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Effect of trace amount of ferrous and ferric ions on the dissolution
of iron plate in magnetically treated 3% sodium chloride solution
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A 3% NaCl solution of 1 dm’ circulated with 1.5 dm’/min by a pump for 24 h in the presence of magnetic
field. An iron plate immersed in a 100 em® of test solution for 24 h. The rest potential and pH on surface
fixed after 3 h. Containing 0~120 ppm of Fe(Il) ion, the dissolution in the magnetically treated solution
rose comparing with that in the non-magnetically treated solution. The dissolution amount reached to maximum
at 50 ppm, then fixed in the non-magnetically treated solution. When Fe( I ) ion existed in the magnetically
treated solution, dissolution accelerated a little. In the non-magnetic treated solution containing 10~125 ppm
of Fe(I) ion existed, the dissolution accelerated. The dissolution amounts reached to maximum at 50 ppm,
then decreased from maximum value. In the magnetically treated solution, the dissolution amounts reached
to minimum until 50 ppm, then increased from minimum value. The dissolution amounts affected larger
with increasing of magnetic flux density. Fe( ] ), Fe(Ill) ions and magnetic treatment affected to formation
of Fe(OH); and/or Fe;O4 films. The magnetically treated effects memorized about one month.
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1. Introduction

Many technologies are available to protect an iron against
corrosion media. One of the common techniques is to use
magnetic field effects. The magnetic field effects on the
dissolution and corrosion of metals were differed in the
corrosive environments. The dissolution was accelerated
and/or inhibited. Any mechanisms of magnetic field effects
were unknown. If the inhibition effects are expected, the
magnetic field effects have been larger economically than
the anticorrosion engineering by the chemicals and other
techniques.

The magnetic field effects on the dissolution and corro-
sion were some reports. Anodic dissolution was studied
specially. Anodic dissolution became uniform.” A mass
transfer was affected.”” The anodic dissolution rate was
differed when the direction of a magnetic force line to
dissolution face was differed.” The formation rate of
passive film was faster and corrosion inhibited.” The
inhibition of dissolution was depended on the change of
surface conditions.” The corrosion was affected the
formation of oxide film on the surface.” Generally, the
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corrosion and dissolution were inhibited as the changing
rate was faster from red rust to black rust. Effect of mag-
netic fields on electrochemical process had been pub-
lished.”

In this study, the authors were estimated that dissolved
iron ion prepared to dissolution and corrosion, effect of
concentration of iron ions in magnetically treated 3 %
NaCl solution determined.

2. Experimental procedure

The magnetic field was prepared with samarium-cobalt
permanent magnet, and the magnetic flux density used 0.2,
0.4 and 0.6 T. A 3 % NaCl solution of 1000 cm’ circulated
with 1500 em’/min by the pump for 24 h in the magnetic
field under close system. A FeCl, or FeCl; was added
in this solution. A test solution of 100 cm’ which contained
Fe(Mlor IM) ion in the rang of 0 to 125 ppm was taken
in a Erlenmeyer flask with stopper. The test specimen was
prepared from an iron plate (99.99 %, 0.1 cm) by cutting
specimen into a small plate with dimension 1 cm x 5 cm.
The surface polished with 2000 emery paper, immersed
for 1 min in 6 mol /dm’ HCI solution and washed distilled
water before each experiment. An iron plate hung with
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silk thread, and immersed for 24 h. The temperature was
kept at 298+0.5 K during the measurement. The effects
of chloride ion in FeCl, or FeCl; on the dissolution were
neglected.

The dissolution amounts were measured by the o-
phenanthrolin absorptiometry. The test solution was
filtered. The adhesion materials on the surface of the iron
plate were dropped on the cake with the spatula. A cake
was dissolved with 2 cm’ of 6 mol/dm® HCl, and was
mixed to the test solution. Thereafter, distilled water was
added, and made up 250 cm’. After a 1~10 cm® of this
solution was sampled, 2 cm’ of acetate buffer solution (pH
5.25), 2 cm’ of 0.25 % o-phenanthroline ethanol solution
and lIem’ of 1 % hydroxylamine hydrochloride were
added. Distilled water added and made up 25 cm’. The
concentration measured at 508 nm.

3. Result and discussion

3.1 pH

The pH changes of test solution on the surface are
shown in Fig. 1 and 2 as a function of immersion time.
The initial pH, 4.7, of test solution increased to 6.1~6.4
after 6 h, thereafter pH was stabilized with a immersion
time elapsed in the magnetically treated solution. The
value of pH was differed with the taken of Fe(Il) and
Fe(Ill) ions and those concentration. In the non-mag-
netically treated solution, the pH of solution without iron
ion was higher comparing with that solution containing
of Fe( Il ) and Fe(Ill ) ions and mixture. In the magnetically
treated solution, the pH of solution without iron ion was
higher than that containing of 50 ppm of Fe(1) ion and
mixture of Fe(I) and Fe(lll) ions, and was lower than
that containing a 50 ppm of Fe(Ill) ion. The magnetic
treatment effects had a little as the difference of pH was
about 0.1 at each immersion time. In the early stage of
corrosion, the pH of each test solution on the surface was
about 4.8~5.0. Next chemical and electrochemical reac-
tions were considered. Egs. (1)~(3) were proposed in week
acidic chloride solution” as follows.

Fe + CI' + HyO <> [FeCIOH oy + € (1
[FeCIOH s — [FeCIOH] + & )
[FeCIOH] + H' « Fe’" + CI" + H;0 3)

And HCOys ion existed as CO» gas in air dissolved in
the test solution.

CO, + H0 — HCO; + H' 4)
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Fig. 1. pH on surface in non-magnetically treated solution
Concentration: © ; Non-addition, (J; Fe( 1) 50ppm, @; Fe(lll)
50ppm, ®@;Fe(lt) 25ppm and Fe(lll) 25ppm
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Fig. 2. pH on surface in 0.6T magnetically treated solution
Concentration: ©; Non-addition, @; Fe( 1l ) 50ppm, @; Fe(lll)
50ppm, @;Fe(ll) 25ppm and Fe(lll) 25ppm

This equilibrium was depended on the pH and did not
depended on the electrode potential. The reaction (5) was
estimated.

Fe + 2H' +2HCO;” — Fe(HCOs), + H, %)

Further, next reactions were consisted,

Fe + 2H,0 — FeO.H + 3H" + 2¢ (6)
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Fe + 2H,0 — Fe(OH), + 2H"
E= -0.047-0.0591pH vs. NHE (7

However, the main reaction was given by equation (8),

= -0.444 + 0.0296 log[Fe™]
vs. NHE (8)

Fe — Fe¥' + 2¢

Cathodic reactions were given by equations (9)~(11).

2H" + 2¢ — H» 9)
2H,0 + O; + 4e — 40H (10)
0, + 4H" + 4¢° > 2H,0 an

The rise of pH could be explained with the reaction
(10). The potential is -0.62 V vs. NHE under about 6 to
7. Fe(1l) ion was many change to black magnetic iron
oxide, or black magnetite Fe;04 or into white Fe(OH)s.
To fit the general scheme of emphasizing the dependence
of pH and potential, it is useful to rite the equilibrium
of ferrous hydroxide as follows.

Fe¥' + 20H — Fe(OH), (12)
But, next equations were considered, as follows,

Fe’” + 2H,0 — Fe(OH), + 2H'
log[Fe™] = 13.29 - 2pH (13)

Fe’" + 3H,0 — Fe(OH)' + 3H™ + ¢
E = 1570 - 0.178pH + 0.0591 log[Fe’"]
vs. NHE (14)

Fe(OH), — Fe’' +20 H
Kieomm, = [Fe2][0 H J* =-14.71 (15)

4Fe(OH), + 0; +2H,0 — 2FC(OH)3 or Fe,Os + 3H,0 (]6)
3Fe(OH), — Fe;04 + 2H,0 + 2H' + 4¢ (17
4Fe(OH); + 3H' + ¢ — Fe* + 3H,0 18)

Fe,0;5 + 6H™ + 2¢° — 2Fe’" + 3H,0
E = 0.728 - 0.178pH + 0.0591log[Fe’"] vs. NHE  (19)

The pH was fixed at about 6.0~6.5 after 6 h of immer-
sion. The hydroxide of main product was observed. Some
time, Fe,Os; and Fe;0, films were observed on a part of
surface. So, we can conclude that the surface of iron plate
is covered by productive insoluble hydroxide, and this
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hydroxide was changed to oxide after 6 h of immersion.

3.2 Rest potential

The rest potentials are shown in Fig. 3 and 4. The rest
potentials shifted in the based direction with time elapsed,
and stabilized at approximate -650 mV vs. Ag.AgCl after
6 h of immersion. We can conclude that the dissolution

S
~

|
o
()]

|
)
N

Rest potential / V/Ag = AgCl

o
<

Time, hr

Fig. 3. Effect of iron ions on the rest potential in non-magne-
tically treated solution

Concentration: © ; Non-addition, (; Fe( 11 ) 50ppm, @; Fe(lll)
50ppm, ®;Fe(ll) 25ppm and Fe(lit) 25ppm
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Fig. 4. Effectofironion onthe restpotential in 0.6T magnetically
treated solution

Concentration: © ; Non-addition, (; Fe( Il ) 50ppm, @; Fe(lit)
50ppm, @;Fe(Il) 25ppm and Fe(lll) 25ppm
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of iron plate was prior generated, thereafter the corrosion
products were covered on surface gradually. The preci-
pitation of Fe(OH), and Fe;O. film were observed on
surface after 24 h of immersion. The rest potentials were
differed with a trace amount of iron ions.

In the non-magnetically treated solution, the rest poten-
tials in the absence of iron ions were noble comparing
with that in the presence of iron ions. We can conclude
that the trace amount of Fe([l) and Fe(lll) ions in the
solution was affected to corrosion and dissolution of iron
plate. The actual dissolution amount was measured, as the
details of the effect on the magnetic treatment were the
indistinctness.

3.3 Dissolution amount

Effect of immersion time on the dissolution amount is
shown in Fig. 5. Fe(Ill) ion was not detected in the test
solution at 24 h of immersion testing. We can estimate
that Fe( 1) ion was not oxidized to Fe(Ill) ion with O,
gas in the test solution during the magnetic treatment of
24 h. But, Fe(Tl) ion was examined as Fe( Il ) ion was
oxidized to Fe(Ill) ion in the long times under an atmo-
sphere of air. Fe([ll) ion changed to hydroxide as follows.

2+

Fe’' — Fe’' + ¢

Eo = 0.771 + 0.0591log ([Fe’'] /[Fe’]) vs. NHE  (20)
Fe’" + 30H — Fe(OH); — FeOOH + H,O Q1)

In the test solution containing of 50 ppm Fe(]]) ion,
the dissolution amount increased with magnetic treatment
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Fig. 5. Effect of immersion time on the dissolution amount.
o; Non-magnetic treatment, ®;Magnetic treatment, ———;
Non-addition, ~+—+—; Fe(lt) S0ppm, ---; Fe(lll) 50ppm
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Fig. 6. Effect of ferrous ion on the dissolution amount
o : Non-magnetic treatment, ®: Magnetic treatment

comparing with that without magnetic treatment. In the
test solution containing of 50 ppm Fe(Ill) ion, the disso-
lution amount reduced with magnetic treatment comparing
with that without magnetic treatment over 12 h of
immersion. In the mixed solution of 25 ppm Fe(l) and
25 ppm Fe(1Il ) ions, the dissolution amount increased with
magnetic treatment.

Effect of Fe(Il) ion concentration in the test solution
on the dissolution amount after 24 h of immersion is
shown in Fig. 6. The dissolution amounts in the magne-
tically and non-magnetically treated solutions were
accelerated with increasing Fe( [1) ion in solution. The
dissolution amounts in the magnetically treated solution
were larger than that in the non-magnetically treated
solution. We can conclude that the magnetic treatment
inhibited the reactions of equations (7), (13), (14) and (16),
or accelerated the reaction of (15).

Effect of Fe(lll) ion concentration in solution on the
dissolution amount is shown in Fig. 7. A 10~125 ppm
of Fe(ll) ion was contained in a solution. The dissolution
amounts increased until 50 ppm of Fe(Ill) ion, thereafter
decreased with increasing of Fe(lll) ion in the non-
magnetically treated solution. The dissolution amounts
decreased until 50 ppm, thereafter increased with in-
creasing of Fe(1l) ion in the magnetically treated solution.
The dissolution amount accelerated in the magnetically
treated solution comparison with that in the magnetically
treated solution under 10 ppm of Fe(lll) ion. The disso-
lution amounts inhibited in the range to 10~125 ppm in
the magnetically treated solution. The following experi-
ments were examined about 50 ppm, as the concentration
range of 40~80 ppm was more prepared to dissolution.
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Fig. 7. Effect of ferric ion on the dissolution amount
o : Non-magnetic treatment, ®:Magnetic treatment
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Fig. 8. Effect of mixture of ferrous and ferric ion on the disso-
lution

Fe( 11y + Fe(lll) = 50ppm,
Magnetic treatment

0 : Non-magnetic treatment, @:

We conclude that the magnetic treatment of solution
accelerated the reactions of equations (20) and (21).

Effect of the mixed portions of Fe( 1) and Fe(ll) ions
on the dissolution is shown in Fig. 8. The dissolution
amount increased in the non-magnetically treated solution,
and decreased in the magnetically treated solution with
increasing Fe([ll) ion.

It was estimated that the corrosion products had been
formed on the surface as the measurement potential did
not agreed with the value of equation, even if the disso-
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lution amount and pH are substituted for the reactions of
equations (7), (8), (13), (14), (15), (19) and (20).

3.4 Magnetic flux density

Effect of magnetic flux density on the dissolution
amount is shown in Fig. 9. In the non-containing and
containing of 50 ppm of Fe( [[ ) ion, the dissolution amount
increased with increasing of magnetic flux density.
However, the dissolution amounts were reduced with
increasing of magnetic flux density in the solution con-
taining of 50 ppm of Fe(Ill) ion. It was concluded that
magnetic treatment was accelerated to dissolution during
early period of immersion.

0.30

2

Dissolution amount, mg/cm

0.25F

0.20U4 | | |
0 0.2 0.4 0.6

Magnetic flux density, T

Fig. 9. Effect of magnetic flux density on the dissolution
Concentration: © ; Non-addition, (; Fe(Il') 50ppm, @; Fe(lll)
50ppm, @;Fe(Il) 25ppm and Fe(lll) 25ppm

3.5 Memorization of magnetic treatment effect

Effect of memorization after magnetic treatment on the
rest potential is shown in Fig. 10. The test solutions were
left at 298 K after the magnetic treatment. The magnetic
treatment eftects disappeared as the locus of rest potential
approached to that of non-magnetically treatment solution.

Effect of memorization after the magnetic treatment on
the dissolution amount is shown in Fig. 11. The dissolution
amount in magnetically treated solution which was not
contained Fe(Il) ion was reduced with increasing of
leaving days. The dissolution amount in magnetically
treated solution containing of 50 ppm of Fe(Il) ion was
increased with increasing of leaving days. It was estimated
that magnetic effects disappeared after about one month.
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Fig. 10. Effect of memorization after treatment on the rest
potential

o : Non-magnetic treatment, ®,/A,A: Magnetic treatment,
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Fig. 11. Memorization of magnetic treatment.
Non-magnetic treatment, ®:Magnetic treatment,

Concentration: —; Non-addition, ———; Fe(Il) 50ppm, ---; Fe
(lir) 50ppm
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The dissolution amount in magnetically treated solution
which was not contained Fe(Ill) ion was reduced with
increasing of leaving days. The dissolution amount in
magnetically treated solution containing of 50 ppm of Fe
(I) ion was increased with increasing of leaving days.
It was estimated that magnetic effects disappeared after
about one month.

4. Conclusions

1) The dissolution was accelerated in the magnetically
treated 3% NaCl solution containing 10~125 ppm of Fe
(1) ion.

2) The dissolution was inhibited in the magnetically
treated 3% NaCl solution containing 10~125 ppm of Fe
(I) ion. The inhibition effects were most largest in
containing 40~80 ppm of Fe(ll) ion.

3) It was concluded that magnetically treated solution
containing of Fe(il) ion was inhibited to formation of
Fe(OH); and/or Fe;0, film and magnetically treated
solution containing of Fe([ll) ion was accelerated to
formation of Fe(OH); and or Fe;Q, film.

4) The magnetically treated effects were disappeared
after about one month
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