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Mossbauer Effect and I ron 
Corrosion Kinetics 
THE formation and maintenance of a protective film on 
the surfaces of mild steel equipment used to generate 
steam are important for safe and economical operation. 
Knowledge of the kinetics of the film's growth may lead to 
an understanding of the mechanisms of the process, and 
various properties have been measured: weight increase, 
detachment by chemical action and chemical analysis of 
the film, the movement of radioactive and other markers', 
and measurements of the rate of effusion through the walls 
of the vessel of hydrogen produced in the reaction•. 
Mo~t of those methods involve assumptions about the 
nature and cornposition of the materials encountered, or 
else require a series of measurements on a number of 
different samples of identical natum. The use of the 
Mossbauer effect in iron-57, though well known3 , has so far 
been little used for corrosion studies. This rnethod has 
several advantages: for example, different iron oxides 
and other likely corrosion products can usually be identi­
fied• from a few milligrams. 

We used thin natural iron foils (Johnson Matthey 
99·99 per cent pure X-ray filters, 0·02 mm thick) electro­
plated on one side with 1 mgjcm2 pure electromagnetically 
separated iron-57. These were heated in deoxygenated 
Analar water in a 'Teflon' liner which was placed in an 
autoclave and heated at temperatures between 180° C 
and 290° C for various lengths of time. The foils were 
fixed to the top of tho liner, which made a tight seal and 
prevented chemical or electrochemical contact with the 
water outside. The liner was removed and opened under 
nitr-ogen at 25° C so that transmission Mossbauer spectra 
could be obtained without exposure to the atmosphere. 
Several measurements could thus he made on the same 
foil after different periods of heating. The use of a layer 
of pure iron-57 greatly increased the sensitivity of tho 
oxperinwnt (natural abundance is 2·17 per cent). 

A typical spectrum is shown in Fig. I. The peaks from 
ferrous and ferric ions in the tetrahedral A and octahedral 
B sites'' in the surface layer of magnetite arc superimposed 
on the six-line pattern from the underlying iron. The 
parameters of tho magnetite agree well with those found 
for the natural material", and in no case was any absorption 
observed from other possible corrosion products such as 
ferrous hydroxide or 'hydrated magnetite' (unpublished 
n~sults of A.M. P. with B. T. Mould). Satisfactory least­
squares computer fits were made in all cases, assuming 
Lorcntzian line shapes. 

The area associated with a Mossbauer absorption peak 
can be expressed by the relation A;=!rrfsriL(ti), where 
L(t1) is a saturat.ion function depending on the effective 

2 
:: 
-::: 
" 0 

" " "' :;l 

" Q 
;oj 

!IJO 

90 

-10 

A 
& 

• 

-5 

+ 

0 
Velocity (mm/s) 

Fe 

5 lO 

Fig. 1. Mossb:tuer spectrum of magnetite film on iron foil (the sha<h;d 
lines a.t negatiYe and po~itive velocities are used as mea.sures of the iron 

and magnetite respectively). 
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thickness of the absorber t; for the ith line•, which in 
turn is given by t;= trrrocrobdan, ro andcro beingrespectivel:-.· 
the natural width of the peak and the nuclear cross-section 
for recoilless scattering, fa and fs tho recoilless fractions 
of absorber and source respectively, n the number of 
iron-57 nuclei per unit area of the absorber perpendicular 
to the incident radiation, and b; a factor which allows for 
tho hyperfino splitting of tho total cross-section cr0 and a 
larger than natural linewidth r;. The areas Rhaded in 
Fig. 1 wore used as measures of the amount of iron and 
magnetite present, that on the left hand side for iron, 
and that on the right hand side for magnetite. As a 
first approximation we supposed that the effective thick­
nesses were proportional to the observed areaR. From the 
total amount of iron present the values of t; wore re­
calculated from published values6 of L(t.,). Assuming 
fa=0·7 for magnetite as well as for iron7 , tho thickness of 
the film, y, was obtained as a function of time. We 
assumed that all the magnetite absorption came from the 
enriched film, and that no material was lost from the foil; 
the very small amount of deposit on the walls of the line 
suggested that this was a reasonable approximation. 

We assumed that the rate of film growth was described 
by a law of the form dyjdt = K yn. Logarithmic plots at 
different temperatures gave n = 3·0 ± 0·2, and an Arrhenius 
activation energy of 15·6 ± 0·5 kcalories. Tho value of n 
is in good agreement with the work of Douglas and 
Zyzes8 , and can be explained in terms of a diffusiOn· 
controlled reaction supported by a potential gradient such 
as might exist between the metal surface and a chemi­
sorbed water molecule at the film-water interface. The 
activation energy is loss than that observed in li3 per cent 
NaOH by Potter and Mann• (30 kcalories), and much loss 
than that for diffusion in the absence of any potential 
gradient in Fe30 4 and FeO (55 and :3 kcalories respec­
tively)10. It is, however, comparable with that for the 
decomposition of ferrous hydroxide (:30 kcalories when pure, 
but decreasing to 10·2 kcalories in the pr"'soneo of other 
ions such as Ni++) (ref. 11). We therefore suggest that. our 
value of 15·6 kcalories represents the activation energy for 
decomposition of the ferrous hydroxide formed at the 
surface of the film. Diffusion through the film would he 
augmented by the potential gradient set up by chemi· 
sorbed water molecules which react to form ferrou6 
hydroxide with the ferrous ions diffusing to the surface, 
thus destroying the potential gradient. We think that 
the higher value of Potter and Mann• can be accounted 
for by the known inhibiting effect of hydroxide ion on 
tho decomposition of ferrous hydroxide11 • Although a 
value of 17 kcalories has been found for the self-diffusion of 
oxygen in magnetite12 , the details of preparation of the 
magnetite suggest that it probably had different pro­
pert.ies from those of tho bulk material (unpublished 
results of A.M. P. with B. T. Mould). 
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