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, but 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 nechani cal 10properties. The invention has particul ar
applicability to the treatnent of turbomachi nery bl ades, but the
invention is not necessarily FilMi$EDBED NREATRIENTENt Of such
conponents. Background of the Invention A fluidised bed typically
consi sts OfBQMQﬁQKQFV%ﬂBhd particles in the formof a powder
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rectangul ar or cylindrical configurations.

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 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 heterogeneous mixture of the
20 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 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.



2 1t is known to use fluidised beds in order to provide a controlled
heat treatnment for conponents, for exanple in order to provide a

har dness gradient within the conponent. Sone exanpl e disclosures are
di scussed bel ow. US- A-3,519,497 discloses a nethod of controlling the
cooling of a rail section. The 5rail section is subjected to hot
rolling and is imedi ately subnerged in a fluidised bed. The
fluidised bed is naintained at a predeterm ned tenperature, in order
to provide isothermal conditions for a bainitic mcrostructural
transformation. The rail section is held in the fluidised bed in a
particular orientation in order to provi‘de stagnant regions of the
flowin the fluidised bed. In turn, this affects the rate of
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boundary/interface to be achieved for varying component geometries.

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
freatment 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 partially 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

30 bed.



30bed. 3 JP-A-2003-013142 discl oses heat treatnent 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
t he pi pe section, however, has a greater wall thickness. In order to
apply the sane heat treatnent 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 treatnment specific to that part of the pipe
section. The entire pipe section is held in a furnace in order to
provi de a heat treatnment specific to t he maj or portion of the pipe
section. Summary of the Invention The present inventors have realised
t hat t here t-4-2D0avat43 diaclosest feat tredthedsofenpipapedioat The pipecestiadhas
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obt ai ni ng a[faftfoetl’acr?fmpg?'éts of cooling at different parts of the
conmponent. However, the disclosure of US-A-3,519,497 is still
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| ocal i sed alo ication of heat treatnent nPonen
15 fluidised media is not perfectly level but mstead the Ioc 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 fiuidised 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 DEC 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 invention has been devised in order
to address at | east one (and preferably all) of the problens

menti oned above. In preferred enbodi nents, the present invention
reduces, aneliorates, avoids or even overcones one or nore of iothese
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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 fluidised
20 bed. Such a surface can be located with precision, and need not be horizontal, nor
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.

Since devising the present invention, the present inventors have come across US-A-

25 3,396,699, which discioses a method for drawing wire through a cloud of charged
particles above a fluidised bed. The fiuidised bed is formed in the base of a chamber
and the wire is drawn into the chamber through a side wall of the chamber, above the
horizontal surface of the fluidised bed. The wire is earthed and the particles in the
cloud are charged, such that the particles are deposited in a layer on the wire. The

30 coated wire is then transferred from the chamber to a furnace for consolidation of the
coating. The process is continuous, in that the wire is continuously drawn through
the chamber and the heat treatment in the adjacent furnace is correspondingly

continucus.



the chanber and the heat treatnent in the adjacent furnace is
correspondingly continuous. 5 In a first preferred aspect, the
present invention provides a process for the treatnment of a conponent
using a fluidised bed of solid particles, wherein the fluidised bed
is formed in a treatnment chanber and retained in the treatnent
chanber by one or nore contai nnment surfaces and at | east one
treatnent part of the conponent is 5placed in the fluidised bed and
at | east one non-treatnment part of the conponent is |ocated
substantially outside the chanber and out of contact with the

fluidi sed bed, wherein the boundary bet Ween t he treatnent part and
the non-treatnent part of the conponent is defined by a boundary
cont ai nmentinsufir$tarefeaed aspack.dbe prseatt iovention pravelep aqrodess ferahe treatment
conmponent . i:Ql f. d L Rvient i .
o1 ovi dos. art SpenreT SR ey FBEEEErABRERL paltiBs MATER it Mg804 8 e
flui di sed Hemed Re Egavaeakadembenpnd witaipedintthelieatment ¢iratissby onger

fluidised hashel dntifndifisNadcBldnR thaklodd e dtheat fHRY: tod @dhsdneRYisone
or nore contai nment surfaces aratus being adapted to allow at

] A, the ap \
| east éne tRiacedrp e figiseded and %?ﬁﬁgﬂ%ﬂowe@@eat e/baf the cpmaonent is
flui di sed hechtensutatartianssutdibs b dHarmer 8Ad BBIYF cORBEt ith thBaueREBBRENt
to be located su stgnti

al ly outsjde the chanber and out of contact
e TPt BB Rt e ek Gah Ak 4o SPrhteaiient ATk the
treat ment panpoaact it Hefinearbyta eatnaant copainmedt shligcecatrgoad ndcation dah i ned

by a bound t.al rface at a fixed location with respect to
t he conpong'%%lee%?{r%tgé?ﬁ%pénef)n?'eferred aspect, the present invention

provides a kit of parts suitable for 20 assenbling an apparatus
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chamber neans t'?gﬂt Htilrr ge corrpﬁnents can be treated according to the
i nvent i on, 'WALHELRreEHED ASBEC! BF Preseat NNIHIGRAToHSs a it fearte sHitapimtor
chanbes, flagsstnislieg dvesppardlus according to the second aspect, wherein the kit includes

two or more interchangeable boundary containment surfaces of different shape, in
order to adapt the treatment chamber to different shapes of specific components to
be treated by selection of at least one of the two or more interchangeable boundary
containment surfaces to be used in assembling the apparatus.

25 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.

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
random irregularly fluctuating shape of the surface of the fluidised bed. Furthermore,
30 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



6 shield (for shielding the non-treatnent part of the conponent
inside the large treatnment chanber). Preferably, the apparatus is
adj ustable in order to adjust the position of the conponent with
respect to the fluidised bed. For exanple, the depth of subnersion
50f the treatnent part nay be adjustable, by suitable adjustnent of
the location of the conponent and the boundary contai nnent surface.
The fluidised bed may be fluidised by vibration, for exanple.
However, preferably fluidisation of the bed is by a fl ow of
fluidising gas. A conbination of gas flow and vi bration may be used.
10Preferably, the treatnent chamber has®at |east one side wall, in
order to restrain lateral flow of the fluidised bed, the side mall
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t he corrponeint i S d'hslﬁg 3d with respect to the treatnent chanber so
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(e.g. the st}egﬁng}ﬁlchar%ellctﬁeone side of the side wall and so that the non-treatment part of
15 the component is located on the other side of the side wall, outside the treatment
chamber. In this way, the side wall provides a definite and fixed limit to the contact
between the treatment portion and the fluidised bed.

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

Forming multiple apertures in the side wall as discussed above allows a
corresponding number of components, or muitiple parts of one 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

25 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
shapes, to correspond with more complex components, are of course easily
envisaged and produced.

Preferably, the boundary containment surface includes at least one seal member to
30 seal between the component and the treatment chamber (e.g. the side wall of the



7 treatnent chanber). The seal nenber is typically |ocatable in an
aperture in the side wall, as nentioned above. The seal nenber may be
shaped to conpl enent the conponent shape, in order to adapt the
conponent shape to an aperture in the side wall of the treatnent
chanber. In this way, one treatnment chanber may be used in 5order to
treat a series of different conponents of different (but typically
generally simlar) shapes, by providing a correspondi ng series of
seal nenbers. Typically, the seal nenber is conpressible to
accommodat e t he conponent. For exanple, a hollow seal nenber may be
used, a hollow cavity within the seal capable of being deformed in
order to fit between the side wall of the treatnent chanber and the
10conponent treahtidht dhantel)y Toe saktrasmbérn iv 8lpically leatablden wakbeire imte side
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treatnment of the treatnent parts using the fluidised bed. For

exanpl et Neuditoafly o1 Menfivel | HUSAL Wil it rdRALATLEREEFRRORE! N0 L0 a
first 25treatnent part may be different to the fluidising gas flow at
a second r €§Plgreatis. € hoaidenty adgrbths dieatieent chamberie agaere radipal sliftesendse

achi eved byinBhankkbai@ed EofipdRPREGIHeMRaRRL t Of the distributor plate
of the apparatus, and/or a variation in the treatnent chanber

di nensi ons,,and/ di ver sj, onar as ream,bi furcation to requl ate
oroscur o A ahe i of setsSinB it nAGdkale gy ehEimglt sumecs o e,
have 1s provided by a series of seal means of different shape as mentioned above and/or by

a series of side walls of different shape.

In some preferred embodiments, the component may have two or more treatment
parts. ltis preferred, where possible, that these treatment parts are treated in the
fluidised bed simultaneously. Thus, preferably the apparatus includes a

20 corresponding plurality of boundary containment surfaces in order to define the
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

25 treatment part may be different to 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. Additionally or alternatively, the first treatment part may have

30 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.



30shield nmeans applied (e.g. insulation, or deliberate stagnation to
vary tenperature/heat transfer coefficient as a neans of insulation)
different to the second treatnent part. 8 The overall shape of the
treatment chanber may, for exanple, be based on a rectangul ar shape,
a parall el ogram shape, a cylindrical shape, an annul ar shape or a
partial annul ar shape (e.g. half-annular shape). The overall shape of
the treatnent chanber does not necessarily need to follow the shape
of the component, but in sone enbodinents this is preferred. The
preferred enbodi nents of the invention have particular utility in the
heat treatment of parts of conponents, &€ g. in order to control the
mechani cal properties of the conponents. Suitable heat treatnents

i ncl ude corifheodverdilgsHape of thepenthentehahbéiaay, feradxample, pabbsédor Bat t he

region for Taeendl el RraRioer Bk g SRS s r R FRe B 2
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t enper at ur &0k HPgodd r‘ﬁﬁhgﬁégsam?rn}eeéﬁa foltgh tﬁék%a%%%ﬁfh@%?nﬁ%ﬁér’it B@sn 2

hi gher or |lower rate of change”of tenperature than the non-tteatnent
part. Fowes@me ¢Reodimentsthis isrrelefre8n i s not necessarily limited to
such heat treatnents. 15The concept of the present invention nay be

applied to ﬂfd’rﬁ'héfept‘éﬂlﬁnfbfodfniqﬂﬁéf&ﬁﬁl_igbéﬂﬁm rméfp_aftﬁ:ulah@tim&silﬁ_tﬁé h&atch ]Peds
to carr oyt e a reacti ons. us, an Sul t.apl.e a I call on
O e e W A g 4 R
of the bed.of Thecqmpsents. iSwiteble iheat tpratdhenialingudal dootwsilihgihealtemperature of
uni f orm neqj is. i chi,evabl e
by e her b8 ke s baM 06 iy SRTRANAN oERHas il of RRlel torfieBiE "
the sobid faustdioedscrossa irgiomidepdnes tianithé san-tdatnfeot pask apgditonallier
solid part 'a‘FthF‘r%tanV, DRa9b E%é‘tltﬁe'gﬂﬁer% i 3ﬁfa'erc‘6Hiré\Fit thferté’rﬂbct?rﬁ{u?%( gl r of

particles. The reservolr y eated. Alternatively, e particles
may be der ittR@imgHpaTtsofbatdes treatmeatwarrbrssa higheny lewerirpiel of chapamrelt e or

a bul k regitemp¥fatlré hadnfiRe hg,dtrbgﬁ{enhﬁﬁ_l ateral circulation. 25The
solid particles nmay have any suitabl e size/shape/density distribution

i d t t the. i d t t . ffici t .

e o SRR BELPR R ol AR TR ubRed L b B
si ze/ shape/Thenmsntegptdf Bterprésent owentitinendy e dpdieddo gther uses diduidised beds,d
Cnd dent N o ; ; lod.
For - oxampl 24 Ag ke of suet BES6 B puf il AR, B7S, o SREYE o
chanmber andpsliggties cbividised bedsreanibenetirftphvintrotiecing agompbrent ahthe site die

carried outindled FREHSE iSRhHAPhRE-SHF bfcHs 1884, hbledl &iBHh HlearRey

around a component that is not easily achievable by other methods.

20 Where the apparatus is used for heat treatment, the solid particles may be
independently heated. For example, the solid particles may be circulated or re-
circulated from a reservoir of particles. The reservoir may be heated. Alternatively,
the particles may be derived from a powder stream. This may be entirely separate or

a bulk region within the bed that has lateral circulation.

25 The solid particles may have any suitable size/shape/density distribution in order to
carry out the required treatment in an efficient manner. For example, the population
of solid particles may have a multi-modal size/shape/density distribution.

The fluidising gas may be independently heated.

Preferably, the fluidising gas is recycled. For example, the fluidising gas may be
30 extracted from the treatment chamber and subjected to filtration and/or cleaning.
Cleaning may be carried out by a chemical scrubbing system. The filtered/cleaned



9 gas may then be used again as the fluidising gas. It is possible
for the treatnment chanber and fluidising gas filtration/cleaning
systemto be housed within a seal ed chanber containing only the
fluidising gas. Preferably, the apparatus includes a heat exchange
systemin order to extract waste heat from exhaust gas fromthe
fluidised 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, neasurenent of flow of
fluidising gas, power input, exit gas 1Gtenperatures, etc.
Preferably, in use, less than 50% by vol une of the conponent is
cont ai ned i gastrhay theedtnmsad apaintagshe tfidising gasM@nsosiblelotithe treatment

preferably, nent 1s n | ocat e t he

Lo i aed btlnoeh Bl oct Hir-FOIRRIRAD ol<iel RS el eriec <
initially ichstrdler e@talnmgrmlntheﬂtun‘smg ges. chanber before the solid
particle bed is fluidised. In this case, the treatnent part(s) of the

conponent ap@rdpaiay, qn@Bbyarbms m;aeglacme@t EPassd §aedm of orHEﬁto%%rh@l waste

particle bed b?fore flui d|? | ui di_ sation, the treatnent
part (sF of ReRLTe®RxbARH g r@nttﬁéﬂwmssfi@%bwseﬂm BIRSPYETass RERifEigncy
under the rdfshégystanif ace of the fluidised bed. This is advantageous
because it allows the conmponent to be installed in the treatnent

20chartber Wiy fd B0 Bdo03%cbd METIRE] freclyr 0 ORI Al ot the

process, I'S POSSI onen o the
t r eat ment ctharmmpumlw lrtthe@tad:eﬁddltlwllv @pal‘t@data@bfv@mmtgmenay bor

| arger conppssitsd |n!jﬁed¥?)/mQ§SLPérﬁferﬂrdi‘ﬁ9w Pﬂuz&tgﬂ%tg'égaﬁ Ad”lé)l h%mgfﬁ y or

be portable, in order t0 treat the conponent SItu. t'ion

al t er it i vePyperafiges @it ment chamber may be 25assenbl ed around t he
treatment part of the conponent. In this case, typically, the nedia
for the fl uhrdiesauly,hedsd, Sesadneds5eeh the vomgmestihe/ cofipdrieat ksrceataledtin the

chanber ar a of the ¢ nent. In s

crboa ment Srepe ksl 3 PR torRiento mincorESERA T malsPyE? Bk samapagent,
a clam shell‘anbhlkmtaimahgﬁmdtsed bedh order to enbrace and seal with the
conponent in order to treat the treatnent part. 10 the conponent in

anot her or ijg{ebro8dsOft |st[5}€fetrr'é@@ﬁm cd‘rﬁﬁﬁﬁéﬁf is anPJIIyWH% tHeNRatment

treat nent chanber can % ting) to an orientation
i n whil€h t HE2BREr B‘?’fo??df‘%se'ﬁbﬁ’ﬁrﬂﬁ%bf’ ka%%idvﬂ’hﬂ“ﬁ frsee Biegtrsbmentraets)
?:Jbs; ant :j a|dehd’¢6Wdﬂ1bMt arféfpr&e@alblquatémbmrthé §ur¢e&e(d?hﬂ{e éfb‘ﬁe laﬂ;crg%d

ui di se e openi n erefore reduces
the risk of el%g 'gfsag%esaﬁ“'fj P]?ih{ﬂ? E&S@ef'w%r?ztt%@ﬁ“%e“
conponent rmgfetdbm‘cdnmletem;u?mdrgehrw@hthbhnemgrsaﬁadsrgof th'élemdisb@bed This
t r eat nent tilt al n
or i ontat | or FRVAAcERY Aeeakot ' Hflol oo BB Y R INTRDH patsdinent
conponrent mhambet withput risking Imesbf@atrmmm chanmber. Tilting of the
treatment chanber may be achieved with respect to a support on which

t he More generally, in the process, it is possible for the component to be brought to the
treatment chamber for treatment, as implied above. However, for larger components,
it may be preferred for the treatment chamber to be portable, in order to treat the
component in situ. Additionally or alternatively, the treatment chamber may be

25 assembled around 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 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.

30 In some preferred embodiments, the treatment chamber may be configured to
receive the component in one orientation of the treatment chamber, and then to treat



10t reat nent chanber is nounted. Further optional features of the
invention are set out below Brief Description of the Draw ngs
Enbodi nents of the invention will now be described by way of exanple
with reference to the acconpanying drawi ngs in which: 15Fig. 1 shows
a schematic view of a fluidised bed apparatus for use in an

enbodi mrent of the invention. Fig. 2 shows a schematic view of the
process of applying a sealing nmenber around a turbine bl ade and
inserting the wapped turbine blade into an aperture in the side wall
of a treatnent chanmber. 20Fig. 3 shows a schematic sectional view of
a side wall of a treatnment chanber with'8ealing menbers sealing
across an aperture in the side wall. Fig. 4 shows the arrangenent of
Fi g. 3 but tixe témporemhincar®itier prieptatidri ofghd hreatonght cr‘rmtseirdéow/\atdmme]dhe

sealing w y
schematic tst%(?%rﬁ%nr;ca %Fgr\?vcéw{ ﬁ(S %yaPIIV%tI:r{gg'Eon%er S lsc}ﬁ?? g@kﬁ OI‘ use
wi th the araramjeeeenisgsoior Facgmngahan@mnonani gaceesubmm@!lauswa@imﬂm vi ew
of a til tabiuswé Erf‘eaﬁdi“ﬁ"‘c,r@s GM&% trTleuxdﬁs?e% B@dS nlﬁ fhd

i nvention. Description of the Pr ef erred Errb
and Fuft herth@ﬁfqrw&w%@@msw oS %@rmféh% paiclesfierphs peerdegu ’gjfme of a

f1uidi sed hgthpoRyinvasthan B@%s@f‘te@ﬂﬁb&bmébﬁerﬁh@U%éﬂthé't#éﬁlrﬁ%t@ﬁ%@ér)
si tuated onadlsrlbutor ate aswtaletr;L)H ?] m?

mat eri al ) Eﬂ“i‘yct?fi@ éB@v@g%{ ¥ BGHNDa AR gFenta W'Bd@kﬁ R 'B’P'séd[??chss
gas (al so reetestiespdroofthe ebmpasera pfdjettieg itd hedastmenttapaiiber. pTiking 67 the
chanber cr %rea?menq cRerm%gr%gy gé ga'ueved w1§1 respect to a support on which the

10 treatment chamber is mounted.
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 example with
reference to the accompanying drawings in which:

15 Fig. 1 shows a schematic view of a fluidised bed apparatus for use in an embodiment

of the invention.

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

of a treatment chamber.

20 Fig. 3 shows a schematic sectional view of a side wall of a treatment 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

side wall and sealing with the sealing members.

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

Fig. 6 shows a schematic view of a tiltable treatment chamber for use with an
embodiment of the invention.



the distributor plate, which in turn fluidises the nedia above. The
holes in the distributor plate, through which the process gas fl ows,
are typically small enough to prevent passage of the solid particles
in the reverse direction through the distributor 10plate. Usually,
fluidised beds are either rectangular or cylindrical in shape, the
shape being defined by the shape of the plenum chanber and the
correspondi ng distributor plate and also by the configuration of the
side wall which contains the fluidised bed fromflowing l|aterally out
of the apparatus. Fig. 1 shows a schematic view of a fluidised bed
apparatus for use in an enbodi ment 150f tthe i nvention. The apparatus
is based on a rectangul ar bed configuration. The apparatus has a
treat ment cdbetaiest Dddriplidrhofftios Preféreel Babbdimetis! ared Pérttich ©ptione Peaturss of
12, 14, 16 cal in orientation and planar in shape. The

remai ni ng e ki 18 is not planar in shape, and is described in

further detail below The agﬁsar atus has a fluidising gas inlet 20
whi ch del i vEesPasiodagion i g fhyiisesh begrinvap@sanadnisobd medigddsuady abimim e)

pressure t %dwd@ﬂtmgiaa@h%rdlaabutbﬂysfeqa%a@am@bmagoph%wmec,lﬂatmsn 22
and treat ut or goate . Dlstrlbutor pl ate

nt ¢ i Stri
24 is Arrangee ‘g reaﬂ ?9”%P|q§rﬁﬁ?r qﬁ‘@"dé‘ﬁ N < & PREE B %'Sﬂt'é%fﬁ”%q Ped

to prevent Hensinpamtiivklidied gad)mad trsdmwmm uh@tb@rcrédies & prisdizaftopactoss
nmedi a from nt cgqnber into t

i I
chanber . géﬁkwgtorg%t“&ﬁ%’% ey P'Sc?ﬁ ermﬁﬁl?&bo‘é%l fﬁ%ﬁ?)?egggbﬁ. Si de
wal | 18 of ctlﬁmbutora:aateehhtoughafvftﬁtﬂ‘rt_hau:mmelaegz_as fhoved, dee typickliylnmalhehosigh éo I
|l 16. \ .
At achabl ¢ TTRET RESEF o 5 STEBSERE HEine PoFsd Blhacy P uiBlgnifg bRIRLRR Y
different dilae wWakally, flyigisehbeds ot eith¢rfrectangulataiseiindiiagl ibehaneh §16 shaped
for side wajdn Elcgefme@bp&%eerhabe of iR didlird l?ér‘éﬁdtti% écIrPe%f; fd&;ﬁﬂq a.&%h&ﬂa}

30conponent . el ection of such side wal rov

formof a Kilategpd glspidy the i@f'SPE?é'OKNQflhefﬂjei%%ﬂ\&i'aié%c%[ﬁa'a$ therflyédtigas bask
apertures Zfom #dvingfhterdis ot bf tHeasppardt@ t ure takes the formof an
elongate slot. In this embodiment, each aperture is open at the top
of side wal t t

apertures rrﬁé%/ qOR% écﬂgﬁ. ﬂf("?w tagb)’rai dé%e&eapmraﬁus%r U%p'gﬁpﬁ”é%odﬁ%e'g4
al | owinon- tof éuilmﬁlopafr bg apparatus ¢obgredemta feotangllanbdd cpifiguabopoTient S)
to be inser t. t I I a - L .

part of |t nePEagaasa FasthBRl FElock 1 WAR foyrHlen e TR drifiPL s
gener al cur1‘2eél4 siéa5e verticaliia eriertptiomand @anarllrusinap@t direiremgining side Wail 8
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accommpdat ed out si de t

The apparatus has a fluidising gas inlet 20 which delivers fluidising gas at an

20 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
treatment chamber into the plenum chamber. Any shape, size and type of distributor

25 is envisaged.

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

30 component. A selection of such side walls may be provided in the form of a kit of
parts.



10t reat nent chamber, whilst ensuring that the treatnment parts of the
conponent are |located inside the treatnent chanber. It is possible
for the majority of the conponent to remain external to the bed. In
the exanple illustrated in Fig. 1, the treatnment chanber is adapted
to treat bl ades, for exanple fan bl ades, conpressor bl ades
and/ or gas turbine blades of a gas 15turbine engine, but this could
be adapted to treat any conponent. Each aperture 26-34 is shaped in
order to locate and fit with the conponent to be treated. Form ng
each aperture as an elongate slot allows the position (e.g. height)
of the treatment parts of the conponent o0 be varied in the t reat ment
chanber. In order to reduce the |ikelihood of the nedia fromthe
fluidi sed bside e.&ﬂaﬁllﬁthdeB@maZﬁhbenémtﬁﬂfaﬁémireQ tae,ruaesov:sza 3anEagia@perture

between th no and, a S 26-
is preferr éaﬁ‘%sgtﬂ %?‘%v Py %n ?Wq?nt n %W%%&ﬁ%?’?{mﬁ!‘b © eéﬁ\/\%gr?pteﬁ@t the
conponent daplotsidewahdBihutén otﬂThleersb@dlmemer @feowrenqn'e@ﬂrda@)eatutmmnﬂamqt

cont ai nmenty, %Hefnaémﬂa %Qeév&ﬁ-@% Rhillre %% @%e'@%qm{mew ﬂ

respect tot onent an reat nent
25Fi gs5 2- 530mn00§ﬂtr(at ef mdﬁmléﬁgmﬁe@mtw@o aenpegedinie ﬂﬂefttﬂatrpemi\mamhgr t he

boundary copi@i é‘ﬂ@ﬁlireﬂﬁ{écn@]é&rt B?ﬁ%@%pBH&wt?@rﬂEiﬂQ%ﬂfs;d@Qﬁl%fr@éln%hge, wal |
of the treatnent chanb Fig. 2, a turbomachi nery ade 40 is

wr apped i n @28®PANi ¢ cloth 41 and the wapped blade is inserted into
aperture 43 in side wall 42 of a treatnment chanber. 30Suitable
ceram c cl othesgemessl karveth shdpecdt sicnwall 18is tilastlated ipEigat .uTkis addwsatheund

850C. t t hat as

component 4185487 1nE Mo dRinfhy sRRE 5 SVARRen OB sbilhaotaBn s BRETE-
bet ween t héresltrd@t\mwbam d/mlﬂ@nemrrmnthemse trgatmeang paesdf the chmp ot atehe
conponent  ggthid sk #5 & thent chamber. Itis possible for the majority of the component

to remain external to the bed.

In the exampile illustrated in Fig. 1, the treatment chamber is adapted to treat blades,
for example fan blades, compressor blades and/or gas turbine blades of a gas
15 turbine engine, but this could be adapted to treat any component.

Each aperture 26-34 is shaped in order to locate and fit with the component to be
treated. Forming each aperture as an elongate slot allows the position (e.g. height)
of the treatment parts of the component to be varied in the treatment chamber.

In order to reduce the likelihood of the media from the fluidised bed escaping from

20 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
surface in order to contain the fluidised bed with respect to the component and the
side wall of the treatment chamber.

25 Figs. 2-5 illustrate various sealing arrangements for providing the boundary
containment 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 blade is inserted into aperture 43 in side wall 42 of a treatment chamber.
30 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



Figs. 3 and 4 show schematic cross sectional views of a different
arrangenment. Side wall 44 of the treatnent chanber once nore has an
aperture 45 fornmed init. 5 Fluidised bed powder 46 is provided
internally in the treatnment chanber. Qpposed sealing nenbers 47, 48
are provided at the aperture 45. In Fig. 3, the aperture 45 does not
have a conponent projecting through it, the sealing nmenbers 47 and 48
seal i ng agai nst each other. Fig. 4 shows the sane arrangenent as Fig.
3, but here blade 40 projects through the aperture 45 and sealing
menbers 47, 48 seal against opposite sides of the blade 40. Fig. 5
shows a schematic cross sectional view df sealing members 47 and 48.
Each sealing nmenber is hollow, defining an internal cavity 49. The

i nternal caddispredseddswaaatlys éal dlath AresrbEnpressaticdictwaan ibeatzomosial the

t he bl ade 4 for | S bl.ade 40.
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reatmont e &Rl AGRuh e SHaEls 5 33 s it Rl it Bt arnstne
boundawy beappesite sites ofiteabladattOpart and the non- 25treatnment part of
the conponent is therefore defined by the boundary contai nnent

surface, i.mg. 3 fRwseRscHaRIaNE efbst BECLABPAHER B sciifflg hridehtRPELL T HRd48. TRSch
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expl ai ned &8V MRRERT i Tofigh. e gadteea ¢4 Y 8p'efH‘amt%fﬁa'|9 vithaliansp
sEr face of dabb_séhlhigdhérﬁﬂeﬂt.ﬁfdlbﬁurh&o hycéugﬁkﬁbdi%te thenl f &fe 40iand © ddnform withb
enomenon r ng.,, ;A suc if a.c nent i o be
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However, i rb"["n‘%iﬁ'ﬁfmr‘éﬁ%t%@?ﬂbgggﬁi”gqﬁ%bged here, introducing the

conponent at e si nsures controll ed nedi a

coverage of the treatnent part of the conmponent and a well-defined
boundary bdb We®rihe Heatmeshpark Al thp sPPaRRNt isiBseiis-iptedhe Hesmephshamberus,

the need f arroggieat lefst chel B ¥R agerires Wet &1 ®efdfe filitisahcnest tlﬁ@ﬁgrﬁcdl:ﬁce (e.g.
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t he cemrpondht upperisarfacy ofshe don-fluiised béd bEbpdvider.e The sédies loested between

required. 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 between the treatment part and the non-

25 treatment part of the component is therefore defined by the boundary containment
surface, i.e. the seal between the component and the aperture. The equipment could

be vibrated to enable loading and unloading.

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

30 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



Fig. 6 schematically illustrates a nodification of the enbodi nents
descri bed above. Here, the treatnent chanber 80 is supported by a
frame 81 via pivot connections 82. The treatnent chanber is generally
simlar to the chanber shown in Fig. 1 except for iothe support
arrangenent, the orientation of the side wall containing the
apertures 83 and the presence of a covering |lid 84. Before use, the
treatnent chanber is rotated so that apertures 83 face upwardly. The
powder for the fluidised bed is therefore held away fromthe
apertures 83 under influence of gravity - the internal |evel of the
powder in the treatment chanber is bel oW he apertures 83. The powder
is 15prevented fromfalling out of the treatnent chanber by covering
lid 84. Thethesitean ¢t bederisusssmontroliedihedia 6)verage ofthe treatnteht pargbf the
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wal | (not shewrht kefatide tMHebed idihliRigent arrangement of apertures) nay
be fitted to the treatnent chanber, for treatnment of a conponent of
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formed. The treatment chamber can then be rotated back to its operating orientation,
the powder fluidised and the component treated. After the treatment, the treatment

20 chamber can be rotated so that apertures 83 face upwardly once more. If desired,
side wall 856 may be removed and a new side wall (not shown) (e.g. with a different
arrangement of apertures) may be fitted to the treatment chamber, for treatment of a
component of different shape. In the preferred embodiment, the purpose of the
treatment is to locally heat treat the treatment part of the component, avoiding both

25 over-temperature of the treatment part and over-temperature of the non-treatiment
part of the component.

Temperature control of the treatment part of the component can be achieved in a

direct manner, e.g. using one or mere thermocouples in the bed. Alternatively,

temperature control can be indirect, through measurement of flows, power input and
30 exit gas temperatures or a combination of the aforementioned.

The particulate may have a multi-modal size, shape or density distribution, in order to
provide a desired treatment efficacy.



As will be understood by the skilled person, it is not essential to
ensure that the flow of powder in the fluidised bed is constant in
all locations. Indeed, differential flowin |odifferent regions of

t he bed nmay 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 differential fluidising gas flow,

e.g. by appropriate control of the gas flow in the 15pl enum chanber.

A diversionary gas stream bifurcation ndy be used to regul ate
pressure. The shape of the treatnent chanber shown in Fig. 1 is based
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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
differential fiuidising gas flow, e.g. by appropriate control of the gas flow in the

15 plenum chamber. A diversionary gas stream bifurcation may be used to regulate

pressure.

The shape of the treatment chamber shown in Fig. 1 is 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

20 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.

The term “heat treatment” used herein includes heating, maintaining at temperature,

and cooling. Cooling can be carried out by appropriate refrigeration of the fluidising
25 gas and/or particulate. Fluidised beds have many other uses in industry, including

carrying out chemical reactions. The preferred embodiments of the invention allow

any suitable fluidised bed process to be adapted by ailowing a component to be

treated by infroduction at the side of the fluidised bed. This aliows local, more

uniform media flow around the freatment part of the component. Further applications
30 in industry include:

. Drying

. Pre-heating



Surface engineering Cooling Conbustion N triding 5Flane free
heater for repair in a hazardous environnent Sterilisation Shrink
fitting Wiile the invention has been described in conjunction with
t he exenpl ary enbodi nents descri bed above, nany equi val ent
nodi fications and variations will be toapparent to those skilled in
the art when given this disclosure. Accordingly, the exenplary
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 w t hout departig% fromthe spirit and scope
of the invention. Al references referr to above are hereby
i ncorporated by reference. 17 CLAIMS 1. A process for the treatnent
of a conporent Gsiface endihedridgsed bed of solid particles, wherein the
fluidi sed bed i%oéﬂngd in a treatnment chanber (10) and retained in
the treatnent cha by one or nore containment surfaces (24) and at
5| east one treaCepustpayt of the conponent is placed in the fluidised
bed and at . easypfiggnon-treatment part of the conponent is |ocated
substantially outsidé the chanber and out of contact with the
f1ui di Sed Ped, WaBIiee berienfouisaal |0 dbezrsdepsiaiwirenaaitnent part and
t he non-tr eat negteriigsgtionof t he conponent is defined by a boundary
cont ai nnent surface % a fixed location with respect to the
conponent . Shrink fitting

While the invention has been described in conjunction with the exemplary

embodiments described above, many equivalent modifications and variations will be

10 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.

All references referred to above are hereby incorporated by reference.



102. A process according to claim 1l wherein fluidisation of the bed is
by a flow of fluidising gas. 3. A process according to claim1l or
claim2 wherein the treatnent chanber has at | east one side wall

(18), the conponent being disposed with respect to the treatnent
chanber so that the treatnent part of the conponent is |located within
t he 15treatment chanber on one side of the side wall and so that the
non-treatnent part of the conponent is |ocated on the other side of
the side wall, outside the treatnent chamnber. 4. A process
according to any one of clainms 1 to 3 wherein the side wall is
adapted to the shape of the conponent, Rdving one or nore apertures
(26-34) 20corresponding in shape and |ocation to the treatnent parts
of the conmmpems 5. A process according to any one of claims 1 to 4
wherein the boundary contai nment surface includes at |east one seal

menber (47,4 48) st 388k MRL Y?%?tﬂwtnpgf acc%ﬂ?ﬁ’dh%ﬂ% ula skl B84 BPMa .

chanber. 6. A process accor one
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bei ng retained in 5the treat ment chanber one or nore contai nnment
surfaces, the apPaeeessacensding taelaipt whtetelra lwigipatipn df dreshedon by arfloat ofent

part of the[uﬁﬁy'ﬁg)ggasr)t to be placed in the fluidised bed and at | east
one non-treatnent part of the conponent to be | ocated substanti ally

tside th ha d Nt Ct t he f d
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non- t r eat matteaptore side whit(1B),dbapamnpaient beidg dispeskdoyittardbpedtdathe
contai nmnﬁre%%érﬁ%ﬁarﬁberasofthéﬁge krggt%e!n? Ba%\” o% {He component is located within the

15 treatment chamber on one side of the side wall and so that the non-treatment part of

the component is located on the other side of the side wall, outside the treatment
chamber.

4. A process according to any one of claims 1 to 3 wherein the side wall is
adapted to the shape of the component, having one or more apertures (26-34)
20 corresponding in shape and location to the treatment parts of the component.

5. A process according to any one of claims 1 to 4 wherein the boundary
containment surface includes at least one seal member (47, 48) to seal between the
component and the treatment chamber.

6. A process according to any one of claims 1 to 5 wherein the component has
25 two or more treatment parts which are treated in the fluidised bed simultaneously.
7. A process according to any one of claims 1 to 6 wherein the component is

initially installed in the treatment chamber before the solid particle bed is fluidised so
that the treatment part(s) of the component are located above the surface of the solid
particle bed before fluidisation and on fluidisation, the treatment part(s) of the



respect to the conponent. 9. An apparatus according to claims$8
wherein the apparatus is adjustable in order to adjust the position
of the conponent with respect to the fluidised bed. 10. An apparatus
according to claim8 or claim9 wherein the treatnent chanber 15(80)
is configured to receive the conponent in one orientation of the
treatnment chanber, and then to treat the conponent in another
orientation of the treatnent chanber. 11. An apparatus according to
claim 10 wherein the treatnent chanber is novable to an orientation
in which the one or nore openings (83) for receiving the 20conponent
face substantially upwardly and is subsé§uently novable to an
orientation in which the fluidised bad covers the part of the

conponent picPhrRfichire ithérocdrigett iy @abmMeRfedAMABDBE rising Burfdedftth@fiuigigbd S
sui tabl e fq%qdﬁsserrbl i ng an apparatus according to any one of clains 8
to 11, wher the kit includes two or nore interchangeabl e boundary
25cont ai nnent surfaces of different shape, in order to adapt the

t r eat ment cfhanbé\tn appaitdst for brttregitagrd of afcompendritiusing arflvisiredtbedt thebe

treated by geLegtd MmHsiffa {réélﬁknpé}%ngertthé’ﬂ&ﬂ@eﬁ’ ed'H & e b bemg retained in

|nterchangeable oundary “cont al nnment surfaces to be use
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| nterchange ? sed bedeanvéilaeltlleas{ gnS né)n-trctaaptrene(rfjwl{3 ;E) a]{ gfttHe 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-freatment part of the
10 component is defined by a boundary containment surface at a fixed location with

respect to the component.

9. An apparatus according fo claim 8 wherein the apparatus is adjustable in order
to adjust the position of the component with respect to the fluidised bed.

10.  An apparatus according to claim 8 or claim @ wherein the treatment chamber
15 (80) is configured to receive the component in one orientation of the treatment
chamber, and then to treat the component in another orientation of the treatment

chamber.

11.  An apparatus according to claim 10 wherein the treatment chamber is
movable to an orientation in which the one or more openings (83) for receiving the

20 component face substantially upwardly and is subsequently movable to an
orientation in which the fluidised bad covers the part of the component projecting into

the treatment chamber.

12.  AKkit of parts suitable for assembling an apparatus according to any one of
claims 8 to 11, wherein the kit includes two or more interchangeable boundary

25 containment surfaces of different shape, in order to adapt the treatment chamber to
different shapes of specific components to be treated by selection of at least one of
the two or more interchangeable boundary containment surfaces to be used in
assembling the apparatus.

13.  Akit according to claim 12 wherein the interchangeable boundary containment
30 surfaces are provided by interchangeable side walls (85) of the apparatus.



