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Boron Treatment of Aluminium Melts

Boron treatment

Industrial practice

Max. Avg increase in resistivity
Solubility | Per wt%p .cm
Elements .
in Al In Solut Out of

(wt %) n Solution solution
Titanium 1 2.88 0.12
Zirconium | 0.28 1.74 0.044
Vanadium | 0.5 3.58 0.28
Chromiun | 0.77 4 0.1¢

Before addition

Low Conductivity.
Impurity elements
in solution.

http://www.azom.com

Shortly after addition After settling period

Higher Conductivity.
Impurity precipitated as
borides.

Highest Conductivity.
Borides settle.
Clean Al melt decanted.




Introduction

Boron treatment for removing transition metals
T1, Zr and V can be removed
Some confusion about Cr and Mn

Evidence of some slow kinetics and slow settling

competitive advantage throuah cooperation



Introduction

Numerous studies have shown that clusters of
borides are formed (solid solutions ?)

Limited solubility of Al in borides
e Limited understanding of mechanism

 Thermodynamics and kinetics

competitive advantage throuah cooperation



Thermodynamic Analysis

FactSage 6.1 and HSC
Chemistry 7.0 used.

Evaluation of Gibbs free
energy of Metal borides

Binary & ternary phase
diagram analysis

Equilibrium calculations of
different Al-M-B systems with
Stoichiometric and 75 wt%
excess horon addition.



Phase Diagrams Analysis

Alloy Systems Possible Stable Solid Phases

Stoichiometric B 75 wt% Excess B
ARB AIB AIB {5
Al-Ti-B TiB o* TiB.,*, AlB
Al-Zr-B ZrB 5 218, AB
ARVB VBy(g)s Al7V (g) VBy(s), AIB
ACr-B CrBys) CrBy(s). AlB,

*very small solubility of Al

[M] + [B] = MB,,,

(L)
(2)
(3)
(4)
(3)
(6)
(7)




Equilibrium Calculations

Equilibrium calculations for Al-M-B systems
Factsage 6.1 for 675 to 900 C
1.1 to 1.5% Transition metals

Stoichiometric and 75% excess boride



Equilibrium Calculations

Quasi-chemical model for liquids
ZrB, formed an ideal solution with TiB,
Limited solubllity of Al into (Zr,Ti)B,

AlB,,, VB, and CrB, were pure



Equilibrium Calculations

Stoichiometric Addition of Boron (Al-V-B & Al-Zr-Ti -
V-Cr —B systems)
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Excess Boron Addition(75wt%)

Metal Borides in Excess Boron Addition
(Al-Zr-Ti-V-Cr-B)
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Impurities Removal Efficiency Comparison
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Analysis

Assuming TiB, & ZrB, form an ideal solution and VB, &
CrB, are pure separate solid phases.

Order of Boron reaction - Zr, Ti, V, Al & then Cr
Stability of borides phases affected by other phases.

Cr seems to be difficult to remove through boron
treatment as AIB, forms ahead of CrB,,.



Experimental Results

Induction Furnace Experiments

e 750 C with 1 kg of Al Alloys

Al and Al master alloys were heated to 200 C to
remove oils or moisture

BN coated graphite crucible
o Al, Al-B(4%B), Al-V(10%V)AI-Zr & (15%Zr)
« Samples taken after alloy addition to Al



Experimental Results

Al-V-B (Stoichiometric Boron addition)
T=750°C- 1 Kg

Al-Zr-B (Stoichiometric Boron addition)
T=750°C- 1 Kg

Al-Zr-V-B (Boron addition Stoichiometric to Zr)
T=750°C - 1 Kg



Optical Microscopy( Melted at 750 °C)

Al-1wt% V-0.412wt% B system Al-1wt% V-0.412wt% B
(Omin), melted at 7500°C system(60min), melt(750°C)

(Al,V)B2



Optical Microscopy Contd...

Al-1wt%Zr-0.23wt%B (0 Mint) Al-0.5wt%Zr-0.5wt%V-0.115wt%B
750°C (0O mint) 750°C

competitive advantage throuah cooperation



SEM & EDX Analysis

Al-1wt%V-0.412B (60min) Al-1wt%Zr-0.23wt%B(60 min)
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SEM & EDX Analysis

Al-1wt%Zr-0.23wt%B system AI 0. 5vvt%Zr 0. 5vvt%V—O 115vvt%B system
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Observations

SEM/EDX analysis suggests rings of (Al,Zr)B, &
(Al,V)B, borides phases.

Boron effectively combined with Zr, Ti and V.

Intermetallic phases of Al;Zr, AIV(Al,V/AI;V)
and Al,V & Zr were also present in the Al matrix.

Dissolution rate of AlB,, was very sluggish



Conclusion

Boron effectively combines with Zr, Ti and V
VB, stability can be improved by excess B
CrB, and AlB, become less stable with temp.

Evidence for boride rings around AlB, particles
“slowing” kinetics



Questions?

www.cast.org.au



