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mmm Scheme of high temperature corrosion process

AGH
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Ellingham-Richardson diagrams
(Richardson-Jeffes)
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Ellingham-Richardson diagrams
(Richardson-Jeffes)
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Ellingham-Richardson diagrams
(Richardson-Jeffes)
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Determining dissociation pressures

Example:
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Sequence of oxides in a multiphase scale

Example:
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mJJ Determining dissociation pressures

Me+ 3 X, & MeX (1)

where: Me — metal; X2 — oxidant;
MeX — product of oxidation reaction (scale)

AG = [ yex ~ “Me_%uxz

where: AG — the free energy change of reaction (1)
J; — the chemical potential of a given component

u, =u; + RTIna,
where
R — universal gas constant
T —  temperature [K]
aio — activity of i - component in the system
L, — standard chemical potential of i - component

(i.e. when its activity is equal to 1)



MJ Determining dissociation pressures, cont.

In the case of pure substances in the solid phase:

Hve = “I?/Ie

1

AG = lyex = Mye = 7Hx, = Hex — Me = 2 M

At thermodynamic equilibrium AG = 0:

9.
Px, = €XP

0
“Mex_ MMeX

In the case of substances in the gas phase:

hy =ty + RTIna, =py + RTInp,

%, ~ 2RTInp, =AG" - 3RTInp,

AGOJ
RT



mJJ Sequence of oxides in a multiphase scale

AGH Example: determine the sequence of oxide formation in the scale
grown on iron oxidized in air at 1000 °C

Fe+ 30, = FeO p(FeO) = 2.7-10*° atm
3Fe+ 20, = Fe,0, p(Fe,0,) = 31-10™ atm
2Fe+ 30, = Fe,0, p(Fe,0,) = 30-10** atm

3FeO+ 50, = Fe,0, p(Fe,O,) = 46-10* atm
2FeO+ 50, = Fe, 0, p(Fe,0,) = 37-10"° atm

2Fe,0, + 50, = 3Fe,0, p(Fe,0,)=24-10"°atm

Fe/FeO/Fe;0,/Fe,0,/0,

Z. Grzesik, "Thermodynamics of gaseous corrosion" in ASM Handbook, vol. 13a, p.90-96, ASM
International, Materials Park, Ohio, USA, 2003.



mmm Phase diagram of the Fe-O system
AGH
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David J. Young, ,High temperature oxidation and corrosion of metals”, Elsevier, Sydney 2016.
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Cross-section of the oxide scale growing on iron
JJ In accordance with the Fe-O phase diagram
AGH

Waustite Magnetit
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+
FeaOy

Temperature (°C)

ol . - " | David J. Young, ,High temperature oxidation
1 | | and corrosion of metals”, Elsevier, Sydney 2016.

Fey04 Fe,0,



Kellogg diagrams

5_ \ \ (l)\ \ \ \ sFESO\S) 1‘_4

log p(H,) / p(H,S)

log p(SZ) [ atm

-25 -20
log p(OZ) / atm

Z. Grzesik, "Thermodynamics of gaseous corrosion" in ASM Handbook, vol. 13a, p.90-96, ASM
International, Materials Park, Ohio, USA, 2003.



Kellogg diagrams
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Kellogg diagrams

log p(SZ) [ atm
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Kellogg diagrams

log p(S,) / atm
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Kellogg diagrams

log p(SZ) [ atm
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Kellogg diagrams

log p(SZ) [ atm
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Kellogg diagrams

log p(SZ) [ atm
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Kellogg diagrams

log p(S,) / atm
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Kellogg diagrams

log p(SZ) [ atm
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Kellogg diagrams

log p(S,) / atm
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log p(SZ) [ atm
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Kellogg diagrams

log p(SZ) [ atm
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Kellogg diagrams
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Kellogg diagrams
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log p(SZ) [atm

Kellogg diagrams

log p(H,) / p(H,S)

-20

ogpOyiam answer.: Fe — Fe;0,
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log p(SZ) [ atm

Kellogg diagrams
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mmm Gas partial pressure in mixtures

Oxygen-sulfur system [pszojz (2AG$)

@) S,+10,o S,0 Po. = | "p, RT
ph | (246G
)  S,0+10,& 250 Po. = [E} 'eXp(?j
2
€) SO+ 10, & SO Do, = | 22| ey 2255
2 Yo 2 2 Pso RT
1 (b0, [(28GY
(4) SO, + 10, & SO, Po. = o) P RT

N = 2nSZ + 2nSZO + Ngo + Ngo, + Ngo,
_ 1 1 3

N, and No, denote total number of S i O, moles present in the system,
N, Nsos Ngos Nso,» Nso, » No,— NUMber of moles for individual gases at thermodynamic equilibrium.

o where: n, is the number of moles for the i component,
Pi="m Poo m — number of all components in the system,
Z n; P, denotes the total pressure of the gas mixture.



Kellogg diagrams
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Kellogg diagrams
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Kellogg diagram for the Fe-O-S system at 800 °C, which illustrates three
mmm possible diffusion paths for the reaction with the A component gas
AGH
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David J. Young, ,High temperature oxidation and corrosion of metals”, Elsevier, Sydney 2016.



Phase diagram of the Al-Ni-O system at 1000 °C and
mmm the cross-section of the oxide scale formed on Ni-22Al
AGH
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David J. Young, ,High temperature oxidation and corrosion of metals”, Elsevier, Sydney 2016.
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Kellogg diagram of the (Fe-Cr-Ni)-O-S system at 870 °C
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A.S. Khanna, Introduction to High Temperature Oxidation and Corrosion, ASM International,
Materials Park, 2002.



mJJ Pressures of volatile oxides

P, [ atm

T =1000 K

1 0'50 T
10-50

Z. Grzesik, "Thermodynamics of gaseous corrosion" in ASM Handbook, vol. 13a, p.90-96, ASM
International, Materials Park, Ohio, USA, 2003.



Pressures of volatile oxides

100 ¢
X Cr(S)

T=1000 K

Y

10-50 e | TR T R R | I A A A | A A A | I

3
2Cry + 30, & Cr,0,,

. [ZAG")
Po, = &P 3T



Pressures of volatile oxides

p; [ atm
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Cr203 ©)
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10—40 :_

T=1000 K

30
Cr(s) & Cr(g) Cr,0; © 2Cr, + 70,

AG®
pCI’ (9) = exp - RT

pCr (9) = pa% exp( ZRTj



Pressures of volatile oxides

< [ atm
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Mmm Pressures of volatile oxides

AGH 10° o

100 Cr

9

T=1000 K

Cry + 0, & Cro, Cr,0; © 2Cr0,,, - 30,

AG® : AG®
Pcro,,, = Po, €XP| - RT Pero,, = Po, €Xp| - 'RT




Pressures of volatile oxides

100 ¢

P, [ atm

T=1000 K

10_50 ......... | P A A | PR A B B
1020 1010 10°
Po [ atm
3 3
Cry+20, & CrO,, Cr,05 © 2CrO4,, - 30,
AG® s AG®
pCI’O3(g) - p02 exp - ZRT

pCI’O3(g) = p%z exp[_ RT



Pressures of volatile oxides

3
Cr, +30, & Cro,,

5 AG®)
pCI’O3(g) = péz eXp - RT = péz .ConSt

l0g peoo,,, = 2109 po, + log (const)

Cr,0,, & 2Cr0,, - %0,

] AG")
pCI’O3(g) = p402 eXp - ZRT - p02 .ConSt

l0g peoo,,, = 2109 P, + log (const)



MJ Pressures of volatile oxides

Si (s) E Si0, (5)

10_30 | 10'20 | 10-10
Po / atm

109



Mmm Pressures of volatile oxides

p; / atm

: o
T BT ITT BT

1077

I.I.I.Ii L1l

107

. | : | s |
PP PP R R R

1019 1017 10-1'5'" 1'0_1'3'," 1'0_1'1'"

Pp / atm



Mmm Pressures of volatile oxides

T=1273K

1073

p; /atm

107 10713 10713 1011

Pp / atm

............ NG

107

1077



THE END



