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1. IKTRODUCTIO .

On July 7the 1966 'reD.Jazerly (H.PeL.)
forwarded tc me three specimens of steel nlate from certain
micprobiological corrosion experiments he was encazed in. The
narticular set of experiments from which the snecimens came
were unusual 1nasmuch~gs eorrosion was not »roceeding as
rapidly as was expected from the results of previuus experiments.
The threce specinens were!l

(a) a fresh steel plats similar to
those e~rloyed in the corrosion exverinents.
(b) a stecl plate having suffered 25

weeks immersion in a culture of Desulshovibrio desulfuricans,

strain Hildepborough.(l«B, the older ncmenclature will be used
throughout). (°) a strel plage after 25 weeks 'n

a culture of D.desulfuricans strain Te.dington R.

Specimens (b) and(e) were transported in
HeCartney bottles, which had been topped up with *ediun C,
The Medium C umed to cover srecimen (b) was iron-rich, whereas
that with specimen (e¢) was not. The plates were not removed from
their bottles until July 1i4th,
2 PREPARATION OF SPECIMENS,

Specimens (b) and (e¢) were extracted fron
the MeCartney bo'tles and quickly washed in distilled water and
subsequently with acetone. Durlng this washing »rocess a little

of the blue=black film which covered the specimens fell away, but



most of 1t was unaffecteds The snecinmens were kopt under nitrogen
between filter papers in a vacuum dessicator for four days, and
whenever the specinens were not being examined they were kent

in this way.

After four days the specinens were taken out of the
dessicator . They arneared dry and showed no sisns of oxidation
when examined with a binocular microscope.

A1l three succimeas were cut in '.2lf transversely.
Three of the halves were mounted vertically in cold setting
vlastic and polished. The other three halves were kept in the
dessicator for surface cxamination.

3. QUTICAL EXAMINATION,

HMacroocopically srecimens (b) and (¢)appeared to
be covered with identical blue-black cohesive [ilms of arparent
homogenelty which were not dissinmilar to the material knowm as
melni ;o 1tee The wet precipitate 5till arnparent in the nmedia
in which specinen (b) was transvorted appeared similar to the
f1lms in all ways except in the matter of consistency.

The surface of the fi ms were examtined by reflected
light micro:copy. o anprarent differences were seen bhetween
svecinens (b) and (c). In both cases the film surfaces were
covered with tiny balls of pyrite., These balls consist of a
svherical asgloneration of pyrite microcrysts, this type of
texture fallin under the wider definition of !Iramboidal’t.
(fron the french ‘framboisce!'! or rasnberry ). These framboids

rarcly appeared larcer than 157 microns in diameter and it was



suspected that these larser apheres were made up of an accumulation
of smaller onc8es The frambolds are shown in fisure 1.

The framboids rested on the surface of the film and
could be easily dislodged. The film itself was very irregular
in thickmess. Other than the pyrite framboids, nc other cryst-
alline minerals could be seen or icdentifieds The film was m»
relatively cohesive and could be flakal off the surface of the
steel plate.

Beneath the thick film the nourface did not arpear
to be wholly eoxposed, and the v»resence of a second film, much
thinner and more firmly attached to the surface,was susnected,
The surfacc of the stecl itself had been beautifully etched
and the individual crystals of the ste-l were ecasily scen.(cee
£1g.2)

The examination of the nollished section was nade
difficult by the great diiference in hardnezs between the
stecl plate and the filnm, the stcel rlate standinz proud of the
filn, Figure 3 shows the relatively smooth edge of the uncorroded
stecl plate and was included to demonstrate the rel%%e roughness
of the cdge of the cor-oded nlate (fig.l).

The microscone in figure 4 was focussed on the surface
of the edge of the stecl plate, and thus the film cannot be seen,
It was focussed here to demonstrate another feature of the
corroded specimens : the semicircular concentric rings of varying
colour and reflectivity that were abundont on the cdges of both

corroded specimens but to&a'ly abszent from the noncorroded




speeinen. Thesc rings %re always centred on a small group of
highly reflecting particles, which were thousht to be fragmented
stecl. Their radii were never greater than 100 microns,

The f£ilnm itself (fiz 5 ) was on averase about 150-200
mdcrons in thiciness. The edge of the film was never exposed in
the polished section because of the ¢ilfference in hardness
between it and the plate, Fisure 5 shows thdes edsge sloping
away under the plastic. Surlface feabures, such as pyrite spheres
were therefore not seen in polished sections fost of the film
demonstrated no textures other than the banding and the blebs
associated with those of nrecipitates of near colloidal sized
varticles, The optical proverties of the filn ~upggested that
it was an oxide rather than a sulrhide, but there was a nossibility
that it ndght have been sinilar to greigite. In some s ctions
large transparent crystals were seen embedded in the film. These
lacked the cleavage normally associated with carbonates and they
were thought to be phosphates poassibly of iron.

The presence of a second inner film un‘er 10 mnlcrons
thick is demonstrated in figure 5. As can be seen in the photo=
sreph there is apparently little differense in the rature of the

two films except that the inner film is =2lightly the darker,

be ¥)=RAY EYAMINATION,

Two samnles were taken for x-ray cxamination: (i) a
samrle of the film attached to a glass fibre, for evamination

in 2 1llem. canera,

(11) a



snear mount of a sample of the precipitate\in the Hildenborough
culture bottle for daiffractometer cxamination.

The inadequacies of these methods of sanmnle rreparation
are cbviocus and since then other methods of prevaration have
been developed, the results of which, being pertinent to this
discussion, are mentioned below,

The sample of film pgave a very strong pattern of
a hydrated ferrous orthophosphate and a susylcion of the presence
of ferrous hydroxide q or 'GRE'N RUST 1 7,
The srear mount of the vreeipitate save a very
noor diffractometer trace, with only the atronger lines of
lepidocroeitce and, nossibly, nyrite, being present.

e LoPyaMaAe LVAITHATION,

The ~olished cection of the steel nlates was repolished
ard coated with a carbon filmy ready for clectron —robe nicro=-
analysis. These two precautions prevenwded any chance of the
swecimen surface beins contaninated by atmosvherie oxidation.

During a period of five hours machire time, nc cloment
other than iron was found. The only exception to this was the
discovery of a crystal of irod phosrhate embedded in the film
on “peciren (D).

The film save iron maxina approachins 75%, (without
corrcction), cquivalent to the formula FeCOH., “m the T.P.!i.A.

a second,inner,fllm was not distinsuished.
The curtous rir; structures apparent at the edges of

the corrode: speclnens showed no reaningful varlatioms in



composition relative to the steel nlate ltself. This probably
inplies variations below the detection limits of the uicro-
analyser rather than thc total absence of such variations.

The resilts ‘ro: the electron =nrobe wicroarnalyscs
shdw that at lsast the inner 50 microns ogthe film coating the
corroded sneclinens 15 of iron oxide or oxyhyiroxides The X=raoy
results surrest that this oxide is in the (~iron oxide/oxyhycdrovide
serlies.

The iron vrecipitate I obtaln in ny che=lcally defined
nedium has beer anal- sed anoxically both wet znd dry. The 1 nmediate
nrecipitate consists of the basic salts of iron hydroxide ,
mostly of ferrous hycdroxide. These are highly unstablec phases
and rapldly change ,by autocxiddation, to a mirture of the green
rusts, y-FeOOE and Fe30“, the latter pailr tecomling wredoninate
with timee Dry oxidation of these phases leads to the formation
of S-Fe203, before the ultimate formaticn of haematite,

A knowledge of the form of the origlinal oxyhydroxide
is inmportant since it might indicate the expected forms of the
sulphides The srinel structures cf narnetite and ;'-Feao3 would
be expected to lead, on sulphidation, to the formayion of the
thiospinel FeBSq’ greigitey which is very magnetic. Likewlse,
fronm the Y-series of oxyhydroxides in general, pyrite, rather
than marcasite would be expected to be the stable crystalline
forne.

Thermodynanic considerations show that the iron sulphides



ard the ferrous and ferroso-ferric éades/oxyhydroxides have
similar Th-pil stability fields. The @edominance of the oxide
or sulphide phases devende on th- partial rressure of ‘he sulphur
onecles .
In the nedia used in these cxmerinents we rust there-
fore assume that when the stecl pi?e was inserted into the
culture the partial pressure of the sulvhur speciec vresent
was not high cnough to satisfy the iron concentration, and
that iron oxyhydroxlde was nrecivitated., “hilst the cxyhyrroxidr
was undersoing its serles of tobotactic autoorications, sulphication

of the fil: started from the outside, The occurrence of »yrito-

srheres on the surface of the filw is rather perplexing. That
the only eviderce of sulvhidatior is the formation of wolle
crystaliine pyrite on the film surface is susrvicious and misht
wedl be takor to inply that arorrhcus -ulzhide oceurs on the
outer edge of the film, that is, beneath the plastic surface
of the »olished section.

With a film present it is very diffliecult to s e how
the bacteria could multinly rawidly at the £ilm surface, because
of the limited supply of nutrierts they would receive in this
position. Therefore biologlcal ¢ rrosion should be limited
to cracks and defec¢ts in the film, The weak ctching secen all
over the surface of the nlate 1o caus~dé mainly by ner=mal chomical
corrosionr.

The ~wlticoloured concantric henlsnheres seen at the



cdges of t'e correoded specimens were first thouzht to be ercusmive
ir origin, vossikly due to the »olishinz technique, owoever

since they were not seen on the pomcorroded snnclrien this leads

ne to belgive that thesc are real corrosion featuees. Although
variations in chz-dcal camnposition acress these rings were not
detectable, it is posci¥le that these feoatvres reflect a loss

of certain constituents on the prelininary stages of corrosicon.

The inner film seemed to be of similar composition

to the thicker outer film.. Althou~h a Jérép in iron content

was suapected we were unable to denonstrate the si~srificance

of this result. If we accent that the inner £iln is of similar
constitution t& the thiciker film, its increascd adherence to

the specimen nay be explained by the stronger effect of wealr forces
at the specimen surface. .These wealr forces, in addition to the
clectrogstatic forces zcepin~ the film as a whole on the smnecimen
would give a mofe compact and ore adherent ilm of oxyhydroxide

on the surface of the specinen.



Figure 1

Figure 2





