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commonly have silicon (Si), copper (Cu), nagnesium
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eutectic conposition in order to retain good fl ui ok
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conmposition result in viscous behavior of the nolten
alloy due to formation of second/internetallic phases.
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:}Owt% n hyper-eutectic range is alloyed. Titanium
forg g Gt s iﬁéﬁ on (B) elenents are added in mnor
quantltl es for grain refinenent. Beryllium (Be) is
added i n trace anmount in reduci ng al um ni um oxi dati on

BAGRERIOIRY EINVERGEOReEryl | i um oxi de. Qther el ements
sucﬁ as | ron Fe), nickel (Ni), chromum(Cr), cobalt

Con@@nyopalrmwgahmelu(rwlﬁl)l,) aihi)dmcanm(otnm haveesitic@rPp$i), copper (Cu),
antinmony (Sb), &etc., are considered as inpurities and
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alloys I ower than 0.05-0.2%the inpurity level is
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prepared with low alloying content |ess than 2-3wm %
of tfl@rm(ﬁl%§yalloy. Greater amounts than the eutectic composition result in viscous
behavior of the molten alloy due to formation of second/intermetallic phases. Viscosity
can cause severe porosities and lower méchanical properties of the alloy. However, in a
special purpose wear resistance alloy, silicon of up to 30wt% in hyper-eutectic range is
alloyed. Titanium (Ti) and boron (B) elements are added in minor quantities for grain
refinement. Beryllium (Be) is added in trace amount in reducing aluminium oxidation
and increasing surface beryllium oxide. Other elements such as iron (Fe), nickel (Ni),
chromium (Cr), cobalt (Co), manganese (Mn), cadmium (Cd), lead (Pb), antimony (Sb),
etc., are considered as impurities and limited within the range of 1wt%. For high pure
alloys lower than 0.05-0.2% the impurity level is maintained. Usually, wroﬁght
aluminium alloys are prepared with low alloying content less than 2-3wt% for easy
fabrication because of the fragmentation of second phases which weakens the structural

parts. By powder particle synthesis, high temperature high strength aluminium alloys are

developed using nickel, iron and cobalt of up to 50wt% alloying addition. A few



fabrication because of the fragnentati on of second
phases which weakens the structural parts. By powder
particle synthesis, high tenperature high strength
alum nium all oys are devel oped using nickel, iron and
cobalt of up to 50wt % alloying addition. A few 1
applications state cast and hot deforned al um ni um

al | oys containing 50m % of iron, nickel and titanium
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by conventional casting and wought nethods is

dislertive belaoediht frhapubtic fdroesAlToFarthéd R¥Gce fRmamt@blagd k6ALE is
and Fe2Al 9 phases formwi th stable iron

des@dbidiotadea BOM Blate!tRatd m etu?ﬂl erBOBIA - Fe- N al | oys,
al um ni des such as Co2Al 3 and FeN Al 9 form

respectively. However, in other conbi nations (ternary
and quaternary systens) of the alloying elenents,
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Moreover, at |low fracture energy the conmponent wll
Fabfidatlontifepatt® using these alloys by conventional casting and wrought methods is
extremely difficult. In Al-Fe alloys, metastable FeAls and Fe,Als phases form with stable
iron aluminide-FeAl;. In Al-Co, Al-Ni and Al-Fe-Ni alloys, aluminides such as Co,Als,
NiAl; and FeNiAls form respectively. However, in other combinations (ternary and
quaternary systems) of the alloying elements, formation of second phases are not clear or
unknown. Presence of these aluminides dispersion strengthen the alloys, but increases
brittleness of the alloys. Moreover, at low fracture energy the component will fail due to
the presence of these brittle aluminides. In order to decrease the brittleness of the alloy
zirconium (Zr), Ti, B, Cr can be alloyed in small quantities of 0.1-1.5wt% in order to
refine grain size and improve the ductility. Alloy compositions nearer the eutectic points

are classified as short freezing. For 30-40wt% composition, the freezing range is as high

as 220°C, 300°C and 500°C for Al-Ni, Al-Co and Al-Fe alloys respectively. At this higher



the presence of these brittle alumnides. In order to
decrease the brittleness of the alloy zirconium (Zr),
“ Ti, B, C can be alloyed in snmall quantities of
0.1-1.5m¢@6in order to refine grain size and inprove
the ductility. Alloy conpositions nearer the eutectic
points are classified as short freezing. For 30-40wt %
conposition, the freezing range is as high as 220C,
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5Ni, Al-30Fe-5Ni, Al-30Fe-10Ni, Al-10Fe-5Co, Al-20Fe-5Co, Al-30Fe-5Co, Al-30Fe-

10Co, Al-10Fe-10Ni-10Co, Al-20Fe-5Ni-5Co, and Al-20Fe-10Ni-10Co. The alloy may

further comprise at least one additive element selected from the group consisting of: Zr,

Ti, B, and Cr. Weight percentage of the at least one additive element may range from 0.1

wt% to 1.5 wt%.

According to another aspect, there is provided an article comprising a liquid forgeable
magnetically permeable Al alloy having at least one alloying element selected from the
group consisting of: Fe, Ni and Co. The article may be formed by liquid forging. The
article may further comprise a magnetically permeable insert, for example in the form of
a wire mesh. The wire mesh may comprise wires having a diameter ranging from 50 pum

to 2000 pm, preferably from 50 um to 150 pm.



Accordi ng to another aspect, there is provided an
article conprising a liquid forgeable nagnetically

* perneable Al alloy having at | east one alloying
el enent selected fromthe group consisting of. Fe, N
and Co. The article may be fornmed by |iquid forging.

The article may further conprise a magnetically
perneabl e insert, for exanple in the formof a wre
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order that the present invention may be fully
understood and readily put into practical effect,

there shall now be described by way of non-limtative
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In oxdeg b eyRTRRGNY IVERSOR anks Rty nndizaiood and readiby Rainig ractical
cftef, Sherd shall fou? SRR THOFy bF HbhHimiy P BEERAE Snf) freforred

wth a wre insert place ot
embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings.

In the drawings:

Fig. 1 is a schematic front view of a punch and die set with a wire insert placed in the die
cavity;

Fig. 2 is a schematic front view of the punch and die set of Fig. 1 with a molten alloy
poured into the die cavity;

Fig. 3 is a schematic front view of the punch and die set of Fig. 2 with the molten alloy
being pressurized by the punch; and

Fig. 4 is a schematic front view of the punch and die set of Fig. 3 with a finished article

being ejected.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
According to one aspect, there is provided a magnetically permeable Al alloy for liquid

forging into articles. In liquid forging, a pre-quantified amount of molten alloy is first



cavity; Fig. 2 is a schematic front view of the punch
and die set of Fig. | with a nolten alloy poured into

“ the die cavity; Fig. 3 is a schematic front view of
the punch and die set of Fig. 2 with the nolten all oy
bei ng pressurized by the punch; and Fig. 4 is a
schematic front view of the punch and die set of Fig.
3 with a finished article being ejected. DETAILED
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liquid forging is provided in published internationa
pat ent application no. W 2006/ 093469. In order to
reduce freezing range and | ower the nelting point of
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phases (aluminides), liquid forgeability of the alloy, melting point of the alloy,
mechanical properties of the alloy, etc. Typically, alloying range is between 2 to 40 wt%

for each alloying element.

Composition of the magnetically permeable aluminium alloy is selected from a group
comprising of; Al-2Fe, Al-5Fe, Al-10Fe, Al-20Fe, Al-38Fe, Al-2Ni, Al-5Ni, Al-10Ni,
Al-20Ni, Al-40Ni, Al-2Co, Al-5Co, Al-10Co, Al-20Co, Al-30Co, Al-10Fe-5Ni, Al-20Fe-
5Ni, Al-30Fe-5Ni, Al-30Fe-10Ni, Al-10Fe-5Co, Al-20Fe-5Co, Al-30Fe-5Co, Al-30Fe-

10Co, Al-10Fe-10Ni-10Co, Al-20Fe-5Ni-5Co, and Al-20Fe-10Ni-10Co.

During alloying, re-melting is carried out to reduce segregation of the alloy.
Microstructure of the alloys show formation of aluminides such as FeAls;, Co,Aly, NiAl;

FeNiAl, etc. Brittleness of the alloy is increased for higher alloying content due to



mechani cal properties of the alloy, etc. Typically,
alloying range is between 2 to 40 wt% for each
al l oyi ng el enent. Conposition of the magnetically
pernmeable alumniumalloy is selected froma group
conprising of; Al-2Fe, Al -5Fe, A -I10Fe, Al -20Fe,
Al -38Fe, Al-2Ni, Al-5Ni, Al-IONi, A -20N, Al -40N,
Al -2Co, Al -5Co, Al-10Co, Al-20Co, Al-30Co,
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invention, the article can be liquid forged fromthe
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pundthtaridhite §2 egpareahoan ietvhiol atvaird mesi it4he phacéd ialtee dik tivian 6.
insert. In Fig. 1, aliquid forging punch 10 and die
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ejected by a pin 24 as shown in Fig. 4.

During liquid forging, both punch 10 and die 12 are heated in the range of 175°C to
300°C and the molten alloy 18 is poured with 125°C to 200°C superheat. Pressure is
applied in the range of 30MPa to 120MPa for 15 to 30 seconds to attain a sound article 22
with minimal voids. Articles without an insert can be similarly formed by omitting the

step of placing the insert prior to pouring the molten alloy.

For hard disk base plates having a cross-sectional thickness of 200 pm, wire mesh having

wire diameter in the range of 50 um to 150 pum is preferred. For other articles, wire



the alloy 18. The finished article 22 conprising the
alloy 18 and wire nmesh 14 is fnmally ejected by a pin
24 as shown in Fig. 4. During liquid forging, both
punch 10 and die 12 are heated in the range of 175C to
300C and the nolten alloy 18 is poured with 125C to
200C superheat. Pressure is applied in the range of
30MPa to 120MPa for 15 to 30 seconds to attain a sound
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insert can be simlarly formed by omtting the step
2002fo0RInaCci Ng the insert prior to pouring the nolten
al loy. For hard disk base plates having a
cross-sectional thickness of 200 gm w re nmesh having
wire dianeter in the range of 50 gn1to 150 gmis
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7 CLAIMS 1. Aliquid forgeable magnetically perneabl e
Al alloy having at |east one alloying el enent sel ected
fromthe group consisting of: Fe, NN and Co. 2. The
all oy according to claim1l1, wherein conposition of the
al l oy by wei ght



percentage is selected fromthe group consisting of

Al - 2Fe, Al -5Fe, Al -10OFe, A - 20Fe, Al -38Fe, Al -2N,
Al -5Ni, Al-1ONi, Al-20N, Al -40Ni, Al -2Co, Al -5Co, Al-
| OCo, Al-20Co, Al-30Co, Al-1CFe-5Ni, Al-20Fe-5N,

Al -30Fe-5Ni, Al -30Fe-1ONi, Al-ICFe-5Co, Al-20Fe-5Co,
Al - 30Fe-5Co, Al -30Fe-10Co, Al-1OFe-1ONi-10Co, Al-
20Fe-5Ni - 5Co, and Al -20Fe-1 ONi- | OCo. 3. The all oy

cLgaMslaim 1l or 2, further conprising at |east one

1.

additive elenment selected fromthe group consisting
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wher ei n wei ght percent age of the at” | east one additive
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artlcle of cl rein the w

%er?p ﬁ@ég e V\M%@l HeviHg Ad- 9Nt %QNl ﬁéﬁ&NthH%?n %b5%?n Al-
to 2000 pm preferabl &Ffrom 50 pmto 150 gm 9. A
HEdh ddl-WICof 130G, AhlaFe-Pil, eAdOFk- 5Nn,eAlaB(PF®y5hérf Ad3pFoneNi,
of clains 1 to 4, the nethod conprising the steps of:
Al-lemﬁ(iImgAH(&‘eeﬂqooyMB@Fnﬁﬂoe Al-80Favl 0Cut, Alal Olfie-d ONavO€y,; Al-
and b. pressurizing the nolten alloy with a punch
DFe-314i- 30, lafkd Al-ColFd-0ONiofoddhe al l oy. 8 10. The net hod
of claim9, further conprising the step of placing a
TRYRESY 6@¢1hdh 1 or 2, further comprising at least one additive element selected
from the group consisting of: Zr, Ti, B, and Cr.
The alloy of claim 3, wherein weight percentage of the at least one additive element
ranges from 0.1 wt% to 1.5 wt%.
An article comprising the alloy of any one of claims 1 to 4, wherein said article is
formed by liquid forging.
The article of claim 5, further comprising a magnetically permeable insert.
The article of claim 6, wherein the magnetically permeable insert is a wire mesh.
The article of claim 7, wherein the wire mesh comprises wires having a diameter
ranging from 50 pum to 2000 pm, preferably from 50 pm to 150 um.
A method of forming an article with the alloy of any one of claims 1 to 4, the method
comprising the steps of:

a. pouring the alloy in molten form into a die cavity; and

b. pressurizing the molten alloy with a punch during solidification of the alloy.



10.

1.

12.

13.

14.

15.

16.

pernmeabl e insert into the die cavity prior to pouring
the alloy in nolten forminto the die cavity. 11. The
nmet hod of claim 10, wherein the magnetically perneabl e
insert is a wire nesh. 12. The nethod of claim 11,
wherein the wire nesh conprises wires having a

dianeter ranging from50 mto 2000 pm preferably
from50 mto 150 gm 13. The method of any one of
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heated to a tenperature ranging from175C to 300C
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the nolten alloy is poured with a  superheat

&ggpgﬁgture ranging from 125C to 200C. 15. The net hod

of any one of clains 9 to 14, wherein the pressurizing
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ranging from 50 pm to 2000 um, preferably frorﬁ 50 pum to 150 pm. |

The method of any one of claims 9 to 12, wherein the punch and die cavity are heated

to a temperature ranging from 175°C to 300°C.

The method of any one of claims 9 to 13, wherein the molten alloy is poured with a

superheat temperature ranging from 125°C to 200°C.

The method of any one of claims 9 to 14, wherein the pressurizing is carried out at a

pressure ranging from 30MPa to 120 MPa. -

The method of any one of claims 9 to 15, wherein the pressurizing is carried out for a

duration ranging from 15 to 30 seconds.



