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of materials actively pursued for possible application in relatively high temperature and high

stress conditions.

The use of titanium in aluminium has been explored as an alloying element so as to
synthesize high performance materials for advanced engineering applications. Processing
techniques based on molten metals (such as conventional casting and spray atomization and
deposition) and metallic powders (such as powder metallurgy and mechanical alloying) have
been investigated. Amongst these techniques, the synthesis of aluminium-titanium materials
can be carried out more cost effectively by the methods based on molten metals. The studies
conducted so far have shown that the addition of titanium in the liquid aluminium leads to:
a) an increase in the melting temperature of aluminium significantly and b) reaction between
titanium and aluminium to form Al,Ti through peritectic reaction. For exarﬁpfe, addition
of 10 weight percent of titanium in aluminium raises the melting point of aluminium from
“660°C to ~1200°C besides significantly increasing the chemical reactivity of the resultant
moiten Al-Ti mixture. This necessitates the use of more expensive and specialised furnaces
(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 molien condition results in either a solid solution of



-660[err]Cto - 1200[err]C besides significantly increasing the chem cal
reactivity of the resultant nolten Al-Ti m xture. This necessitates the use
of nore expensive and specialised furnaces (such as induction furnace)
capabl e of heating to higher tenperatures and crucibles made of highly
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controlling the reaction of the titanium with the molten aluminium in order to retain a

proportion of the titanium in its elemental form.

According to the present invention there is provided a process for the manufacture of a

metastable aluminium-titanium material comprising the steps of:

D melting aluminium in a crucible;
i) mixing solid particulate titanium with the molten aluminium; and
‘i) disintegrating or spraying the molten mixture on a metallic substrate such that

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.

There is also provided a metastable aluminium-titanium material manufactured by the

process described in the immediately preceding paragraph.

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



1) melting alumniumin a crucible; i) m xi ng solid

particulate titaniumw th the nolten alum nium and 1)

di sintegrating or spraying the nolten m xture on a netallic substrate such
t hat the nolten mxture is deposited and solidified on the
metal i c substrate, and wherein at |eadt a substantial portion of the

titaniumis retained as elenmental titaniumafter the nolten mxture is
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(induction furnace), crucible (titanium) and superheating temperatures. As an example,
synthesis of Al with 10 wt. % Ti will require a superheat temperature of ~ 1200 °C when
compared to 750 °C using the presently described process. It is preferred that the elemental
titanium retained in the metastable aluminium-titanium material is present in an amount

ranging up to 20% by weight of the material.

It is preferred that the retained elemental titanium in the particulate form is uniformiy
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 particle 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 pericd which the titamium may



necessitate a nuch nore conpl ex conbi nation of nelting process (skull
nmelting), furnaces (induction furnace), crucible (titaniun) and
superheating tenperatures. As an exanple, synthesis of Al with 10 wt. % Ti
will require a superheat tenperature of - 1200 [err]C when conpared to 750
[err]C using the presently described pro‘é‘e“ss. It is preferred that the

el enmental titaniumretained in the netastable alum niumtitanium materi al
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hot alum nium The 7 arger the particulate size of the solid particulate
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from 600°C to 815°C, preferably about 650°C for a period of at least 30 minutes, preferably

1 hour in order to produce an oxide surface layer.

The present invention further provides a metastable aluminium-titanium material, of which
a substantial portion of the titanium comprises solid particulate titanium which is

substantially uniformly distributed throughout the aluminium.

The metastable aluminium-titanium material comprises the presence of nearly uniformly
distributed elemental titanium particulates in a non-aligned and non-clustered form in all
three directions, with minimal reaction with the aluminium based matrix. The materials do
exhibit the presence of finite amount of Al-Ti based phases, and minimal amount of non-
interconnected porosity. The presence of Al-Ti based phases is advantageously mostly

confined to the near vicinity of the titanium particies.

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



-4 - be exposed to hot alum nium The enphasis however is to

advant ageously m nim ze the exposure tine of the particulate titaniumto
the molten alumniumso as to avoid undesirabl e reactions between the two
and to enhance the retention of the elenental titaniumby alum nium
following solidification. The solid pafticulate titani um may
alternatively or additionally be treated prior to mxing with the nolten
al um ni um and adettgie. t 0 i ncrease the period the titaniumnmy be exposed to
the hot alum nium and to enhance the retention of elenental titaniumin
alum niumfollowi ng solidification. For exanple, the solid particulate
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ppurity levels > 99%. For the purpose of other than a binary Al-Ti system, the present

methodology may incorporate any other titanium based particles in the size ranges containing

average particle sizes of preferably < 200 um.

The solid particulate titanium may be combined with the molten metal by any convenient
means. Typically the solid particulate ceramic material may be combined with the metallic
metal by their additions while stirring the molten aluminium. The stirring is preferably done
using a suitably designed stirrer being stirred in the speed range of 450 rpm - 900 rpm and
placed in the crucible below the surface of the melt. The stirrer design employed in the
present study comprised a shaft having a length of about 24 cm and two blades pitched at
about 45° to the vertical, and having a diameter of about 0.6D, where D is the diameter of

the melt at rest.

The mixed blend, following the addition of the titanium particles, is immediately poured

or allowed to flow from the crucible.

The mixed blend poured from the crucible is then preferably disintegrated. The poured
molten mixture is 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



Alum nium suitable for use as the matrix of the nmetastable

alum niumtitanium materials include the al um ni um based materials

cont ai ning al l oying additions such as copper, silicon, zinc, iron,

magnesi um ei t her i ndependently or in conmbination with each other.
Preferably the alumniumis treated priorf to nelting in order to elimnate
surface inpurities. A suitable nethod for treating the alum niumincludes
washi ng t hesafsundhp gesiliiof Hisingageation the siream of mixed blend is converted into a form of
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particles in the size ranges containing average gart icle sizes of
pr ef er abl yTke 2d3'i reaterijats 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 processing through conventional
molten metal methods. The material of the present invention retains titanium as elemental
titapium 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:



The solid particulate titaniummy be conbined with the nolten netal by any
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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. Titamium
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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pany regsultam sium%' mus obtamed 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-titaniumn 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 pm/s (see Table 2).



7 - Fig. 1 Optical mcrograph show ng the presence of elenental titanium
and the interfacial reaction zone in alumniumtitani um materi al

synt hesi zed usi ng Method A Fig. 2 Scanning El ectron m crograph show ng
the presence of elenental titaniumand a very narrow interfacial reaction
zone in alumniumtitani um materi al synt‘l’?e5| zed using Method B. Fig. 3
EDAX mappi ng showi ng the evidence of presence of titanium and significant
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Al 5 5 5
Ti -- 5 7
AlTi -- 6 5
ALTi - 6 5
AlLTi - 5 2

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 36.8+0.5 35.0+14

(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 medifications 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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750[ err] C. Titani um powders equi valent to 6 wei ght percent were added into
the nolten alumniumnelt stirred using zirconia coated stirrer at 465 rpm
The total addition tinme of titanium powders was limted to not nore than 3
m nutes. The resultant slurry thus obtaingd in the crucible was allowed to
flowinto a 10 mmdi aneter streamthrough a centrally drilled hole in the
cruci bl e anud sewge dilhe inveticat asd insliday allrtgosicpya &ajuetss campasitigng aadessupshnds255
;anbe{ ?;nt ;hg %Eélépngxf Pngﬁcg%egtalg gggqilefg:légw i\n/diglied%gﬁyll E)re goi e@%i\(/)elj?, z?r%t aa}llyl a{n(c:t all

-8 - Vet hegmBinaBidi Srinh Gwd BE nived bAGRI GO GGEANHest i ¢S of the titani um
powder s The synt hesi s” nmet hodol ogy of tastabl e al um niumtitani um
materi al using Method B involved the foll ow ng steps. Rectangul ar pieces of
al um nium were cut and subsequently washed using water and acetone to
renove the surface inpurities. After weighing, the cl eaned pieces were

pl aced in graphite crucible and superheated to 750[err]C. Titani um powders
equi valent to 6 weight percent were heat treated at 650[err]C for 1 hour in
order to produce a surface oxide |layer [6] and were subsequently added into
the nolten alumniumnelt stirred using zirconia coated stirrer at 465 rpm
The confirmation of the formation of oxide |ayer on the titani um powders
were made using the x-ray diffraction technique. The total addition tine of
“titanium powders was limted to not nore than 3 mnutes. The resultant
slurry thus obtained in the crucible was allowed to flowinto a 10 mm

di aneter streamthrough a centrally drilled hole in the crucible and was

di sintegrated using argon gas jets at a distance of [err]255 mmfromthe
pouring point and subsequently deposited onto a netallic substrate |ocated
at a distance of 715 mm For conparison purposes al um ni umwas al so

synt hesi zed using the processing paraneters



simlar to those used in Methods A and B. Met ast abl e al um ni umtitani um
materials synthesized in the present study were characterized in terns of
presence of elenmental titanium interfacial reactivity between al um ni um
matrix and titani um powders, porosity and m crohardness of the netallic
matri x. The presence of elenental titanirdbrwas confirmed using x-ray
diffraction technique (see Table 1) and optical m croscopy (see Fig 1)

whi ch showCIgAiMi$:ni umtitani um material produced using Method A Figure 2
shows a scanning el ectron mcrograph of the alum niumtitani um materi al
produced using Method B. The extent of interfacial reactivity was

4Nt hod B porbapihaet B aP Rt Th PHEGD S Ay il By o

t he m crohag g§i§g@&a§%ps%'pnts wer e made usi ng an aut omat ed Mat suzawa
Digital Mcrohardness Tester with a pryamidial dianond indenter using an
i ndent ati on | oad) of BEGltipgeatemimiunadé ogicipmed of 50 [err]m's (see Table 2).

-9 - Table 1: Results of X-ray.diffraction.showi ng the pr.esence of
el enental titanim aﬁ&mé’_gﬁél’c{ E%P @?@ﬂl%ﬁ‘g’%@g&itﬁe fr}qge%gﬁggﬁggm; and
al um ni um ti t anig i gaklﬁﬁég%tlﬁ%%)‘ Sheak ﬁﬁ%&éh%&xﬂ%@&@ﬁﬁeiﬁﬂi@@%sﬁm& such that

Phases umn er of matching peaks
Al -Ti (Method A) Al - Tithe(dvbitdmodixB)re is deposited andlsolidified on the metallic substrfte,
5 5 Ti -5

7 Al Ti 6

5

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 (iit) 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 8§15°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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AVierr]Ti 6 5
Al[err]Ti 5 2

Tabl e 2: Results of porosity and m crohardness neasurenents conducted on
pure al um nium and netastable alum niumtitaniumnmaterials. Property
Pure Al unmini um Al -Ti (Method A) -M=Ti (Method B) Porosity (%
1.1 0.3 3.2 Mcrohardness

32.0[err]079 A process 3oc@impribEifim 6, wherein3bai@[tRbtleht 4ofiphes washirguglaout
this specifjcation and the clainms which follow, unless the context requires

ot her wi se, ARHENWE Witk watepapdecetongnd vari ati ons such as "conprises” and
"conprising", wll be understood to inply the inclusion of a stated integer
or step or group of integers or steps but not the exclusion of any other

i nteger or 8st epAQiro@s®HEotding B G8iRY $, RhertintAf alumiiaf §s Skirdd B¥ airBsidthipeart
wi || appreciate that the invention described herein is susceptible to

vari at i onsmghimgrhasidf tedmiqusns ot her than those specifically described. It is
to be understood that the invention includes all such variations and
nodi fications which fall within its spirit

- 10- 9. A process according to claim 1, wherein the metastable aluminium-titanium material
contains a further component selected from the group consisting of copper, silicon, zinc,

iron, magnesium and combinations thereof.

18. A process according to claim ! wherein the solid particulate titanium comprises

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

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.

i3. A metastable aluminium-titanium material, of which a substantial portion of the
titanium comprises solid particulate titanium which is substantially uniformly distributed

throughout the aluminium.
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and scope. The invention also includes all the steps, features,
conpositions and conpounds referred to or indicated in this specification,

individually or collectively, and any and all conbinations of any two or
nore of said steps or features. CLAI MVB: 1. A process for the
manuf acture of a metastable al uminiumtitanium material conprising the
steps of: i) melting alumniumin a crucible; i)

m xing solid particulate titani umw{fctRgcAol ten al um nium and

i) disintegrating or spraying the nolten mxture on a netallic
substrate such that the nolten mxture is deposited and
solidified on the nmetallic substrate, and wherein at |east a substanti al

portion of the titanppasiA@tRiA Hﬁ{hﬁeﬁﬁ"]&— ol er the nolten
m xture is solidified on the net gquq\ldgﬁsu strate.wgI I%(ﬁ‘l'ﬁi@&%bér ocess

according to claim1l1l, wherein in step (iii) the mxture of nolten al um nium
and particgigate titaniumis poured or allowed to flow fromthe crucible,

and is subsBHUBYIHG & @?Wé’@‘? Bidesig of mgey gereragioniof mefasghls alymigumgitaiumr om
the di si nt egkad) ediods dandr e BRbdgs depaditiedhead B bebiphia€ien QRethfie wb@E & lai C

substrate. combination process incorporating the advantages of conventional casting and spray
techniques. The process is a Jow cost process. The aluminum-titanium materials made in
this invention contain titanium in both the reacted and unreacted form. The results were
confirmed using microstructural and x-ray diffraction studies. The presence of phases
clearly indicate the metastable nature of these materials in accordance with the equilibrium
phase diagram established for Al-Ti system. The AI-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 AI-Ti materials using conventional

techniques such as casting.

(Figure 1 and Figure 2 are to be published.)



3. A process according to claim1l, wherein the at |east a substanti al
portion of the titaniumis retained as elenental titaniumby controlling
the exposure tine of the titaniumto the nolten al um nium 4. A
process according to claim11, wherein, prior to mxing with the nolten
alumnium the solid particulate titaniumis treated to produce an oxide
coating thereupon. 5. A process according to claim4, wherein the
solid particulate titaniumis preheatéd to tenperatures in the range of
from600[err]C to 815[err]C for a period of at least 30 mi nutes to produce
surface | ayer of m nig : A process
according to claim1l mis treated to
m nim se surface inp
- 12- 7. A proces
conpri ses washi ng the
according to claiml1,
mel ti ng based techni

eat nent
. A process
resi st ance

Fig. 1 Opucal micrograph showing the presence of elemental titanium and the interfacial

reaction zone in aluminum-titanium material synthesized using Method A.

Fig. 2 Scanming Electron micrograph showing the presence of elemental titanium and a
very narrow interfacial reaction zone 1in aluminum-titanium material synthesized using
Method 13.



9. A process according to claim1, wherein the netastable
alumniumtitaniummaterial contains a further conponent selected fromthe
group consi sting of copper, silicon, zinc, iron, nmagnesi um and conbi nations
t her eof . 10. A process according to claim1 wherein the solid
particulate titaniumconprises titani umbased particles having an average
particle size of < 200 [err]m 11 . 2 A netastable alum niumtitanium

mat eri al produced by a nmethod as defined in any one of the preceding

cl ai ns. 12. A preforn1produced by a process according to any one of
clainms 1 to 10. 13 st erial, of which
a substantial portio |culate titani um
which is substanti al Ig he al um ni um

Fie. 3 EDAX mapping showing the cvidence of presence of utanium and significant
interfacial reaction zone in the case of aluminum-titantum material synthesized 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 aluminum-titanium material synthesized using Method

3.



