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Submicroscopic structure of metals

hexagonal face-centered cubic body-centered cubic
Ti, Cd, Co, Zn Ag, Au, Pd, Pt, Al, Cu, Ni Fe, Cr

Space filling factor 74 % Space filling factor 74 % Space filling factor 68 %

The Ni has face centered cubic crystal structure. Calculate the space filling factor for this
metal. How large is the density of the Ni, if the atomic mass is 58.7 and the atomic radius
is 0.125nm?

In one unit cell there are 6 *1/2 atoms and 8* 1/8 atoms
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Alloyes

partial or complete solid solutions of one or more elements
in a metallic matrix

metal + metal (Fe+Cr+Ni, Aut+Cu)

metal + non metal (Fe+C)

The aim: to modify (to improve) the properties

- hardness and rigidity (Au + Cu)

- tensile strength

- shear strength

-to av01de or reduce the corrosion (Fe Co Ni, + Cr)
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Determination of composition

The molar ratio in a gold — silver alloy is 2. How large is the molar percent?

L oht % c = m, 100 (% ) How large is the mass percent of the two components in this metal?
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Solid solutions
Classification: substitutional homogeneous structure

- according the application (inlay, corona of teeth)

- on the base of the main component (Au, Pd, Pt, Fe)

- on the base of the number of components (biner, terner, quaterner)
- on the base of the main 3 components (Au-Pd-Ag, Ni-Cr-Be)

- on the base of the phase diagram (solid solution, eutectic alloy,
peritectic alloy, metal compound)

examples Cu—N1 Pd Ag, Au-Cu, .

criteries of formation

. main similar atomic radii (less then 15% diff.)
component same crystal structure

solute s¥m¥1ar electronegativities
similar valency

interstitial

the atomic radius of the solute is smaller
the amount of the solute is less than 10%
main
component

[ ] solute

examples: Fe-C, CP Ti (O, C, N, H), ...
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Calculation of the composition and the ratio of the different phases

what is the composition at the B point
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Influence of the solute material on different physical properties of alloyes

Metal compounds

Definite stochiometry

eutectic point
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62%Sn-38%Pb 75%Sn-25%Pb

eutectic alloy (Sn rich islands)
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Ceramics: compounds of metal and non-metal elements

- mainly ionic bond between the components

- the + ions are smaller

- crystalline or amorphous structure sieble sieble preate

- phase diagram like in the case of metals

apatite

P5 @ 07@ Ca?0 H'o Ca(PO,y(X),




Defects of ceramics
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General properties of ceramics
-solid at room temperature
- fragility
- large hardness and rigidity
- strong in compression
- week in tension and shearing
- pure heat-shock tolerance

- proof against corrosion and heat

- not conduct electric current (insulator)

- biocompatibility

Mist region Hackle region
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Application base classification of ceramics

Traditional ceramics Advanced Ceramics

Earthenware
(clay, feldspar, [ Electroceramics [Advanced Structural ]
ceramics
quartz)
Electronic Substrate,
Stoneware Whitewares —b[ Package Ceramics [ Nuclear Ceramics ]<~

Structural Clay
Products

¥

Porcelain (kaolin)

Tribological (Wear-
Resistant) Ceramics

Bone china

Abrasives +-»=| Optical Ceramics

Capacitor Dielectric, Bloceramics
Piezoelectric Ceramics

Brick and Tile —b[Magnelic Ceramics

[Autcmolwe Ceramics J<‘

Refractories Ls| Conductive Ceramics

Ei

Cement
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«— Earthenware pottery

Stoneware vase

Porcelain —>

Bone china —

composition base classification

. [Muminumﬁ!ida J
of ceramics AD,

Magnesium Oxide
MgO

Zirconium Oxide
Zr0;

Aluminum Titanate Lead Zirconate
ALLO;+ TiO; Titanate PbiZr, Ti;.JOy

iSilicate Ceramics|

[ Porcelain J lMaQT';iUT_SiIicales} [ Wulite

i0:

3A1,0; - 25i0; }

Carbide Ceramics
Silicon Carbide (SiC

Carbide Ceramics
Boron Carbide (BC

[Open porous SiC lLiquid phiace

sintered SIC Dense SiC

>

Carbide Ceramics
ungsten Carbide (WC)
Sintered

sic

bonded SiC

Silicate | |Recrystallized | [  Nitride Reaction Hot isostatically Silicon
bonded SiC Sic bonded SiC pressed SiC | |infiltrated SIiC

J

Nitride Ceramics

. . Silicon Aluminum .
[ Silicon Nitride J [ Oxynitride J [ Aluminum Nitride J
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Silicate ceramics

crystal structure of silica




Porcelain

Crystallization ~ «—  glass formation
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Glass ceramic share many properties with both glasses and ceramics
Si0, glass ceramics structure:
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supercooled
liquid
glass

Specific volume

Tridymite

Quartz

1

1

1 1
1

|

870 1470 1713
Temperature (°C)

they have amorphous phase
+ crystalline one (controlled crystallization)

main components:

Li,0 - AL,O3 —nSiO, (LAS-system)
MgO - Al,O; —nSiO, (MAS-system)
ZnO —Al,0; —nSiO, (ZAS-system)

properties: - mechanically strong
- no pores inside the structure
- low heat conduction coefficient
- quick temperature changes (up to 800 -1000 C°)
- coefficient of thermal expansion can vary with phase ratios
(it can be negative or even zero)




Formation of glass ceramics
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Dental application of ceramics

-Crowns, veneers

- bridges

- fillings

- dental implants

- orthodontic brackets
- cements

- polishing materials




