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Electrochemical Properties of the Buffed Surface of Pure Iron

in Chromate Aqueous Solutions

Mitsuo XURACHI, Katsuhiko MATSUDA, and Masaaki KoMURA

Synopsis:

The relations between electrode potentials of buffed surface of iron in chromate solutions and pH values
of the solutions were studied in relation to the corrosion region (pH<(4) in the Pourbaix diagram for the
Fe-CrO,-H,O system at 25°C. The results obtained were as follows:

The buffed surface is covered with thin Fe,O, films. The electrode potentials vary with the pH values

and the presence of anions, Cl= and SOI-.
potential relations as follows:

(1) O0<pH<Z;

The surface reactions are estimated from the observed pH-

3Fe +6Fe;0,+4CrO2- , +26H*+ =3Fe?+ +97-Fe,O3+4Cr3+, 4+ 13H,O

(2) 2<pH<4;

3Fe+6Fe;0,+4CrO%-, 4+ I0H+ =3Fe2+ +9 y-Fe,O;+4CrO; 44 +5H0
The electrode potentials of the Fe;O, film depend on the presence of anions, Cl~ and SO}-, and on the

structure of chromic ion species, and concerned with the solid state electrolyte reaction, i.e. the dissolution
of Fe?t ion from iron crystal surface into the thin Fe;O, film.

The Fe,O, film is rapidly dissolved in the solution by the presence of Cl~ or SO}~ ions, and the surface
reactions of pure iron without oxide film are estimated from the observed potentials as follows:

(1) 0<pH<?;
Fe+ CrO?- ,q+8H+,q=Fed+,q+ Crd+, g +4H;O
(2) 2<pH<4;

Fe-+ CrO2- q+3H+,q=FeOH2* 14 4+ CrO; nq+ H;O

The dissolution reactions and their electrode potentials of pure iron in chromate solutions depend on
the structures of both chromic ion and ferric ion species.
(Received July 20, 1971)
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Table 1. Chemical analysis of pure iron in wt%.

Element (%) Element (%)
Fe 99-95 Al 0-002
C 0-005 Ni 001
Mn tr. Cr tr.
Si tr. Cu 0-007
P 0-003 O 00082
S 0-009 N 0-0033

=

574 T
T ©
O |
Soldered
connection
(mm)

1. Pure iron electrode.
2. Epoxi resin
3. Cu lead wire covered with vinyl resin

Fig. 1.
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1 Potential-time recorder (Yokogawa LER-11)
Full scale : 25cm, Sensitivity : 2 or 5 V/Full scale,
Scanning speed : 2¢cm/min,

Input impedance : 200 kQ (1VFull scale)
400 kQ (2VFull scale).

Thermostat

Cell and CrOj-electrolyte

Holder of electrode (Acryl-resin)

Testing electrode

Agar-agar saturated with KCl or K,S0,
Saturated solution of KCI or K380,

Reference electrode (Hg/Hg,Cl; or Hg/HgSO,)

NN

Fig. 2. Schematic layout of apparatus for measure~
ment of electrode potential.
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Fig. 3. Variation of electrode potentials with time.
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Table 2. Testing conditions and results.

Ref. Solution Conc. SH Electrode potential Eh (V)
Electrode mol/!/ —
(mol/D) X, X, X, X, %
1 033 05652 0-6460 0-6462 | 0-6872 0-6362
1/2 042 05432 05292 0-5382 | 0-5622 0-5557
1/4 0'65 0-3832 03972 0-4252 | 0-4682 0-4197
1/8 1-24 0-3882 0°3522 0-4102 | 0-3322 0-3707
Hg/Hg,Cl, CrO, 1/16 1-56 0-3772 03412 0°4222 | 092542 0-3487
1/32 1-80 0-3152 0-2912 0-2702 | 0-2322 0-2772
1/64 2-14 0-2602 0-2442 0-2672 | 0-2622 0-2585
1/128 2-30 0-1982 0-2350 0-2366 | 0-2372 02268
1/256 262 0-2262 0-2742 0-2590 | 0-0802 0-2099
1 028 06745 0-6515 0°6655 | 0'6655 06643
1/2 0-44 0'6315 06285 0°6605 | 0°6155 06340
1/4 063 06225 0:6315 0:6495 | 0-6565 0-6400
1/8 1-25 0-4955 0-4625 0-4505 | 0-5505 049908
CrO; 1/16 1-50 0-4655 0-4675 0-4775 | 0-4345 0-4613
1/32 1-80 0-4145 0-3985 0-4455 | 0-4265 0-4213
1/64 2-08 0-3880 0-3880 0-3825 | 0-3745 03833
1/128 2:35 03582 0-2967 0-3418 | 0-3217 03296
1/256 2:70 01342 0-2467 0-2755 | 0-3129 0-2439
1 042 —0-1895 | —0-1895 | —0-1895 --0-1895
1/2 1-10 —0°2555 | —0°2555 | —0-2555 —0-2555
174 069 —0°2295 | —0°2245 | - 0-2545 —0-2362
CrO; 1/8 1-45 —0-2545 | —0°2625 | —0-2545 —0-2572
Hg/HgSO, + 1/16 1-42 —~0°2995 | —0-3145 | —0-3045 —0-3062
KCl 1/32 1-88 —0-3545 | —0-3695 | - 0-3745 --0-3662
1/64 1:99 —0°3545 | —0°3645 | —0-3645 --0°3612
1/128 239 —0-3895 | —0-3745 | —0°3295 —0-3812
17256 299 —0°4295 | —-0°4245 | —0-4195 —0-4245
1 025 0-5385 0-5575 0-4355 0-5105
1/2 072 0:1955 02055 02155 0-2055
1/4 0-95 0-2155 0-2055 0°4235 0-2815
CrO, 1/8 1-47 —0°3145 | —0°3395 | --0-3145 —0-3228
+ 1/16 222 --0-3645 | —0-3645 | --0-3845 -0-3712
K,SO, 1/32 2-35 —0°3945 | —0°3945 | —0-4045 —0-3973
1/64 310 —0°4195 | —0-4145 | —0-4095 —0-4145
1/128 3-01 04795 | —0°4745 | —0-4945 --0-4828
1/256 374 —0°4645 | —0-5045 | —0-4745 —0-4812
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X : Electrode potentials in CrO3-K;SO, solution measured by

X | Hg/HgSO, ref. electrode.
. ) ®: Eleqtrode potentials in CrQj-simple solutinn measured by
08 I~ \. . Hg/Hg,Cl; ref. electrode which was in contact with the
™\ _Corrosion ? ~ surface of the specimen.
'gi_ ‘s \ ' \ @ : Electrnde potentials in CrO3-KCl solution measured by
o6 1 : ~ Hg/HgSO, ref. elecirode.
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O : Electrode potentials in CrOj-simple solution measured by CrOz’1
q
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Eop- : observed value, Eest. : estimated value.

Fig. 4. The relation between electrode potentials of pure iron in chromate solutions and pH
values of the solutios in relation to the PourBaix diagram®™ for the Fe-CrO;-H,O

system at 25°C.
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Fig. 5. Schematic diagram of electrode reactions
on iron oxide film with chromate solution.
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Fig. 6. Schematic diagram of electrode reactions
on iron with chromate solution.
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