; abe3e?V?S\ " ~N6T8="315t January 2003 Y , * G L.C~.J-1
METASTABLE ALUM NI UM TI TANI UM MATER ALf“lMM“WHMM | nventiag, £ 6l abe3s L0
met ast abl e al umi ni umtitani um materi al ocess h)r ?rf_'ueair?

manuf acture. |p,recefit times the continui ng'*dMd rapid advancenment in
technol ogy has led to the design and dglvel opnent of high perfornmance

devi ces capabl e of operating in increasingly hostile service conditions.
Fromthe existing trend in the technol ogi cal devel opnent it can be
anticipated that tMETAVEABLYE ALUMINIRIMTITANGAM MAJERIASS t hese devi ces
will have to withstand will increase in the tine to conme. One of the
inportant criterion to realize the continuing inprovenent in the efficiency
of t heserdepies ihventife rdftelPRBBRAbIL hluiRhRf-Alafivnl Alarepald aliGoUssidctq make
t hese devices and their ability to wthstand increasingly hostile service
condi t i dios the®d manufactoreal | oys with titaniumas the main alloying el enent are
one such class of materials actively pursued for possible application in
relatively high tenperature and hi gh stress conditions. The use of titanium
in alummmi : . i t ize
i gn perfirianh ey BE2oAERIAL £ ARyt A IO MG el R 1D OIS i

Pr ocessi degelopmbin of thixth feefoetiame devicésapablé af spefaiingin akrcasinygtiostle abrvicest i ng
and spray atom zation and deposition) and netallic powders (such as powder
met al | uréppditions mEom the gxisting sendnig)thé, teghnqlegieal idavelepment itean bepstigipatadhese
techniq t ] R\ [ [ [ 41 ed
ot mor S8k Sy Ll b SeidfoeltiltElib ik B, VT W 1AL 1 Mndfand

st udi es peRAMUCiEtheSOmE ab dode OROWH thé ahpdrdt aditirionor Mhlitd tRNESHTInuthgt he
liquid alumniumleads to: a) an increase in the nelting tenperature of

al umi ni uimpsPEment dm tel efficierryf thesg dleviees Bdhewdevglopmeahoimatgrials shairnwiblihem t o
form Al 3Ti .through peritectic ction. For ex le, addition of 10.wei ght
percent $FI1Pt I&#‘?eu rl}?qs?] (glvl?ﬁ ﬁf‘éﬁﬁ?‘éiagggy ttﬂewﬁ?f%q@n Cff&f‘ﬂglyogosélﬁ% NI Em from
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of the resultant nolten A -Ti mxture. This neceSsitates the use of nore
expensi vef matarigp ectivaly peshietl fonpaseible(appli¢atias in redativelydnglf empace)re aag highe of
heating to highgr tenperatures and cruci bles made of highly inert materials
t hus i ncHESEFORYIERS- overal | cost of synthesis material. The interaction
between titaniumand alumniumin the nolten condition results in either a
solid solution of *@0002* 31St January 2003 -2 titaniumin al um nium

(Wi th veTle lubseriof eilarsiomi ih slahirdiinni has) bezen ¢xpdorbdrasedn altoyddg Alefkint tshrasugh
peritectic reactigon or primary solidification. The m crostructures of

al umi ni usrnthesizaihigh reFfarpBace Baterials fgr adyaDesd snginsering apnlications: nProcestingool i ng

rate and . ! I Si.t] 1 i gh. j
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i nt er net @dpokicioR) avleméealic pawdérs Gsuch ak pawasrdasiaiingy ndmktHanichl aﬂo?fngb hh@ni um
inyalum nium Neither of these techniques has shown the capability of

synt hesi bgeagnastigated. uAmongstithpse rghrigues) hegynthesipel-dwminasn-tigapim matgrialhat

hi bi t ed idibri Al - Ti ' d, i taini he ti.tani
st ante ALk eies RO B AR B pF ol R bR TR Tg "
the reac¢dfaicleds¥eahavh 8hewh HAD tR! ddditidh wiighrh id MRiligid MemiEye 1B tbound a
process for producing netastable alumniumtitaniumnmaterials which may be

successf a) anjinpreastLiogbe melting teyapesaturecaf alusvigium sigmificantly and &) tdackieh betweere

equi librium Al -T{ phase dj agram. The nejast.abl.e al um niumtitani um..

ot er | i Starse and R ARG R ByA L it broGEh PRECEHrEo| SR BRATHE: 90 um
wth t he?m)d) %%h%k%ﬁ'ﬂ S BthilufliH urhifjun® EAded (e MERMS Dol 'df Afunkiifind FloRi UM
inits elemental form According to the present 1nvéention there i s provided
a process660€ o ha20@Cbcaties signififcastlynpceeasiap tle cheomidahreactivity ahithemestdtaat i al

conprising the steps of:_i) nelting alumniumin a crucible; 1i),_ mXxing
sol i d paPoleRPirld mixwss Thispesassitars (i FSEet IOTE RPRNSHE 20ghpecialised fummaces

(such as induction furnace) capable of heating to higher temperatures and crucibles made of
highly inert materials thus increasing the overall cost of synthesis material. The interaction

between titanium and aluminium in the molten condition results in either a solid solution of
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iii) disintegrating or spraying the nolten m xture on a netallic substrate

*'such that the nolten nmixture is deposited and solidified ?ﬂsttjhne arretz%gic
substrate, and wherein at |east a substantial portion of e T IRhUNT i s

retained as elenental titaniumafter the nolten mxture is solidified on

the nmetallic substrate. There is also ppovided a netastable

alum niumtitanium material manufactured by the process described in the

i mredi atel y_ precedi ng paragraph. It will be understood that by the term "at

| east a SitAvdim in Alaminem(Wih vty liméted solidhsolubility) or the Sernpsinn of YW1, TD GBough

retai ned l.ement.al titanium,. it is nt that sufficient .elenental
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serves to inprove the nechani cal behaviour of the alumiumat anbient and
el evat ed depasgionawith eeasenably highseqalingfrates € 187 g s)mevealadgthe as-expected esistnte and
nodul us properties. |f .not for the presence of netastagbl.e titaniumin the
matrix aﬁg ’gﬁtb&rﬁwlh‘été@feaﬂfl‘i ?Pﬁ@ﬁb‘fﬂ%’ﬁ?‘?‘f&d ‘{qtl,@ §‘3ﬁ?lﬁ spt HAYHET, Hhent
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furnace),  crucible (titaniu and superheating tenperatures, As_an exanpl e,
synt hesi Siagfamiang (% rEHIR{pS raysﬂtawm a difanipg an dispelemental lerpefalionties of -

or of orr edCRHaTARRLUS: ool dip Holclln bolscph ARGHAnch HRARIAR SR iR ' 1

alumniumtitaniummaterial is present in an anount ranging up to 20 % by
wei ght of the material. It is preferred that the retained el enental
ti t ani umWehaveengyafaund a|paecsss 19F prqdiicing imesastable Auminiymitaaiim mattiglsouhich he

mat eri al . i LSl but IL.ndl -allan d .. .
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alum nium and particulate titaniumis poured or allowed to flow fromthe

cruci bl e contgalling theseastior of |the Hiagium eyithathedmoli¢m gluménivmoin prder o getsin & he
spray fromt hF di ilhnt r.at ed {%{ft urr@ﬂ&ei ng deposited and solidified on the
met al | i c PEORSEHPYPtheiRnln NG GEnEyatmn: i ol portion of the titani um may
be retained as elenental titaniumby controlling the exposure tine of the
titaniumto the nolten alum nium The period will be readily determ ned by
si npl e exfmpidiegt@atheopresean iimgntien dhede ioptovelet enpecess Uoe thef mammefacthrenohaum t o
which the ti ta!{fi U{n I.S. exposed and .tpe article size of the solid

parti cul dREasa0le Aumipium;dtapigmematerial comprisiog thestep ofhe nol ten al umi ni um
the longer the treatnent period which the titanium my be exposed to the
hot alum nium The larger the particulate size of the solid particulate
titani um the i) ongameltihg ahmsaiumeimta ¢qacibied whi ch the titani um may 31St
January 2003 -4 be exposed to hot alum nium The enphasis however is to
advant ageous| yWni niTH*NE ohid nagtirydate Htapiume with the, molah aluminigms apdt ani um t o

the nolten al ym ni . I j i | e t wo
and to enhancg helﬁrﬂe@gﬁé [ 0%18%@\‘&% @@e{ﬁﬁgﬁi@f{%&%%gg sﬁﬁ%ﬁf&n@ﬁ{fﬁ%t
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or additionally be treated prior to mxing with the nolten alumniumin
order to increase the period the titaniummy be exposed to the hot

al um nium and to _enhance the retent.ion.qf elenental fiftaniymi | um ni um
ol T owi naBarraifpRl AARCE stotfapbil SHDES: Rie RS Replel 37 stienlly Kt oy
be treat aftel thePmORtE R1ixadre0X solRdifioRbh A mb@NRUAMIAR. as to decrease the
reactivity of the solid particulate titaniumto the nolten al um nium

Ti tani um powders nmay be preheated to tenperatures in the range of from 600C
to 815C, preferaply about 650C f er.i od.of. at | east 30 m nutes,

br e er abl THeEe oo Rroui e FscsiaBis, SuRaugyGuud, mEdal rapuficicd by e

process described in the immediately preceding paragraph.

It will be understood that by the term "at least a substantial portion of the titanium is



The present invention further provides a netastable alumniumtitanium

- material, of which a substantial portion of the titanium i I d
particulate titaniumwhich is substantially uniformy di s??%tuégﬁzw

t hroughout the al um nium The netastable alumniumtitani um materi al
conprises the presence of nearly uniforyly distributed el enental titanium
particulates in a non-aligned and non-'a ustered formin all three
directions, with mniml reaction with the alum nium based matri x. The

mat er i alrstathed ax glepiental Hianjwne'sie isqaeast tiat suftieienralementa ftitagiunyiis prgsend iphgses,

d ni ni el . of ' d ity. .Th f Al -Ti
based pHieuAIE ik n pfiahto e RBRER bEARPInR mairiy nRERSEREC Hatumy ¢ ne
titani Unh R\ fh&|xCfivarthsdBublly Werves td Rifr8vd @k ntRarfidal bBRavidr 'df ¥he4lufnitium

netastable alum niumtitanium naterials i nclude the al um ni um based

mat er i alas apninerdi and rejevarddotginpgraitds s arrsswuof itadighomeltiing paiht, stnengthi and,

i ron, mauﬁn ii um ei t her 'kﬁndepﬁ]dgnt I g/ or ip conbih?at.i on wi,th_each .other.
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pr ocess with tsirpilgar @mewits iofvweminmnint the formnoh pravipiatasedrt ad solid aclutios rwill

cruci bl e or other suitable container., The netal ,g)lggsé (for exanpl e, be nelted
I
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and suf fiyaitesis of IAliviti YO oft. €I will tegnirsatsaperbeatittidperature 8 ~ 1208 Crwiksh
easily and effectively. The solid particulate titaniumfor use in the
present g¢ompanad t0r756r°€¥ inghthg presentlydisserited prodebs. pliig prgferepddhat the elemental For
t he purpose of othe _tﬂgn a biﬂar Al -Ti system th(a1 _g)resent, nmet hodol ogy
may i ncotBBUEL Eﬂ%{w{ Gt HEr MERstaNe FHPRLER UFRYM Materigl s Presenl nean apmougt

cont ai ”iﬁﬂgﬁﬁfpatgezol%a%iv?e'iﬁxt%ifﬁf‘esm%riﬁ’lr.ef erably < 200 um

It is preferred that the retained elemental titanium in the particulate form is uniformly
distributed throughout the material. The uniform distribution indicates a non-aligned and
non-clustered (as much as possible) distribution in three directions (an isotropic

distribution).

In a preferred embodiment, the mixture of molten aluminium and particulate titanium is
poured or allowed to flow from the crucible, and is subsequently disintegrated using jets of
inert gas, the spray from the disintegrated mixture being deposited and solidified on the

metallic substrate.

The at least a substantial portion of the titanium may be retained as elemental titanium by
controlling the exposure time of the titanium to the molten aluminium. The period will be
readily determined by simple experimentation having regard to the temperature of the
aluminium to which the titanium is exposed and the particie size of the solid particulate
titanium. The lower the 'temperature of the molten aluminium, the longer the treatment
period which the titanium may be exposed to the hot aluminium. The larger the particulate

size of the solid particulate titanium, the longer the treatment period which the titanium may



The solid particulate titaniummy be conbined with the nolten netal by any
» conveni ent neans. Typically the solid particulate ceramc j.al be
conmbined with the netallic netal by their additions whil e?’gf?ﬁqaﬁbzgﬁ%
nolten alum nium The stirring is preferably done using a suitably designed
stirrer being stirred in the speed range of 450 rpm- 900 rpm and pl aced in
the crucible below the surface of the neft. The stirrer design enployed in
the present study conprised a shaft having a length of about 24 cm and two
bl ades pba expagedito hofoalumirgume T empbasis dawevernis th adyangaggousily minisnize theabout
0.6D, where D is t di aneter of .th |t at rest. The m xed. bl end
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is then preferably disintegrated. The poured nolten m xture 1 s nost

pr ef er abilyminismnfolgwatgesblidificagon.et s of inert gas. Suitable inert gases for
use in disintegrating the poured nolten m xture include argon, and
nitrogen. The jets of inert gas are advantageously aligned at 90 to the

axi s of . t mf . : -&Zfdl : a
result o %Ilggllmn eglﬁlgl?t;%c}%&tﬁqu @%’F gg‘?rnh%t Veﬁgfeéd]db %i%yyib%qg%ﬁev [{le ir;r}?%nésform
of spr aywithtthe froftemwmégRndinogidet losiptrehsesthe peridd eeatithniliOmayTbd Bepased w t ant

di sintegrated m xture thus obtained is subsequently deposited into a
net al | i cthedwspluginiumppdte sphages Ge seteation of slementak titagiua inpdyminium following

be. used SuCRaR: Frerabfh MO SRRE ARKRRI- AR, 1P vk Wyl B & T °

process. ofide chdtink theupsr & & LadechAsdEdGeddlivithof diengdiid iparnicutds tigbhen ter
structural applications at anbient and el evated tenperatures and as control

mat er i al thefrapltesyalrpingim. Jdlitapigmepatvders way beiprahpated o tamparatuges iartherange of ng
conventi gnal .tegchni such.as .castihg.. Prefor 0 ed. by the_process
of "t he. pragLso" eI sy S preteoR Rt G el | Bl ab IR SR TR o
final shapguid SrdePR PRlGEe e SurRackilflRr 97 @i Ned equi axed microstructure.
The preforns may be produced 1 n near final product formrequiring m ninal

anounts of machining. The netastable alum niumtitanium material produced
according to the present inventign at tengeratures of about 750C are

si gni fi cARE PYeserhigyention furtherProyides & metsighleahunigiyn-fifagmy magriab of v iigh am
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wi | | henggbstagially andomily Riigiibited eifpeginutitealiminidreast a 50C super heati ng)

for processing through conventional nolten netal nethods. The material of
the present invention retains titaniumas elenmental titaniumin the

ow | ovelt it Bkl fin Hale R b ey @hetThe oty iy

t hese nediasisutédclheHRE ttanim PeAIcuRESs if aRsh-Rjghed @8l Sonchid@dréd forg irl AT ease
i n'm crohardness exhibited by alum niumtitanium materials synthesized

usi ng t héhrpe disegiions,With minimahreagtieorowish thedalp@inim dasgdunatrik u fhherateriale dot hat

the presence.of titaniumin the alum,ni trix will favourably increase
he hecnariipithe pisseite o s abthuth BEATA RS iresesy B idiHel PG o HonS
materi al -int@chHﬁe%tééle\B&'oki?}q A9 Pk RhnbO Bf A1-Fisastd BRABS id AWRREAzEEusty niddfly her
described by the followng non-limting exanpl es and acconpanyi ng draw ngs
i n whi chconfilgtiSo tHanesrwicifidy 8f the titdiym phrtigdes.cal ni cr ogr aph showi ng t he
presence of elenmental titaniumand the interfacial reaction zone in

alum niumtitanium material synthesized using Method A

Aluminium suitable for use as the matrix of the metastable aluminium-titanium materials

include the aluminium based materials containing alloying additions such as copper, silicon,

zinc, iron, magnesium either independently or in combination with each other.

Preferably the aluminium is treated prior to melting in order to eliminate surface impurities.

A suitable method for treating the aluminium includes washing the aluminium with water



Fig. 2 Scanning El ectron m crograph showi ng the presence of el enental

- ti'taniumand a very narrow i nterfacial reaction zone in aéﬁﬁgqh%q}%bbgnium
mat eri al synthesized using Method B. Fig. 3 EDAX mappi ng owfng Y he

evi dence of presence of titanium and significant interfacial reaction zone
in the case of alum niumtitaniummaterjal using Method A Fig. 4 EDAX
mappi ng show ng the evi dence of present%‘of titaniumand a very narrow
interfacial reaction zone in the case of alum niumtitaniummateri al

synt hesianddicetoneg Met hod B. Exanples Method A1 Limting reaction tine

bet ween nol ten al um nium and titani um powder The synt hesi s net hodol ogy of
netastable alum niumtitaniummaterial using Method A involved the

fol | owl ng ¢t sfb%{ess%éaﬂﬁ%rﬁ rim}%hﬁ&? theQfiu iy M&}e‘ﬁ%%n%n &%Qibfe”&scﬁﬁ&e“t Ly
washed using water and acetone to renpbve the surtace rnpuritres. After

wei ghi ngsuitable cohtdieed Dhetrtl Weiye for acmiplé,bygmehed b redistandel ielfifig based

super heated to 750C. Titani um powders equivalent to 6 wei ght percent were
added i nfeehnigiespl ten al unminium nmelt stirred using zirconia coated stirrer
at 465 rpm The total addition tinme of titanium powlers was limted to not
nore than 3 mnutes. The resultant slurry thus obtained in the crucible was
al | owed The mbR&h Aldieniamlio (HEM HlP4ARL ©mpéiafiRe forithe BleAding of BRtsofill Ipyrtidulatd ed
hole in the crucible and was disintegrated using argon gas jets at a

di st ancetitafiute Jhe supérheanternperpore is5g selested saattosambere dheenmpletdanaddng amfl ont o
a netallic.substr.ate cat at a. distance of 715 . 31St,. January 2003
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The synt hesi s met hodol ogy of netastable alum niumtitani ummaterial using
Met hod B invol ved the followi ng steps. Rectangul ar pieces of alum niumwere
cut and FThdsdgusartitulatedsindan fer ng nahepresend imeatiompreferablg imoledd dres suitlf ace

S T R T
e B 0 B o A

stirred miy@rﬁ@l@@izas 6Dpicstablyi €0 @h. 4b5 rpm The confirmation of the
formati on of oxide |ayer on the titani um powders were nade using the x-ray

diffraction technique. The total addition tinme of titanium powders was
limted nat,. nor.e than 3 mnutes. The resultant slurr hus obt ai ned in
the. cr uc Y SOULBAHEV BECaRIBOY Pt OF SpBOmed OV fh it moliioonedt PR ARY CHPGRR o
central | jhefld | | e bQlid PECUIME icBlafni RelietRP nfl] DL RbABIRY SRS RRtAfigON
gas jetsi'ﬁz‘;lc:fs.mél'Jf s%gﬁceeoﬁl"gggaﬁn1fron1tﬁgjbougﬁxg go?ht aﬁg gﬁ gghuéntly
deposi t ethetahby tieimazkiitions evhile bddringtthe noltert Aldmirtiuvm. dihs tstirrog i0 preférablyrbond-or

conpari son purposes alum niumwas al so_synthesized usjng the processing
par amet ePEng 2 sitahly designedstiries being §tined ghHe speedgngs Oﬁv%%la@phb @0 rpm and

al um niu ' IdPhEL R i | Nyt . [
characteEF%%%ﬁ?%Mtern%ﬁgkﬁ%?g%%ﬁﬁgﬁgf%Zﬂ%%%%tgﬁxgéﬁgﬁp%ﬁghgh é@?ﬁcPa ©
reacti vi psesérttsirigrcoatpsived iashafihhving adeagth iof about P4penvead swo prades pitched

m crohardness of the netallic nmatrix. The presence of elenmental titanium
was conf aba 4é°stm@ewzﬁwl,mnﬂfhaa%iadham@éhﬁf thout 068, where P is theydigmsier iof o
nicrOSCOﬁﬁdéﬁ etFi 1) which shows alum niumtitani umnmaterial produced

usi ng Me - Eisgure 2 shows a scanning el ectron nicrograph of the

alum niumtitanium material produced using Method B. The extent of
interfacial reactivity was determ ned by x-ray area mappi ng usi ng EDAX (see
Fi gs 3- Mihbaaixéd hledd Afollowimgithe)add jsionaxfithe titeasing particles nsdmussdirgely npgared

anal ysi s §s§gwéfbl 2) angfthe ﬂcrohardness nmeasurenments were nade using
an aut on8t & QI ATN e GPCiRr ohar dness Tester with a pryam di al

di anond i ndenter using an indentation |oad of 50 g and a | oadi ng speed of
50 p.nls (see Table 2). 31S January 2003 -9 Table 1: \Results of X-ray
di f f ract iTho mixedvibiendt peured éoande alicbleeisethem iprafemablyi disintogdated.Ehe petredt ed
phases in the case of alum niumtitanium materials synthesized usin

Vet hods Molten mixture 1s most preferably disintegrated using jets of inert gas. Suitable inert gases
for use in disintegrating the poured molten mixture include argon, and nitrogen. The jets

of inert gas are advantageously aligned at 90° to the axis of molten metal stream for best



and B. PhasesPure Al um ni umNunber of matching peaks Al -Ti (Method A) Al -Ti

* (Met hod B) A1555Ti - - 57AI Ti - - 65Al 2Ti - - 65Al 3Ti --52 Tabl e 2: gﬁﬁ%ﬁéargfzom
porosity and m crohardness neasurenents conducted on pure al um ni um and

met astabl e al um niumtitanium materials. PropertyPure Al um ni umAl -Ti

(Method A)Al-Ti (Method B)Porosity (%)%.10.33.2M crohardness (HV)32.0 t O.

936. 8t 0.535 .0 t 1.4 Throughout this specification and the clai ns whi ch

foll ow, unless the cont ext requi res otherw se, the word "conprise" , and

vari at i ofesulisic s asresulpaidisintegrationdhe stgram pkmpgd blen@ii ig ForiYértecii HE9 atfom of o
i mply th gpﬂag Hﬁiﬁéﬂa&ﬁ% %‘ISB% ?9%‘15?&& o aBButS{zR)O %g YBufthnt! &El‘ﬁ&%ifte&”

steps bu e exc ny o her ntege ep or grou
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i nvention described herein is susceptible to variations and nodifications
ot her t hased M§ab%mmciusialqun ek eoripee based tmateriale H‘élemnmssad)wtaghmsly he
|nvent|on|nc al | a |ons I fications whic all wi.thin
s opi  AHOWS i ity ot et 3 e imBEGES s sHibE A miriASahe poRt Phces
all the g;ee@%cesfs_eatur es, conpositions and conpounds referred to or

indicated in this specification, i ndividually or collectively, and any and
all conbinations of any two or nore of said steps or features.

The Al-Ti materials can be made in the dimensions suitable for structural applications at
ambient and elevated temperatures and as control materials for synthesis of more dilute

equilibrium Al-Ti materials using conventional techniques such as casting.

Preforms produced by the process of the present invention are advantageously near fully
dense and in a near final shape with the matrix having a fine grained equiaxed
microstructure. The preforms may be produced in near final product form requiring

minimal amounts of machining.

The metastable aluminium-titanium material produced according to the present invention at
temperatures of about 750°C are significantly lower than that predicted by the equilibrium
phase diagram. The melting temperature of aluminium containing 6 weight percentage of
titanium under equilibrium conditions will approach closely to 1100°C and will hence require
even higher temperatures (at least a 50°C superheating) for proeessing through conventional
molten metal methods. The material of the present invention retains titanium as elemental
titanium in the microstructure following the solidification of aluminium. Furthermore, the
low level of porosity which may be achieved indicates the feasibility of these methods to be
used for near net shape synthesis. Finally, an increase in microhardness exhibited by
aluminium-titanium materials synthesized using the present invention when compared to pure
aluminium indicates that the presence of titanium in the aluminium matrix will favourably

increase the mechanical properties of the resultant bulk aluminium-titanium material.

A more detailed description of the present invention is further described by the following

non-limiting examples and accompanying drawings in which:
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Fig. 3 EDAX mapping showing the evidence of presence of titanium and significant

interfacial reaction zone in the case of aluminium-titanium material using Method A.

Fig. 4 EDAX mapping showing the evidence of presence of titanium and a very narrow

interfacial reaction zone in the case of aluminium-titanium material synthesized using
Method B.

Examples

Method A: Limiting reaction time between molten aluminium and titanium powder

The synthesis methodology of metastable aluminium-titanium material using Method A
involved the following steps. Rectangular pieces of aluminium were cut and subsequently
washed using water and acetone to remove the surface impurities. After weighing, the
cleaned pieces were placed in graphite crucible and superheated to 750°C. Titanium
powders equivalent to 6 weight percent were added into the molten aluminium melt stirred
using zirconia coated stirrer at 465 rpm. The total addition time of titanium powders was
limited to not more than 3 minutes. The resultant slurry thus obtained in the crucible was
allowed to flow into a 10 mm diameter stream through a centrally drilled hole in the crucible
and was disintegrated using argon gas jets at a distance of “255 mm from the pouring point

and subsequently deposited onto a metallic substrate located at a distance of 715mm.
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] ca] ca] coxide layer on the titanium powders were made using the x-ray diffraction technique. The

total addition time of titanium powders was limited to not more than 3 minutes. The
resultant slurry thus obtained in the crucible was allowed to flow into a 10 mm diameter
stream through a centrally drilled hole in the crucible and was disintegrated using argon gas
jets at a distance of 255 mm from the pouring point and subsequently deposited onto a

metallic substrate located at a distance of 715 mm.

For comparison purposes aluminium was also synthesized using the processing parameters

similar to those used in Methods A and B.

Metastable aluminium-titanium materials synthesized in the present study were characterized
in terms of presence of elemental titanium, interfacial reactivity between aluminium matrix
and titanium powders, porosity and microhardness of the metallic matrix. The presence of
elemental titanium was confirmed using x-ray diffraction technique (see Table 1) and optical
microscopy (see Fig 1) which shows aluminium-titanium material produced using Method
A. Figure 2 shows a scanning electron micrograph of the aluminium-titanium material
produced using Method B. The extent of interfacial reactivity was determined by x-ray area
mapping using EDAX (see Figs 3-Method A and 4-Method B); porosity was determined
using image analysis (see Table 2) and the microhardness measurements were made using
an automated Matsuzawa Digital Microhardness Tester with a pryamidial diamond indenter

using an indentation load of 50 g and a loading speed of 50 um/s (see Table 2).
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Table 2: Results of porosity and microhardness measurements conducted on pure aluminium

and metastable aluminium-titanium materials.

Property Pure Aluminium Al-Ti (Method A) Al-Ti (Method B)
Porosity (%) 1.1 0.3 3.2
Microhardness 32.0+0.9 36.840.5 35.0+1.4

(HV)

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood

that the invention includes all such variations and modifications which fall within its spirit
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the molten mixture is deposited and solidified on the metallic substrate,

and wherein at least a substantial portion of the titanium is retained as elemental titanium

after the molten mixture is solidified on the metallic substrate.

2. A process according to claim 1, wherein in step (iii) the mixture of molten aluminium
and particulate titanium is poured or allowed to flow from the crucible, and is subsequently

disintegrated using jets of inert gas, the spray from the disintegrated mixture being deposited

and solidified on the metallic substrate.

3. A process according to claim 1, wherein the at least a substantial portion of the
titanium is retained as elemental titanium by controlling the exposure time of the titanium

to the molten aluminium.

4, A process according to claim 1, wherein, prior to mixing with the molten aluminium,

the solid particulate titanium is treated to produce an oxide coating thereupon.

5. A process according to claim 4, wherein the solid particulate titanium is preheated
to temperatures in the range of from 600°C to 815°C for a period of at least 30 minutes to

produce surface layer of minimal reactivity such as oxide layer.

6. A process according to claim 1 wherein, prior to melting, the aluminium is treated

to minimise surface impurities.
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iron, magnesium and combinations thereof.

10. A process according to claim 1 wherein the solid particulate titanium comprises

titanium based particles having an average particle size of < 200 pm.

11. A metastable aluminium-titanium material produced by a method as defined in any

one of the preceding claims.
12. A preform produced by a process according to any one of claims 1 to 10.
13. A metastable aluminium-titanium material, of which a substantial portion of the

titanium comprises solid particulate titanium which is substantially uniformly distributed

throughout the aluminijum.



