Vlastnosti fyzikalni (teplota tani, merny objem,
moduly pruznosti)
Vlastnosti elektrické (vodivost,polovodivost,
supravodivost)
Vlastnosti magneticke (feromagnetika,
antiferomagnetika)
Vlastnosti mechanicke (pruznost, pevnost)



Vlastnosti fyzikalni

m [eplota tani

= Merny objem

s Modul pruznosti v tahu

= Modul pruznosti ve smyku

m Delkova roztaznost a objemova stlacitelnost
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Ghr. 1. Schemartické znazornéni: a) kovalenini a b) kovové vazby.
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Obr. 5. a) Zavislost hustoty energetickych hladin na jejich ener-
gii. b) Zapliovdni energetickych hladin elektrony pfi teplotich
blizkych absolutni nule. Pfi obvyklych teplotich jsou n&které
elektrony tepelné excitovany do hladin s vy38i energii, neZ je

E hax- Na obr. 5.a) naznateno pferufovanou farou.
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e 195 (a) The conventional representation of the electron energy band
structure for a solid material at the equilibrium interatomic separation.
(H) Electron energy versus interatomic separation for an aggregate of atoms,

illustrating how the encergy band structure at the equilibrium separation in (@) s
gencrated. (From Z. D. Jastrzebski. The Nature and Properties of Engineering
Materials, 3rd editon. Copyright © 1987 by John Wilev & Sons, Inc. Reprinted
by permission of John Wiley & Sons. Inc.)
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Ficire 194 The various possible electron band structures in sohids at U K. (a)
The electron band structure found in metals such as copper, in which there are
available clectron states above and adjacent 1o filled states. in the same band,
(h) The electron band structure of metals such as magnesium, whercin there is
an overlap of filled and empty outer bands. {¢) The clectron band structurc
characteristic of insulators: the filled valence band is separated from the empty

conduction band by a relatively large band gap (=2 eV). () The clectron band

structure found in the semiconductors. which is the same as for insulators excepl
that the band gap is relatively narrow ( <2 V).
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Obr. 3-1. Objemova stlacitelnost x nekterych
kovi jako funkce mocenstvi. Prvky stejnych
period jsou spojeny ¢arou
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Viastnosti elektricke

= Vodivost kovu
m Experimentalni fakta:

B - Nad Debyeovou teplotou roste odpor kovu linearné s teplotou

Za nizkych teplot, ale T>20K, je odpor mnoha kovi umérny T°

U vétSiny kovu odpor klesa, zvySuje-li se tlak

Odpor kapalin je vySSi nez odpor pevnych latek

Matthiessenovo pravidlo: mérny odpor p = p, + p(T), kde

p, roste s rostoucim mnozstvim primesi a p(T) zalezi jen na teploté
Vizmutova anomalie: pfritani a s telurem pfi legovani

Odpor slitin vykazuje vyrazna minima odpovidajici uspofadanym fazim
Wiedemannuv-Franzuv zakon: nad Debyeovou teplotou je pomér tepelné
a elektrické vodivosti u vSech kovu pfiblizné konstantni a umérny absolutni
teplote

U nékterych kovu se objevuje supravodivost priteplotach blizko absolutni
nuly



Modely vodivosti

Modely vodivosti

Drude-Lorenz(1900,1905):Volné elektrony - interakce s mfizkou atomu
- ustaleny stav toku elektronu (klasicka statistika)

Sommerfeld (1928): (Fermi-Diracova statistika)

Pri vedeni elektriny se uplatnuji jen elektrony s energii blizkou Fermiho
energii — velka stfedni volna draha elektronu

Bloch (1930): Pasova teorie —

Fermiho energie a zména obsazeni stavu s teplotou

Fonony, vakance a intersticialy, dislokace, vrstevné chyby a hranice
zrn

Kvalitativni rozbor vlastnosti mérného odporu



©@0000e0 A 0000000 0000000
ooooogo\mMoo,o’ooo 000000e
000000® hpiQO00000 0000000
0000000 CO0L0CT  eeeclee
0000080 C0C0000  00e00ee

o b c

ES S,
a“i“s“%‘%"‘i‘i‘in 0000000
\&\nuaulu 0 604
N T EEE  assoceoss 50000
‘\Ellll suaes 5000000
\‘llll-llll
~ il VI

e

Obr. 8. Schéma: a) substituéniho tuhého roztoku, b) intersticidlniho tuhého roztoku, c) smési fizi, d) dislokace a e) paru
vakance — intersticidlni atom.
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Fiovns 7.1 Atomic rearrangements that accompany the maotion of an edge
dislocation as il moves in response to an applied shear stress. {a) The extra hall-
plane of atoms is labeled A, (&) The dislocation moves one atomic distance 10
the right as A links up to the lower portion of plane B: in the process, the upper
portion of B becomes the extra half-planc, (¢) A step forms on the surface of
the crystal as the extra half-plane exits. (Adapted from A. G. Guy. Essendials of
Materials Science, McGraw-Hill Book Company, New Yaork, 1976, p. 153.)
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Representation of the analogy between caterpillar and dislocation motion.
r




Frevre 7.4 Regions of compression
(dark) and tension {colored) located
around an edge dislocation. (Adapted
from W. G. Moffatt. G. W. Pearsall. and
1. Wulff. The Structure and Properties of
Materials, Vol. 1, Siructure, p. 85,

Copyright © 1964 by John Wiley & Sons,
New York. Reprinted by permission of
John Wiley & Sons, Inc.)
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Obr., 60, a) Vliv teploty. b) VlivsloZeni. ¢) Vliv deformace na odpor slitin médi a zlata [podle Barrett: Structure of Metals
(1952)].
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Obr. 10.7, Rozdéleni elektrondl pii teplotéﬁ = 0 izolatoru, ve vlastnim polovodiCi
a v kovu. Vysrafované oblasti jsutt obsazeny elektrony.



Polovodice

Polovodice

Elektrony a diry, jejich pohyblivost

m Energie Fermiho, valencni a vodivostni
pas

m Model izolatoru a vlastniho polovodice
m Model primesového polovodice



Ficure 19,18 Schematic demonstration
of the Hall effect. Positive and/or
negative charge carriers that are part of
the f, current are deflected by the
magnetic field B. and give rise 1o the
Hall voltage, Vy.




vodivostni pas vodivostni pas
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Obr. 12.3. a) Donorové hladiny. Jedna z nich Jé onizovana. Ve vodivostnim pasu se tak objevi
volny elektron. b) Akeeptorové hladiny. Jedna z nich Je ionizovéna (t]. obsazena elektronem z va-

| lencniho pdsu). Ve valenénim pésu se objevi volnd dira. R’J%’ fw(or,



Supravodice

m Nizkoteplotni (T<23 K) — kovy,slitiny,
Intermetalika

m Vysokoteplotni (T>77 K) — smésné oxidy



Ficire 2121 Temperature
dependence of the clectrical
resistivity for normally conducting
and superconducting materials in

the vicinity of 0 K

Superconductor

Normal metlal




Vlastnosti magneticke

m Feromagnetismus

m Feromagnetickeé jsou Cisté prvky: Fe, Co, Ni, Gd, Dy, slitiny, oxidy

m Kriticka (Curieova feromagneticka, Neélova antiferomagneticka) teplota
m Weiss (1907):

m - Makroskopicky vzorek obsahuje urcity pocCet ,domén”, spontanne

m zmagnetovanych, jejichz magnetické momenty se vektorové scitaji a
m Vvysledek je spontanni magnetizace vzorku

m - Spontanni magnetizace v doméné je zpusobena ,molekularnim

m  polem® které orientuje atomové dipoly souhlasne

m  Weissovo ,molekularni pole” a experiment

m Heisenberg (1928): vymeénna interakce mezi elektrony vysoka hodnota
pole (vymeénny integral)

m Hranice domeén — Blochovy steny — Bitterovy obrazce
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Obr. 19.10. Schematické zndzornéni Blochovy stény s hlem 180°.
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NSmis
raph showing
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valt-chromm-—plati
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representation of the
structure for the ele

ture, or the direction

’ rnetization. (From
M. R. Kim. 8. Guruswamy,
and K. E. Johnson, J, Appi.
Phys., Vol. 74, No. 7, p. 4646,

ernussion.)




- Recording medium

Write

Froume 21,18 Schen
representation showir
mformation is stored
retricved using a mag
storage medium. {Fro
Lemke, MRS Bulletin
No. 3, p. 31. 1990, Re
with permission.
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Obr. 35. Vlivfazové zmény v pevném stavu na tvar teplotni zdvistosti specific-
keho tepla.
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Obr. 19.13. Reciprok4 susceptibilita v z4vis-
losti na teploté u paramagnetické, feromag-
netick€é a antiferomagnetické 1atky nad kritic-
kou téplotou.
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Obr. 19.3. Spontanni magnetizace u Fe, Ni a Co jako funkce teploty. Kfivky pro J = —;- J=1
a J = oo byly ziskdany uzZitim rovnic (19.10) a (19.11).
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Obr. 64. Schematické znazornéni a) paramagnetického niklu, b) feromag-
netického niklu (podle Raynor: Structure of Metals).




Vlastnosti magneticke

m Antiferomagnetismus

Zaporna hodnota vymenneho integralu — antiparalelni
orientace sousednich spinu

Susceptibilita polykrystalického antiferomagnetika
v zavislosti na teplote — maximum

Neélova teplota

Model dvou podmrizek

Priklady: Cr, MnO, MnF,
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Obr. 19.13. Reciprok4 susceptibilita v z4vis-
losti na teploté u paramagnetické, feromag-
netick€é a antiferomagnetické 1atky nad kritic-
kou téplotou.
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Vlastnosti magneticke

m Ferimagnetismus

m Magnetit: Fe?*Fe,**O, — struktura spinelu MgAl,O,

m Odpor feritu pro ss-proud je o 4-11 Fadu vySSi nez odpor
Fe



Vlastnosti mechanicke

Pruzna deformace

Napeti, prodlouzeni

Hookeuv zakon: ¢ = E. &, mez pruznosti o¢

pro pevnostni vypocet soucasti

Vnejsi sily vychyluji atomy z rovnovaznych poloh —
poruseni rovnovahy — reakce: navrat do puvodnich poloh
po odlehceni

Modul pruznosti v tahu (tlaku) E, ve smyku G:

Pro vétsinu kovu G =0,373 E (u=0,33 — Poissonovo Cislo)



Obr. 3-41. Piklady typickych pracovnich diagramu
a) mékké ocel, b) &edd litina, ¢) hlinik



Obr. 3-43a.
Stanoveni g, , graficky z pracov-
niho diagrammu




Vlastnosti mechanicke

Trvala deformace

Trvalé zmény tvaru téles — posunuti atomu o vzdalenost
vetsi nez mrizkova konstanta — skluz, skluzoveé roviny,
dvojCata, dvojcateni, kritické smykove napeti (teoreticka
pevnost), mez pevnosti cp;

Teoreticka (G/2n) a experimentalni pevnost — dislokace
Frankuv-Readuv zdroj (1950), whiskery

Deformace ucCinkem napéti za vysokych teplot — creep
Opakovana deformace uCinkem napéti — cyklicka unava
Ohrev polykrystalt po deformaci: zotaveni, rekrystalizace
Tvrdost, kfehkost, tvarnost (kujnost)

Viz: zkouSeni kovu
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164 ¢ Chapter 7/ Disloeations and Strengthening Meehanisms

Ficuvne 7.11  Alteration of the
grain structure of a polyerystalline
metal as a result of plastic
deformation. (a) Before
deformation the grains are
equiaxed. (b) The deformation has
produced clongated grains. 170,
(From W. G, Moffatt, G. W.
Pearsall, and J. Wulff, The Siructure
and Properties of Materials, Vol. 1,
Structure, p. 140. Copyright @ 1964
by John Wiley & Sons, New York.
Reprinted by permission of John
Wiley & Sons. Inc.)
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Ficure 7.12  Schematic diagram showing how twinning resulis from an applied
shear stress 7. In (b). open circles represent atoms that did not change position:
dashed and solid circles represent original and final atom positions, respectively.
(From G. E. Dieter, Mechanical Metailurgy, 3rd edition, Copyright © 1956 by
McGraw-Hill Book Company. New York. Reproduced with permission of MeGraw-
Hill Book Companvy.)




Ficore 7.13  For a single
crystal subjected to a shear
stress 7, (@) deformation
by slip; (h) deformation by
lwinning.




Ficure 7,22 The influence of
anncaling temperature on the tensile
strength and ductility of a brass alloy.
Grain size as a function of annealing
temperature is indicated. Grain
structures during recovery.
recrystallization. and grain growth
stages are shown schematically.
{Adapted from G. Sachs and K. R. Van
Horn, Practical Mewallurgy, Applied
Mewdlurgy and the Indusirial Processing
of Ferrons and Nonferrows Metals and
Alfoys, American Society for Metals,
19400, p. 139.)
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Obr.3-38. Pracovni diagram zkous-
ky tahem mékké oceli

1 - bez vyrazné meze kluzu, 2 - s vyraz-
nou mezi kiluzu




