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Leading Elementis)

sdain Products

“0ulk”™ Ferroalloxys

FeSi, 5i

i

Fermsilicon dall grades), crpstalline
silicon

Fedvin, Sikin, Ain

hn, Mn =50, Mo+ N

High-, mediume, low-carbon
ferromanganese, silicon manganese,
marganese metal, nitriced
fmanganese, manganess, master alloys

Felr, FeSilr

i, Cr o S, G+ N

High-, modium-, low- and ultralove.
carkan ferrechrome, charge chrome,
ferremilicochrome, chromium melal,
niiricled ferrechrame, and masier

alloya

(1)

%Y

4o A0

=“pdinor™ Ferroalloys

Feh L1 Fermilungsten

Feddicos Pulcn Fermmalybderum

Fe' W Fermvanadium

FeiSidCa, I€a, Ba, S Mgt = 5i Silicocalcium {calerum silicon),

FeSilBa. hig, S silicobarium, silicomagnesium,
silicostrmnlium, compfex alloys (Fe-5i-
Mg-Ca; 5i-Ca-Ba-Fe; Si-Ba-Sr ard
athemn)

Feidh Pk, Pdbh = Ta Fermniolium, Mi-MNb, MbaTaFe: Mb-
TaeAlMnSi=Ti: Mbh-Ta-Al

FeTa T Fermititanium, Fe-5i.Ti, Te.CrAl, Ti.Al
CrFe, Ti=Mi

FeB, FeBal B, B-+Al Fermbaron, fermoboral and alloys with
boaron (Mi-B, Cr, grevmal)

Feal, FeSiAl Al Al +5i Silico=aluminum, ferro-aluminum,
ferresilicoaluminum, FesAd-Rin-5i,
Fee-SAm-Al

FeSi-EESA Rame sarth metals ELAi-5i; REA-Si-Fe, BES-Al-Si

= oof BEA)
FesiZr, FeslFr Ir Fermosilioon=rinconium,

ferroaluminume zirconiom

Feddi, Felo

B, T, Bi# O

Ferminickel, lermcobalt

(Y)
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Carbothermal o1 ,8

- MeOy + yC —» Me + MeC, + CO
‘b_f;
%
\g- | 9 1 =

| Silicothermal oo ,3
i MeOy + Si — [Me, Si] + Si0,
G o R =
& Aluminothermal o251 ,8

MeOy + (%%/3)Al > Me + (¥/3)Al, 05
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2MeO - Si0, + 2C + Ca0 = 2Me + 2C0O + CaO - Si0,
2MeO + Si + CaO = 2Me + CaO - SiO,
3MeO + 2Al + Ca0 = 3Me + CaO - Al,0,

Bl-h
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Fluid flow phensmena.
mass and heat ransfer by convection

Atemiclimelecular level mass and haat franslar:
chemical, lhermal, and pressure (osmosis) diffusion,
conduction

Behavior of large numbers of elementary parlicles, "
elecirens, aloms, and molecules

L p—

Properties of chemical bands

Fluid dynamics

Transfermation &
diffusion kinetics

Chemical kinelics

Chemical
Thermodynamice &

L Tharmoshamistey

|
|

Stalistical
thermoadynamics

Statistical physics
Struelural chemistry

Physical Chamistry

horganic Chamsyy

dNgo adgi slausyl )8

Transfarmation Phenomena

Matter

Emergy

Chemical reaction and phase transiticns
Phase state change: melting/salidification,
evaporationicondensation
Dissolution/precipitation

Surdace processes: adsorplion/desorplicn

Heat releasefabsarplion in mater (phasel
transfamnaticns

Energy conversion in mechanical
PrOCEsses

Energy transformation in electromagnetic
processes (joule heating, induction
heating, reactive losses)

Transportation Phenomena

Matter

Enmergy {Heat)

Fluid flow transpart {convection)
Diffusion

Osmetic phenomena

Flow in paorous. nedia

Convective transpart with fluid flow
Thermal and electrical condwction
Electromagnetic radiation

sldTe,8 odgs 1o eges sloos]d IS gundil
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U (internal energy) : dU = —PdV + TdS
H (enthalpy) : dH = TdS + VdP
F (Helmholtz energy) : dF = —PdV — 84T

G (Gibbs energy) : dG = VdP + SdT

i oF 3 OH
oVls V|, as|, oS
, _OH| _98G| o OF _ G
~op|, opP|; ~ a7, AT,

!
P

P S ssbas (Seoludge 5 iy by P
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' ($) C _ OH A C _oul oS
T or|, Teor|, " ar|, oT|,
5
= -2 2 3
B ) Cp(T) = A+BT+ CT*+DI*+ET" + ...,
i:_
| T3 phase
CE\ H(T) = Hip + Z f Cp " (T)dT + ) (AHphase)
E F ase 7 e P hase
3 (A) T
k- e Fm.if
C‘P 5
: S(T) = Syos + 22 P D Z( » )
phase T e phase j:lha 5
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@) Cp(T), = 26.906 —3.784-1072-T — 278500-T2 + 8.86-107*- 7>
2
3 () Cp(T)g = 26911 —3.79-107>-T — 278010-T2 + 8.863-107>- T2
£
“EI:
C.
h (1Y) G(T) = H(T) - T-5(T)
_?_ (\Y) H; = G;‘ — :
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Type of Process

Driving Force

Remarks

Chemical reactions,
phase transformations

9G/05rp < 0

Change of Gibbs energy with
extent of the reaction or
transformation progress (&)

Species diffusion
(molecularfatomic)

V(3G /on),, 1 p#0

Gradient of partial Gibbs
energy (chemical potential) in
space and time

Species diffusion and ZNE#0 Electric field gradient acting on

migration (ionic/charged) Z-charged species

Surface flow of species Yo=0 Nanzero surface energy
gradient

Fluid mass flow VP+0 Nonzero pressure gradient,
causing velocity u

Heat conduction VIi#0 Nonzero temperature gradient

Heat convection upCpT+#0 Heat flux with fluid at non-zero
velocity

Heat radiation AT#0 Nonzero temperature

difference between points
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oY) dG =0 — VdP+SdT + Y mdu; = 0.

H;

k
Z_;‘=l”j

X;'=

G" = Y X;G} +RT )_XjInX; + AG™
j j
AG™ = RT > XInX; + AG® = AH"™ — TAS"™
j
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ViAr +vads +viAs 4+ .o = Ay vl F VeAn + .

AGreae = Z Vill; — Z 'l"_.r,urj

products reagents
= ( E Vil — Z vfp;) 4 RT( Z vilng; — E vjlnaf) :
products reagents products reagents
Il &
_ 0 products _ 0
'&'Grf'ﬂf — ﬁGﬁ?ﬂE + Rﬂn ]-__ Hl"’j —_— ﬁGrﬂ'ﬂC + Rﬂr]KP.
reagents !
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Narme Reaction Type {(Examples in Fig. 3.10)
Eutectic Type

Eutectic Ly—=v+e

Eutectoid A=+ £

sonotectic Lg%+ Ly

Monotectoid 4 ++ #, + @ (not shewn in Fig. 3.10)
Catatectic 4 ++ L, + @ (not shown in Fig. 3.10)

Peritectic Type

Peritectic Li+y+—=alte—y
Peritectoid I

Syntectic Li4 Ly o

Other

Spinodal decomposition o~ b+ oo

Critical point

Ltly=Llptly—=L
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