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"Anodi sed Alum nium D electric, and Method" Field of
the Invention This invention relates to anodi sed

wabaoriomiozen an anodi sed al um nium di el ectric, BPEMSG2006/000025

method for fabricating the sane. In particular this
invention relates to a dielectric having application
in electronics, in particular where there is a

“Iﬁn‘ﬂb‘ﬁfs‘éﬁeﬂgnﬁﬁ’mﬁnﬁ ﬁi@l@kﬁiéf&n&?%ﬁ&@*s of heat,
, e invention may

have ot her applications. Background Art As the
l-eileﬁé?%ﬁ'f\/éﬂ}%”y has continued to evolve, there
has

een an 1 npressive increase in performance of
el ectroni c devices such as CPUs for conputers, and

@#ﬁgg?%ﬁtgqqg%lét%@ t'onar?écﬁ&ad)fa LﬁH‘ﬁ’hrﬁeg h el g]lée@l élﬂﬁn l'uFH dielectric,

ronics, evel op
dndymhetbodt for rfgbdcatmg timsedrmhewlnqsartlwlaepihlameventlon relates to a
nal, ther ncande cent .light

radit | ob )
HERd P, "GP RALPE e S Shies, Vi O BHRY BRI there is a

r@@q\ﬁir@ﬁ%—nt B aRsipHEs RAGE dnblrfts bP hBBNFRWRAST, RERINHisedealuminium
ﬁense of increased heat generated by such devi ces,

efttne inverdionrmay hpee @ihaligp@lieationst t hese devices are to
function reliably. Current dielectric solutions for
i nsul ated metal substrates have possibly reached their
Bapkgraund Ast in terns of heat dissipation. The
paraneter used to determne this property is thernal
conductivity, VWK (Wnt 1 .K 1) . The upper limt
Astheetsictrorlostingigstey M%QWHWQ%HO@VOM% thewei has rerean impressive

P SO FLaBBR e Bl 50 CBL AP s,

alsbl @redustign Olbaéjia' o‘ermMWéMéeko fn Wlelditoﬂ eptmnelectromcs, in

obj ect of thi t t i de
m@pgl@{r,teev\ﬁg@{ggg@@g&&ﬂtoeﬁ{lt%\r/]g diode brg)s%(&v%%vices to replace

traditional thermo-incandescent light globes, there has also been an increase in

performance of these devices.

Such increase in performance has come at the expense of increased heat
generated by such devices, which heat must be dissipated, if these devices are to
function reliably. Current dielectric solutions for insulated metal substrates have
possibly reached their upper limits in terms of heat dissipation. The parameter
used to determine this property is thermal conductivity, W/mK W.mtK". The
upper limit value of existing dielectric materials, which often uses a combination of
epoxy glass fillers, ceramic fillers, and many other types of thermal conductive
fillers is probably from 4W/mK to 6 W/mK.

It is an object of this invention to provide an improvéd dielectric which is capable

of achieving thermal conductivity beyond 4W/mK to 6 W/mK.

Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to

imply the inclusion of a stated integer or group of integers but not the exclusion of
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of achieving thermal conductivity beyond 4VWK to 6
VWYK. Thr oughout the specification, unless the context

WO e@aiy®36 ot herwi se, the word "conprise" or vaPCEHSGZNNG000025

such as "conprises" or "conprising", wll be
understood to inply the inclusion of a stated integer
i nt egers but .not the exgll sion ofa
I

it SBET oPlagien, 67 corouR sfertednis: o Kol Shgr it ftolghout tnis

dodicmeahont thahiaf reReshddCrlabeno wéight 8t fedgRhey BRCRY the weight of
made to wei ght of reagents are for the weight of the

tbeeedintuindeeégredita, @xclidiiaamnyatespf watséalliggtion, where present.
crystallisation, where present. Disclosure of the
| nvention In accordance with the invention there is
Disglosire efitbei lventictni ni um havi ng an anodi sed
al um nium | ayer on the surface thereof, said anodi sed
al um nium [ ayer being characterised by having a )
Inrasridanseovitathe iventioo thererisprovdded aneplisednalupéning having an
. aC ' V] a Lad 1.y upj oo
RG] BnTREpT R A e T e, shidihodbel ajurpipium tayer
b'herirvgrmbmctérﬁslifjo_lebyguavlir@vjad_hiztkaassalbﬂa't te:astr}mubmmat(em mm), and
avi ng an, anodi sed al um nium djelectric |ayer on at
1A ARSI S RAHE RS SIS B U RGP G I Puskture.
| ayer being characterised by having a thickness of at
| east 10 micron (0,0 , and being characterised. b
V1 gINA0RRRGR YN %@EWBV?PB?MW% RIQVIGRA 8P AlHpiHiN substrate
Rivind ah HiiRed AInARGRY dlaRefictyr St IBYPORE QrtabieiRreof, said
s provided a netal core printed circuit board having
anodigathaliminiusuleyer hemgaidractedsed by davinguathickass of at least 10

di el ectiri.c | ayer at | east .one rfac her eof h .
DIl ARt i) a P o Ve Sheh Ve ReFinb € SLDaterRfy uniform
drpstandeastidetgkness of at least 10 micron (0.01 nm,

and being characterised by having a substantially

uniformcrystalline structure. Preferably said

SHPRIrhes ih aebrdahcbUitFegheiMvahiRH thele/ Bl frovided a metal core printed
el ectrolysis being carried out wiwth an el ectrode

gisuErhgasfl hevindea plenipium sobsisatesanst ageegdised aluminium dielectric
layer on at least one surface thereof, each said anodised aluminium layer being

characterised by having a thickness of at least 10 micron (0.01 mm), and being

characterised by having a substantially uniform crystalline structure.

Preferably said anodised layer is formed by electrolysis, the electrolysis being

carried out with an electrode potential difference of 100 volts or greater.
Preferably said electrolysis takes place in an alkaline electrolyte.

Also in accordance with the invention there is provided anodised aluminium
having an anodised aluminium layer on the surface thereof, said anodised
aluminium layer being characterised by having a thickness of at least 10 micron
(0.01 mm), and being characterised by being formed by electrolysis in an alkaline
electrolyte, the electrolysis being carried out with an electrode potential difference

of 100 volts or greater.
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Preferably said electrolysis takes place in an
al kaline electrolyte. Also in accordance with the

WO pooeq9ioon there is provi ded anodi sed al um ni UPCTIRG2006/000025

an anodi sed al umi nium | ayer on, the surface thereof,
sai d anodi sed al um ni um | ayer ‘bei ng characterised by

;%%gnﬁ@é{aq k&«qu E{ftﬁg}é%'i.ryly%géng Héeorfeg% %%g/rl]qé;? ég }alurm?nium substrate
\fgrg%ﬁ éﬁ'a\h%'ci%e'drhlaﬁulﬂbr'ﬁadiléfé%trﬁ:' lﬁg%rr S ¥ féesf Bﬁ‘e Slérface thereof, said

YSI'S elng carri ed an electro
zpmotmd alurrdhmmﬁc beuig qmavt@rltsed oy P@Nmt@thlﬁmetsmqf at least 10

AR IER 0. bRl RS S BUSEPR A A e

sleetreioty, itive biyotolyais Beinyarsitied oat with fanceletinede pbiensial difference
anodi sed al um ni um [ ayer being characterised by having

04 RisegreRtest | east 10 micron (0.01 nm), and being
characterised by being fornmed in an al kaline

el ectrol yte, the electrolysis bei ng carried out wt
Q! @!r@@(r'a@@cﬁﬁww ter ipgertiprethsre BoRroyigeda lap,etal core printed

&R dard er{lgeéH %imlhaungggﬁgﬁ%dﬁfﬂ:gn ‘é('nbﬁlstetieallémmlum dielectric

I nvention t I'S provi a net core prin
Ie'ycercuhtatbewt&ﬁmeuﬁgoaih&bofneacbmaadxlampdwd aluohirdinm layer being
Lum ni.um dj el ectr one

FHreRES oAy el o it £ aRbrart TP LPRP). and being
h f
ﬁ’?r?ngtgf?ﬁdtzﬁ‘ %'r@e‘brmaéﬁdméi‘ﬁﬁaé;%'ﬁdﬁ T, Clonolysis being

qasriad @ut Wi raraelreairw\% pefestiat differance:gfel G9) \éc&&smgjgat@r

being carried out with an el ectrode potenti al

difference of 100 volts or greater. The anodised |ayer

Tke anedised davartie alsochasgctpdsed) by being aplgite Méthgirndnppee acid and

B84 B BHERS L8 5 0 AFolREE BB Bhp 080 Gpfpm. e
amxBedd dayédrasf ghepavéntis masepadpentidso naoreeakini o tehesramic than
hitherto known anadi sed. al Lllm nium | ayers. Preferably

hitheqtoknown aRodisgd A YPEM|la¥83des an al kal i net al

silicate.

Preferably said alkaline electrolyte includes an alkali metal silicate.

Preferably said aluminium substrate comprises a sheet material having a

thickness from 0.25 to 6 mm.

Preferably said aluminium substrate comprises a sheet material having a

thickness from 0.4 to 4.5 mm.

Preferably said aluminium substrate comprises a sheet material having a

thickness from 0.8 to 3.2 mm.
Preferably said anodised layer has a thickness of from 10 to 300 micron.

Preferably said anodised layer has a dielectric breakdown voltage of from 500
volts, up to 2000 volts.
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Preferably said al um nium substrate conprises a sheet
materi al having a thickness from0.25 to 6 mnm

woe@iesrané y sai d al um ni um substrate conpri SesPEI/SGEO6/000025

mat eri al having a thickness from0.4 to 4.5 nm
Pr ef er abl y sai d al um ni um substrate conpri ses a sheet
ving.a thickness from. 0.
et Piatti P Gl Sactid St ylrioRic bie i udhay of atdspst 1000
vllts 0 300 mcron. Preferably said anodi sed | ayer has a
di el ectric breakdown voltage of from500 volts, up to
2000 volts.- APreferably said anodi sed | ayer has a

F‘fé?éi%&ﬂyf ééldbirﬁﬁl'ﬁgb"\l@yéphésag%llélécﬁb Hr@él@dov%@@@lté@é &fat least 1200

Preferably said anodised |ayer has a dielectric

¥ltsakdown vol t age of at |east 1200 volts. Preferably
sai d anodi sed | ayer has a dielectric breakdown voltage
of at |east 1300 volts. Preferably said anodised | ayer
Hﬁe@bw sdid mnaddisest leyeidoam a\digleelgie hvealedowr weltagesoiat least 1300
%ﬁ Preferably said al um niumsubstrate and said

dlsed | ayer together have a thermal conductivity of
greater than from4 VWK to 6VWK. Preferably said

PIRIB Y R At a0 vay YRS ok AT, BRE Rt teast 1500

vsigf erably said al um ni um substrate and sai d anodi sed
| ayer together have a thermal resistance of from 0.020
0C n2M to 0.050 0C n2M .

Preferably said aluminium substrate and said anodised layer together have a

thermal conductivity of greater than from 4 W/mK to 6WW/mK.

Preferably said aluminium substrate and said anbdised layer together have a

thermal conductivity of greater than 20 W/mK.

Preferably said aluminium substrate and said anodised layer together have a
thermal resistance of from 0.020 °C.in%W to 0.050 °C.in*/W.

Preferably said aluminium substrate and said anodised layer together have a
thermal resistance of from 0.030 °C.in?/W to 0.050 °C.in*/W.

Preferably the electrolysis is carried out with said electrode potential difference of

between 150 volts and 600 volts.

Preferably the electrolysis is carried out with said electrode potential difference of

between 200 volts and 500 volts.

Preferably the electrolysis is carried out with said electrode potential difference of
between 300 volts and 450 volts.

Preferably the current drawn during the electrolysis is up to 40 amperes/dm? .
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is carried out with said el ectiode pot enti al
di fference of between 150 volts and 600 volts.
ref erab the electrolysis is carried out with said
'gTeg%ﬁ"’\bg’d ep%tr@ﬁidé?waidv ing dbr BleStrolysise dip tool Fmpetes/dm? .
and 500 volts. Preferably the electrolysis is carried
h.said el ectrode potentj al Ei fference of

¢
Bieesbly B6c- Fent S dE89 JoF elsCteliisds 4 to 30r@mperes/dm”.

current drawn during the electrolysis is up to 40
eres/dm2 .Preferably the current drawn during_the
i ﬁjhﬁ%eqkscwﬁe@t WAk e RIpotrolR R fTaB) J5 eeperes/dm?

W SbefigMmzduring the electrolysis is up to 20
anperes/dn2 . Preferably the peak current drawn during

the electrolysis is from15 anperes/dn2 to 20
BiERERBR/ dRE mikihRineT &tantt Reavi ”dh'iﬂ@ QHérSI'éE}rgPX?%“ is about 0.5

during the electrolysis is about 0.5 anperes

Fnpe@msabny. t he mi ni num current drawn during the

el ectrolysis is about 0.8 anperes/dm 2 . Preferably

the m nimum current drawn during the electrolysis is
Risdenabbn dhanprénimuanpcurrgnte tieava | guritfa dhe asledirsiyaig, it rabout 0.8

%ﬁﬁg}gsﬁz%nﬁl umniumis subject to a hydration step,
0 by a baking step. This is believed to
m nimse pin-hole formation in the dielectric |ayer.
ref erabl,y the .hvdration,step is,carri,ed qut, i,n.water
e Bh e LTI Bt eRR SUEB0ET el iis o gbout one
@hpbRAGHh>5 m nutes.

Preferably after anodising, the anodised aluminium is subject to a hydration step,
followed by a baking step. This is believed to minimise pin-hole formation in the

dielectric layer.

Preferably the hydration step is carried out in water at a temperature of from 90°C

to 100°C for a period of at least 5 minutes.

Preferably the hydration step is carried out at a temperature of from 95°C to
100°C.

Preferably the hydration step is carried out at a temperature of 98°C + 2°C.
Preferably the hydration step is carried out for a period of at least 10 minutes.
Preferably the hydration step is carried out for a period of at least 15 minutes.

Preferably the hydration step is carried out for a period of 20 minutes + 1 minute.

While a greater period would also be effective, it should not prove necessary.
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Preferably the hydration step is carried out at a

tenperature of from 950C to 1000C. Preferably the
wohgaraioon step is carried out at a tenperatureCDSGEBI®002S

20C. Preferably the hydrationgtep is carried out for

a period of at least 10 mnutes. Preferably the

IB%(F&I%B l}Pﬂ\es Qm' 2srt§§| Ig'%ﬂ%&%f&ft Os{t aglt]@rﬁ%%q?rg efa ” §t1 50°C to

280°Cf or aperlod of 20 mnutes 1 mnute. Wile a
greater period would also be effective, it should not
prove necessary.Preferably the baking step is carried

Preferablyethtdrgkinicpstepds ehrrizid datta téhfpatuee 360K 200°C to 300°C.
Preferably the baking step is carried out at a

tenperature of from 2000C to 3000C. Preferably the

Pekdraplysthembdkhgstepiiedafidd @it 24 al BRI ALY Bf 2P0R2OBCC.
50C. Preferably the baking step is carried out for a

period of at least 30 mnutes. Preferably the baking

Piefsrably thaMdkaty Seb i€ arRdrfItifeda pbrigdl of 88Rlasb80 minutes.
m nutes. Preferably the baking step is carried out for

a period of from60 mnutes to 70 m nutes. Again,

MYeifdrab Ry t8ESRikiHg ﬂeblugéaﬁfedtcbmcwgleao@b@\é@le‘é@@swﬁﬁwes
this should not” be necessary. Preferably said netal

core printed circuit board includes a copper |ayer

mersagt mesaal@ingr&ép S EahdPout Thiea GRIRAN of RYAT 60Bfinutes to 70
conprise a copper foil bonded to the anodi sed | ayer

msuiRp-a Agrin, MWhile ef geastiers pedod Lefi figes weklch prevhsugeessful, this

hermal conductivity in the conpleted
é{br ucﬁ?ﬁé&}é?g%r on$'4 VWK to 20WnK. Alternatively a

copper |ayer can be formed on the anodi sed |ayer using
SRLEBIPAT R bR ARG oh At PBeE 2 EpbRFIA: boncea to
SAEnbais40 \AYet. c Thebppehif)éeednay comprise a copper foil bonded to the
anodised layer using a thin film of adhesive. Using such a technique should
provide a thermal conductivity in the completed structure of from 4 W/mK to
20W/mK.

Alternatively a copper layer can be formed on the anodised layer using a plasma
deposition technique, in which case thermal conductivity in the completed
structure of from 26 W/mK to 40W/mK can be achieved.

Preferably said metal core printed circuit board includes a said anodised layer on

each (opposed) surface thereof.

Also in accordance with the present invention there is provided a method of
manufacturing an anodised aluminium material comprising providing an
aluminium material, forming an anodised layer thereon on at least one surface of
said aluminium material, said anodised layer being characterised by having a

substantially uniform crystalline structure.
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Preferably said netal core printed circuit board
i ncl udes a said anodi sed | ayer on each (opposed)

wa@of7aew7¢ her eof . Al so in accordance with the PCES€IN6/000025

invention there is provided a %nst hod of manufacturing

an anodi sed al um nium materi dl’ tTonprisi ng providing an
alumniummaterial, formng an anodi sed | ayer thereon

Aisoain heesdanne with ftae eoresertinyenfion thetanisrayidag a method of

sai d.an e i n t

Dapufact l?l’ﬂ’gs | gnu g}%ﬁcrggﬁn ﬁf‘eﬁg té\‘?éir o enlil%rgw@ ﬁrovxdmg an

@lgﬁﬂmdﬁmﬁﬁatwmlhfdrhmgjeamudlsad\/byer theredreos dtdeast one surface of
provi ded a net hod of nuf gct n dl sed

S0 WA e e, cofipr TENIRS BEBW GTAGCLASELRY ihgrplectrolysis

l?%hgrda?tlled bt \f\ﬂtl‘i‘%naé?eétm |§c§’c€nhé‘IYCﬁﬁer‘éh@é©@ﬂOOWoﬁé or greater.

t one surface of said alumniumnmaterial, said
nmet hod bei ng characteri sed by t he eIectronS|s bei ng

ﬁgegé}aﬁ@{ MY athdifuANs @B e RSN A altkfihe ERREBIYES.
1 VO

s or greater. Preferably the al um nium
substrate is anodised in an al kaline electrolyte. The

FROUNSA %e'dalé{fér i %h‘a‘F&’té’r‘?éé%f hyp BOs s sRRES RREFIORAicieting bRdperties to

dielectric ties to conventional acid electrol yte
a@mmmmdahammalﬂajmlytEmmdlﬁ@dlaﬂ@@llmumer is al so

characterised by being able to withstand nore acid and

al kal i ne conditions’than a normal anodi sed | ayer i
Fhedinedisedl layemis @iso charbetesisey bytheing rRBlS tﬁewﬂhstand more acid and

<L St oSt ePRe b TRl gL pauminnn,

terrperature of from200C to 5Q0C. Preferably the

Becternueakelpe Ao R Sltiular w330 FLEata s,

volts. Preferably the electrolysis is carried out with

ai | ectrode otentlal i ffere o
Foreethif e anoySnedt cafiado et BB druBE pifich 28 o soc
carried out wwth said electrode potential difference

%freferably the electrolysis is carried out with said electrode potential difference of

between 150 volts and 600 volts.

Preferably the electrolysis is carried out with said electrode potential difference of
between 200 volts and 500 volts.

Preferably the electrolysis is carried out with said electrode potential difference of
between 300 volts and 450 volts.

Preferably the current drawn during the electrolysis is up to 40 amperes/dm? .
Preferably the current drawn during the electrolysis is up to 30 amperes/dm? .
Preferably the current drawn during the electrolysis is up to 20 amperes/dm? .

Preferably the peak current drawn during the electrolysis is from 15 amperes/dm?

to 20 amperes/dm? .



bet ween 300 volts and 450 volts. Preferably the
current drawn during the electrolysis is up to 40

waepenewiadm 2 . Preferably the current drawn deci/sG2006@00025
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el ectrolysis is up to 30 anperes/dn2 . Preferably the
current drawn during the electrfolysis is up to 20

?res/dnﬂ . Preferably the peak current drawn during
F%%PEM e yBinimug qusiaNt sdeavwie rdigingnthe celectrolysis is about 0.5
AR 2 .Preferably the m nimum current drawn
during the electrolysis is about 0.5 anperes/dm 2 .
Preferably the m nimumcurrent drawn during the

BrerdhphyY the ﬁﬂ%i@gﬂytc&r&ta&%ﬁr@%{éﬁ@a th r&é@t‘?&ggiéb&%bout 0.8

m ni mum'current drawn duri ng rofl ysrs i
@mepenepline dm 2 . I n one arrangenent, preferably the

el ectrolyte has the followi ng constituents: 5 g/litre

to 10 g/litre K2SiO3 4 g/litre to 6 g/litre Na2Q2 0.5
direfaraklyt thel rginimume chiaent. dralvnt derihg theg/diedtiotysa3yBoout one
209/litresto 3 g/litre CH3COONa. Preferably the

an%%qrfe r'Qte has a pH of from 11l to 13. Preferably the
anodi si ng proceeds by increasing the voltage to 300V

nd hol ding the volta t this level for from5 to 15
i‘é88ﬁc?§far@%ﬁfﬁemr%fﬁég@a@f%@eq’f%yt@ms & felipwing gopsijuents:
mai ntzggy'qmgt@hbs%mﬂé K%g@afor a period of from5 to 10

m nutes. Preferably the power dissipated during the

el ect Addfjise do pelitse M2Bet ween 15 A/ dn2 to 20 A/ dn2,

and 184 32 db"egARETigt ng Proceeds.
1 gllitre to 3 g/litre NasVOs;
2 gllitre to 3 g/litre CH;COONa.

Preferably the electrolyte has a pH of from 11 to 13.

Preferably the anodising proceeds by increasing the voltage to 300V and holding
the voltage at this level for from 5 to 15 seconds, and then increasing the voltage

to 450V and maintaining this voltage for a period of from 5 to 10 minutes.

Preferably the power dissipated during the electrolysis peaks at between 15

Aldm? to 20 A/dm?, and falls as the anodising proceeds.

In an alternative arrangement, preferably the anodising proceeds in a plurality of
stages, where in a first stage the electrolyte includes about (reckoned as
anhydrous) 200 g/litre (+10%) K;0.nSiO, where 0.5 < n < 3.5, and in a second
stage the electrolyte includes 70 g/litre (+10%) NasP,0-.

Preferably n lies in the range from 1 to 3.5.
Preferably n lies in the range from 1.5 to 3.5.

Preferably n lies in the range from 2 to 3.



In an alternative arrangenent, preferably the _
anodi sing proceeds in a plurality of stages, where in

wa@2do7ost76t age the el ectrol yte includes about PCES&DNE000025
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as anhydrous) 200 g/litre (10%_ K2CnSi O 2 where 0.5 <

n < 3.5 and in a second stagégthe el ectrolyte

i nc es 70 /I|tre (10% Na4P20r. Preferablg nlies _

& }’ﬂ'ﬁgev é(ﬁb’@ f9fon | ro@y Hesneqassart ey qutdbeianodising at higher

rtﬁQS%t%BQﬁ%énépFe%sﬁre@n 5 o%fr%?l?lekzra) béﬁf’ 1.’0&0 ﬂgo é@gg?n

from2 to 3. At higher va ues
to carry out the anod| sing at higher than at nospheric

e L A e

IS maintained st abi lised at about 1 A/dnR. Preferably,

SIS PnSHATSARORRAEAN 2 EA) BESl FAPH for abo

dweoniduesage the current is maintained st ab| lised at

about 1 A/dnR. Preferably, in the second stage the.

current is maintained at about 1 A/dnR2 for about 15

Areterasly, folthewesgnd retagen didé siungnpri eesiatainel atabiiseiduat about 1
washed in deionised water, after which it can be

U@g % in nanufacture. Preferably after anodising, the

anodi sed alumniumis subject to a hydration st ep,

f d by_a bakin te This is, believed t

FRRISHER fhats SB6o0R B the Quilanbis msiemechat aout 1 Aldm? for
dbeliees miguleayer . Preferably the hydration step is

carried out in water at a tenperature of from9QC to

1000C for a period of at least 5 mnutes. Preferably

:‘Flr&g?n\wg A el &ﬂ)cﬁélﬁ@ phseekarihd 8tliiiurdls RabREPHT dLidhRel water, after

which it can be used in manufacture.

Preferably after anodising, the anodised aluminium is subject to a hydration step,
followed by a baking step. This is believed to minimise the incidence of pin-holes
formed in the dielectric layer.

Preferably the hydration step is carried out in water at a temperature of from 90°C

to 100°C for a period of at least 5 minutes.

Preferably the hydration step is carried out at a temperature of from 95°C to
100°C.

Preferably the hydration step is carried out at a temperature of 98°C + 2°C.,
Preferably the hydration step is carried out for a period of at least 10 minutes.
Preferably the hydration step is carried out for a period of at least 15 minutes.

Preferably the hydration step is carried out for a period of 20 minutes + 1 minute.

While a greater period would also be effective, it should not prove necessary.



1000C. Preferably the hydration step is carried out at
a tenperature of 980C 20C. Preferably the hydration

waee@p/ovwcarri ed out for a period of at |east BOI/SG2006/000025
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m nutes. Preferably the hydration step is carried out
for a period of at |east 15 nt htites. Preferably the
n¥dration step is carried out for a period of 20
efRraBly thenpaking. stepiis casrief eat &t aptamperaiwel of al fsast 150°C to
gfective, it should not prove necessary. Preferably
the baking step is carried out at a tenperature of at
| east 15Q0C to 25Q0C. Preferably the baking step is

%;érQQWQHé b%ﬁ(ir@aﬁléﬁgseé%ﬁéﬁ%ﬁfat Ert8mg%g%[3%a{;9f5§r9%‘8°c to 300°C.

Preferably the is carrre _
tenperature of 2200C 50C. Preferably the baking step

. . ' . - I £ 20 mi ! :
ShefeeblitleBalirctitef P B0 Ot B rpRRlailis 1 24°Eok o
of at |least 30 mnutes. Preferably the baking step is
' | of I t . 1 hut .
SHeferAE e paRingdeBR Y S8R B sord Phaodel P BrSEeg minyes
of from60 mnutes to 70 rrigutes. Agai n, V\,?i:e a
iod. of : I ccessful , IS
SR NER BBt I AR R E A pR e B Supabsdinutes.
anodi sed al um ni um product for \llj\lfs]g ihnt a net ald. core
' b d whi. .t he odi s .
Pty e Saklnoci@ s P P dlch Peon LAt ek o mutes
printed circuit board has a sandw ch structure having
P RERARLOERS ol e BT pU0ED F56B5R s s 10 70
ehinotdst  DQeins wiiiend Greheirngériote ofli RhECWbIIE bAXRT Successful, this
and with inproved electrical insulation properties.
pheuldeihe eprasesnappl i cation in manufacture of rigid
and flexible printed circuit boards which have a netal

substrate, manufacture of a heat conductive substrate
flhe Kuaniem prevides @&vagedjsed aluminium product for use in a metal core

printed circuit board which in which the anodised layer forms a dielectric, and the
resultant metal core printed circuit board has a sandwich structure having a
thermal conductivity higher than and a thermal resistance lower than conventional
metal core printed circuit boards using alternative dielectric layers, and with
improved electrical insulation properties. The invention has application in
manufacture of rigid and flexible printed circuit boards which have a metal
substrate, manufacture of a heat conductive substrate for semiconductor devices,
and electronic devices. While the use of the invention is described in relation to
metal core printed circuit boards, the anodising process and anodised aluminium

of the invention may have other applications beyond this technology.
Best Mode(s) for Carrying Out the Invention
Several preferred embodiments of the invention will now be described in the

following description, in which two preferred techniques for preparing an anodised
dielectric material will also be described.
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and el ectronic devices. \Wile the use of the invention
is described in relation to netal core printed circuit

whomrds97¢ he anodi si ng process and anodi sed al BPOT/86G2006/000025

of the invention may have other applications beyond

this technol ogy. Best Nbde(s)1ﬂ0r Carrying Qut the

I nvention Several preferred enbodi nents of the

Anvamdised valuininiow dielerise ris beigpared n B6I PBIRIALM substrate, in

descri ptio LN ich t r,ef ' . .
areiieii, S R R EoanerBas; EEHvERAER' SUtRFle wnigh ypicaly
WRS G Bedhdet aifodiunsigiual,uls niegreaticel érta i degreagingpacletion at a
on an al um nium substrate, in accordance with the

h
feonpesaitig ofebPie * 2AEC APLA RElRH AAbEemapas tanihgpe minutes. The

i Ly Wk ar-gh [ | wpd, ny ' :
AR s € SR 52501 5] YR ol geggenc supnure
268 Ghtbowhiah pareraiinetinhiydridehas been dded i thet ersier Tha% to 10% by
degreasing solution is a 5%to 25% (by vol une) aqueous
WEIANi on of sul phuric acid into which chromnium
anhyﬂri d_?_hhas been added in the order of 2% to 10% by
wei ght . is is followed With a ywat h_at . .
{Binperaared Wi Wegnigas ehom smaeraliee e PP hpt air ot a
%@? ra g%f 6598 MaLes Rl viier Wayh %Bdsd@iﬁgfsf'%@p Ran ble performed

ornmed on a conveyor running at a speed of from

bn sbcareteyes ryretingranatspeed loé frahrutrite bumetsedmper ainktehen

proceeds to the anodi sing step. Anodising is perforned

under al kaline conditions at a tenperature of between

768 Calandnimfd Gubtratee there proceastsutd Ithe mrafdising dstapt hé@edising is

oE AR TR el bRy TEA SRR R Be A ape s
steel cathode in an aqueous el ectrolyte conprising 10

G114 e o\ el bl 8 Sk e g
BUPRIE P yganag rprehenedrys i batanléstee) cathoce
in an agueous electrolyte comprising 10 gllitre K>SiOs, 6 gflitre NaoO,, 1 gllitre
NaF, 3 gllitre Na3VOs;, and 3 gllitre CH3COONa. The aiuminium substrate is
connected as the anode, and the voltage across the anode and cathode is raised
to 300 volts and held at this level for ten seconds, before being raised to 450 volts
where it is held for ten minutes. After this, the aluminium is removed from the

electrolysis bath and washed in deionised water.

The second method of anodising uses a two étage process with the first stage
using an aqueous electrolyte comprising 200 g/litre K;0.nSi0O, where 0.5 < n <
3.5, under electrolysis for 5 minutes at a voltage sufficient to maintain 1A/dm?
followed by washing, and then a second stage using an aqueous electrolyte
comprising 70 gllitre NasP;O7 under electrolysis for 15 minutes at a voltage
sufficient to maintain 1A/dm?2.  After this, the aluminium is removed from the

electrolysis bath and washed in deionised water.



to 300 volts and held at this level for ten seconds,
before being raised to 450 volts where it is held for
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the electrolysis bath and vvashed in deionised water.

The second net hod of anodi si ngy 1%4ses a two st age

process with the first stage using an aqueous

eT'&?'ﬁQﬂ“?@‘é awwmurg isthen %geqted t@a kydraigiis stepiher water bath at a

SepaeR B8 B, ST s R oo s

vezstied gut amizoc’meﬂmr@osemﬂlrﬁﬁ@ge usi ng an aqueous
el ectrolyte conprising 70 g/litre Na4P20O7 under

electrolysis for 15 mnutes at a voltage sufficient to

Meientabdiséd/ sloBhinidht efayt frfy at Sigo a1} lé”?ﬁe%alr@dfﬁvﬁﬂwted circuit
fromth eI ectrolysis bath and washed i n deioni sed

WRegEd- THe thifiolg tey C&‘Isﬁmth‘? uRHIMENiEIe FUBEBRteC Wedlld cha anodised as

BASH A8 Bt Bl SRS A o od SBSLEE i sces g

dngi efcp sueber af knequ»Jasma dpositiochaechliques. 7f0\/\memltm metal core

aodls mnu y form.a subst rate for a.
gl 3?‘?%{5&8 U pipBak Hoygh alés etaHtémm@, substrate
ml@b@mrmeurprwl@@bha&emgqukm hagnodi sed as descr bed
above, on both sides. Copper can be deposited on both

si des using one of a nunber of known plasnma deposition

Cupper nag - bé/\yé%lh@réd"'%sn%t al th‘i‘i@rfiﬁnpéﬂ RYRESiGe lﬁgﬂlléd hRAtSler or by

Is to have plated through holes the alum ni
SGrary afietingul %Ulﬁﬁblﬂradh%d/eﬁr insludeoepexyt polvirgidealiuegsystems, or

I dh N n fil
%nﬁgﬁcpsgﬁgﬂﬁ{ng(ﬁd %éroeﬂw #34 gr&(? é)&lﬂérp?qwteghanal printed circuit
Boatdatdcrhnaﬂjw vaﬂlhermthsdme@@oye peihtdontictiitbdefd is to have plated

ste ot her ing agents as used in FR4
T UB0 Hiolo. 6% AeiadfeaPrepidan S MAt{NG: BuBapeween the copper layer
bﬂ@hﬁ@'aﬂﬁh?%m‘éﬁ%&ﬁafehe metal core printed circuit
board is to have plated through hol es the adhesive

provi des an insulating |ayer between the copper |ayer
The anodised aluminium of the invention exhibits improved properties compared

with hitherto known anodised aluminium which is anodised in an acidic electrolyte,
The following table sets out a comparison of properties of the anodised aluminium
of the invention compared with known anodised aluminium which is anodised in

an acidic electrolyte:

Properties Invention Prior Art Acid Electrolyte
Maximum thickness (um) 300 50-80
Micro-hardness (HV) 1500 — 2500 300 -500
Dielectric Breakdown
2000 1000 - 1200
Voltage (Volt)
. Uniformity on both surface and Will have sharp defected
Symmetrical .
internal edges
Pin Hole Rate (%) <2 14— 20

Wearable Property Abrasion rate 10 ~'mm?Nm Abrasion rate 10 ~°mm?/Nm




and the al um ni um substrate. The anodi sed al um ni um of
the invention exhibits inproved properties conpared
waowdon/opmorhert o known anodi sed al um ni um whi ch PGI/SG2006/000025
anodi sed in an acidic electrolyte. The follow ng table
sets out a conparison of prope $res of the anodi sed
alumniumof the invention conpared with known

anodiTbeunah Shedkni um wiierop 300s°Cavedetigs@dhiiro  deaiadd eC air cool, changes
el ect ridsydighckises f or thghgpgg@ih Sg?};C?esprl nted cd L& (%y ]g% "
i g

boar ds i ncl ude the|manuf ure of” high intensi

em tting di odes fof déﬁg,thg?aang@@Jd i do o

i ghfThempahByesscat i ons, I any ot h (grﬁ%e mgﬁﬁ gllit@tand 2000°C of
devi ces where it i$ |nportarr°t ®f% di ssi pate heatthermal stress

apr dty—tt—shoutdbe—apprectated—that—the-scope—of

tUed foremiel RiztaIScAIR! plintal t@fbultGoddes RAEILES Uha'

enmbodj nent descrlbedphereln The a?ns ?.h?HBa”wéC“”e‘ﬁ high
infeagky oighir emiéingrotliogRs for mser @d@@meﬁblnpanél agmmercial lighting

aéﬁ)%ﬂﬁe st farge%)zﬁt@%}’élggtr ang@éess:@hgif%um IH:Iﬁ{ﬁqlr@ﬁglto dissipate

theiah gpidigr act eri sed by having a thickness of at |east

10 mcron (0.01 mm, and being characterised by having

a substantially uniformcrystalline structure. 2. A

5 i sbacld bengpprstiatedathatl the Bb(opse pibber dentidy i thokNimited to the

anodi sed a mdielectri¢c layer on at | east one
Sy %rqrﬂbpg] enl@ﬁsa“ ‘?f%?%eé‘?d al uni ni um | ayer bei ng

characterised by having a thickness of at |east 10
mcron (0.01 mm, and being characterised by having a
substantially uniformcrystalline structure. 3. A
product conprising a netal core printed circuit board
havi ng an al um ni um substrate and an anodi sed
alumniumdielectric |ayer on at |east one surface

t hereof, each sai d anodi sed al um nium | ayer being
characterised by having a




t hi ckness of at least 10 mcron (0.01 nm, and being
characterised by having a substantially uniform

w@reo3nedoré ne structure. 4. A product as cl ai nERCT/SGZ0§/000025
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one of the preceding clains wherein said anodi sed

| ayer is formed by el ectrolysi 4-the el ectrol ysi s

bﬁ{n carried out with an el ectrode potenti al

di efgﬂ%mﬁeDSf'"mﬂ)t%lm@rﬁwr@@@a@%FQ"QWSA product as

claimed in claim4 wherein said el ectrolysis takes

place in an alkaline electrolyte. 6 . A product o
conpr $reguEnermeEsing anadiseshahaninivn fraving ansaabdised aluminium
al umpaim e r : [ dj.se .
2l um m Iy Ee Shiebe MHeBhe AR iR ARAHT Byer being
t hi clohesactefisext blyezsind @ thickness (d. 4tleas) 10 anidrdre{®01 mm), and

characterised . bei.ng forned electrolysis in an
o1 KPS R EeCiRtiss & haiiiEp subbaRyeL Uy s ngstructure.
out with an el ectrode potential difference of 100
olts or greater..7. . A product conmprising an alum nium
bt BrosticE Gomgrisino AN al-unl SybSiramhaindean pnedised aluminium
| ayerdigiactit Iagas onOBe lsust foHee sfSES Meredfi Shid"AHAEH aluminium
al um ni um | ayer being characterised by having a

t hi chauesPaing gharasieiserbbyrinering cbhiolil?ef(ﬁﬁl) of anig¢abkil@gnicron (0.01
el ecTolyre teto HRaERiafol bavil £ahPriifialy waremn crvstatine

an elstattwee potential difference of 100 volts or
greater. 8. A product conprising a netal core printed
circuit board having an al um nium substrate and an

3nodiAspebdalctiodmiprisindi ehtilrdote Ipfiyied eifciat bdaa HavEan aluminium
surfacg t her eof , eacg, sai d anodi sed al um nium | ayer

bei n§URPERIEAT PR @FodipeAlumi e dielertiedayeromat leagtene surface
10 m S . . '

20, B, ok oA B LB DSy
bei n¢hiclnessedf @it least HOamicron (0.01 mm), and being characterised by

having a substantially uniform crystalline structure.

4. A product as claimed in any one of the preceding claims wherein said
anodised layer is formed by electrolysis, the electrolysis being carried out

with an electrode potential difference of 100 volts or greater.

5. A product as claimed in claim 4 wherein said electrolysis takes place in an

alkaline electrolyte.

6. A product comprising anodised aluminium having an anodised aluminium
layer on the surface thereof, said anodised aluminium layer being
characterised by having a thickness of at least 10 micron (0.01 mm), and
being characterised by being formed by electrolysis in an alkaline electrolyte,
the electrolysis being carried out with an electrode potential difference of 100

volts or greater.
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greater. 9. A product as clained in any one of the

w@e@cethiong cl ai ns wherein said al kal i ne el ect re¢$&2006/000025
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i ncludes an alkali netal sili ciée. 10. A product as

clainmed in any one of the preteéding clains wherein

s7ai d al um ni um substrate conprises a sheet materi al o
havi ré PECqUst SRAWSISING Birabiminiug sebsiate having an @gadisedaluminium

cl ai ¥ oC | [ [ L1 ub -~

Compr e Do al 164 i b fraBe LTI Fhadids gtuminium

to 3.layembeing.chargctodsadt bashavira agtdickgempf atizagt 10hRicron (0.01
recedi Rg_cl ai ns erein said anodised | ayer has a

Phi okausat Befnitecisnsss o teion omed W4 ahates slectrolyte, the

cl ai resctidly§8b cafriddeupahesh e &I RIdTB o8 L HIfference of 100
said alum ni um substrate and sai d anodi sed | ayer

t ogetolp Fraveatgrt her mal conductivity of greater than

from4 VWK to 6WnK. 14. A product as clained in any

one of the preceding clains wherein said alum nium

SibstA RfQdugh goBWIrgingna Mmetalcaraymsinte giscuicbodrdvieaving an aluminium

t her ng| d Lyi . t VWK, 15, A
pr odnepsEEREHT ol drbdedhiGRAlr ARRBI MU ng 2 tdastene surface
wher éheredi ahchl said ahud’nsﬁdlwmmﬁtﬁtﬁna@férsﬁiﬁb f@lﬁ@@f 'bﬁ-a@i!gegzbg having a
| ayer, t pget he ave thermal resistance o rom 0. ( _
0 oA oS bR0%ES: Foimigrotld & Frauacd heng phametsised by being
any goenéd in B AIKERRS iehbnohAb ! e"‘@l%bgbgffsh@ein% carried out with an
electrolysis is carried out” with sai ectrode

pot er@lecifodgi patential shiffeyenpe vhd 80 VOB ov greaderand 600

volts. 17. A product as clained in any one of the

preceding clainms wherein the electrolysis is carried
Sut i thodustdas | claimeskén poenne adf thef pescating alaims wherein said

bet WeRiine electrolyte includes an alkali metal silicate.

10. A product as claimed in any one of the preceding claims wherein said
aluminium substrate comprises a sheet material having a thickness from
0.25 to 6 mm. |

11. A product as claimed in claim 10 wherein said aluminium substrate

comprises a sheet material having a thickness from 0.8 to 3.2 mm.

12. A product as claimed in any one of the preceding claims wherein said

anodised layer has a thickness of from 10 to 300 micron.

13. A product as claimed in any one of the preceding claims wherein said
aluminium substrate and said anodised layer together have a thermal

conductivity of greater than from 4 W/mK to 6W/mK.

14. A product as claimed in any one of the preceding claims wherein said
aluminium substrate and said anodised layer together have a thermal
conductivity of greater than 20 W/mK.
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300 volts and 450 volts. 18. A product as clained in
claim17 wherein the m ni mum current drawn during the

we@bk®@enyoreysi s i s about one anpere/dn2 . 19. A PCDSGZN6/000025

as clainmed in any one of the qreceding cl ai ns wherein

after anodi sing, the anodi sed Quminiumis subject to

a hydration step, followed by a baking step. 20, A . .
p5.0dhcprogisict lasi alelmea ivl anmone whehei precadingyelakes dyherein said
step_jiS..carri [ a f
scncbRiRhhTPsle shd ToR, ARl IR elddeindt hafoRa themal
A pregigtanes otirainn® 020 ACGhAI2B.06A&EEn I .he baki ng

step is carried out at a tenperature of at |east 1500C

to 2500C. 22. A product as clainmed in claim3 or claim
%WPA(fjprdUL&alat retimedcor enyr one eaf the quétediogralaims wherein the
i ncl udes a copper .| ayer bonde 0,sai d anodis L ayer

23. ﬂ_eﬁFrebr’é@t'Sﬁr%?§PH£W'tﬁﬁ% PR %srpog?%tf%c@fer?ﬁ ¢ of between
wher ekf\a81t€ 9RAY00\RYgr can be formed on the anodised

| ayer using a plasnma deposition technique. 24. A

product as clained in claim22 or claim 23 wherein

9 dA”g(Fﬁuc?Oése dMibidlieth GinfyCBhe Bo@E Hraedding sclginsivtherein the
anodi s ayer on each (opposed) surface thereof.25. A
met helbctblystenisfcartied oy With 381 @lentpdg) ReteRiial diiereaee Af between
conp an alum niummaterial, formng an

anod%@gggﬁﬁgbgqﬁé@gh on at |east one surface of said

alumniummaterial, said anodi sed | ayer being

i sed_by . hayi G al iy |
A8y teprorhECes Phar o sl B M it ftrent grawn during
an apsepetoRkidTs Rbdut BRE emrekionfor i si ng provi ding an

alum nium material, form ng an anodi sed | ayer thereon
on at

19. A product as claimed in any one of the preceding claims wherein after
anodising, the anodised aluminium is subject to a hydration step, followed by

a baking step.

20. A product as claimed in claim 19 wherein the hydration step is carried out in
water at a temperature of from 90°C to 100°C for a period of at least 5

minutes.

21. A product as claimed in claim 20 wherein the baking step is carried out at a

temperature of at least 150°C to 250°C.

22. A product as claimed in claim 3 or claim 8 wherein said metal core printed

circuit board includes a copper layer bonded to said anodised layer.

23. A product as claimed in claim 3 or claim 8, , wherein a copper layer can be

formed on the anodised layer using a plasma deposition technique.

24. A product as claimed in claim 22 or claim 23 wherein said metal core printed
circuit board includes a said anodised layer on each (opposed) surface

thereof.
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| east one surface of said alumniummaterial, said
nmet hod bei ng characterised by the el ectrolysis being

we20rig7out with an el ectrode potential diffePernse2006/000025

100 volts or greater. 27. A hod as clained in claim
25 or claim 26 wherein the alr'“j i'ni um substrate i s

anodi sed in an al kaline electrolyte. 28. A nethod as

25ai Aematl‘npd:ldl mapufagiéing @nt ﬁ@oaqsﬁm alyenigiuEY fR@efiak comprising

'C|n§: ude g?ylé@krgnfgjﬁ ?I‘af}éhésll grtn%ngz%\ \Aﬁeg?glﬁﬁquésthereon on at

anOdle@tsﬂ@neSs@mcce ef smid sltminitmnetataly eaof ahodised dager being
to 5Q0C. 30. A nethod as

20 Ceharaciatediny havnes sebraryane e R PRy S

said el ectrode potential difference of between 150
volts and 600 volts ainmed in c

2. V\ﬁemﬁﬂi‘\oq ol Sdiaciyia 31 enarefealibiiiie whAehph Bmrising
el ecp VO@%QHnﬁhlu‘% frﬁ@t%ﬂgp%ﬁﬁmgeér\l\%?nd%%@ MQét &hereon on at

and as clarnmed in_ any ane
cl ai teastzsone sutfagheéi rsatdqealelrréralurrm meienms said method belng

foll ow ng. consti i

it G e
it gre@ t 3

g/ li tlre CH3COONa. 33. Agr]ret hod as cl aigmsld |“ra1 E:Ioai m 32

wherei n the anodi sing proceeds by increasing the

99! t AJendtRo@08Y @aithdwblinli tlgint 25 vl tiagm 26 wheweih ebel aluminium
for from5 to 15 seconds, ntcrea3| ng the

vol t agestrajedsanodisgd rﬂ%?ﬂta&faﬂ'lnﬁgfq?a@

28. A method as claimed in claim 27 wherein the alkaline electrolyte includes an

alkali metal silicate.

29. A method as claimed in any one of claims 25 to 28 wherein the anodising is

carried out at a temperature of from 20°C to 50°C.

30. A method as claimed in any one of claims 25 to 29 wherein the electrolysis
is carried out with said electrode potential difference of between 150 volts
and 600 volts.

31. A method as claimed in claim 30 wherein'the electrolysis is carried out with

said electrode potential difference of between 300 volts and 450 volis.

32 A method as claimed in any one of claims 25 to 31 wherein the electrolyte
has the following constituents:
5 gflitre to 10 g/litre K2SiO3
4 gllitre to 6 g/litre NazO;
0.5 gllitre to 1 g/litre NaF
1 gllitre to 3 gllitre NazVOs
2 gllitre to 3 g/litre CH;COONa.



voltage for a period of from5 to 10 mnutes. 34. A
met hod as clainmed in any one of clains 25 to 3 1

wab@redr7é he anodi si ng proceeds in a pluralityP@f/SG2006/000025
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stages, where in a first stage the electrolyte

i ncl udes about (reckoned as aﬁﬂ%drous) 200 g/litre

(109% K2CnSi O 2 where 0.5 n < 3.5, and in a second

stagelt Rethod as dgimed; it idries 3‘20vd1aremr éhg Eymdising proceeds by

Na4Poreating heRARGH B3 0B\ Holihd B Bidde W R Idke! for from 5

n the first” stag ecurre
1 A dio1F seccmﬁwtanﬂlttzen lnarebsing tBé vol@agmtdWBIO‘afand maintaining this

cl ai ne aim erein in the second stage
t he C@P@ﬁtforépﬁé'f?ﬁtoglf%aﬂg T9JBIES A/ dn2 for about
15 m nutes. 37. A rret hod as clained in any one of

|n after ano |sin nodi sed

' 36 W h
014’ I -”%mﬁ%hto? b a@PF 18 2VhoRf &1 i© tﬁgw in fe anodising
a bakpr@@eéd@ﬂn 38lurlife o ostagss, C(N%P@qn'é‘ ffrk@'sfﬁg'g the electrolyte

wherein the hydration step 1S carried out In water
a t enpeltdesabout (reekonegiGaanbydroos)20m g/litrepen 0% mo I&SIOZ where

I t nmet hod I
or 3P Rrieh BBt T BLR SREOA] Sigpane ety teciudesn /0 Glie (+10%)
t enpeqapyos, of at least 15C0C to 25C0C. 40. A nethod

of anodi sing al um ni um substantially as herein
described, with reference to the description of the

e3H00A REthod as claimed in claim 34 wherein, in the first stage the current is

maintained at about 1 A/dm? for about five minutes.

36. A method as claimed in claim 34 or 35 wherein in the second stage the

current is maintained at about 1 A/dm? for about 15 minutes.

37. A method as claimed in any one of claims 25 to 36 wherein after anodising,
the anodised aluminium is subject to a hydration step, followed by a baking

step.

38. A method as claimed in claim 37 wherein the hydration step is carried out in
water at a temperature of from 90°C to 100°C for a period of at least 5

minutes.

39. A method as claimed in claim 37 or 38 wherein the baking step is carried out
at a temperature of at least 150°C to 250°C.

40. A method of anodising aluminium substantially as herein described, with

reference to the description of the embodiment.



