﬁﬁﬁt 18t the

same ti mpuphkesePanide ok neheuegapenest tmustr1bediaeat ed4on HbQever,
conmponent in such a disposition as to allow 20si nul t aneous submer si on

of thesePgarialily SHETEIGiiads8d coBgoacnly th tospéétiddsed media can
US- A- 3, 532,497, this da di.scl 0ses.SU gi nt.i
conponent Fntomt%eoﬁlui%%gggbég&%gng%ygpgsﬁgﬁﬁ ggg%&ﬁ?ﬁg E???SPSht
rat es of Thael iisg betcadiskf ehentsupdecs off the cdnpdhneert. mEdweves, nbhe

di scl osure _af - A~ 3,519,497 .251 s _still effectively,a '_global' heat
ranss or PErResE Y TR ERB iRt e dPEStonhaalEy O Rk SaPREL BER o
i n order flacachitexe randoghly Hoealkbsedbapphgcat ransothbeat ikr eaknent

to a conmponent. In contrast, preferred enbodi nents of the present
i nvént i oORTEPLEW &PﬁFeﬁénFaBaP?sVSFytﬁéf§éﬁ€l§oﬁﬁoﬁ€ﬁﬁlPoaBeeven

30subj ecked ko rkogakisedrcenki pgoand bacal bsednheabipgneMit horegRrgst
to DE-C- 3429707, it is considered likely that the insulated parts of

t he conpémeatsestibnerged into the fluidised nedia would still be
subj ected to unwanted heat treatnent. 10 Still further, it is

consi der t Lt LEfLcul e LNg-0
DE- C- 3423%187Qt@gtkgf\éﬁggggnggnghﬁtgg?ege%g%ge%?%gtb\gu gg?%\%l G- the
manuf act dlibagiscsbamgdieoritgnpeinghdhecdokdlenengsul al ecandtpposect

sections_of  the conponent .5that .should be_protected fr t he heat

T aat monPErt HET R oRBA S i anb BF S ZRAYA L cond s BATEREC GERRAPRBNS, AE the
whi ch pacbmpbnanconpeneBhni Besubaeegad ungphichheysuiface 0 Ranted to
fluidised bed, |eaving the remai nder of the conponent projecting from
t he surféE@JSFttWQIFI8P6P3889b86¥tTﬁ§ 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

20 simultaneous submersion of these parts in the fluidised media.

With respect to US8-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
25 is still effectively a ‘global’ heat transfer process, and it
would be difficult to modify that disclosure in order to
achieve a highly localised application of heat treatment to a
component. In contrast, preferred embodiments of the present
invention allow different parts of the same component to be

30 subjected to localised coocling and localised heating.

With respect to DE-C-3429707, it is considered likely that the
insulated parts of the components submerged into the fluidised

media would still be subjected to unwanted heat treatment.



10i nventors have realised that the boundary between the part of the
conponent to be treated and the remai nder of the conponent is
constrai ned by the global horizontal arrangenent of the surface of
the fluidised bed and the locally randomdrregularly fluctuating
shape of the surface of the fluidised 15bed. Instead of this, the

i nvent or RrQp at t.he .boundar. bet n.th t he .co nent
to be trgﬁteg %ﬁﬁt%ﬁe re%tﬁ&er SF 6M%§8ﬁeﬁ? IDﬁe &g&ﬂ%@ b§o
a bounda@ppaqn&&bnméﬁbhimgf@&eD@FCPBQZBh@Wdt©edabgd cSM@bn@niBCfaCe

can be located with precision, and need not be horizontal, or
20pl anar PEFRS Saltdiis "OHe O pFRLASI ROy fECTURE O BatlREAE FENbaliner

i mproved ¢ rand 3h9@ e%%%%%%iatgeakbeékghbbkys%EtEB%spBQC%ﬁé cbRpbaERs
of treating different parts of ferent conponents. Cbn3|der|ng t hat

the5r|u|&beedSBe@lﬁsbﬁepapﬁeetﬁd imentteetheﬁt thaabwenby one or nore
cont ai nment surfaces, at 25l east one treatnment part of the conponent

s typic%hEyPQ%%%%q %%v%ﬁ%oﬁguhgb%e@oﬁgﬁdéggdatheegﬁgﬁgﬁgppy o which

non-treat nent part he "conmponent ocated sub
t he chanpbertard autocobocentadt wubhetrlyedf buddirseétebedrfhnet hifsacase,

t he boun bet gn th treat art .and th n-treatnment part
5001 ¢ ho aGHAORE: oG pLEPUras § eP e By o b HBaF Y EBREFnent
surface agtogeticxed lFeeat ke wuklarespecthkortihedegnpopent. Thé The
use of a boundary containnment surface in order to define the part of

t he-%conpéRERP LS ShbarPedfad 876 45athEhpr BBPeARdY sEasYeANabBGePRRT Of
relationgha Eeﬁpbﬁéﬁk|XoréedgﬁbbteegﬁhertﬁefE%ﬁéHﬂBéEgo§h€H8 8bmbBRent

surface of the tluidised bed. S5Furthernore, allow ng t
non-treaﬂﬁeqpnggzaloedthg toeponehel horizontal arrangement of the

surface of the fluidised bed and the locally random
irregularly fluctuating shape of the surface of the fluidised

15 bed. Instead of this, the inventors propose that the boundary
between the part of the component to be treated and the
reminder of the component should be defined by a boundary
containment surface of the fliluidised bed. Such a surface can
be located with precision, and need not be horizontal, or

20 planar. This allows the repeatability of the treatment to be
improved, and also improves the flexibility of the process, in

terms of treating different parts of different components.

Considering that the fluidised bed is retained in the
treatment chamber by one or more containment surfaces, at

25 least one treatment part of the component is typically 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. In this case, the
boundary between the treatment part and the non-treatment part

30 of the component is preferabliy defined by a boundary
containment surface at a fixed location with respect to the

component.



to extend out of the treatnent chanber nmeans that |arge conponents
can be treated according to preferred enbodi ments of the invention,
wi t hout the need for a correspondingly |arge treatnment chanber,
f1ui di sed bed and shield (for shieldingXhe 10non-treat nent part of
t he conponent inside the large treatnment chanber). Preferably, the
appar at us,J s %% %rabkounp qQr de posrtlon of

W t

conponent r espéct todﬁﬁg'ﬁonkorsegn%egur St exanﬁfge t%@ &86€He

of SUbﬁEﬁ&EO@aQ&.thftﬂkﬁ&tﬁ@@heﬂartoﬁbﬁ tokatad] usbahblse - hby psaitabl e
adj ustment, of the | gcatiagn of the conponent _and_the boundary

containn§H§C§ﬁFF§%€-Cﬁ?éﬂ@réﬁﬁ?tlpﬁetpré&@n&ﬁFaéﬁﬁhﬁéPdﬁgslﬁFeBEééFlY

one side f\u%ldt,ualt&n@r %rapreo orfe%reals@rlf@tc%r %'f ftrlgwquulati% bl Wil sed
bed, the side wall thereby form ng part of the boundary contai nment

20sdrfacévrpb@ﬁﬁwé@hyalﬂW@l@@nﬁbﬁenpnr§r@ﬁ§m@@§dpwwthoie§b@cpomponﬁ@t
treat"enE Q@%% 4 %%tt%%tt%@et%egﬁkg%@tcﬂghbegfmggﬁ HB%nEQE%aII

| ocat ed Wit hi N the treatment ¢ on one sid
SO0 that thepporntseatmebe paekted Bheaaddpgnentpm&fb@maﬁeémbnduhents

ot her d the side wall 50 t e the treatnent chanber. n this
Syt he; Rhel iRt i £ RR0E ThEenkla Fhfad EPREEoPORaBItgnt Epe

bet ween &&@a&m@@&neﬂhm@@&tl@nu@adsbaebéauadusgﬂla@a (Peef ahabhMinghene
side wall is adapted to the shage of the conponent. Thus, the side

walll pr efePabrpahEsS én@28E Rbr ENS08PBPPUEES éBﬁ#é@péﬁélﬁ@rgﬁ §hgpement
and | ocathappke the treatnent parts of the conponent. 12 Form ng

mul tiple apertures in the side wall as discussed above allows a
correspondi ng nunber of conponents, or nultiple parts of one
conponen?reﬁérb@lvneéb@daﬁyatﬁéuﬁlQBdEéédSbéblétinh@rdaﬁetpiﬁéjust the

requiredy, akp; 338 rLARRILERRRent N1 8hdWBELL MY RR"2RRH2R8E HB4.

or der
For example, the depth of submersion of the treatment part may

15 be adjustable, by suitable adjustment of the location of the

component and the boundary containment surface.

Preferably, the treatment chamber has at least one side wall,
in order to restrain lateral flow of the fluidised bed, the
side wall thereby forming part of the boundary containment

20 surface. Preferably, the component is disposed with respect
to the treatment chamber so that the treatment part of the
component is located within the treatment chamber on one side
of the side wall and so that the non-treatment part of the
compeonent is located on the other side of the side wall,

25 cutside the treatment chamber. In this way, the side wall
provides a definite and fixed limit to the contact between the

treatment portion and the fliuidised bed.

Preferably, the side waill is adapted to the shape of the
component. Thus, the side wall preferably has one or more
30 apertures corresponding in shape and location to the treatment

parts of the component.



to accommopdat e a required non-planar boundary between the treatnent
parts and non-treatnent parts of the conponent. For exanple, the side
wal |l may be curved. More conpl ex shapes, to correspond with nore
conpl ex conponents, are of course easily20envisaged and produced.
Preferably, the boundary contai nment surface includes at |east one
seal ne r.t.0 seal tween the conmponent and the.treatnment chanbe
(e.q. thecgﬁl%q&ﬁﬁlqyi% §¢¥¥£§¥ﬁ€nﬁ%c%§ﬁb5%%? f'%lsgglgﬁgﬁﬁgfelsagove
typi cal | wlllesat able® rire sponthage htbe ri b ft henpotensal, | orasuneipilengdrts
above. The seal nenber nay be shaped to conpl enent 't he conponent

Shape, i [Prortis CPEPRREBL 1 116 CBHGRENESRApEEo T 436REUPES At e

si de wal Isagfe tthed,r eat nRRtiGRanber. In this way, one treatnent

chanber may be used in order to treat a series of different
20components of different (but typically generally simlar) shapes,

by provi difngCaec 6FPesEaeditsy $8ei 64 96f W§égl ma¥nber §onTPpreak| yn prEer
seal menher S GHIRLERSLbLE Qréﬁcg%ﬁﬂgﬁgﬁaEhﬁoﬁ EB??GBEthQE the
exanpl e, a hollow seal nenber may be uSed, a hollow cavity wthin the
seal capdliee tokenlieipagtdetodmadni-nr2bomdat pertist ofethweernombensnide For

wal | of the_treatnent chanber .and the conponent,  Additionally. or
aIternatF§§P§}efhg% i&é%ﬁaWFl&fmﬁﬁegFrgggﬁg ) CMSﬁEeFOWB eﬁeghapes’ to
repl acealklog re@pgnd wiehdeibreo cag@pbxt Bempbeahment aghagietctiesa BaER1y
radi cal difference in shape 30bet ween conponents to be treated. 13

of @i f f ePBVSéNEMe 286 RERANGRED above and/or by a series of side

walls of different shape. In sone preferred enbodi nents, the

CO”ponen@rgﬁérB%Eﬁ,tW@eoboﬁﬁaﬁryreéhﬁﬁﬁhmgﬁﬁt§urEEcESiHE§E@ééth least
where possible, that 5these treatnent parts are treated in the

f I ui di se@rBedesilnliFMRRECES Feathbstvpraef EngblFgmpracappardt i5ei ncl udes
a Corr?SEQQEEﬁ%nE'gBQMbE¥ QE.QQU@H%rﬁiEQ”&Qiﬂ”BEttﬁHrgﬂgﬁﬁmthorder
to define the ary betwee the

oun each treatnment part an
non-tr eatimnbepart (§he beWhemembhe conpgpéentlhaslbweteblavie an

treatment _parts, the par.at us d/ or netgod y Be adap& d to allow
di fer onfPEPEREReRt GTot RECET Bt hent SpArS GEFRYPRECT | uf B s88>bed.
For exanpke@betrheakl bedssapgdgas tbawlaheatf thst corgbaBneoshepppndhng
to a first treatnent %art may be different to , ,
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 order to treat a series of different
20 compenents of different (but typically generally similar)
shapes, by providing a corresponding series of seal members.
Typically, the seal member is compressible to accommodate the
component. For example, a hollow seal member may be used, a
hollow cavity within the seal capable of being deformed in

25 order to fit between the side wall of the treatment chamber

and the component.

Additionally or alternatively, the side wall of the treatment
chamber may be replaceable, e.g. in order to adapt the
treatment chamber to a more radical difference in shape

30 between components to be treated.

Thus, in a kit of parts, the interchangeable boundary

containment surfaces may be provided by a series of seal means



15the fluidising gas flow at a second region corresponding to a
second treatnent part. This can be achieved by bl anking off a
respective part of the distributor plate of the apparatus, and/or a
variation in the treatnment chanber dinensions, and/or a diversionary
gas stream bifurcation to regul ate pressure. 20Additionally or

alternativel y,-the first treatnent .part have shi el d neans .appl.i.ed
Cer g st sthea s dharsira: eladen BRtes vEe dremeratorarest
t ransf er stiekf fiadilento faslid ferams ahapesul ation) different to the
second treatnent part. The preferred enbodi nents of the invention

have particular 25utility in the heat treatnent of parts of
Conponentd: [SOTEr BHE 463 (86 ERBICOLHE TiSe haRee SOTPREEM: M8y BRVEREWO or

conponentpreStirealbh@ritedls drfseat ments prelfudeceontihellkl paskh®le, that
tenperature of the treatnment part so that the treatnment part has a
hi gier orthiegfe - teavPEnat PeE tehaw &t heeadrdt Adathent lpadised bed

S0AddI t1 Qnghh¥ NeoRlsh§f Natphyel y r%%%&%%hﬁe@%%ta% Qg%ﬁﬁtﬁnkgﬁhagea
controlling the tenmpérature of F%e treatment part so that the
t r eat nentcopaetspieasiiachipder ldt yl oebonatie ref cohangemehntt enpératsar én

than the non-treatnent part. . 14 . The solid particles _may have_an
Sui t abl o 308/ SRapETABReItY BOSTFPEdL PER R OFaSP t5BAIFY Colie Engnd
requi r ed theeabmemtrebftman tephir¢i(ent, manner. For exanple, the

popul ation of solid particles may have a mnulti-nodal

si ze/ shape/ density 5distribution. The fl uidisin as may be
in&épend@ﬁ?F? re&t EQTPOBFEfeREBI {0t RE PPEFdF§P%§ §aS PsTF&cytEd.

For exanpbgarthesf buudics Rgcgas my be exhkpaehedof RoMolyhaikreakAent
chanber and subjected to filtration and/or cleaning. C eaning may b

10car ri e@r&atmEyta oéh&frc Al es¢mabbi R§rsFsemnaThESf Flbédédrel Bafed For
appar at US THEEGdes S Reat ateRang8 oyar i 0r dEF 1 SoH T hatt vast e
heat frorpexkapsndjag toom tthest treatment part may be different to
15 the fluidising gas flow at a second region corresponding to 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.
20 Additionally or alternatively, the first treatment part may
have shield means applied (e.g. insulation, or deliberate

stagnation to vary temperature/heat transfer coefficient as a

means of insulation) different to the second treatment part.

The preferred embodiments of the invention have particular

25 utility in the heat treatment of parts of components in order
to control the mechanical properties of the components.
Suitable heat treatments include controlling the temperature
of the treatment part so that the treatment part has a higher
or lower temperature than the non-treatment part.

30 Additionally or alternatively, suitable heat treatments
include controlling the temperature of the treatment part so
that the treatment part has a higher or lower rate of change

of temperature than the non-treatment part.



15fl ui di sed bed. This allows inprovenent of efficiency of the system
Tenperature in the process can be nonitored directly, e.g. using one
or nore thernocouples in the bed. Additionally or alternatively,
tenperature may be nonitored indirectly,lf0neasurenent of flow of
fluidising gas power input exit gas tenperatures, etc. Preferably,
in use, less an, 50% hy .vol une of the conpo i S .containe n the
t reat ment par < (s & tﬁé:lcec?nﬂ@ﬁ’e AVOrme, © g)rﬁgbls)}zet/ﬁ’ aﬁﬁ?&eﬁsﬁté’f
t he conp@ﬁ&ﬁkﬂbﬁﬂﬂah h@c&kﬁexlﬁxﬂibheyfbmmdw&edree@lrbm ttheapheeessn
it is preferred that the conponent is initially installed in the

t r eat mentrc A Bt PdnSHe f FGitdiceaREsd ithef rped atdophett sedifent

chamber . gy s £a86 ndhe f SRITENIRAN! 63k etk /epmaREN are
preferably 30l ocat ed "above the surface of powder bed before

f1 uitdi satdiieiriomtiion.di sation, the treatnent part(s) of the 15
conponent are then preferably conpletely subnerged under the rising

surface ghdl b filuidised ed. Thics b -advantageous ecause it allows

t he conponent to al'le |n “the treatmen anber "wi t hout
ri sking | oss of the nedla. It is possible for the conponent to be
brought toetffleeatrdlyat bt fdmddbierd nbogatsr eat mentyclEdwev &or Eaampaegethe

comonesth il PR e B SNt she T TP IR ek B8

aIternatBW@hEctéﬂEtbrE&UE&E&l@ha@haVokoE&Eah@ngsSe@bb@dl@QOMQg bhe
treatnment part of the conponent. In this case, typically, the nedia
forll he FPETdESe@vbelyi & &H&@dcéﬂtéFrEQQéﬁﬁl?YéFeWhe £h&at nent

chanber arouadchhe1theatmeat Fh%é/t +@knt Be ¢QEBOAGALn LB $ARBfluidising
enbodi ments, it nmay be préferred for the treatnént chanber to be

provi ded9gg-a 15cl am shell-1i ke arrangenent, in order to enbrace and
seal with the conponent in order to treat the treatnent part.

Preferably, the apparatus includes a heat exchange system in
order to extract waste heat from exhaust gas from the
15 fluidised bed. This allows improvement of efficiency of the

system.

Temperature in the process can be monitored directly, e.q.
using one or more thermocouples in the bed. Additionally or
alternatively, temperature may be monitored indirectly,

20 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

25 the fluidised bed.

In the process, it is preferred that the component is

initially installed in the treatment chamber before the

fluidised bed is formed in the treatment chamber. In this

case, the treatment part{s) of the component are preferably
30 located above the surface of the powder bed before

fluidisation. ©On fluidisation, the treatment part(s) of the



Further optional features of the invention are set out below. Brief
Description of the Draw ngs Enbodi ments of the invention wll
now be descri bed by way of 20exanple with reference to the
acconpanyi ng drawi ngs in which: Fig. 1 sHows a schematic view of a
treatment chanber for use in a treatnent process according to one
enbodi ment._of t i_nvention. Fig. h L.C Vi of the
process o™ Bﬁﬁeﬁnﬁrg fé?ga Fﬁ§%§3%%§f%§%8§ﬁ§%ggpgbkﬁﬁgggpgagdéﬁdthe
i nserti ngishegwsapgedet ofbithe Hladeisetiobad.apgnter esi adirhatagdeuwsal |
of a treatnent chanber. Fi 3 shows a_ _schepatic seg&ional view of a

ig,
si de wal PSGRUSE 1t 19Wéa%ﬁ§n§°@ﬁ§ﬁﬁ§F WPt ReséaffAg L REnbEr §N&eal i ng

across amr3@apehtuc8aibeth@isihdacvallskind®16k9. o4 shawsekihg.
arrangenment of Fig. 3 but with a conponent projecting through the

side wall and seal[ng wi th the sealing nenbers. Fig. 5 shows an
enl & ged ISCRENROSE18€Et fORaltNei ERTEPTRBIEI 6% BSeRrPRgNAefBefSesuit abl e

for use wilhilAGaLhangesehbs ehcbhfsntd aNdudvell 9zof $hoys.a

schemati c view of an apparatus according to another, pre
enbodi nespmpbnehési, nvéntisotypically Birgferrsdhénmt tbeal kyekkiastr at es

the powder fragspart i po Lhs 10yreatuant chagber of Fig, 6 Detalled
ptiron or-the Preferre nbodi ment’s, ~an urt he n
Feat ur essetut healaveabhally or alternatively, the treatment chamber
10 may be assembled arcund the treatment part of the component.
In this case, typically, the media for the fluidised bed is
added after assembly of the treatment chamber around the
treatment part of the component. In some embodiments, it may
be preferred for the treatment chamber to be provided in a
i5 clam-shell-like arrangement, in order to embrace and seal with

the component in order to treat the treatment part.
Further optional features of the invention are set out below.

Brief Description of the Drawings

Embodiments of the invention will now be described by way of

20 example with reference to the accompanying drawings in which:

Fig. 1 shows a schematic view of a treatment chamber for use
in a treatment process according to one embodiment of the

invention.

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

treatment chamber.

Fig. 3 shows a schematic sectional view of a side wall of a
treatment chamber with sealing members sealing across an

30 aperture in the side wall.



The basic design of a fluidised bed involves a bed of solid nedia
(usual Iy alum na powder) situated on a distributor plate 15(a

sui tabl e porous or nesh-like material) |ocated above a pl enum
chanber. Introduction of a process gas ifto the pl enum chanber
creates a pressure drop across the distributor plate, which in turn
fl ui di ses..t he ia_ahbove. T I i diyst r i but. | at

t hr ough %ﬁﬁéh4?%§c§FbE§§éaégg%ggﬁﬁgi Sﬁé%ggrygi%§F|§E§ha |C8n888ﬁnFo
prevent passageioly theosigh dhpastidel &sliln ahkie seevenhgewditheechkeoBealing
through the distributor plate. Usually, fluidised beds are either

rect angu&MP&FScyl i ndrical in shape, the shape being defined by the
shape of the plenum chanber and the corresponding distributor plate
and 25al $aghy st ReoeentingenakirgRdokchaatiide swaklionhilchieanba re1Lbe
fluidised bed fromflowing |aterally out of the apparatus. Fig. 1
shofs a SERAFREOI BeTiP8KSof Ua tRPdRdIESEd W58d WA ParAEUS TL8RIGEENLER Bfie
enbodi mept; .Qf theiynyention. The apparatus is based on a rectangul ar
bed configgration. The apparatus has a 30treatnment chanmber 10 with
four side walls. Three of the side walls 12, 14, 16 are vertical in
ori ent at Fég -afdspasap isghenatdhapéewThé remabphngtvpdecaakbing te
not pl an L ha .S Iyls i nf her il below. The
apparatugkﬁggeg’fEgﬁggggﬁg’gggﬁﬁﬁhgggﬁogﬁhggﬁ ggyggéggnfluidising gas
at an appropriate (and adjustable) pressure to 5pl enum chanber 22.

| nt er pos€dghet/weehepbénomldanbéns22aard theappwderchaahepot® isto the
distribu%or @Iat% Zﬁ. E stribglor glate 24 is arranged generally
hori’zont &FFJ CBRA T SPPBPREACSf *a9medh sized to prevent the particul ate
(not shown) used as the fluidised bed media from passing fromthe
treat nenbe¢hanber DdEcntiottiba plfeaum ehafbetred Embodiments, and Further

Opticnal Features cof the Invention

The basic design of a fluidised bked involves a bed of sclid
media (usually alumina powder) situated on a distributor plate

15 (a suitable porous or mesh-like material) located above a
plenum chamber. Introduction of a process gas into the plenum
chamber creates a pressure drop across the distributor plate,
which in turn fluidises the media above. The holes in the
distributor plate, through which the process gas flows, are

20 typically small enough to prevent passage of the solid
particles in the reverse direction through the distributor
plate. Usually, fluidised beds are either rectangular or
cylindrical in shape, the shape being defined by the shape of
the plenum chamber and the corresponding distributor plate and

25 also by the configuration of the side wall which contains the

fluidised bed from flowing laterally out of the apparatus.

Fig. 1 shows a schematic view of a fiuidised bed apparatus for

use in one embodiment of the invention. The apparatus is

based on a rectangular bed configuration. The apparatus has a
30 treatment chamber 10 with four side walls. Three of the side

walls 12, 14, 16 are vertical in orientation and planar in



The particulate is delivered to the treatnent chanber via a powder
conveyor (not shown in Fig. 1) froma powder reservoir (not shown in
Fig. 1) wth independent powder heating/cooling neans. The powder
conveyor in this enbodi nent delivers prel7 15heat ed but not
pre-fluidi sed powder to the treatnent chanber. Side mall 18 of the

treat ment matt wal | and_sid n_sone
preferrecfh%:%nodl r?é%t sr%?ﬂg% 8 m%;} éé rlesmr)l\%cb y afi‘trac ag;haptc') and

si de wal lisldeand idiede 1mlflur3:61.erl dletthadtl casew.a different side wall,
typically of different 20shape, nay be substituted for side wall 18,

in order 0 use the apparatus.tq treat adlff n 0 t. . Side
vl |18 (T G4RE AT g et 168 SIpg: fared 136 36, V3gehaaeLiXeTey
this eandm&aa@an@a@asaﬁﬁrbur@pp@6@&lhh@ f@h@l@Hj@BthQagabﬁe§EQEe kB
this enbodi nent, each aperture is open 25at the top of side wall 18,

but 5§ n ofHENUBNEHATREHt 22 ond NG IREEEJobetHEcap B ElitEs ChaybRst 2Beand
open at %Q%a%ﬁ%n%fcﬁbﬁ%ewa#b 18. dA@%EEBh%%r2§1§$eabh0“’b&%@EEEgEIn o

parts of a conponent (or ti pl e conponent to be inserte
t he treatene éﬁamearrwngleglt ganacmaltlyeapnralzpnpalitlyofantihescénfpmadnbf a

[ d hanb h I d
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non-t r eatfentdipadt beld mkalhheremnpaaemhgt@rbm ageonmedamedtodhamger
the treatnment chanber, whilst ensuring that the treatnment parts of

t he"%conmpdhéht t8Fe PLEREFe #NPRSEde the treat ment chanber . In the
exanple illustrated in Fig. 1, the treatnent chanber is 5adapted to

treat bl agdes pat-ehi caxanpl ¢sf a1bkades, teonpeessenthbadeshandler veasa
turbi ne bl ades of a gas turbine engine. Each aperture 26-34 is shaped

i n order PPydESCc8PEBVENALT (RORK BROWN 1in Fig. 1) from a powder reservoir
(not shown in Fig. 1) with independent powder heating/cooling

means. The powder conveyor in this embodiment delivers pre-

15 heated but not pre-fluidised powder to the treatment 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

20 shape, may be substituted for side wall 18, in order to use

the apparatus to treat a different 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. 1In this embodiment, each aperture is open
25 at the top of side wall 18, but in other embodiments, one or
more of the apertures may not be open at the top of side wall
18. Apertures 26-34 allow treatment paris of a component (or
of multiple components) to be inserted intc the treatment
chamber, whilst a non-treatment pari of the component remains

30 outside the treatment chamber.

The general curved shape of side wall 18 is illustrated in

Fig. 1. This allows the shape of the non-treatment part of



t he conponent to be treated. Formi ng each aperture as an el ongate
slot allows the position (e.g. height) of the 10treatnment parts of
the conponent to be varied in the treatnent chanber. In order to
reduce the likelihood of the nedia fromiltthe fluidised bed escaping
fromthe treatnent chanber via any gap betmeen t he conponent (not

shown) - ang ARALINL$ 2634 a%gg%m%%%& BE%th%Tﬁ@%VE9§a%ﬁéﬁ%' (not

shown) betmeen he "conponent ‘and each apertu erefore
prOV|descmahm&ﬂdammld@mt&mmm&nhgsmhhacehentmedEmehm panmtai nft hae

fluidised bed with respect to the.co nent and the side wall of the
{ r eat nonCoRRRREOE, 3OFLGCa A% LARLAE: Fafe TWEALORE b EARTRET -

arrangenents for providing the boundary contai nnent surface between

the conpamefthearsatpe siide vsal-bhtell the rigeatnertheCchaebemnentnchi@be?, is
a turbomachi nery blade 40 iis wapped in a ceramc_cloth 41 and the
wr apped Bﬁé@éeﬁstPn§§ﬁ@§dblﬁgésap§PFu?éa@31Pnf?BsP&édﬁéPIC@?P6F550r

treatnen%l%ﬁégb%hd/g%'b%@l%u%%ﬁ%@‘Blﬁb@%hgfaéegE@O%ﬂrB@h%heﬁéﬁne
wi thstand tenperatures "of around 850C. Aperturé 43 can have a t aper ed

shape, so that as the wapped conponent 40 is pressed downwardly, the
cl ot h 41Eashcapprégsed 2oetiedn ﬁhép§ddénmardeana0tﬁ@cgéﬁp@ndnﬁlt with

gi ving S%ﬁ"g%gﬁgpnge%B BQet%QEEQHe”tFégﬂlhp eég g@kkgrelgthﬁs 3

and 4 show's I'C cross sectional views o
arrangenenbngSméesm@tla440@% the ppeathient (ehgnbeeigbh¢eoffiotbBehas an

t 45 f{ i d d bed 46
o et 2 e bRkt tBRahoEPoR B nabanes a7 g iarb R ot goatygnt

are provicdedpat-.t he aperture 45. In Fig. 3, the aperture 45 does not
have a conponent projecting through it, the sealing nenbers 47 and 48

seal i ng agai nst each other. Fig hows the sane arran enent as Fi g.
3, but héPeOBﬁﬁéetﬁorﬁﬁaFéchetﬁﬁb@&ﬁhPH@ qbeffigr @ediagfgon t

fluidised bed escaping from the treatment chamber via any gap
between the component (not shown) and apertures 26-34, it is
15 preferred to provide a seal (not shown) between the component
and each aperture. The seal therefore provides a boundary
containment surface in order to ccntain the fluidised bed with
respect to the component and the side wall of the treatment

chamber.

20 Figs. 2-5 illustrate varicus sealing arrangements for
providing the boundary ccontainment surface between the

component and the side wall of the treatment chamber.

In Fig. 2, a turbomachinery blade 40 is wrapped in a ceramic
cloth 41 and the wrapped bkblade is inserted into aperture 43 in
25 side wall 42 of a treatment chamber. Suitable ceramic cloths
are known which can withstand temperatures of around 850°C.
Aperture 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 component, giving sealing

30 between the component and the side wall.



10seal i ng nenbers 47, 48 seal agai nst opposite sides of the blade 40.
Fig. 5 shows a schematic cross sectional view of sealing nenbers 47
and 48. Each sealing nenber is hollow, defining an internal cavity
49. The internal cavity allow each seallithg 15nenber to deformto
accomodat e the blade 40 and to conformwi th the shape of the bl ade

40. Addi td.gnal ly,_ t cavit | | faor the flow of .cool ant

"ot er nal Iy oy ser S KshutiEe g’ ettt oRateseel 8%oder to
prevent oMerfkeanitngrofanigkamemat. er iSdldeofvatlne 4gealfi ngenemrkatme?@l ahuseer
the treatnent part of the conponent .is inserted,intoE&he t r eat pent

chanber, FfFoldiGF Cafi@Se st 28Fe LoFSt e APEMEGr &8 26-34Flhdfdped bed

f|Uidisa?59@le4%h§sp%&b&%@b@tQnt@&%@@ﬁ?fgnt@ﬁetE%%b%ﬁ@htp%hmeErthe
conponent is | ocated above the uager surface of the non-fluidised bed

of powdefrprPredsegk lig 2 BEabated dbet W8eAreheregipedent 4he sperture
aperture.,Any -non-used apert l-a f i.ng_s
1740 RIS RA Yhesi o UTped, pLE HeROaSthhpRnc

bl anki ng méans (no ist I'se
fl ui di sedrsgecadegof:-hirbeghedtri sbe teaddwngr mehbecent UFeanredBneatlpant

of the conponent | ocat in the treatpent anmber. The _boundary :
S0bet veeH IR L ACHRREBArt And-( AacHOHS: FORt RGRE PAFRRGPMERE as Fio.
conponeng3,i sudeheredphrdeheobpuadacy sceRtr-agReRheSHpba€arei 46. ahhe
seal between the conmponent and the_aperture. 20 As expl ai ned above,
whei? a f FGRaiLs8d™EBRSES fdl| ¥ Boferat RERANStt RBPPEHLEuUPLdes of Ehe
fluidisegd,ogdi apis typically uneven due to a phenonenon sinmlar to
bubbling. As such, if a conponent is to be partially subnmersed into

the bed, it is very 5difficult to control and nmintain the anmunt of
surface Edder agehetsbadspbenatic cvapeneactippadvEievwi aft heapieterred

enbodi mept deser,bed, feng, 'Eé&ﬂd%!aﬂ@n hﬁeﬁBEﬁoﬂgnho?Eo&hedék?ﬁiﬁ& an
t he bed enstrés controll'ed nedira coveradge of the treatnmenf part o
t he conpanértnahdcavikell 48ef i ied botadary cavity allows each sealing
15 member tco deform to accommodate the blade 40 and to conform
with the shape of the blade 40. Additicnally, the cavity
allows for the flow of coolant internally along each sealing
member. This is of interest in order to prevent overheating

of the material of the sealing member.

20 In use, the treatment part of the component is inserted into
the treatment chamber, through at least one of the apertures
26-34, before fluidisation of the particulate. Therefore the
treatment part of the component is located above the upper
surface of the non-fluidised bed of powder. The seal is

25 located between the component and the aperture. Any non-used
apertures are blanked off using suitable blanking means (not
shown). The bed is then fluidised, and the fluidised surface
of the bed rises to cover the entire treatment part of the
component located in the treatment chamber. The boundary

30 between the treatment part and the non-treatment part of the
component is defined by the boundary containment surface, i.e.

the seal between the component and the aperture.



10bet ween the treatnent part and the non-treatnent part. Thus, the
need for creating a level top surface of fluidised nedia is
elimnated. Also, a nore uniformtenperature gradient across the
conponent in question can be achi eved. T4e design also allows for the
conponent to be adjusted in height 15relative to the bed if required.

Fig. 6 shaows appar atus _accordi ng 4.0 .a.preferred e i.ment _of .the
Cnoenti o L B O B e B oo e P PP abi s
52, powdehecamyeywur fadcand rteturfl uderiseyomedia 2CTreatimantl vchaghenh [2e

differs fromthat shown in Fig. 1. Treatnment chanber 52 has only a
singl e agér CuPESBETSROL] Gt 60. DUPAHIS -enBodriEly, 1di de ShEPPIEHT
is planansand eeNiJaguried 1) sipnRisieeali ndior @Gkl 8B, Haweyer yeict, Wil | be
understood that side wall "60 can be shaped to fit with the

25componeitt figudd tregad rodndnge 8@ 1GE e tenkingunad oifn sanfecei cal
direction. Simlarly perture,58 be gul.ar u

any suitaoﬁgrsﬁgpgftgea g%ﬂﬁoggtfgﬁggpgﬁhé tﬁgggkggf 6§th§be%g$r9%d
conponentmbrsiidentheestsicedbrentheckantiart roducand tbhesealmpbhenewaththe

30Tr eat nent, ch r includes further sidewalls .62 and a to | 64.
e e O e e I R e e 07 PP 2g6, DAL BB tor
recei vi ngrésedepowgarcand ¢as, coapbacs@nveyed akongdegtiduen sennayek

56 to the powder reservoir 52. 21 Powder reservoir 52 is in the form
of B | ar §&tHEFpethel hrERTTcBbBAreARd the pORTErSREBERFOPALE2 | Shus,

open at the heRq RUt- thistway d Agtchetl es%%%ﬁcEOBfa@lﬁE?Qg%HgﬁEdia

whi ch uses gas recycling. Powder reservoir as a heig out 1
min 5this edbodnasst. Théspewdemorre théfpowdéempesefvoer girgdient

typically not fluidi . JTherefore it.wll _be understood th the .
bonder 1 eBPo81 FiRasoRBeonthE EhoRBe Skt RaRarPoraniafd | nihs AEgtan
of powdemlsthelimss capathtycehpbhenpowdeber adénwoked ia Begohti cantly

greater thin t he mass_capacity of 10t he treatnent chanber when the
tr dat mentSCRAABEr “RoRPEi REYS i §FPEBE FEwder .
Fig. 6 shows an apparatus according to a preferred embodiment
of the invention. The apparatus has a treatment chamber 50,
powder reservoir 52, powder conveyor 54 and return conveyor

56.

20 Treatment chamber 52 differs from that shown in Fig. 1.
Treatment chamber 52 has only a single aperture 58 in side
wali 60. In this embodiment, side wall 60 is planar and
configured in a vertical direction. However, it will be
understood that side wall 60 can be shaped to fit with the

25 component to be treated, and need not be configured in a
vertical direction. Similarly, aperture 58 need not be
rectangular, but may be any suitable shape to allow location
of the treatment part of the component inside the treatment

chamber 50, and to seal therewith.

30 Treatment chamber includes further sidewalls 62 and a top wall
64. The treatment chamber further includes a powder return
outlet 66 for receiving used powder and gas, to be conveyed

along return conveyor 56 to the powder reservoir 52.



Conduction heaters 68 are |ocated in powder reservoir 52 for heating
the powder. Also |located in the powder reservoir are tenperature
control thernocouples (not shown), in order to 15allow control of the
heaters 68 to the required tenperature. % the skilled person wll
under stand, heaters 68 may be replaced by suitable coolers in order

to use t i.nci_pl f. t i;nventi far _thermal _trea by .
cooling.Q%P%%ﬁggg%ggv%ﬁrfﬁg 6owggr%$%sg%5gig%i§a%gE %r gﬁg%gf 76? this
20Powder emitidlddinen@® ,grtael pywileeds cheatved rp6edes bpem the theseppei buto
eductor arr.ange t 72. Eductor 72 qgperates {n a known manner based

on gas. W SAYRR GENPEUGHSa CEShs LPEC CFlo AMPHEBSRIRiRG PSRE, aRd

then ent r@icRicng nRoWd @bwlie@mrithe rRewae s or @Sar Wohk iyRkoortharBawder n in
conveyor 54. 25The gas with entrai ned powder flows to the treatnent

chartber 50igi gnpredfignEhanBée pewWdrirginy tdRoRSWEesc KERBEVOLVi éW of
powder c 154 Qpemr Is pl ngt i pt.o '

e e o A A L AL
drag for tbeopokderpordervpart helses, capactitan$par singinbem akdngiwetih
the gas flow._The na%s flgm/of Es S continuogs alogg t he conveyor.
In the cORVEFol Sth&ePPYRgh 3 § J8C8cLAVaEnaYI 8l ﬁtpewéFﬁssure.
Pl enum chagberol4 tiakesghhgitanmlef gaedibiusttn Haeemakbecuphottlyosf
the 22 as decreases, and so the drag force on the powder particles
i s Peduckle FRE2FBSHIL CREMPRAL IRE HORAEXSPAIENE| EB2RPBINEOPHAYBP
transpor tred; upwardhbywgkbhe | ocal powder density increases and a
fluidised bed 51 of the powder is provided. 5The gas continues on

t hrough the chanber 50, as shown at 53 in Fig. 7, to an outlet (not
shown). AenfPuFthen peadersafpi 98§ fpeatedniaybpwear pegderoin 52 for

fluidise 1.4 o] i di,s b t S
(ng; ;hoaﬁ%?qFaetb?o&?g?g?ﬁeu%%%%egggﬁg%ggggdﬁg? ggw?%rF?%ggngﬁaAégé
wi || be ordpestbode conprevi bhsrbubdpsed Wadtt shawnept $n ardargeo

contai ner ,of powder is flujdised, and ated_and_t he,co nent to be
o ed PATPHEEPREHoLnPG The BEAERSwatorS FRSl redhi BT PRRPertuze.
enbodi nenkstbt bhelpeaspaksbavenliloondehetpaurenchseheatedmhft Be

separate container (and does not _necessarily 15need to be fl uidi sed)
and i s t RERLIABFEdPYoSPhEPLBaFREAELENARDRFIEE BPI BRET BRENBALNELRAST &F

to the CQHBOEEGEntIBHSfoEtthérﬂgiskPégthenEhEg"BbinB??at conponent s
W th access constraints. Such conponents can be |ocally and

selectively treated. The renpte treatnent chanber creates a small
At the base of the powder reservoir is powder outlet 70.

20 Powder outlet 70 gravity feeds heated powder from the
reserveoir to eductor arrangement 72. Eductor 72 operates in a
known manner based on gas flow A moving through a
constriction, into a mixing zone, and then entraining powder

from the powder reservoir into the powder conveyor 54.

25 The gas with entrained powder flows to the treatment chamber
50 via plenum chamber 74. Fig. 7 shows a schematic view of
powder conveyor 54 opening into plenum 74 and then into main
chamber 50. 1In conveyoxr 54 there is a high gas velococity which
imparts a large drag force on the powder particles,

30 transporiting them along with the gas flow. The mass flow of
gas 1s continuous along the conveyor. In the conveyor, there
is high gas velocity and low static pressure. Plenum chamber

74 takes the form of a diffuser. Here, the velocity of the



20cust onf nodul ar boundary between the treatnment part of the conponent
(e.g. blade) and the non-treatnent part of the conponent. This all ows
for specific targeting of various regions of a conponent that woul d
not be possible by inmrersion of the conpdhent into the surface of a
known fluidised bed. 25Specific tenperature distributions can be

i nduced in nt, II w ng _far _a predet d Io aI| t
treat ment?"> g&ltlonglr ?% %O tgﬁeggagf%t%g%conpgﬁgn g§n b§g ?@e
cool ed tdsemh@mcedtheThenmeeaﬂuresdmahtibubl@nwae&opsrthelasearefno
conponent being treated. 30ln the flui t he powder can be in

various SCREES 5F3PSEPd §§tP8Har99Ycaﬁ%8e PG§ PPH?BFSQHDSéFYmhlch

poi nt thenpewdersgentl ¥ @EQQB@%edTB%dp@Wd%E ¢a8 B%wBEQ'QbS§QOQBB¥dtO
the extent that it becones stagnant when it is in contact with 23 at

| east paE@eoﬂaﬁhéo@G#ﬁ@ﬁénPn-t Brgohotihg chembpiusPlreRy BROENbAEKS3 in
mass flow;af go r.to I [ er
ROWHEY 1,0 [ @G%E ?nB%“Qﬁgwgyy fﬁ 5§ggg8gmg wder arrive

Alternatlv I'y 'f he powder can be extr eré’th
(parti culfate andvgasx dénspbydies 5mefyuhdwsaddbehe5@a$ssfbeaﬂd out of
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out of beﬁefp@ﬁubﬂelha@@a@@afa@e5gflhh@lged7 and so would normal ly
not be desirable. However, in the enbodi mrent shown in Fig. 2, the

10powder _ej ect ed fron1the bed is recovered and recycl ed back to the
povider r88ebvdilr PeaBdesS5RExt FBNBIEVEPHPsé4udtafBdcRRIDE R BHEHARY €2

necessarxaréehbghtgﬁﬁ@k gk 5@%@@@9@SO%lhBalgeapgﬁenheayeahgnalHhelSed
powder can be achi eved by use of nultiple inlets (not shown) with

t he trea@ﬁ@npn@hénb@rbelSIﬁé§@dumseﬂgseéﬁedelaﬁpah@@dbeﬁ ora@wevgr, in
avoi d ““%%gnga§g§§ éatggbgﬁfmgﬂggoeﬁ E?e§8 '£h$e§¥£§ﬁgegﬁgtpgﬁaer

be desi gne ape o part o
conmponents hgpiedl iy hnsepdeatéocensaueethahndtdeaasnot fitoedssetlly

medi_a conme into contact with the conponent in regio

Sorsai i Beatnbe: BeLFARinhbedn' PEacTRRERER' revsa 0 Chia PEES foh vi ew
of the ighkmMBeentef al hewcopponeat tRkAsthe tbpeahaEAbmebASREl. As Wil |
be clear, it is possible to nodify the enbodiment of Fig. 6 in order

to have nDre t han one treatment chanber comunicating with the powder
reservoi ! u?helES%FeHPﬁéﬁ?l%hEﬁbEP%r%?éleEFﬁﬁFI9°%P?%ﬁﬁéﬁ Vhth access

paral l el ¢cohBtraints. Such components can be locally and selectively
treated. The remote treatment chamber creates a small

20 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 wvarious
regions of a compconent that would not be possible by immersion
of the component into the surface of a known fluidised bed.

25 Specific temperature distributions can be induced in a
component, allowing for a predetermined localised heat
treatment. Additicnally, other areas of the component can be
actively cooled to enhance the temperature distribution across

the area of component being treated.

30 In the fluidised bed, the powder can be in various states of
fluidisation. It can be just fluidised, at which point the
powder gently bubbles. The powder can be fluidised only to

the extent that it becomes stagnant when it is in contact with



order that the tenperature of the powder in each treatnent chanber is
substantially equal. Use of nultiple treatnment chanbers allows the
thermal treatnent of nore than one treatnent part of the sane
conponent, or the thermal treatnent 30o0f23wltiple conponents, at the
same tinme. Tenperature control of the treatment part of the conponent
can be achi ved in.a.dr manner i.n

Cher mocod 550 MR thet” et aeRgeredty - LR aRieeelR fart s5lvasn
be i ndi r ecthultkhtrawgh iTeas wiepemdeaf thl ewsycpewpbwidapubvernd téxi t gas
tenperatures or a conhination of the aforenenti oned. The artlculate
may have CRIRQOEN mod A tSTPEL 13RANe tHE BONSELy CaNsPFi BHETFERS¥n or der

to prOV'QQuﬂdQ%%HTe%h%&%akﬁ%nElﬁgﬁfN@%%chﬁﬂbt@aﬁnaegH%?ddéﬁsEE? 1s
fl uidising gas. AIternatlver (and preferably), other gases may

used. Th&ervuildvsieng gas aay §§rﬁé@y@K@@SQ§Fﬁgn§ ﬁaﬁtp@Wéerubﬁépmes
and/ or am%Q%”%ﬁﬁhl%ﬁ %RQ'”QI%y%t%§F1£Qﬁsth' Qﬁagﬂgﬁgs%ﬁgglg akfe

skill ed péerson, I's not essent to ensure t o powder
in the fMomddsa@rhedlwsceuﬂet@anem ablbboeaécmad.obmdeédbed from the

advant ag8548 GPPEEES. TGS BRE:ofHore HPHFer SRETFATYORS Pt he bed

may 15bedelarkedeQf f Holeirree sShagRankmbbBifet@nshewachheyed.usinghe
specific insulation or purposeful |ocalised particle stagnation.

Furt®ther REHAST 67 c&ERFe¢irAE &hef BREntBalFefPEgrREnENEancBECHREVPEEY B9
prov'd'PQhEOEQbHEerQ%EE%BQQt'thfEH'ghsbggrQﬁé %hgwﬁﬁgea s@gte can be

appropriate control of the gas low in the pllenumc
di ver si onaey gagrgtneaﬁsbaturcaﬂ|bmghaﬁebelugédcpmeregalafetpeessure.

The Shapgo%f th%ttﬁsakﬂ%n%l 8”@853 %hagr ca bgsac%gﬁveg g ukd o?o

based on"a angu ar 'shape: epen ng on e onéent
be treatmdlthples1pm&ssbuﬁotoshbhﬁ)tweahmﬁnthESthaabﬁEnt0cbambérany
su”%able gelngge ngEICU|g£Egn Sfln order to avoid uneven exposure
of the compecnent. The specific arrangement can be designed
based on the shape of the treatment part of the component,
typically in order to ensure that streams of fluidised media
come into contact with the component in regions where
20 fluidised media circulation is expected tc be at a minimum, in
view of the intrusion of the component intc the treatment
chamber. As will be clear, it is possible to modify the
embodiment of Fig. 6 in order to have more than one treatment
chamber communicating with the powder reservoir. The
25 treatment chambers are typically arranged in parallel, in
order that the temperature of the powder in each treatment
chamber is substantially equal. Use of multiple treatment
chambers allows the thermal treatment of more than one

treatment part of the same component, or the thermal treatment

30 of multiple components, at the same time.

Temperature control of the treatment part of the component can
be achieved in a direct manner, e.g. using one or more

thermocouples in the bed. Alternatively, temperature control



shape for treating conponents is an annul ar shape, in which the
treatnment parts of the conmponent are inserted into the treatnent
chanber through either and i nner annular side wall or an outer
annul ar side wall of the treatnent chanb& . 30The term "heat
treatnment” or "thermal treatnent” used herein includes heating and

cooling. The.preferred.e i t f . the inventign allow any.
Suit abre TR SEiEErthr SEeUER, edoulahel B AR B35 dnout and
conponentextia @ st reaioed by rest beduc coabiatttibe sifdehef afbeefhkuitdbsed .

bed. This allows |ocal, nore uniformnedia flow around the treatnment
part of the conpgnent. The treatnent / i ncorporate carryin ut one
br rore SOFeHPORE FHELE ORY, PTG of BF LoNGRCAN or-28e nelePbf Otngcnsity
conponenty; skuiter oapplinC atrideRs ton phrBeiskr ¥ geelivde: trPaYibdt
Pre-heatln% Surface engi neering 18C00I|ng Conbustion N triding

Fl arfe fr &8 TH€aCer for repair in a hazardous environment
Sterilisation 15Shrink fitting While the invention has been

describe%i&nmggnb%n%%%anaw!%Bet@gugaggﬁharﬁagvboﬂh%éehété%éﬁpiQgﬁd
above, many equi val ent nodifications and variations wll be apparent
t o t hosepskifklradiivn ,t k&hart gwlses gievebet bssddi s€hesddeidAséopdioagl pay

the be recycled using a particle filter and/or a chemical

scrubbing system.

10 As will be understood by the skilled person, it i1s not
essential to ensure that the flow of powder in the fluidised
bed is constant in all locations. Indeed, differentiazl flow
in different regions cof the bed may provide advantageous
effects. Thus, one or more different regions of the bed may

15 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 prévided by providing localised differential
fluidising gas flow, e.g. by appropriate control of the gas

20 flow in the plenum chamber. A diversionary gas stream

bifurcation may be used to regulate pressure.

The shape of the treatment chambers shown in Figs. 1, 6 and 7
is based on a rectangular shape. However, depending on the
component to be treated, it is possible for the treatment

25 chamber to be of any suitable shape. OCne particularly useful
shape for treating components is an annular shape, in which
the treatment parts of the component are inserted into the
treatment chamber through either and inner annular side wall

or an outer annular side wall of the treatment chamber.

30 The term “heat treatment” or “thermal treatment” used herein
includes heating and cooling. The preferred embodiments of

the invention allow any suitable fluidised bed process to be



20exenmpl ary enbodi nents of the invention set forth above are

considered to be illustrative and not limting. Various changes to
t he described enbodi nents nay be made wi thout departing fromthe
spirit and scope of the invention. 25 Al references referred to

above are hereby incorporated by 25reference. 26 CLAIMS 1.An
appar at us,_{ for th t ment o a_conponent ng._a qu di sed_b !
powder, Fhe appaggiug%lncpﬁdl Compon% to %a Fggatnen gq eguc?%B?

for receewnm@eablb@a®ﬁ ah@tme@hmﬁ@bdp&eﬁ.ofThhe aQHpa@enbcaa,pmmder
reservoir % havi ng heatin % %385 or coolin% means for controllin%
the tenpdfdt@rd 8E%iRe fgoWdEFOVARd tRSpSREEFTERNY Bfihg Ofredhs CPBRpPnent.
linking the treatmentk %B@”E%%o%@%r%@% EQW@?ﬁnﬁeéﬁEV%hé othore

conti nuously 10conveyi ng powder "‘fromthe réservoir to the treatnent
charber fhemdsali gepkdipng diesed Bed, chikmichA theaposnti od &het he
treat men IS I t I ervoir
during o%ér%?ggﬁkof F%g%g%%aggphaga%gégﬁnagpggbggﬁggggggggﬁﬁg to
claiml whereDmaying the powder reservoir, the powder is in

non-f | ui di sed forgl g An appar at us accordlng toclaiml1 or claim?2
wherein the pSwder®86mP8ying neans is provided by a gas stream (A).

. Surface engineering
10 . Ccoling
. Combustion
. Nitriding
. Flame free heater for repair in a hazardous environment
. Sterilisation
15 . Shrink fitting

While the invention has been described in conjunction with the
exemplary embodiments described above, many equivalent
modifications and variations will be apparent to those skilled
in the art when given this disclesure. Accordingly, the

20 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.

All references referred to above are hereby incorporated by

25 reference.



4. An apparatus according to claim3 wherein the gas stream 20of the
powder conveying nmeans is used in the treatnent chanber to generate
the fluidised bed. 5. An apparatus according to any one of clains 1
to 4 wherein the apparatus allows positidni ng of the treatnent
chanber with respect to the conponent to be treated, independently of
t he 25posj ti of the powder reservoir. 6. An apparatus according to
any one nme 1 to 5 wherein a return powder conveying neans

(56) links the treatnent chanber and the powder reservoir for

t ranspor tli.ng ammd@pa&eamstherfkﬁbdtsedtbedtbackat@ombenaﬁwdeelng a
reservoir. An apparatus according to claim6 wherein the

powder §1Pé9&Fﬁ@de§ Che PRYIGEr EScPPBRratYs refdWedng:
heatlng/COO"ath%EQﬁ%nerﬂgmB%@VQE@@ QBQGrEEEQVEHth@ gggggngnt
chanber. 8. An apparatus accordimgto any one of Clains 1 to

wherei n 5t he &ppatacns pPactueésthsr eompanephe treat nent chanber each
treatnent cha n t r .a_di . ent a

reat rent_chagbp RELNgCLaL e 180T AaigedhELerAD" (bhpabuent Bat
any one of clakmslfbe 8owhepéilnngt theasbtmpaeatneat oEnthpapbwdert hend
conponent is placed in the 10fl ui di sed nd at | east one

oy 1 oat ment SpREYISE ERBTEBNBENBRET Fe (Paat od¥SUBSERRt FAPRGTSOE i de
the chanber apdzfWbrobngophachowdkh &BgeibaheyS@drb@dnt&haobgmydary
between the treatnent part and the non-treatnent Eart of

comyonent be|ﬁ@naéﬁﬂﬁ@dpﬁydarbéﬁﬁ@aFQec6ﬁ§9Fﬁﬁéﬁt @thﬁc@reéBmynﬁt a

15fi xed | ocat | ﬁgmggghfggsgggtthothgef BHHQQQthedlo An appar at us

according to claim9 wherein oun cont ar nfrent surface
|ncIudeswaerbeasth@neoseanonenﬁethe(n?eanﬁynttohsmhbrbeSMEenlahée with
conmponent__and the treatnent, chanmber An_apparat us accgrdi ng
to any OngSB_FCEﬂ glo E%? P(c))wfsr rgservc;lr durlng OpBJQ_ l’CII_OI'l O% %He
apparatus.
15 2. An apparatus according to claim 1 wherein, in the powder

reservoir, the powder is in non-fluidised form.

3. An apparatus according to claim 1 or claim 2 wherein the

powder conveying means 1s provided by a gas stream (A).

4. An apparatus according to claim 3 wherein the gas stream
20 of the powder conveying means is used in the treatment chamber

to generate the fluidised bed.

5. An apparatus according to any one of claims 1 to 4 wherein
the apparatus allows pesitioning of the treatment chamber with
respect to the component to be treated, independently of the

25 position of the powder reservoir.

6. An apparatus according to any cone of claims 1 to 5 wherein
a return powder conveying means (56) links the treatment
chamber and the powder reservolir for transporting powder from

the fluidised bed back to the powder reservoir.



20further including a heat exchange systemin order to extract waste
heat from exhaust gas fromthe fluidised bed. 12. A process for the
treatnent of a conponent using a fluidised bed of powder, wherein the
fluidised bed is fornmed in a treatnment c¢hanber and in contact with at

| east a 2b5treatnent part of the conponent, and wherein the powder is
subj ected to heating_or coaqling_..n a _powler reservoir_|ocated away,
From ¢ ho Tt eat i APRBRATHS: SCPRE P08t o 161 ™ Ro P FLRe Refl CoRGNREF 15
bei ng varieahlrécdl th respeckdee thecpovder fieseeveieddueafgngiiecoling
process, the powder being continuously conveyed to 30t he treatnent
chamber PﬁgﬁFﬁh@eﬁﬁﬂdéPnWégéﬁVBPFebﬁoéepSWdé ecoRfeyBRnt Sgampgr . A
process according to claim 12 wherein the fluidising gas is recycl ed.
14. A pr @QesS_Aﬁcﬁﬁpgkﬁﬁpfsoa%b@h:ﬂ&%% eb ahgl Bhd3owhengifst heteonPRABRLin
is initially installed in_the treatnent chanber Sbefore the fl uidised
bed 5i s f hRedPPArERESt LeglHERE BRIRDENIN RBSt EEGRRBANLpAREIERof CBRA
conponen i 0 b h urf.ace o o] b

LU di ST g ST SaPPon Tt RSt FeaTEAT Bart (57 6f ty Rgoatment
conponenpaate otfthéheceapkebel disdbmengedompdernthe ri si ng surface of
the fluidised 10bed. 15. A kit of parts suitable for assenbling an
apparatus, accQrding to.any_one qgf clains_1 to 11 erein,the kit .
Pe udes Xt o B RUPETHRE) enangakBie Py BV rehE Chalbarioor HPf feRRFSI
shape, iatondastt enadaptathenappatrat us thedcbhipbaahtldshapesedf in the
sp%%ific conponents to be treated.

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, the boundary between the
treatment part and the non-~treatment part of the component

being defined by a boundary containment surface (60) at a

15 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.

11. An apparatus according to any one of claims 1 to 10 and
20 further including a heat exchange system in order to extract

waste heat from exhaust gas from the fluidised bed.

12. A process for the treatment of a component using a
fluidised bed of powder, wherein the fluidised bed is formed
in a treatment chamber and in contact with at least a

25 treatment part of the component, and wherein the powder is
subjected to heating or cooling in a powder reservoir located
away from the treatment chamber, the position of the treatment
chamber being variable with respect to the powder reservoir
during the process, the powder being continucusly conveyed to

30 the treatment chamber from the powder reservoir by a powder

conveyor.
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13. A process according to claim 12 wherein the fluidising gas

is recycled.

14, A process according to claim 12 or claim 13 wherein the
component is initially installed in the treatment chamber
before the fluidised bed is formed in the treatment chamber,
the treatment part{s) of the component being located above the
surface of the powder bed before fluidisation, and on
fluidisation, the treatment part(s}) of the component are then

completely submerged under the rising surface of the fluidised

bed.

15. A kit of parts suitable for assembling an apparatus
according to any one of claims 1 to 11, wherein the kit
includes two or mere interchangeable treatment chambers of
different shape, in order to adapt the apparatus to different

shapes of specific components to be treated.



