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Outline

A Grain refinement in Al alloys with-BTiB
A Concept development

A Application to AlSi cast alloys

A A-Nb-B master alloy

A Comparative study between-Alb-B and ABTiB master alloys
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ALUMINIUM ALLOYS

PROPERTIES

LOWDENSITY, 2.7 g/cc

GOOD MECHANICRAROPERTIES
HIGH CORROSION RESISTANCE
HIGH THERMAL CONDUCTIVITY
LOW ELECTRICAL RESISTIVITY

Do Do Do Do Do

WROUGHT GRAIN
ALLOYS < > REFINEMENT

CASTAHSI) /

IMPROVEMENT

FLUIDITY/CASTABILITMECHANICAL PROPERTIES
MACHINABILITY SURFACE QUALITY
CHEMICAL HOMOGENEITY REDUCED SHRINKAGE POROSITY
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Factors determining grain size in as cast
microstructure
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EFFICIENT HETEROGENEOUS
NUCLEATION SITES

BASEMATERIAL

1. High melting Temp

2. Low lattice mismatch
(atom position matching)

3. Chemical stability

(should not react with alloying
elements)

N. Hari Babu et al., Nature Materials 2005;4:476
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GRAIN REFINERS IN ALUMINIUM INDUSTRY

GRAIN REFINEMENT: Al-Ti-B
Al-Ti-C
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AOrientation Relationships
{111}AI/{112}Al STi/[{O01}TiB ,

<110>Al//<201>ALTi L e e
<110>ALTi//<110>TiB, HREM image of Al/ALTI/TIB, interface
Source: B. J McKay
MODIFICATION: Sr modification of the Si morphology

P to nucleate the primary Si particles
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Influence of AIT+B grain refiner for Abi alloys

1000 . I
800 r effective -
— - o ’ . .
= | Wroughtall Casting alloys .~ s— .- (a)
=5 | Wroug talloys asting alloys .~ =~ .-
= 600 e -
N s ”‘,‘/.-'
'a H* ,_;’r':;/ 7]
c \ ~ I Tia i
S 400 | ,’,.;:5 | TESi phase formation| _
— . P
O -\ g 1
o o
200 \."‘"w.,‘_ _ ‘:;‘-;'/ ¢-—-® 0.01Wt%Ti | |
~ st v——v 0.03Wt%Ti
& G----0 0.06W%Ti |
0 I | | L | I i 1
0 2 4 6 8 10
Mats Johnsson

o L3
M. Johnssonnfluence of Si And Fe on the Graefinement of Wt /‘:‘-*S'
Aluminum Zeitschriftfir Metallkunde 85 (1994), 7814785

Patent, 2000



Tireaction with Si in Abi alloys

T. E. Questecet al, Mater. Sci.
Technol 22, 1126(2006
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Ti is consumed by the formation of TiZnd TiSi
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Temperature [°C]

Analogy between AT1&
AlNDb phase diagrams

Licuic

| B (e Aly )X,

Liquid + a (i.e. Al;X)
(where X=Ti, Nb)
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Percentage of solute [%]
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LATTICE MISMATCH

Melting Density Lattice
Element Phase Lattice structure
Point [°C] | [g/cm’] parameter
Aluminium Al 660 270 Face-Centred Cubic | a=4.030 A
a=2930A
Ti 1668 451 Hexagonal

Titanium : 3. Tetragonal

TiB: 3230 452 Hexagonal

c=3220A
TiC 3160 493 Face-Centred Cubic | a=4330A
Nb 2468 837 Body-Centred Cubic | a=3300A

Tetragonal
Niobium
a=3102 A,
NbB2 3036 698 Hexagonal )
c=3285A
NbC 3490 7.82 Face-Centred Cubic | a=4430A

Al (face centred cubic)



Low Lattice Mismatch i Coherent Interface

TiB, (H.C.P) Al;Ti (Tetrag)
f=~34% f=~ 4%

Al (FC.C)
a=405A

NbB, (H.C.P) Al;NDb (Tetrag)
f=~30%
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Nb chemical stability with Si

NbT TiT Si ternary system

NbT Si binary phase diagram
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Ti J.C. Zhao et al., Materials
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A 2004:372:21

J.L. Muray and A. J. Alister, Bulletin ND SI|I'CIC.|e.S.fOI‘m at hlgher tem pera?ure ]
of Alloy Phase Diagrams 1984;5:74 than Ti silicides thus preventing poisoning



Addition of Nb metal powder to liquid Al

Al matrix

750-800 C

UnreactedNb metallic particulates
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Poor dissolution oNbin liquid Al

Temperature (° C)

2600

2200 1

1800 4

1400 1

10001

30

600
0 20
Nb
T [C]
700 750 200 850
Solubility, K [wt.%] 0.020 0.034 0.037 0.10
Dissolution rate constant, K7 [m/s] 4.60 5.10 6.20 6.80
Coefficient of diffusion, D-10° [m?/s] 1.61 1.86 249 2.89

40 50 60 70 80 90 100
Atomic Percent Aluminum Al

ccfmf 42

Requires high temperature for larger
Nb particles and high concentrations

The Charles Hatchett Award 2016 Lecture



Addition ofNbfine metal powder to liquid Al

Nb- Superconductivityt 9K

: ) . : <
To verify theNb dissolution, magnetic moment vs temperature measured 4omm
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