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L Calculation of the Phase Diagram

Assumptions:

1. Selected temperature range for phase diagram construction: 298- TBU K
2. TCALS: Al-alloys v8.2

(a) Stepwise illustration of the calculation process

1. Selection of binary calculator in My Project:
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2. Defining the system:

Elements Phases and Phase Constitution Data Sources Description

Defining the system by choosing the elements

* Lantaanids sance

== Actinide sefies

The above elements are selected out of the pool of available elements in the TCALS: Al-
alloys v8.2 for the current system which is the Al-Mg alloy.

For the binary calculation, the maximum allowable elements are two which can be selected
n any order.

3. Setting up the phase diagram calculation:

Calculation Type
®) Phase diagram/
Gibbs energy curves 1

Activity curves

Phase fractions ole fract /

(2) Help €= Predecessco P Calculate Phase Diagram Create New Successor =




4. Choosing additional settings:

i) Phases and phase constitution

Elements Phases and Phase Constitution Data Sources Description

Phases

Status Name TCALS
AL2CU_C16
AL2TI
AL2Y_C15
AL3CAS
Entered AL3INI2
tered AL3TI_D022

ed AL3TI_LT
tere ALETI2
ntered AL7CU4NI
terec ALSFES

ed ALM3_A15
tered ALNGZN_PHI

: ALMC_BETA
lere ALNG_EPS
tered ALNG_GAMMA
ed ALTI3_D012
tered ALZR2_B82
B2_BCC
B3Z_ALU
BCC_B2
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ii) Plot renderer configuration (Setting up the axes, and units and retaining the
labels)

Configuration

|~*  PlotRenderer 1

= A i 4 [ S

Save Diagram  Show Triangular  Show Grid  Swiich Axes  Refain Labels Table View

Retaining labels for the plot

[ Binary Calculator 1

Tie-lines: 1 | Legend option:  Stable phases v Legendstyle MNone
x-axis Selecting composition axis
Acis variable: | Composition v | Mg v | Mass percent v
Acis type: Linear
Limits: 0 to 0 step (0.0 /] Automatic scaling Semng up the tempel'atlll’e limits
Y-axis
Axis variable: | Temperature v | Kelvin . . .
Aistype | Linear z Deselecting automatic scaling
Limits: 298 to| 2000 step, 250.0 Automatic scaling
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(b) Performing the binary calculation tree and labeling the phases:

Plot Renderer 1
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The labels in the above phase diagram were selected by right-clicking on the phase to be

labeled and then selecting — “Add label”.

The above phase diagram does not go to very high temperatures for the solid phases, so the
rest of the calculations will terminate the upper limit of temperature at T= 1500 K.

(c) Highest melting point and corresponding composition:

The highest melting would correspond to the temperature above which only the liquid phase
exists. This corresponds to the pure Al component as seen from the phase diagram. The melting
point observed is equal to 933.3 K and agrees with the experimentally reported value in the
literature ). Corresponding composition= 0 mass percent Mg or 100 mass percent Al.
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Lowest melting point and corresponding composition:

The lowest melting point corresponds to the temperature below which every possible phase is
a solid urrespective of the composition. The lowest melting point for the Al-Mg system is the

eutectic point indicated by the arrow in the phase diagram below along with the composition.
The values obtained are 709.938K and 66.61 mass percent of Mg, respectively.
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Melting point of unary systems:

These are the melting point temperatures corresponding to 0 and 100 mass percent Mg.
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(d) Intermediate phases in the phase diagram

The intermediate phases are defined as the ones between the pure components, 1.e., the pure
Al and pure Mg. These are labeled in the above phase diagram: FCC_A1, ALMG Beta,

ALMG Gamma, HCP A3, ALMG EPS,L 10 Tetra.

(e) Stable phases for unary systems at room temperature

At 298K, the stable phases are FCC_A1l, ALMG Beta, ALMG Gamma, and HCP_A3.
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IL. Calculation of Gibbs Free Energy
(a) Step 1: Creating a new activity and defining a binary calculator for Gibbs free energy.

Project a ¥ | Configuration
D My Project
Getting Started

Create New Activity | AM Calculator 7
[ Sstem Definer A o ’ !
R Binary Calculator \ — — “

Ternary| Perfarms calculations for a binary system. IQu\:k Start Getting Started Video Tuterials Online Help Example Files

Binary Renames Process Metallurgy Calculator

AR Experimental File Reader
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Plot R/ Show Grid

Zoom In
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. ==\ Binary
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‘A Ternary
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Non-Equilibrium

s @D 2P
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Step 2: Selecting the database and the components for calculation.

Project a ¥ | Configuration a

‘W Binary Calculator 2

Databases
B % TCALE: Al-Alloys v8.2 ~
My Project \\
) _ Elements  Phases and Phase Constitution  Data Sources  Description
2, 3
Binary Cicu\awﬂ Binary Calculator 2
Plot Renderer 1
Mg Al

Scheduler g ¥

Scheduled Jobs

“Lanthanige series | L=

= Aotinide series

Step 3: Specifying the temperature (Eg., T=933.3K) for the Gibbs free energy curves option
in the GUI mode.
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Activity curves
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Step 4: Creating a new plot renderer successor for plotting the gibbs energy curves.
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Step 5: We select only two phases that are stable at the highest melting point by looking at
the phase diagram.

Configuration o ¥

# Binary Calculator 4

Databases

TCALS: Al-Alloys vB.2 ~

Elements Phases and Phase Constitution Data Sources Description
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Status Mame TCALS

C15_LAVES

C36_LAVES

CBCC_A12
CU15S14_EPSILON
CUB_A13
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Check/uncheck all
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Calculation Type
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Step 6: Choosing the appropriate settings in the plot renderer- Axis scaling and units.
Configuration
Plot Renderer 2

ot
= A # = A0S =2

Save Diagram Show Triangular Show Grid Switch Axes Retain Labels Table View

E Binary Calculator 2

Tie-lines: 0 O Legend option: Axis quantity  Legendstyle None v
X-axis
Axis variable:  Composition ~ Al v | Mass percent Vv
Axis type: Linear N
Limits: 0.0 to| 100.0 step 10.0 /] Automatic scaling
Y-axis
Axis variable: | Gibbs energy v | Per mole a4 SER | All phases v | Joule N
Axis type: Linear v
Limits: 0.0 to 1.0 step O /] Automatic scaling
@0 U

(b) G-X curves at the highest melting point (Tw= 933.3K)

Common
tangent

Gmbs snagy of ¥l phases [Mmoq

Mass parcent Mg

We observe just one common tangent here as we only have the coexistence of liquid in
equilibrium with FCC A1 at the melting point (100% Al).




() G-X curves at the lowest melting point (Tm= 709.938K)

Stable phases/intermediates/compounds at T= 709.938 K according to the phase diagram:
FCC Al,ALMG Beta, ALMG EPS, Liquid, ALMG Gamma, HCP A3
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We observe 5 common tangents showing the coexistence of different phases. The lowest Gibbs
free energy curves and the common tangents between the curves can be connected to obtain

the convex hull.

(d) G-X curves at 200K above room temperature (T= 498K)

Stable phases/intermediates/compounds at T= 498K according to the phase diagram: FCC_Al,
ALMG Beta, ALMG Gamma, HCP A3
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We observe 3 common tangents showing the coexistence of ALMG Gamma+ HCP A3,
ALMG Betat+ FCC_Al, and ALMG Beta+ALMG Gamma. The * point is for the compound
ALMG Beta which has the lowest energy in the left region of the GX curve. The convex hull
can again be obtained by connecting the lowest Gibbs energy curves and the common tangents
from curve to curve.

(e) G-X curves at room temperature (T= 298K)

Stable phases/intermediates/compounds at T=498K according to the phase diagram: FCC_Al,
ALMG Beta, ALMG Gamma, HCP A3
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We observe 3 common tangents showing the coexistence of ALMG Gamma+ HCP A3,
ALMG Betat+ FCC_Al, and ALMG Beta + ALMG_Gamma.

(f) G-X curves at room temperature (T= 600K)
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III.  Calculation of the Activity

(a) At T=498 K, the stable phases according to the phase diagram are as follows: FCC_Al,
ALMG Gamma, and HCP_A3.

ALMG_Beta: It is a vertical line in the phase diagram indicating a compound, so the
activity calculation is erroneous during the calculation using Thermocalc.

e Activity of Alin FCC_A1
Steps to calculate the activity curves using the binary calculator in Thermocale:

Step 1: Creating a new binary calculator for activity calculation and selecting the relevant
temperature (Eg., 498K).

W nary Calculstor 3

Lantards seran

Step 2: Selecting the stable phases at the relevant temperature that were previously
determined by drawing a tie line to the phase diagram at that temperature.
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Step 3: Plotting the aX curve of the components in the stable phases
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Mg in ALMG_Gamma:
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Step 4: Plotting the aX curve of Al in the stable phases
Alin FCC_A1:
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Alin HCP_A3:
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(b) At T=709.938 K, the stable phases according to the phase diagram are as follows:
FCC_Al, Liquid, ALMG Gamma, and HCP_A3.

The ALMG_Beta and ALMG_EPS are vertical lines indicative of compounds.

Calculation Step (Selecting lowest melting point temperature):
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Mg in Liquid:
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Mg in ALMG_Gamma:
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Mg in HCP_A3
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Al in Liquid:
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