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NOTE 

INFLUENCE OF TRANSITION METALS ON THE FORMATION 
OF IRON OXIDES DURING THE OXIDATION 

OF Fe(II)C12 SOLUTION 
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Among the most common iron oxides in hydro
morphic soils are goethite and lepidocrocite which re
sult from the weathering of pre-existing iron minerals. 
Si and Al strongly interfere with lepidocrocite forma
tion, whereas Si alone favors ferrihydrite and AI-goe
thite formation (Schwertmann and Thalmann, 1976; 
Karim, 1977). 

Different proportions of AI, Ca, Mg, and Si and low 
concentrations of Mn, Zn, Cu, Mo, and Ni ( - 10-6 M) 
have been observed in soil solution (Russell, 1973). 
Reduction of Fe(IlI) and Mn(IV) oxides in seasonally 
waterlogged soils has been reported tt> increase soil 
solution concentration of Mn, Co, Cu, Mo, and Zn 
(Ponnamperuma, 1972). Upon aeration, Fe(II) oxidiz
es to lepidocrocite, goethite, or ferrihydrite, depending 
on soil pH and the presence of Al and Si in solution. 
Nalovic and Segalen (1973) reported that the sum of 
the transitional metals present with iron inhibits the 
crystallization of iron oxides. They did not explain, 
however, the specific effect of individual elements on 
iron oxide crystallization. The present study was ini
tiated to elucidate the influence ofMn, Zn, Cu, Co, Ni, 
and Mo on the crystallization of iron oxides through 
the oxidation of Fe(II) solutions. 

EXPERIMENTAL 

Preparation of oxides 

Distilled water was boiled vigorously and allowed to 
cool under a flow of N2 gas which had been passed 
through an alkaline pyrogallol solution to remove oxy
gen. A 0.05 M Fe(II)CI2 solution was prepared using 
this oxygen-free H 20. The standard metal solutions 
were prepared by dissolving their chlorides in 0.25 N 
HCI. Standard molybdate solution was prepared by 
dissolving crushed ammonium molybdate in distilled 
water. 

The N2 gas was continuously bubbled through a cal
culated volume of 0.05 M Fe(II)CI2 solution to which 
varying amounts of different standard metal solutions 
had been added to obtain different atomic ratios of 
Mn/Fe, Zn/ Fe, Co/Fe, Ni/Fe, and Mo/ Fe. These mix
tures were brought to pH 7 under a flow of N2 gas by 
adding CO/--free NaOH solution. 

Air was passed through the NaOH solution to re
move CO2, and blown through the green suspensions 
at the rate of 2-3 bubbles per second. The oxidation 

took about 48 min at which time the pH had decreased 
to about 3.8 (±0.2). The oxides formed were dialyzed 
against distilled H20 until the H20 gave a negative test 
for Cl- with AgN03• This process usually took 2-3 
days. 

X-ray powder difJractometry 

Known proportions oflepidocrocite prepared by the 
oxidation of 0.05 M Fe(II)CI2 solution were mixed with 
known amounts of goethite prepared by ageing of pre
cipitates from Fe(III) solution at pH 12 for 4 days at 
50°C. The mixtures were finely powdered in an agate 
mortar, packed into aluminum holders, and were 
pressed against filter paper to minimize orientation 
effects. X-ray powder diffraction (XRD) patterns were 
obtained with a Philips goniometer using Fe-filtered 
CoKa radiation. The areas of 120 reflection oflepido
crocite and the 130 reflection of goethite were mea
sured and plotted against known proportions of lepi
docrocite and goethite. The areas of the 120 reflection 
of lepidocrocite and the 130 reflection line of goethite 
were measured in unknown samplies, and the propor
tions of these minerals were ascertained by reference 
to these standard curves. 

Chemical analysis of oxides 

An acid oxalate treatment was used (Schwertmann, 
1964) in which 70-100 mg of the oxide were shaken 
with 100 ml ofNH4 -oxalate-oxalic acid (pH 3.0) mix
ture for 2 hr in the dark to determine the "noncrys
talline" fraction of oxides (Feo). A duplicate sample 
was dissolved completely by gently heating in a few 
milliliters of approximately 12 N HCl and the total 
metal content of the oxide was determined by atomic 
absorption spectroscopy. 

RESULTS AND DISCUSSION 

The oxidation of 0.5 M Fe(II)CI2 solution yielded 
mainly lepidocrocite with an FeolFe, ratio about 0.40 
(±0.2). The addition of Mn, Zn, Cu, Co, Ni, and Mo 
tended to increase the proportions of goethite or non
crystalline oxides and to decrease the amount of lep
idocrocite (Table I). Lepidocrocite was the principal 
product, when only Mn or Zn was added. As the pro
portion of Mn to Fe was increased, some goethite 
formed and the crystallinity of the lepidocrocite de-
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Table I. Influence of initial concentrations of trace elements on the oxidation products of 0.05 M Fe(II)CI2 solutions. 

Approximate proportions and HWI 
Atomic ratios x 10-' of lepidocrocite and goethite 

EJements Lepidocrite Goethite 
added to In oxide 
Fe(JI)Cl, In oxidation after oxalate HW HW 
solution In solution product treatment Feo/Fe, (%) ("29) (%) ("29) 

0 0 0 0 0.40 100 0.41 0 
Mn 3.08 1.66 0.98 0.41 65 0.48 0 

27.30 9.13 6.41 0.43 40 0.52 10 0.45 
80.00 18.83 14.66 0.51 20 0.57 15 0.50 

Zn 3.06 2.05 1.86 0.47 50 0.47 3 0.43 
30.60 22.90 8.60 0.60 25 0.58 0 
70.00 31.86 21.14 0.69 0 trace 

Cu 3.15 7.82 6.97 0.29 25 0.51 30 0.41 
31.50 52.02 48.60 0.22 3 0.62 35 0.38 
70.00 84.27 14.23 0.60 0 trace 

Co 3.39 2.16 1.96 0.34 35 0.49 25 0.44 
20.00 14.71 14.60 0.22 20 0.54 35 0.41 
67.87 24.28 22.36 0.37 10 0.56 25 0.47 

Ni 3.41 2.01 1.88 0.38 45 0.48 10 0.42 
19.52 8.60 7.68 0.23 26 0.53 25 0.43 
68.13 38.80 28.16 0.22 10 0.55 40 0.45 

Mo 2.08 3.50 3.11 0.20 10 0.55 25 0.48 
10.40 8.90 7.82 0.13 0 35 0.42 
30.00 24.84 22.42 0.07 0 40 0.38 
40.00 33.20 25.36 0.12 0 25 0.49 

I Uncorrected width at half height of 120 reflection of 1epidocrocite and 130 reflection of goethite. 

creased, as indicated by the width of 120 reflection of 
lepidocrocite. Copper largely induced the formation of 
goethite. At CufFe = 31.5 x 10-3, about 35% goethite 
formed, and only 3% lepidocrocite was present. At Cuf 
Fe = 70 x 10-3, the main product was noncrystalline 
material, with a trace of goethite. Molybdate strongly 
inhibited the formation of lepidocrocite, but favored 
goethite. No lepidocrocite was formed at the atomic 
ratio of Mo/Fe = lOA x 10-3• All of these transition 
elements suppressed lepidocrocite but favored the for
mation of goethite mostly between the atomic ratios 
of 3.08 x 10-3 and 31.5 x 10- 3• The inhibitory effect 
of elements on lepidocrocite formation was in the fol
lowing order: 

Mo > Cu > Co > Ni > Zn > Mn. 

The amounts ofMn, Zn, Cu, Co, Ni, and Mo in the 
iron oxides left after oxalate extraction varied greatly. 
The maximum amount of Cu in the oxide correspond
ed to CufFe = 48.6 x 10- 3 and was achieved from a 
solution with CufFe = 31.5 x 10-3• The coprecipita
tion ofCu at the lowest CufFe ratio (3.15 x 10-3) was 
much higher than that of any other metal at a similar 
Me/Fe ratio added. The formation of 30-35% of goe
thite at low and medium CufFe ratio in solution vs. 
high CufFe appears to be dependent on the amounts 
of Cu2+ coprecipitated. Cu2+ has a d9 electronic con
figuration which is likely to affect its coprecipitation 
with <goethite. 

The fraction of oxides other than lepidocrocite and 
goethite increased with increasing addition of trace 

metals. Na10vic and Sega1en (1973) reported that the 
association of trace metal with iron during crystalli
zation leads to the formation of microcrystals of oxides 
containing trace metals. Slow oxidation of Fe(II)CI2 
solution usually gives lepidocrocite, but oxidation in 
the presence ofSi yields ferrihydrite (Schwertmann and 
Thalmann, 1976; Karim, 1977). No ferrihydrite was 
detected in the oxides formed through the oxidation 
of mixed solutions containing trace metals. Because 
ferrihydrite gives very weak and broad XRD lines, it 
is difficult to detect in low concentrations by XRD 
(Schwertmann et ai., 1982). Lepidocrocite and goethite 
have the same mass absorption coefficient; the amount 
of either mineral present should be proportional to the 
intensity of a particular XRD peak, but the presence 
of poorly crystalline material may cause an increase of 
the absorption coefficient (Schwertmann and Taylor, 
1972). It appears, however, that the goethite fraction 
in the Mo-series of oxides was underestimated, pos
sibly because of mismatch of goethite formed in the 
Mo-series and the standard goethite. Goethite formed 
at Mo/Fe = lOA x 10-3 has much larger surface area 
(109 m2/g) than the standard goethite (51 m2/g). 

CONCLUSIONS 

Mn, Zn, Cu, Ni, and Mo had specific effects on the 
formation and crystallinity of the iron oxides produced 
by the oxidation of precipitates formed by the neu
tralization ofFe(II)CI2 solutions wi.th COl- -free NaOH. 
Lepidocrocite was the principal product up to atomic 
ratios of Mn/Fe = 27.30 x 10- 3 and Zn/Fe = 3.06 x 
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10-3 , but at higher ratios, some goethite formed and 
the crystallinity of the lepidocrocite decreased. Copper 
mostly favored goethite at CulFe = 3l.50 x 1O-3.Mo
lybdenum at Mo/Fe = 10.4 x 10-3 completely inhib
ited the formation oflepidocrocite but strongly favored 
goethite. The inhibitory effects of these transition ele
ments on the formation of lepidocrocite were in the 
order: Mo > Cu > Co > Ni > Zn > Mn. 
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