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Mantle Geother

Méreni
termodynamickych dat

Viz data ziskana feSenim
fazove rovnovahy v
uzaviene soustave
nachazejici se v
termodynamickeé
rovnovaze

Pri experimentu ménime teplotu, (tlak), sloZeni.
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Méreni fazovych dat

e Neisotermalni metody (pro soustavy s rychlym
ustavenim termodynamické rovnovahy) ] \/F rrrrrr

» Isotermické metody (Equilibration)

Termicka analyza (TA, DSC, DTA,...) "
M¢teni chemickych potencialu

M¢reni magnetickeé susceptibility

M¢reni vodivosti

Dilatometrie Tc

Metalografie , difrakce (XRD) — fazové podily
Mikroanalytické metody (WDX, EDX, Laserova
ablace, ...) — slozeni koexistujicich fazi

Studium difaznich para a multivrstev

Aplikace analytické chemie na anorganicke,
organické, Ci polymerni smési (destilace na kolong,
extrakce,
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Méreni termodynamickych dat

o Kalorimetrické metody
e Mc¢reni entalpii a tepelnych

e Mcfeni entalpi1 fazovych

e Temperace s plynnou fazi
Staticke metody méreni tenzi
par (aktivity slozek)
 Kondenzacni metody a
neisotermickeé isopiesticke

(AG)

kapacit

transformaci

metody

Knudsenova efuzni metoda
e Meéreni elektromotorickych napéti
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Isopiestic method is used for precise determination of vapour pressures.
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Cooling curve for a pure metal showing possible
undercooling.

________

Nucleation effects (undercooling)

Formation of metastable phases

Shifting of Transformation-Start Temperature
with Heating Rate

Cementtite vs. graphite
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at flow (uJ K1)

Normalized heat flow (uJ K1)
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Thermal analysis
(viz samostatna

Thermocouple

Glass tube

Sn-Bi alloy
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Fig. 3.45. Amangement in a

dilatometer (Schematic).
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Fig. 3.46. Dilatometric changes in low carbon steel
(0.06C%, 0.2% Mn) on heating and cooling due to
phase changes.

Dilatometry is based on the volume (length) change associated with most
phase changes. Fig. 3.45 schematically shows the main features of a
dilatometer. The temperature and dilation (change in length) of the sample are
simultaneously monitored as a function of time. The simplest dilatomer usually
consists of a silica tube with one end closed and provision for the sample to
rest firmly upon the closed end inside the tube.



Microscopic Methods

Rapid quenching:
method for conservation
of chemical composition

Temperature

Light microscopy = history

Composition B

Fig. 3.47. Determination of solvus and solidus by microscopic 'method.

There are various methods using microscopic techniques in determining the
phase diagrams. Moreover, microscopic techniques are also used to verify the
phase diagrams determined by other methods, where microscopic examination
of cast and heat-treated alloys at small composition intervals across the system
is done. It is a worth-while but laborious work.
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https://download.e-bookshelf.de/download/0000/7529/92/L-X-0000752992-0001829642.XHTML/index.xhtml

Vacuum chamber ) Primary electron beam

Secondary electron imaging (SEI): mainly topography contrast

Backscattered electron imaging (BEIl): mainly material contrast

Energy-dispersive X-ray spectroscopy (EDX): elemental analysis




SEM

Scanning electron microscopy
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https://www.nanolabtechnologies.com/chemistry-element-maps/

©
—

m  Optical
® TEM
1 A ACTEM
' lens field 1 0

Chromatic aberration

1

1830 1860 1890 1920 1950 1980 2010
Year



https://www.google.cz/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FTransmission_Electron_Aberration-Corrected_Microscope&psig=AOvVaw1tan-vTQGZozGJqy4TqGPm&ust=1574242500616000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOiU2Lr89eUCFQAAAAAdAAAAABAp
https://www.google.cz/url?sa=i&url=https%3A%2F%2Fphysics.aps.org%2Farticles%2Fv2%2F85&psig=AOvVaw27uwP8xRrikTZnp7_tROv5&ust=1574242740118000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNjz6az99eUCFQAAAAAdAAAAABAu
https://www.google.cz/url?sa=i&url=https%3A%2F%2Fcmrf.research.uiowa.edu%2Ftransmission-electron-microscopy&psig=AOvVaw27uwP8xRrikTZnp7_tROv5&ust=1574242740118000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNjz6az99eUCFQAAAAAdAAAAABA1
https://www.google.cz/url?sa=i&url=http%3A%2F%2Fwww.globalsino.com%2FEM%2Fpage4329.html&psig=AOvVaw18S6_1iCuoekurX7CUSeF2&ust=1574243212074000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLDz843_9eUCFQAAAAAdAAAAABAx

HRTEM

Power cable
4
-

-

(220}

Filament

P
Magnetic kens T
Elecuron -
— . g
beam ‘%4 ‘_,__‘_‘5-';> -
"L — L
= = f;”‘m’”"' pipe | Electromagnetic https://www.researchgate.net/figure/High-resolution-TEM-image-of-an-Agl-
—_ = N5 system nanoparticle-recorded-parallel-to-the-01104-zone_fig21_278072402
Airlock
B Sample holder
a\#mr . ;
- Specimen
—— Projection lens
lmagmg plale Imaging -
- # s, S - - iy L E



http://www.hk-phy.org/atomic_world/tem/tem02_e.html
https://www.hitachi-hightech.com/global/science/products/microscopes/electron-microscope/tem/h9500.html
https://www.researchgate.net/figure/High-resolution-TEM-image-of-an-AgI-nanoparticle-recorded-parallel-to-the-o1104-zone_fig21_278072402

Examples (FEI Titan 80-300
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HAADF-STEM image (filtered by NAD) of a La,_ Fig. 2: Atomic resolution TEM image of a triple and
Sr,MnO,4/SrTiO; interface with the individual a quadruple line at the interface between 23
atomic columns well resolved across the interface. boundaries and a 29 boundary in nanocrystalline
Overlaid is an EELS/EDX intensity profile across palladium. H. Résner and C. Kibel et al., Acta
this interface. P.M. Leufke and D. Wang et al., Thin Mat., 2011, 59, 7380-7387.

solid films, 2012, 520, 5521-5527.
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X-Ray Diffraction Methods

X-rays are used while alloys are
in solid-state to:

(i) Identify composition of a phase
(i) Crystal structure of the phase
(i) Lattice parameter of the
crystal structure.

And, thus, are used to locate the
solvus lines in phase diagrams.
The method of lattice parameter
measurement depends on the fact
that crystal dimensions, i.e., lattice
parameter increases with the
Increase of the solute content in
the solid solutions, till it gets
saturated.
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Fig. 3.48. Solvus point determination by use of x-ray
diffraction measurement of lattice parameter.



Lattice parameter
vs. composition plot

XRD results
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Electrical Resistivity Method

The technique of measurement of
electrical resistivity is often used to
locate the solvus and horizontal
iIsotherms in the solid state of the
alloys.

The electrical resistivity of a solid
solution changes nonlinearly with the

Temperatura = v

1 "
Temperalure

increase in concentration of the Elecincal resistvly
solute. But the electrical resistivity of

a phase-mixture is not characteristic

of any one of the conjugate phases,

but changes linearly with the volume

fraction of the phases, Fig. 3.49 (b).

The sudden change in the slope of

Electnical resislivily —s-

the graph indicates the location of the
phase boundary (SOIVUS) . Fig. 3.49 Electrical resistivity as a means (o locate the points of solvus,



Diffusion
couples

The use of diffusion couples
In phase diagram studies is
based on the assumption of
local equilibria in the diffusion
zone. The latter implies that
each infinitely thin layer of such

a diffusion zone is in (©)

thermodynamic equilibrium
with the neighbouring layers.

Composition (at. %)
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Cheng_Zhao/publication/269362957_High-
throughput_experimental_tools_for_the_materials_genome_initiative/links/56734
cb908ae1557¢f495900/High-throughput-experimental-tools-for-the-materials-
genome-initiative.pdf?origin=publication_detail
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Nd

Studium difuznich paru

Problems:

* nucleation

o diffusion

* |ocal stress

o Kirkendal effect

Nd

(b)
NdZn, { N 1 Zn
\

(d)

https://www.researchgate.net/figure/267028713 fig7 FIG-14-Evolution-of-phase-
growth-in-the-Nd-Zn-diffusion-couple-annealed-at-300-C-for



W MoTa Nb Cr

.1sm/ iR

Ni 8

dIE

800 °C

jamm

2 diffusion multiples

fa¥a

___.—---"’ “,1




High vapour tensions: alkali metals, Zn, Cd, Mg, Ga,..., Se, Te,
...Hg, In, As, Sb, Bi, ....

Reactive elements: S, P,

Special container materials: stable oxides, Al203, Y203, ..., SIC,

graphite, quartz, Teflon,
Special atmospheres or vacuum

Advantages: activity measurements, galvanic cells, weight loss
measurements, MS apply, Analysis of gases above samples,




Quenching sample in Vacuum

~____1/4" rubber sealed screw on
flange---- tighten cap to vacuum seal
& loose the cap to drop wire

Vacuum flange —_____

-Thermal block hanged on

- flange 's built in hanger
Ni-Cr-Al wire with——_____

11000C working
temperature

— Crucible & sample hanged on wire

_-quenching media container put
~ inside quatyz tube

T Vacuum port
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A Phase Diagram Which Includes a Typical
Disorder to Order Transformation
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