A HEAT TREATMENT APPARATUS AND A METHOD OF USI NG SUCH APPARATUS Thi s
I nvention relates to a heat treatnent apparatus and particularly, but
5 not exclusively, to a heat treatnent apparatus, conprising a
fluidised bed, for selectively heat t r eatli ng nmetallic conponents
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10 either in a conventional air furnace or via gas jets. However, these techniques

are inherently inefficient at transferring heat energy to the component(s).

This results in long cycle times due to the slow rate of heat transfer. In
addition, the quality of the heat treatment is limited by the non-uniform heating of
the component(s).

15 It is possible to overcome these disadvantages by using a fluidised bed
furnace.

A fluidized bed is a bed of granular media that behaves like a fluid when a
gas is passed through it. When employed in a furnace the medium is generally a
refractory material, such as, for example, aluminium oxide.

26 The component to be heated is then submerged in the fluidised bed which
is then heated.

By completely enveloping the component, the fluidized bed provides
excellent heat transfer from the bed to the component being heated. For
example a typical fluidised bed furnace has a heat transfer coefficient of

25 approximately 390 W/m?%°C, while a typical gas jet type heating process might
have a heat transfer coefficient of approximately 120 W/m#/°C.

According to a first aspect of the present invention there is provided a
heat treatment apparatus comprising a fluidised bed furnace and a removable
insert receivable within the furnace, wherein, when positioned within the furnace

30 the insert defines a space which accommodates a fluidised bed.
The thermal cycle time and the operating cost of a fluidised bed furnace

are a function of the volume of the fluidised bed and the construction of the



By conpl etely envel opi ng the conponent, the fluidized bed provides
excel l ent heat transfer fromthe bed to the conponent being heated.

For exanple a typical fluidised bed furnace has a heat transfer
coefficient of 25 approxi mately 390 WnREC, while a typical gas jet
type heating process m ght have a heat transfer coefficient of
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present invention there is provided a heat treatnent apparatus
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20 Similarly, if the component is removed from the furnace while it is still at

its heat treatment temperature, the exposure of the component to air may also
result in the formation of the aforementioned oxygen-enriched surface layer.
Consequently, by loading and unloading the furnace at close to room
temperature, the risk of such undesirable surface layers being formed in the
25 components is minimised.
A further advantage of loading and unloading the furnace at close to room
temperature is that it makes the process safer to use.
In order to avoid the formation of undesirable surface layers the loading
and unloading temperature must be less than that at which exposure to air
30 causes discolouration of the component's surface. For titanium components,
this means loading and unloading the furnace when the temperature of the bed

is below approximately 300°C.



Consequently, by |l oading and unl oading the furnace at close to room
tenperature, the risk of such undesirable surface |ayers being forned

in the 25 conponents is mnimsed. A further advantage of
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15 In other embodiments of the invention, the insert may comprise a plurality
of inserts each of which are accommodated within the fluidised bed.

Optionally, the furnace further comprises a distribution plate having a
plurality of apertures, the distribution plate being located in a base portion of the
furnace and supporting the insert and the fluidised bed.

20 ( The distribution plate enables the fluidising gas to be supplied uniformly
across the underside of the quidiéed bed. It is this uniform distribution of the
fluidising gas which helps to ensure the uniform temperature distribution within
the fluidised bed.

The choice of fluidising gas is dictated by the reactivity of the material

25 which is to be heated. For example, when heating titanium components it is
necessary to use helium or argon in order to avoid the formation of undesirable
surface layers.

However, another inert gas, such as, for example, nitrogen, may be used
as a fluidising gas when heating steel components. For unreactive materials

30 such as glass or ceramics, it is possible to use air as the fluidising gas.

Optionally, the furnace further comprises a gas permeable membrane

covering the upper surface of the fluidised bed.



Optionally, the furnace further conprises a distribution plate having
a plurality of apertures, the distribution plate being |located in a
base portion of the furnace and supporting the insert and the

fluidi sed bed. 20The distribution plate énables the fluidising gas to
be supplied uniformy across the underside of the fluidised bed. It

is this uniformThetseé bfibhanerdfashsudh as ditxigen, gasa fidismghgdpestutts in the
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heating certain petals, such as, for exanp|e, titanium By
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whi | st &3 i lderamicomi Rgckwieol®l matli si ng gas to escape fromthe bed.
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enbodi nent of t %ﬁﬁt iaoﬁ‘ef}'ﬁ‘glﬁéi:[}g'l@ﬂggﬁg&%g% I?@H‘"BP %A ﬁb'?ggenec’f the
ceram c or coaglomMeelt WHd is in contact with the fluidised bed media.
When heat treating a component, it may be necessary to only heat certain
parts or areas of the component to the desired temperature, whilst maintaining
20 the remai’nder of the component below a predetermined temperature.
This may be achieved by covering or wrapping those parts of the
component which are to be maintained below a certain temperature with a
thermally insulative material.
In one embodiment of the invention this thermally insulative material is
25 Superwool® Fibre felt (produced by The Morgan Crucible Company PLC).
Optionally, a cooling gas flow is directed at a portion of the component.
Where the component being heated has internal features which are to be
protected from the heating effect of the fluidised bed, a directional airflow may be
applied to maintain the temperature of these features below a predetermined
30 value.
Optionally, the furnace further comprises an insulative supporting plate

located between the article and the base of the furnace.



Optionally, a thermally insulative layer is applied to a surface of

t he conponent which is in contact with the fluidised bed nedia.

When heat treating a conponent, it nay be necessary to only heat
certain parts or areas of the conponent ®o the desired tenperature,

whi | st maintaining 20 the remai nder of the conponent bel ow a

pr edet er m ned teﬂwnmteuofaan insulatm@hbasm@atbefumttie'rdmtb tye dearsfemgf dieat

wr appi ng those f th onent which are to be nmintaine
bel ow & cer SRV LB rTaRS 6 1 CRPorRE! waow e Reiaraie 6 I berieat below a

I n one embogleABMrmMted h/?ldenvemlé g% ﬁ1 ﬁc@ﬂt#dldnnét"hébh?é@e@n%'r’%@se

s 25 Superwool O Fibre felt (produc e Morgan ucl
PLC) . Opti optiogs &f Huoldonpayent fuvbiahi aredltmelaedubastt traateds tthos mfkinge the

conponen%. V\her thf: co onent bei n%e%fzched has internal features
whi ch ar t%"%’@ N AGROIRECHSAIGHYCef fect of the fluidised

bed, a directi Or@btlcﬂ‘idﬂﬁﬂ e ABMIRR bed comfftideda turant éﬁi’é?réd?@rysparticles
tenperature of these features bel ow a predeterm ned 30 val ue

The use of anf thesiureacenturihes sopipiisesfaudraire port adapted e allpwrfet the dfainage

cent bor on o 07 SRR RBGATUESERRRE ™) 'ove "t he Cancent ration of

heat energy in tihesesdof bidesis it &hebles moneisedbethpartieldsaole &edly and
treated, thus nmaking the 5 operation of the furnace nore cost

ef fecti V. convenlen@tre@ﬁgqu)fron@ He fUri@eh-sed bed conprises a plurality
o SLaact & R0 Sl TGE e ke FRERLAR, Hfbllced o
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the fluldi sed beﬂcmwdu‘tgvb?r edhhfgﬂ aspgab of)elner@ai@@tnevmrtwmethemm pnalided a
the menbr aneet'h%daoflejselﬁ(éj a heaqetreatment apparatus comprising a fluidised bed furnace
and a removable insert receivable within the furnace; the method comprising the
steps of:
placing an article to be heat treated in the furnace;
20 éelecting an insert such that a pre-determined clearance is defined
between the article and the insert;
placing the insert in the furnace;
filling the space defined between the article and the insert with a
fluidised bed medium;
25 carrying out a pre-defined heat treatment process.
Optionally, the step of filling the space defined between the article and the
insert with a fluidised bed medium, comprises the additional step of:
positioning a gas permeable membrane over the upper surface of
the fluidised bed.
30 There now follows a description of an embodiment of the invention, by
way of non-limiting example, with reference being made to the accompanying

drawings in which:



15According to a third aspect of the present invention there is

provi ded a nmethod of using a heat treatnent apparatus conprising a
fluidised bed furnace and a renovable insert receivable within the
furnace; the nmethod conprising the steps6of: placing an article to be
heat treated in the furnace; 20selecting an insert such that a

pre-determ ned dfigareanchoins slethandtibsbutimial iy af i lsdat thssdmiehe apparatus
i nsert; placing,the insert in the furnace;, . filling the
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with reference being nade to the acconpanyling drawings in which: 6

Figure 1 shows aVbehamsitianedesititiortae fuireweo?0,dhkeaasert i3fadefimes a space 40
Ref or i ng 118D qramitodhtys 2T FEas Refhoth b JGLEE Boy G013 cogeyised of a
first embodimmty afretra@tdmbaﬁtdéﬁ) i hedRemATAGRIMGNENde.Y by the
reference nuneral 5 10. e apparatus 10 conprises a furnace 20
t oget hefO wi t h a Allgipatiahe any atheelstery matedaleiny abwdergd Hom tdeald be
furnace 20.,504 1o form the fluidised bed, provided that the refractory material did not react
with the material forming the component which is to be heat treated. In the
present embodiment, the refractory material could be any metal oxide where the
metal is more reactive than titanium.
15 A distribution plate 60 is positioned within the base portion of the furnace
20 and extends beneath the insert 30. The distribution plate 60 comprises a
plurality of perforations 64 which allow the fluidising gas to enter the fluidised
bed 50.
The component 70 which is to be heated is then positioned within the
20 space 40 and is éupported by an insulated base plate 80. The component 70 is
positioned such that there is a uniform clearance between the component 70 and
the insert 30. The remaining volume of the space 40 is filled with refractory
particles to form the fluidised bed 50.
When filling the fluidised bed 50, the refractory particles may simply be
25 poured into the open space around the component 70.

A drain port 90 is provided in a side of the fumace 20 to allow the
refractory particles to be drained from the furnace 20 on completion of the heat
treatment cycle.

A cooling air supply (not shown) is arranged to supply a cooling air flow

30 100 to an interior portion of the component 70.
A gas permeable membrane 110 is positioned across the upper surface of

the fluidised bed 50



When positioned within the furnace 20, the insert 30 defines a space
40 whi ch accommodates a fluidised bed 50. The fluidised bed 50 is
conprised of a plurality of refractory particles, in the form of

al um ni um oxi de. 10Alternatively, any otfer 'refractory material in
powdered form could be used to formthe fluidised bed, provided that
the refractory nmatusd, dhe dochpuoient #8cib bve hbatdueismedsitioradd Withim the sgaee 40
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perforat] 02[3%334 vvh'tch al Itow thF fluidising gas to enter the fluidised
bed 50. The"COMFOMLADPSFERTIEs to be heated is then positioned
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80. The corrgonent 70 is positioned such that there is a uniform
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fromthe f t f r

A cool ing ;qrgﬁgﬁp\§$3}9€r‘;g%%og{vm%?%n§ %‘trepgon'ggﬁﬁ?rg @ﬁwgﬁg@o |nr11cév%q 1Fr0m
flow 30 10Qh&durmmacer@Oeri or portion of the component 70. A gas

per neabl e menbrane 110 i s posjtioned across the upper surface of the .
f1uidi sed bed 5 e75‘%0\’e dgﬁ%'bﬁge?pPW@%%rﬁF@nmﬁth% hayepbeRBaferrrivgd in

posi {1 oned rgfgkiBh ol i BRBRABNARA & hof iFAATBEY PHbla &8 Abfl tfiEks.
to formthe fluldi sed bed 50 en the furnace is at room
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t he heat t@%ﬂ'ﬁgﬁ? “&%@?%?”%‘2“556[‘13&%” Pr flow 100 ensures that those
portions of the conponent 70 which are not intended to be heat

treated are kept bel ow a predeterm ned tenperature. On conpl etion of
the heat treatnment cycle, the fluidised bed 50 is allowed



10 to cool to approximately roomterriperature. The refractory
particles are then drained via the drain port 90 and the conponent 70
may then be renoved fromthe furnace 20. The above descri bed
appar atus and net hod have been described8in relation to their
application to the heat treatnment of nmetals or netal articles. 15
However, itCLAIMS be understood that the apparatus and nethod may

al so be applied to the heating of other materials. 8 CLAI M 1.
A heat treatnent apparatus 10 conprising: a fluidised bed furnace 20;

and 5a renoyabl e iRk t%ﬁ)?' ¥ L4 RLAGEhe furnace 20; wherein
when positioned W t%lﬁanr ?ﬁgeléu gc%gggl%&erﬂ%%égt 30 defines a space
40 whi ch acconmopdat esa Huiliseiddiesbflirback 30, arti The apparatus 10 as

clained in Caim1l wherein, en i se, .an.,article 10 70 to be heat
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and the insert The apparatus 10 as clal ne CI:I aiml o
Cl ai m 2 whevrhich achemimgates adluldiseéd bedd®ed froma thermal |y
insulative material. 4. The apparatus 10 as clained in any one of
Clainms 1 to 3 wherein the insert 30 extends around the inner
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one of Cai3s 1 to 5, further

3. The apparatus 10 as claimed in Claim 1 or Claim 2 wherein the insert 30

15 is formed from a thermally insulative material.

4, The apparatus 10 as claimed in any one of Claims 1 to 3 wherein the

insert 30 extends around the inner periphery of the furnace 20.

20 5. The apparatus 10 as claimed in any one of Claims 1 to 4 further
comprising a distribution plate 60 having a plurality of apertures, the distribution
plate 60 being located in a base portion of the furnace 20 and supporting the
insert 30 and the fluidised bed 50.

25 6. The apparatus 10 as claimed in any one of Claims 1 to 5, further
comprising a gas permeable membrane 110 covering the upper surface of the
fluidised bed 50.

7. The apparatus 10 as claimed in Claim 6, wherein the membrane 110 is a

30 flexible membrane.



conprising a gas permneabl e nenbrane 110 covering the upper surface of
the fluidised bed 50. 7. The apparatus 10 as clained in O aim6,

wherein the nenbrane 110 is a 30 flexible nenbrane. 9 8. The

apparatus 10 as clained in any one of CI8ins 1 to 7 wherein a
thermally insulative layer is applied to a surface of the article 70
whi ch is inB.cont e aﬂpa}!iatulaem lagi dleﬁﬁddazda@)oné of ﬂlmn‘&pnatoa]?rwhéfem a
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ocate etween the article 70 and 10 the base of
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1to 10, _t di sed | | t
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adapted to c%idhﬁ%’g%%ﬁlo‘@%@”@ﬂu?@cﬂ@d%ft at |ér50Pﬁfetér‘ﬁbl"e57(f.r°mthe
fluidised bed 5 | ui di sed bed furnace 20 for the heat

treatment of netals or netal articles, wherein the upper surface of
the fluidis b 50.is covered by a qgas.perneabl e rane 0
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apparatus 10 conprising a fluidi sed bed furnace 20 and a renovabl e
i nsert 30 rtBedesawf thefurnaee Ae furnace 20; the nethod conprising the
steps of: placing an article 70 to be heat treated in the furnace 20;

11.  The apparatus 10 as claimed in any one of Claims 1 o 10, the fluidised

bed 50 comprising a plurality of refractory particles, wherein the furnace 20

further comprises a drain port 90 adapted to allow for the drainage of the
15 particles from the fluidised bed 50.

12. A fluidised bed furnace 20 for the heat treatment of metals or metal
articles, wherein the upper surface of the fluidised bed 50 is covered by a gas
permeable membrane 110.

20
13.  The furnace 20 as claimed in Claim 12, wherein the membrane 110 is a

flexible membrane.

14. A method of using a heat treatment apparatus 10 comprising a fluidised
25 bed furnace 20 and a removable insert 30 receivable within the furnace 20; the
method comprising the steps of:
placing an article 70 to be heat treated in the furnace 20;
selecting an insert 30 such that a pre-determined clearance is defined
between the article 70 and the insert 30;
30 placing the insert 30 in the furnace 20;
filling the space 40 defined between the article 70 and the insert 30 with a
fluidised bed medium; and

carrying out a pre-defined heat treatment process.



selecting an insert 30 such that a pre-determ ned clearance is
defined between the article 70 and the insert 30; 30placing the
insert 30 in the furnace 20; filling the space 40 defined
between the article 70 and the insert 301Gvith a fluidised bed nmedi um
and carrying out a pre-defined heat treatnment process. 10 15. The
method as clained in Caim14 wherein the step of filling the space

40 defi ned bet en the rti cle 70 and. the insert 30 with a fluidised
bed nedi um 12onie Bedhothas rimerdntain dg whereiptha st illing gsspace 40

ggr meabl e ’@éfﬁfe@”ﬁet@vje%nofh%raﬁﬂ% PORGd Y [ReR 86 Wiltfaf Adtbidba s PRk dium,

comprises the additional step of:

5 positioning a gas permeable membrane 110 over the upper surface of the
fluidised bed 50.



