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Scilence-led

The traditional approach to Materials teaching starts with
fundamentals: the electrons, the atoms, atomic bonding,
and packing, crystallography and crystal defects

Onto this is built alloy theory, the kinetics of phase
transformations and development of microstructure on
scales made visible by electron and optical microscopes.

The scince-led approach emphasises the physical basis but
gives little emphasis to the behavior of structures and
components In service or methods for materiala selection
and design



Design-led

The starting point is the requirements that materials must
meet It they are performed properly in a given design.

To match material to design requires a perspective on the
range of properties they offer, how these properties
combine to limit performence, the influenceof
manufacturing processes on properties and ways of
accessing the data needed to evaluate all of these.



The lecture includes an introduction to materials

science and engineering focused on science-led
approach however it gives little emphasis to

design-led.

Guiding learning on materials and their structure and
properties, crystallography, phase diagrams and
phase transformations, processing, diagnostics and
application. Some information are given on
fundamentals and understanding, control of
properties at a different scale as well as materials
selection and design. The lecture is divided into
parts comprising: a basing knowledge, possible
application and diagnostics together with examples
of some experimental results. The lecture is
dedicated to students motivating their
understanding of the nature of modern material
design and developing skills.



Program of lecture

1. Engineering materials

2. Atomic bonding and crystallography
3. Mechanical properties

4. Crystal defects of crystalline structure
5. Phase diagrams

6. Structure changes

/. Metals and alloys

8. Ceramic materials and glasses

9. Polymers

10. Composites



11. Intermetallics

12. Amorphous and nanocrystalline
materials

13. Porous materials

14. Smart materials

15. Biomaterials

16. Processing of metals, ceramics, polymers,
composites

17. Surface engineering

18. Nanomaterials and nanotechnologies

19. Basis for materials design
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Hierarchies in Structure and Dynamics
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segregation (chemical/phase)

microstructure morphology (shapelsize of grains)
inhomogeneity texture (eystalograptic rentatons).
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Photograph of laminated macrostructure on a cross-section of hot rolled sheet (9 mm thick) of 1050A aluminium alloy etched in
Tucker reagent.



1. Engineering materials

metals and theirs alloys, ceramic materials,
polymers, composites

Metals — metallic bonds , among 103 elements - 80 are metals
Metallic alloys: iron alloys, non-ferous alloys

Properties: high stiffness, yield strenght, ductility, fracture toughness,
electric and thermal conductivity, metallic glitter, poor chemical
resistance (corrosion)
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A crystal, or, in short, quasicrystal, is a that is

but not . A quasicrystalline pattern can continuously fill all
available space, but it lacks . While , according
to the classical , can possess only two,
three, four, and six-fold , the pattern of

quasicrystals shows sharp peaks with other symmetry orders, for instance five-
fold.

were discovered by mathematicians in the early 1960s, and,
some twenty years later, they were found to apply to the study of quasicrystals.
The discovery of these aperiodic forms in nature has produced a
In the fields of . Quasicrystals had been investigated and
observed earlier, but, until the 1980s, they were disregarded in favor of the
prevailing views about the atomic structure of matter.

Roughly, an ordering is non-periodic if it lacks , Which
means that a shifted copy will never match exactly with its original. The more
precise mathematical definition is that there is never translational symmetry in
more thann -1 directions, where n is the dimension of
the space filled; i.e. the three-dimensional tiling displayed in a quasicrystal
may have translational symmetry in two dimensions. The ability to diffract
comes from the existence of an indefinitely large number of elements with a
regular spacing, a property loosely described as

Experimentally, the aperiodicity is revealed in the unusual symmetry of the
diffraction pattern, that is, symmetry of orders other than two, three, four, or
six. The first officially reported case of what came to be known as
quasicrystals was made by and coworkers in 1984,
Shechtman received the in 2011 for his findings.


http://en.wikipedia.org/wiki/Quasiperiodic
http://en.wikipedia.org/wiki/Structure
http://en.wikipedia.org/wiki/Order_and_disorder_(physics)
http://en.wikipedia.org/wiki/Bravais_lattice
http://en.wikipedia.org/wiki/Translational_symmetry
http://en.wikipedia.org/wiki/Crystals
http://en.wikipedia.org/wiki/Crystallographic_restriction_theorem
http://en.wikipedia.org/wiki/Rotational_symmetries
http://en.wikipedia.org/wiki/Bragg_diffraction
http://en.wikipedia.org/wiki/Aperiodic_tilings
http://en.wikipedia.org/wiki/Paradigm_shift
http://en.wikipedia.org/wiki/Crystallography
http://en.wikipedia.org/wiki/Translational_symmetry
http://en.wikipedia.org/wiki/Linear_independence
http://en.wikipedia.org/wiki/Long-range_order
http://en.wikipedia.org/wiki/Dan_Shechtman
http://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry

Quasicrystal

Atomic model of an aluminum-palladium-manganese
(Al-Pd-Mn) quasicrystal surface.



http://en.wikipedia.org/wiki/Electron_crystallography

 Since the original discovery of , hundreds
of quasicrystals have been reported and confirmed.
Undoubtedly, the quasicrystals are no longer a unigue form
of solid; they exist universally in many metallic alloys and
some polymers Quasicrystals are found most often In
aluminium alloys (Al-Li-Cu, Al-Mn-Si, Al-Ni-Co, Al-Pd-
Mn, Al-Cu-Fe, Al-Cu-V, etc) but numerous other
compositions are also known (Cd-Yb, Ti-Zr-Ni, Zn-Mg-
Ho, Zn-Mg-Sc, In-Ag-Yb, Pd-U-SI, etc.).

 In theory, there are two types of quasicrystals. The first
type, polygonal (dihedral) quasicrystals, have an axis of
eight, ten, or 12-fold local symmetry (octagonal,
decagonal or dodecagonal quasicrystals, respectively).
They are periodic along this axis and quasiperiodic in
planes normal to it. The second type, icosahedral
quasicrystals, are aperiodic in all directions.

» Regarding thermal stability, three types of quasicrystals are
distinguished:


http://en.wikipedia.org/wiki/Dan_Shechtman

* Regarding thermal stability, three types of quasicrystals are
distinguished:
Stable quasicrystals grown by slow cooling or casting with subsequent annealing

Metastable quasicrystals prepared by melt spinning
Metastable quasicrystals prepared by crystalization of the amorphous phase

» Except for the Al-Li—Cu system, all the stable
quasicrystals are almost free of defects and disorder, as
evidenced by and revealing peak
widths as sharp as those of perfect crystals such as Si.
Diffraction patterns exhibit fivefold, threefold, and twofold
symmetries, and reflections are arranged quasiperiodically
In three dimensions.

« The origin of the stabilization mechanism is different for
the stable and metastable quasicrystals. Nevertheless, there
IS @ common feature observed in most quasicrystal-
forming liquid alloys or their undercooled liquids: a local
Icosahedral order. The icosahedral order is in equilibrium
In the liquid state for the stable quasicrystals, whereas the
Icosahedral order prevails in the undercooled liquid state
for the metastable quasicrystals.


http://en.wikipedia.org/wiki/X-ray_diffraction
http://en.wikipedia.org/wiki/Electron_diffraction
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L_attice planes

Examples of lattice planes indexing

Lattice planes belonging to
{111} lattice family of cubic
system




Example of four index
determination of directions
and planes: [uv.w] ; (hk.l)
u+v=-w; h+k=-i
In hexagonal system
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Determination of crystallic structures
Pearson symbolism (two letters and number e.g. cF4; hP2)
letter - crystallographic system
letter — Bravais lattice unit cells

C ubic P primitive

N exagonal | body center

| trigonal - face center

T etragonal C center on basis
O rthorombic R rombohedral
IM onoclinic

a nortic (triclinic)

Number — number of atoms in elementar unit




German determination.:
wStrukturbericht” (letter and number)
A —elements

B —compounds of AB type

C —compounds of AB, type

Number- type of strukture in group e.g.:
Al — copper type

A3 — magnesium type

B1 - sodium chloride type

ang. face center cubic fcc or FCC
ang.body center cubic bcc or BCC
ang. hexagonal close packed hcp or HCP



Crystallic structure of metals

Most of metals have one of three crystallic structures i.e. A1, A2, A3 :
1.  Face center cubic (RSC,cF4,Al, fcc)
e.g. Cu, Al, Ni, Fe-y, Ag, Au, Pb
fill out of volume 74%
2.  Body center cubic (RPC, cl2, A2, bcc)
3. e.g..Mo,W,V,Nb,Fe-a,Cr-a ; fill out of volume 68%

e.g. Zn,Mg,Cd,Ti-a,Zr; fill out of volume 74%

— occurence of chemical element or chemical
compound in different crystalline structures

— Is related to transformations in pure elements



Designation and complexity of a crystal

Strukturbericht
Designation

Crystal Type

Elements (monoatomic)

AB compounds

AB> compounds

AmBnr compounds

More complex compounds

Alloys

Organic compounds

¢« o |\ m o o | E

Silicates




A [edit]

y-Fe (austenite), fcc: A1;
a-Fe, Na, bce: A2;

Mg, hcp: A3

Diamond (C), silicon (Si): Ad;
Graphite (C): A9

lodine (l2), chlorine (Clz): A14;
black phosphorus (P): A17;




L [edit]

« Heusler (AlICuzMn): L24.
o (CuzAu)-Structure: L12. (also NizAl NizGe)




[ ]

(Spinel) Structure

|

L1, (CusAu) Structure

|

L2; (Heusler) (AlCu,Mn) Structure L6g (CuTis) Structure
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strain

Poisson ratio



Value of Young's modulus is a measure of resistance put
neighbouring atoms during increase of distance between them

Mocne
wigzania

Strong bonds

Odlegtos¢ miedzy atomami, a
Istance between atoms, a

e~{Ge,




Metal

oC GPa
Pb 327 14
Zn 420 43
Mg 649 45
Al. 660 71
Ag 962 76
Au 1064 82
Cu 1085 124
Ni 1455 214
Fe 1538 196
Cr 1863 289
Mo 2623 324
W 3422 411




Elastic modulus and melting temperature rise together with force of
Interatomic bonds

Elastic modulus describes stiffness of material

For small shape deformation (y) =Gy

G —Kirchoff's modulus or shear modulus or transversal elastic
coefficient
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Static tensile test
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Hardness

solid matter

force

Q) wgtebnik b) Obcigzenie

|olad

7

Powierzchnia badanego elementu

intermolecular bonds

ductility elasticity plasticity strain strength toughness
viscoelasticity Viscosity
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Shock resistance

*The Charpy test is the test to determine the resistance of a material against shocks.
The test temperature is very important because the resistance does decrease with
decreasing temperature.

The temperature at which the resistance suddenly drops to a lower value, the shifting
«from ductile to brittle fracture, is called the transition temperature.

For the designer, it is important to know where the transition temperature is located.
As a matter of fact, operating below this temperature will increase very much the risk
for fracture.
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Thermo Mechanical Fatigue

A fatigue heating
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http://en.wikipedia.org/wiki/Refrigeration

Ludwik's formula (1909)
c= Kkon using parabola description; Kk,n - constants

Ludwik-Hollomon's formula (1945): ¢ — 6, = k"
where: o,, k, n — constants
c — stress
¢ — true strain =In(A,/A)
In co-ordinate system log 6 — log o ; the straight linear relationship is
obtained

Krupkowski's equation 1946) : ¢ = k (z, + /1-z,/Z)™

where: z=1-(A/A,), z —cold work

A,, A —initial and current value of cross-section , respectively

K, z, -constants

When natural strain (logarithmic elongation) Krupkowski-s equation
adopts the formula proposed by:

Swifts equation (1952) : 6 =K /@ — @y, /™



4. Crystal defects of crystalline structure
solid solution, point defects, linear defects, planar defects

A solid solution is a - . of one or more in a .

Such a Is considered a solution rather than a when the
of the solvent remains unchanged by addition of the

solutes, and when the mixture remains in a single

.This often happens when the two elements (generally

involved are close together on the : conversely, a chemical

compound is generally a result of the non proximity of the two metals

involved on the periodic table

Basic solid solution -

Secondary solid solution — when the solvent is an intermetallic compound


http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Phase_(matter)
http://en.wikipedia.org/wiki/Solution
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Solvent
http://en.wikipedia.org/wiki/Mixture
http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Crystal_structure
http://en.wiktionary.org/wiki/Homogeneous
http://en.wikipedia.org/wiki/Phase_(matter)
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Periodic_table

conditions

Solid solutions, in accordance with the
, may form If the solute and solvent
have:
 Similar atomic radii (15% or less difference)
« Same crystal structure
« Similar electronegativities
« Similar valency

Solid solution can be:
 substitutional (lattice expansion or contraction)
« Interstitial solid (lattice expansion)


http://en.wikipedia.org/wiki/Hume-Rothery_rules

Superlattice

nanometers

Typ nadstrukfury

Przyklady nadstruktur

AuCu, AgPt, CoPt, NiPt, FePt, MnPt
AgZn, CuZn, CuBe, FeCo, FeCr, NiAl. AlFe
C'dMg, NiSn, NiSb, AsNi, AuSn, FeSn

AuCu,, AINiy, FeNiy, MaNiy, PtCuy, FePdy, PdCu;, AgPt,
AlCuy, AlFe,, SiFe,
CdMg;, WCo;, MgCds, SnNiy, MoCo;, ThAl,

Typ sieci krystalograficznej

L1
B2 (L2)
BS,

e
L2, (DO,)
DO,y


http://en.wikipedia.org/wiki/Nanometre
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Crystal Defects
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indentation force

Wear test = |

3/ deformation

(ball pushed into the
coating)

e
plastic flow

H. Jehn, G. Reiners, N. Siegel, in: DIN Deutsches Institut fur
Normung e.V. (Ed.), Charakterisierung du“nner Schichten,
DINF-achbericht,

vol. 39, Beuth-Verlag GmbH, Berlin, 1993

& J : SEM image of the coating surface
after mechanical test
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32 layered Ti/TiN coating

Cross- section of the place where penetrator was pushed into the coating



http://www.imim.pl/index.php?id=123
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residual-stress caused micro-cracks

Austenite steel substrate

I
I


http://www.imim.pl/index.php?id=123
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TiN coating

Microcrack along grain boundaries Microcracks cutting through
columnar crystallites
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u-crack [[{111}
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32 layered Ti/TiN coating ratio 1:1

STEM images of cracks
propagating across the coating
under applied load

b
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coating ‘ [111]TiN - [001] a-Ti
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Ratio 1:4 8 xTi:TIN
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Schemat wgskokgtowej granicy nachylonej,
sktadajgcej sie z izolowanych dyslokacji

Dwuwymiarowy model granicy ziarn
struktury RPC o dezorientacji 50°C wokot
kierunku [110]. Slad granicy wyznacza linia
ABCD. Kotka zaczernione oznaczajg atomy
tworzgce ,,supersiec”.




5. Phase diagrams
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Wykres z przemiang eutektyczng i catkowitym
brakiem rozpuszczalnosci sktadnikow w stanie
statym

Wykres fazowy dla sktadnikow o
nieograniczonej rozpuszczalnosci
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Eutektyka (eutektyk, mieszanina eutektyczna) —
mieszanina dwoch lub wiece| faz, przy okreslonym
sktadzie, ktora wydziela sie z roztworow ciekiych w
okreslonej temperaturze, zwanej temperaturg

eutektyczng. Mieszanina jest produktem przemiany

eutektyczne]. Nazwa wywodzi sie z greckiego stowa
eutektos, co znaczy tatwo topliwy!".

Spis tresci [ukryj]
1 Ogdlne informacje
2 Rodzaje eutekiyk




cutectic temperature
Liquid +a solid solution + f solid solution

cooling

Four eutectic structures:

A-lamellar
B-rod-like
C-globular
. GROWTH
D-acicular DIRECTION

C

FREE SURFACE

P~__SOLID-LIQUID
INTERFACE



Rodzaje eutektyk [edytujkod]

W zaleznosci od ksztaltu | rozmieszczenia dwu faz statych
tworzacych eutektyke rozréznia sie mieszaniny:

« plytkowe

+ Iglaste

« pretowe (stupkowe)

« globuralne (ziarniste)“*1.

Ma rysunku 2 przedstawione sa graficznie rozne typy Rys. 2. Schemat podstawowych

eutektyk. typow eutektyk:

A - eutektyka ptytkowa
Ocena morfologii eutektyk jest sprawa umowna. W zaleznosci B - eutektyka pretowa
od wybranej techniki obserwacyjngj dla tego samego zgtadu C - eutektyka globularna
mozna okresli¢ rézne typy eutekiyki. Nie do korica, réwniez D - eutektyka iglasta
Sg pozZnane przyczyny powstawania konkretnego typu

mieszaniny.

Z punktu widzenia osiagniecia minimum energii swobodne] powierzchniowe] najkorzystniejszg jest
eutektyka globularna. W rzeczywistosci liczne, rozproszone czastkl fazy globularne] muszg
wielokrotnie zarodkowac, co wymaga znacznego przechiodzenia.




Eutektyki pretowe | ptytkowe moga wzrastac przy niskich wartosciach przechtodzenia. Ich
powierzchnia miedzyfazowa jest duzo wieksza od eutektyk globularnych 1 iglastych, totez pojawia sie
wiekszy czynnik energetyczny hamujacy krystalizacje.

Jezell jedna z faz w eutektyce charakteryzuje sie znaczng anizotropig predkosci wzrostu to rosnie w
okreslonym kierunku krystalograficznym znacznie szybcie) od osnowy | zarodkuje wielokrotnie. Taki
mechanizm wzrostu promuje powstanie eutektyki iglaste'[?']

Ogdlnie na morfologie eutektyk majg wptyw ponizsze czynniki:
« Wielkos¢ przechiodzenia
proporcje llosciowe faz
anizotropia wlasnosci faz
objetosc wlasciwa

wspolczynnik rozdziatu?(wspétczynnik podziatu)
przewodnosé cieplna fazl®.




Crystallization from liquid phase; constitutional
supercooling

Work hardening, recrystallization, texture
Plastic anisotropy

Martensitic transformation, solution hardening
(supersaturation, aging)

Mechanisms of metal hardening

Methods of single crystal fabrication



Crystallization from liquid
phase, supercooling

Crystallization
temperature

Temperatura krystalizacji
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Krzywa chiodzenia czystego metalu
z zaznaczeniem mozliwego przechtodzenia

Homogeneous
nucleation
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Surface energy
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objetosciowa
(Te-T)

Volume energy

Zmiana entalpii swobodnej uktadu AG
podczas tworzenia kulistego zarodka




Non-homogeneous nucleation
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Constitutional supercooling

Temperatura
cieczy

Temperatura
krzepnigcia

Obszar
przechtodzenia
stezeniowego

Constitutional supercooling

Stezenie
cieczy
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Ciecz

Odlegtosc Odlegtosc

Zmiana: a) sktadu roztworu ciektego, b) temperatury cieczy i krzepniecia przy
zmianie odleglosci od frontu krystalizacji




« work hardening, recrystallization, texture

|

Umocnienie przez
odksztatcenie

Poczgtkowe naprezenie

ptyniecia plastycznego

solid mechanics

stiffness Isotropic
stress
strain Hooke's Law

Elastic modulus and melting point increase with the force of atomic
bonds

Elastic modulus describes the material stiffness
E is anisotropic properties related to bonds, contents and structure


http://en.wikipedia.org/wiki/Solid_mechanics
http://en.wikipedia.org/wiki/Stiffness
http://en.wikipedia.org/wiki/Isotropic
http://en.wikipedia.org/wiki/Stress_(physics)
http://en.wikipedia.org/wiki/Strain_(materials_science)
http://en.wikipedia.org/wiki/Hooke%27s_Law
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http://en.wikipedia.org/wiki/Crystallite
http://en.wikipedia.org/wiki/Nucleation
http://en.wikipedia.org/wiki/Strength_of_materials
http://en.wikipedia.org/wiki/Hardness
http://en.wikipedia.org/wiki/Ductility
http://en.wikipedia.org/wiki/Metals
http://en.wikipedia.org/wiki/Cold_work

Crystallographic texture

plaszczyzna
krystalograficzna |
thki}

e
figura biegunowa
Ak}

[Taae pay (123 @13l
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Figury biegunowe {111} rzeczywiste, orientacje
idealne i utozenie komorek elementarnych stopu o
sieci Al walcowanego do zgniotu 95%: a) tekstura

typu mosigdzu, b) tekstura typu miedzi Zasada rzutu stereograficznego




Forming the crystallographic texture (extrusion






http://www.imim.pl/index.php?id=123
http://www.imim.pl/index.php?id=123

Plastic anisotrophy Anizotropia plastyczna

Krupkowski, Kawinski (1949)

K=(b,/b,)?-1 / (hy/h)>-1

where: b 1 h — dimensions of the cross section of the samples

Lankford (1950)

R =1In (by/b,) / In (hy/h,)

measured on a sample stretched to the limit of uniform
elongation

TruszkowskKi

proposed a linear extrapolation K or R as a function of the
degree of deformation (K,, R,)

zaproponowal ekstrapolacje liniowg K lub R jako funkcji
stopnia odksztatcenia (K,, R,)



hartowanie

Temperatura odpuszczania
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Zakres temperatur nagrzewania stali Schemat chtodzenia podczas hartowania zwyktego
weglowych podczas hartowania
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Powolne
chtodzenie

Temperatura, °C

3

Schemat obrobki cieplnej (fgcznie z
tworzgcymi sig mikrostrukturami)

powodujgcej umocnienie
wydzieleniowe stopu AlCu4

Wydzielone 8
po granicach

ziarn o

Powolne chiodzenie stopu AICu4 z
zakresu jednofazowego do temperatury
otoczenia powoduje tworzenie sie
duzych wydzielen fazy @ (CuAl,) na

granicach ziarn fazy a

Temperatura, °C
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The dissolved element effectively strengthens the alloy if: it is well dissolved in
the matrix, remains in solution after slow cooling, does not form intermetallic
phases with other elements present in the alloy

(deformation or dislocation hardening)
Increasing the yield point caused by deformation Acd = G b Vp
3-constant, G-modulus of elasticity, b-vector of Burgers, p-density of dislocation

(saturation + aging)

Hall's Petch dependence oe = op + kp D-1/2
where: op - stress at which the material with very large grain begins to deform
plastically

kp - coefficient dependent on grain boundary resistance at dislocation motion
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A single crystal or monocrystalline IS @ material in which the
of the entire sample is continuous and unbroken to the

ed?es of the sample, with no _ . The absence of the
defects associated with grain boundaries can give monocrystals unique
properties, particularly mechanical, optical and electrical, which can
also be - depending on the type of ic
structure. These properties, in addition to making them precious in
some gems, are industrially used in technological applications,
especially in optics and electronics


https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Crystal_lattice
https://en.wikipedia.org/wiki/Grain_boundaries
https://en.wikipedia.org/wiki/Anisotropic
https://en.wikipedia.org/wiki/Crystallography

 From the gasous state P saturation

« From the liquid state » supercooling

« From the solid state W critical deformation /2-7%/



Metody otrzymywania monokrysztalow

Parametr
determinujacy wzrost

« Ze stanu gazowego » przesycenie

« Ze stanu cieklego » przechtodzenie

« Ze stanu stalego » zgniot krytyczny /2-7%/



From the liguid state »  supercooling

» Czochralski process



Metody otrzymywania monokrysztalow ze stanu cieklego

« Metoda hydrotermalna

« Metoda Bridgmana-Stockbargera
« Metoda topienia strefowego

» Metoda Verneuila

» Metoda flux-melt

» Metoda Czochralskiego



From the liguid state »  supercooling

can be defined as a method of synthesis of that
depends on the solubility of minerals in hot water under high
pressure. The IS performed in an apparatus
consisting of a steel pressure vessel called an ,1In
which a nutrient is supplied along with . A temperature
gradient is maintained between the opposite ends of the
growth chamber. At the hotter end the nutrient solute
dissolves, while at the cooler end it is deposited on a seed
crystal, growing the desired crystal.


https://en.wikipedia.org/wiki/Single_crystal
https://en.wikipedia.org/wiki/Crystal_growth
https://en.wikipedia.org/wiki/Autoclave
https://en.wikipedia.org/wiki/Water

Metoda hydrotermalna (inaczej krystalizacja z roztworu wodnego) - to
technika otrzymywania monokrysztatow gemmologicznych,
polegajaca na krystalizacji w roztworach wodnych w temperaturze
ponizej punktu krytycznego wody.

Rozpuszczalnos¢ niektorych substancji w takich warunkach jest na tyle
duza, aby istniata mozliwos¢ uzyskania przesycenia roztworu w
gradiencie temperatury.

Proces ten przeprowadza si¢ w autoklawie, ktory zapewnia utrzymanie
odpowiedniego gradientu temperatury 1 ciSnienia. W przesyconym
roztworze wodnym zawiesza si¢ zarodki krystalizacji. Roztwor jest
zasilany z dna autoklawu, gdzie znajduje si¢ rozpuszczaJ gcy sie
stopniowo krystahzowany material. Nasycony roztwor wskutek
konwekcji przemieszcza si¢ ku gorze. Przyczyng krystalizacji na
zarodkach jest ochlodzenie 1 przesycenie roztworu.

Proces otrzymywania krysztalow ta metodg jest kosztowny 1 dtugotrwaty.
Moze trwac¢ nawet okoto roku. Warunki, w ktorych si¢ odbywa sa
zblizone do naturalnych, jednak otrzymane produkty r6znig si¢ od
naturalnych
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From the liguid state »  supercooling

The methods involve heating polycrystalline material above
Its melting point and slowly cooling it from one end of its
container, where a IS located. A single crystal of
the same crystallographic orientation as the seed material is
grown on the seed and iIs progressively formed along the
length of the container. The process can be carried out in a
horizontal or vertical orientation, and usually involves a
rotating crucible/ampoule to stir the melt.


https://en.wikipedia.org/wiki/Seed_crystal
https://en.wikipedia.org/wiki/Bridgman%E2%80%93Stockbarger_technique#cite_note-ScheelCapper2010-1

Metoda Bridgmana-Stockbargera — technika otrzymywania monokrystalicznych
materiatow gemmologicznych oparta na stopniowym schtadzaniu wczesniej
stopionej masy krystalizowanego materialu. W metodzie tej krysztaty formuja

si¢ na dnie tygla 1 rosng az do catkowitego wyczerpania si¢ masy stopionego
substratu.

Metoda ta stosowana jest do krystalizacji substancji o bardzo wysokiej
temperaturze topnienia. Osigganie wysokiej temperatury bez szkody dla tygla,
jest mozliwe dzigki wytwarzaniu si¢ tzw. autotygla, ktory formuje si¢ z tej
samej, ale nie stopionej substancji, ktora ulega procesowi. Autotygiel
zapobiega topieniu si¢ warstwy przylegajacego bezposrednio do $cian tygla
wiasciwego 1 stanowi ochrong przed dzialaniem wysokiej temperatury 1
reaktywnoscig stopionego materiatu. Korzysc1q stosowania teJ metody jest
tatwos¢ zachowania wysokiej czystosci procesu, poniewaz Sciany autotygla
majg ten sam sktad chemiczny co stop.

Wytwarzanie czerepu autotygla moze byc¢ inicjowane na nastgpujace sposoby:

» celowe schtadzane sg Sciany tygla wlasciwego

« ogrzewanie silnym polem magnetycznym w piecu indukcyjnym

W metodzie tej jest tez mozliwy wzrost krysztatow w warunkach ruchomego
gradientu temperatury. W momencie, gdy zastosuje si¢ ruchomy tygiel
wypelniony stopiong masg, ktory opuszcza si¢ stopniowo przez obszar statego

gradientu temperatury, wzrost krysztalow zachodzi na powierzchni majace;
temperature zblizong do temperatury topnienia krystalizowanego materiatu.
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20.0kV 7.1mm x470 SE 20.0kV 8.4mm x500 SE

Nickel based superalloys CMSX-4 (single crystals) SEM:
Cr—5.7; Co—11; M0-0.42; W-5.2;Ta-5.6; Al-5.2; Ti-0.74; Re-3; Hf-0.1; Ni-balance Badania wlasne



From the liguid state »  supercooling

IS a process used In and to
separate substances with different melting points. It can be
done by partial melting of a solid, for example in
of or , or by partial of a
liquid, as in freeze distillation, also called normal freezing
or progressive freezing. The initial sample is thus
( Into ).


https://en.wikipedia.org/wiki/Process_engineering
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Zone_melting
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Metals
https://en.wikipedia.org/wiki/Crystallization
https://en.wikipedia.org/wiki/Fractionation
https://en.wikipedia.org/wiki/Separation_process
https://en.wikipedia.org/wiki/Fraction_(chemistry)

Topienie strefowe

Materiat
W poziomym tyglu polikrystaliczny
znajduje sie
polikrysztat; Jiigigﬂc?ﬂﬁné‘a“ﬂ?;”u"%%ﬁ 555 7
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Badania wlasne: Stopy Ni-Mn-Ga
z efektem magnetycznej pamieci ksztaltu




From the liquid state »  supercooling

Is @ method of where the components of the desired substance are
dissolved in a (). The method is particularly suitable for crystals
needing to be free from thermal strain. It takes place in a made of highly
stable, non-reactive material. For production of oxide crystals, metals such as
, , and are common. Production of metallic crystals

generally uses crucibles made from ceramics such as , , and

. The crucibles and their contents are often isolated from the air for reaction,
either by sealing them in a quartz ampoule or by using a furnace with atmosphere
control. A saturated solution is prepared by keeping the constituents of the desired
crystal and the flux at a temperature slightly above the saturation temperature long
enough to form a complete solution. Then the crucible is cooled in order to allow
the desired material to precipitate. Crystal formation can begin by spontaneous
nucleation or may be encouraged by the use of a . As material precipitates out
of the solution, the amount of solute in the flux decreases and the temperature at
which the solution is saturated lowers. This process repeats itself as the furnace
continues to cool until the solution reaches its melting point or the reaction is
stopped artificially.


https://en.wikipedia.org/wiki/Crystal_growth
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Flux_(metallurgy)
https://en.wikipedia.org/wiki/Crucible
https://en.wikipedia.org/wiki/Platinum
https://en.wikipedia.org/wiki/Tantalum
https://en.wikipedia.org/wiki/Niobium
https://en.wikipedia.org/wiki/Alumina
https://en.wikipedia.org/wiki/Zirconia
https://en.wikipedia.org/wiki/Boron_nitride
https://en.wikipedia.org/wiki/Seed_crystal

Metoda flux-melt (inaczej krystalizacja z roztworu
bezwodnego) - metoda otrzymywania monokrysztatow

polegajaca na stosowaniu topnikOw tworzacych roztwor z
krystalizowanym materialem.

W metodzie tej krystalizowang mieszaning podgrzewa sie w
platynowym tyglu stale mieszajac, az do uzyskania
jednorodnego, bezwodnego roztworu. Powolne chtodzenie,
ktore moze trwac wiele dni, prowadzi do
wykrystalizowania z roztworu monokrysztatow. Catly
proces przebiega w warunkach normalnego cisnienia.
Metoda tg mozna wytwarzac krysztaty raczej niskiej
jakosci, o ograniczonej jednorodnosci 1 czystosci



From the liguid state »  supercooling

also called flame fusion, was the first commercially
successful method of manufacturing synthetic
developed in the late 1800s by the chemist
. It is primarily used to produce the and
varieties of , as well as the
and . The principle of the process involves
melting a finely powdered substance using an
flame, and crystallising the melted droplets into a . The
process Is considered to be the founding step of modern
Industrial technology, and remains in wide use
to this day.


https://en.wikipedia.org/wiki/Gemstone
https://en.wikipedia.org/wiki/Verneuil_process#cite_note-1
https://en.wikipedia.org/wiki/French_people
https://en.wikipedia.org/wiki/Auguste_Victor_Louis_Verneuil
https://en.wikipedia.org/wiki/Ruby
https://en.wikipedia.org/wiki/Sapphire
https://en.wikipedia.org/wiki/Corundum
https://en.wikipedia.org/wiki/Diamond_simulant
https://en.wikipedia.org/wiki/Rutile
https://en.wikipedia.org/wiki/Strontium_titanate
https://en.wikipedia.org/wiki/Oxyhydrogen
https://en.wikipedia.org/wiki/Boule_(crystal)
https://en.wikipedia.org/wiki/Crystal_growth

Metoda Verneuila — jedna z technika otrzymywania monokrysztatow polegajgca na topieniu
silnie rozdrobnionego materiatu i jego krystalizacji ze stopu. W metodzie tej pierwotnie
polikrystaliczny, drobno rozmielony materiat dozowany jest cienkg struzkq na ptomien
palnika, najczesciej tlenowodorowego, gdzie ulega stopieniu, a nastgpnie otrzymana
ciecz opada na monokrystaliczny podktad, ktorym jest najczesciej naturalny krysztat
mineratu - np. rubinu.

Wzrost doptywu tlenu powoduje wzrost temperatury 1 rozszerzenie podstawy krysztatu. Po
wytworzeniu si¢ oczekiwanej wielkosci krysztatu (tzw. gruszki) nastgpuje jego
stopniowe chtodzenie 1 odpr¢zanie przez wygrzewanie w wysokiej temperaturze i
bardzo powolne ochtadzanie.

Roéznica temperatur stopu oraz powstatego, monokrystalicznego produktu jest w tej
metodzie nieznaczna, dzigki czemu budujace krysztal czasteczki majg czas na uzyskanie
uporzadkowania daleklego zasiggu, zanim temperatura cieczy spadnie ponizej punktu
krystalizac;ji.

W metodzie tej punkt krystalizacji powinien by¢ nieruchomy wzgledem palnika, a jego
przemieszczenie jest najczgstsza przyczyna niepowod