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ABSTRACT

The effectiveness evaluation of manganese (Mn) on the corrosion resistant
performance of low alloy steel was performed using thermodynamic methods. The
possible chemical and electrochemical reactions as well as the thermodynamic data such
as standard Gibbs free energy of ions or compounds were first assessed and well prepared.
Van't Hoff equation and Nernst’s equation were then applied to compute the
electrochemically significant equations, which were then used to produce potential-pH
diagrams of iron and manganese. Both diagrams were later merged to construct the
potential-pH diagram of low alloy steel containing manganese. The results showed that
MnFe,O, can be thermodynamically formed in the high pH range and the region where
MnFe,O, and Fe;O, overlap was obviously found. This indicates that MnFe,O, and
Fe;O4coexist in the rust layers on the steel substrate and manganese plays a role in
enhancing the corrosion resistance of low alloy steel by improving the dense of Fe;O,,
particularly in the high pH range. The effectiveness of manganese analyzed in this paper
may be useful to the development of the low-cost weathering steel production in
Thailand.
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E-pH diagram of E-pH diagram of
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E-pH diagram of

Fe-Mn-H,0

Figure 1 Schametic diagram for illustrating the corrosion resistance evaluation of Low alloy

steel containing manganese
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Table 1 Gibbs free energy of species formed in Fe-H,O system at 25 °C [13-15]

Formula State AGO (J/mol)
H ion 0
H, gas 0
10 liquid -237,178
O, gas 0
Fe solid 0
FesOs solid 1,015,465
Fe,0, solid 752,082
Fe0 solid 256,354
Fe ion 78,867
Fe ion 4,651
FeOOH solid 487,400
HFeO, ion 377,800

Table 2 Gibbs free energy of species formed in Fe-Mn-H,0 system at 25 °C [15-16]

Formula State 167 (J/mol)
H' ion 0
H,0 liquid 0
Mn”" ion -228,091
Mn;0, Solid -1,283,180
Mn(OH) 5 ion 744,178
MnFe,O, Solid -1,121,790
FeOOH Solid -485,400
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Table 3 Reactions, equations and line number used in the thermodynamic consideration of
Fe-H,0 at 25 °C

Reactions Equation Numbers of
line
Fe — Fe”'+2¢ E= -0.44-0.0295l0(ap,2+) 1
Fer' > Fe 'y o E = 0.77+0.059108(ap,3+/Apy2+) 2
Fe”"+2 H,0 — FeOOH+3H" Log(a, 3. )= -1.47 - 3pH 3
Fe” +2H,0 —>FeOOH + 3H'+ E = 0.97-0.18pH-0.059\0g(ag,2+) 4
3Fe+4H,0 — Fe,0,+8H +8¢ E = 0.73-0.18pH-0.059\0g(ag,z2+) 5
Fe,0, + 2H,0 — 3FeOCH +H'+ e E = 0.28-0.059pH 6
3Fe” +4H,0 —> Fe,0, + 8H'+ 2¢  E= 0.98-0.24pH-0.08910g(,2+) 7
2k
Fe3+ 3 FeOOH
Wb
n T 0,
P 2 | e
& 4 T
; ok Fe2* o
° “ft---..
S | H, 6
------ 7
w 1 -
------ Fe304
b e
Fe
_2 L L i L L
0 4 pH 8 12

Figure 2 Potential-pH diagram of Fe corroding in water at 25 °C.
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2. Uiiseatilniihwesusmildlumdndigamgi 25 °C

L. Hao et al [18] Anwinsinnsouvesmdnndnaumiildunauvesusndatuii
gaungl 25 °C wuaas MnFe,0, lutuatuvesmanndmauussmiauazviosuns Tnsaansdang
anunsauialdandeoy Mn”™ war Mn(OH), uanani MnFe,0, liladesdauisaasuiu
FeOOH Wag Mn,O,lnenns1ail 4 aqﬂﬂﬁﬁ%mLLasﬁqmaumiﬁmmiaﬁﬂﬂa%ﬁaLLmumwﬁ’ﬂEﬂWﬁw
way pH summiﬁ’@ﬂi'ausuaal,l,mmﬁaiumﬁﬂiufwﬁﬁqmmﬁ 25 surLvaldoa

Table 4 Reactions, equations and line number used in the thermodynamic consideration of
CuFeO, at 25 °C

Reactions Equation Line
number

Mn”"+ 2FeOOH —> MnFe,0+ 4H' Log(aymz+)-= 13.5-2pH 1
3N+ 2Fe;0, + 4H,0 = 3MnFe, O, E= -4.74 log(ay,2+)=-12.64 pH 2
+8H' +2¢
3MN(OH); + 2Fe;0,+ H' = 3MnFe,0, E = -0.09-1.508(@pmoms-) + 3
+5H,0 + 2e 0.03pH
3MnFe,O, + 4H,0 = 6FeOOH + Mn;0O, E=0.6173-0.059 pH 4
+2H +2e
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Figure 3 Potential-pH diagram of MnFe,O, at 25 °C
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I e NG
2 0 B Fe2+ .
E ------- H, MnFe,O,
w Fe304

A T

Fe
_2 2 1 2 1 2 1 2 1 2 1
0 3 6 9 12
pH

Figure 4 Potential-pH diagram of manganese -containing steel corroding in water at 25 °C
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pH

Figure 5 The overlapping area between Fe;O, and MnFe,O,
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