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REACTIONS OF FeH AND FeH WITH CALCITE' 
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Abstract-Ferrous or ferrie perchlorate, 0.01 M, was reacted with calcite in stirred aqueous suspensions 
which were bubbled vigorously with an oxidizing purge gas. Two and three equivalents of Caco3 were 
dissolved per mole of FeH and FeH neutralized, respectively. With Fe(ClO.h, the crystalline Fe oxide 
products partially coated the calcite surface. The dominant products were lepidocrocite and goethite when 
the purge gas was air or 20% CO2 (balance air), respectively. After reaction with FeH the edges and 
corners of the calcite crystals were generally rounded and the faces were non-uniforrnly pitted; however, 
after reaction with FeH, a mosaic pattern with distinct ridges and channels was evident on the calcite. 
These ridges were somewhat pitted, but distinct stepped dislocations were present leading to a featureless 
and generally flat channel floor, When the calcite was separated from the Fe solution by a semi-perrneable 
membrane, precipitation occurred predominantly on the calcite side and on the Fe side ofthe membrane 
in the Fe2+ and FeH systems, respectively. 

Fe oxyhydroxides precipitated from the Fe(Cl04)3 and Fe(ClO.h solutions by different mechanisms. 
In the Fe(ClO.)3 system, although the initial reaction may have been at the calcite surface, the bulk of 
the poorly crystalline ferrihydrite was forrned by hydrolysis ofFe polymers in suspension. Neutralization 
occurred by the reaction with basic products of a surface-controlled dissolution of calcite, rather than by 
a direct reaction of acidic polymers with the calcite surface. In the Fe(ClO.h system, lepidocrocite or 
goethite formed by the partial hydrolysis of FeH or FeH by reaction with calcite or the basic products 
of calcite dissolution and subsequent precipitation of simple Fe species on existing FeOOH nudei. 
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INTRODUCTION 

Reactions ofFeH and FeH with calcium carbonate 
are important pedogenic processes. These reactions have 
a special significance in agriculture because Fe salts are 
rapidly immobilized as Fe oxides in calcareous soils 
and because Fe is commonly a limiting nutrient in 
plant growth. 

Loeppert et al. (1984) found that the rate ofreaction 
between calcite and solution phase Fe(CI04)2 in a rap
idly stirred and aerated system was linearly related to 
surface area of the calcite, with the linear regression 
line passing elose to the origin. The reaction rate de
creased with increased P co,' In all experiments the 
dominant Fe oxide phases formed from the ferrous salt 
were lepidocrocite and goethite when the purge gas was 
air and 20% CO2 (balance air), respectively. Areaction 
was suggested in which solution phase FeH and/or 
FeH reacted with CaC03 or its solution-phase disso
lution products to form crystalline FeOOH. It was not 
determined whether the proposed reaction occurred on 
the surface of the calcite or in true solution. With 
Fe(Cl04h, the rate ofreaction was also linearly related 
to the surface area ofthe CaC03; here, ferrihydrite was 
the dominant solid product. 

The objective of the present study is to elarify the 
nature ofthe reaction between solution phase Fe(CI04h 
and Fe(CI04)3 and calcite, especially with regard to the 

1 Contribution from the Texas Agricultural Experiment Sta
tion. 

stoichiometry ofthe reaction, the loci ofprecipitation, 
and the morphology of the precipitated phases. 

MATERIALS AND METHODS 

Sampie preparation 

Iron oxides were prepared by reacting Fe(Cl04)2 or 
Fe(Cl04)3 in aqueous calcite suspension as summarized 
by Loeppert et al. (1984). The sampie was agitated 
vigorously with a paddle stirrer while an appropriate 
purge gas was bubbled through the suspension at a rate 
of 0.1 liter/min. The reactions were performed using 
a Radiometer automatie titrator equipped with a PHM 
84 pH meter. Redox potential andlor pH were mon
itored continuously during the reaction. Unless oth
erwise noted, 500 Jtl ofa 0.4 M solution ofFe salt was 
added to a suspension of 200 mg of sand-size calcite 
in 20 ml of deionized H 20. These ratios represent the 
addition of 0.2 mmole of Fe salt to 2.0 mmole of 
calcite. Reactions involving Fe(CI04)2 were allowed to 
proceed for approximately 30 min past the endpoint 
(Loeppert et al., 1984); reactions involving Fe(CI04)3 
were allowed to proceed for the same time as the cor
responding Fe(CI04h sampies. 

Partiele size separates of calcite were obtained by 
screening and were washed thoroughly with deionized 
H 20 to remove surface absorbed crystallites. 

Separation and identification 0/ phases 

The Fe oxide product was separated from the sand
size calcite by gentle agitation and decantation and was 
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concentrated onto a 0.45-,um membrane-filter disco The 
products were air dried for 24 hr and examined by 
X-ray powder diffraction (XRD) using CuKa radiation 
which was monochromatized with a graphite crystal. 
Sam pIes for analysis were spread uniformlyon glass 
slides with the aid of acetone and scanned from 2° to 
60°20 at a rate of 2°20/min. The crystallinities of the 
Fe oxide products were estimated from the half-height 
peak widths ofthe 3.29-Ä (120) lepidocrocite and 4.18-
A (110) goethite refiections from scans obtained at go
niometer speeds of 0.25°20/min. Corrections for in
strument line broadening were made by subtracting the 
half-height peak width for the nearest peak of 5-20 .um 
quartz. 

Scanning electron microscopy 

Sand-size calcite or Fe-coated calcite was separated 
from the solution phase or suspended Fe oxide phase 
by gentle agitation and decantation ofthe latter, washed 
twice with deionized H20, and air dried for 24 hr. The 
sampIes were attached to aluminum stubs with double
stick cellophane tape rimmed with silver conductive 
paint, coated with approximately 100 nm of Au-Pd in 
a Hummer I sputtering unit, and examined with a JEOL 
JSM 25 sn microscope operating at 15 kV. 

Dialysis studies 

The Fe(Cl04)z or Fe(Cl04)3 solution phases were sep
arated from the aqueous calcite suspensions by a cel
lulose membrane with a 12,000 to 14,000 molecular 
weight cutoff. An appropriate purge gas was bubbled 
on each side of the membrane at a rate of 0.1 liter/ 
min. The pH was monitored during the reaction. The 
iron oxide products on each side ofthe membrane were 
isolated and identified by XRD procedures. 

Steady-state (pH-stat) dissolution 

Two hundred milligrams of calcite or Fe oxide-coat
ed calcite was suspended in 20 ml ofwater and titrated 
with 0.5 N Hel at the desired pR using the Radiometer 
automatie titrator. Reaction rates were determined from 
the rate of consumption of HG. 

RESULTS ANDDISCUSSION 

Stoichiometry 01 the reaction 

During tbe bydrolysis oE FeH and Fe3 +, H+ is re
leased as summarized in tbe fOllowing equations: 

4Fe2+ + O2 + 6H20 -+ 4FeOOH + 8H+ (1) 

FeH + 3HzO .... Fe(OHh + 3H+. (2) 

According to the stoichiometry of these reactions, 2 
and 3 equivalents ofH+ are produced per mole ofFez+ 
and FeH hydrolyzed, respectively. If calcite is the pro
ton sink for the above reactions, 2 and 3 equivalents 
of CaC03 must be consumed, respectively. 

The amount of calcium carbonate consumed during 

Table 1. Consumption of calcite during reaction with Fe salts 
and air as the purge gas. 

Fe salt added 

Fe(C104)2 
Fe(CI04)3 

Calcite consumed 

AClual Theoretical 
(meq CaCO,/mole Fe) 

2.07 
2.88 

2.00 
3.00 

the reaction between Fe(CI04h or Fe(CI04)3 and calcite 
was determined from the difference between the 
amounts ofinitial and final calcite (Table I). The final 
amount of calcite was determined by the pH-stat dis
solution procedure. In each case the theoretical con
sumption ofcalcite from Eqs. (I) and (2) corresponded 
closely to the actual consumption of calcite, indicating 
that the quantity of calcite consumed was equivalent 
to the quantity of H+ produced during hydrolysis of 
tbe Fe species. Therefore, the calcite appeared to be 
the proton sink during the neutralization reaction. Tbe 
neutralization of acidie species may have occurred either 
by direct reaction with the calcite or by reaction with 
the products of calcite dissolution. 

Morphology olprecipitated Fe oxide phases 

Scanning electron micrographs of sand-size calcite 
following direct reaction with Fe(Cl04)2 are shown in 
Figures 1 and 2. On sampies for wbich tbe Fe oxide 
product was identified principally as lepidocrocite, a 
partial coating of Fe oxide was evident on the surface 
(Figure IA). Exposed patches of calcite were noted 
which were probably due to mechanical abrasion and 
chipping of lepidocrocite fiakes from the surface. The 
smaller particles of calcite were more completely coat
ed. In contrast, the calcite surface was largely unstained 
following direct reaction with Fe(CI04)3. 

As shown in Figure IA, the Fe oxide coating was 
not always in direct contact with the calcite surface. 
Voids between the two phases suggest that precipita
tion may have occurred at a finite distance from the 
calcite surface rather than directly at tbe calcite/solu
tion interface. Also, the morphology of the lepidocro
cite fiakes at the calcite surface indicate that growth 
probably occurred on existing nuclei rather than di
reclly at the calcite surface. 

On sam pIes for which tbe Fe oxide product was iden
tified principally as goethite (Figure 2), the coating was 
primarily in the cracks and crevices ofthe calcite crys
tal, indicating that during the formation of goethite, 
the Fe oxide mineral was either less strongly attached 
or more readily abraded from the calcite surface. Goe
thite was tbe dominant pbase formed at Pco, 2: 0.20. 
At these higher partial pressures of COz the solubility 
of CaC03 is greater than for systems in equilibrium 
with air (Garreis and Christ, 1965). In addition, the 
kinetics of the dissolution of calcite is faster at higher 
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Figure I. Scanning electron micrographs of coated calcite following the reaction of Fe(C10')2 with Iceland spar calcite when 
using air as the purge gas. D = coated calcite aged for two months over silica gel. 
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Figure 2. Scanning e1ectron micrographs of coated calcite following the reaction of Fe(CI04)z w:ith 40-60 mesh IceJand spar 
calcite when using 20% COz (balance air) as thc purge gas. 

Pco, than in air (Plummer et al., 1978), resulting in a 
higher RC03 - aetivity at a given distance from the 
CaC03 surface under the disequilibrium conditions of 
this experiment. The rate of oxidation of FeH to FeH 
was found in this laboratory to be less at higher P co" 

giving rise to lower disequilibrium concentrations of 
FeH which, along with the higher concentration of 
solution phase RC03 - , created a situation in whieh 
reaction was more likely to oeeur at a greater distance 
from the surface at the higher partial press ure of CO2 

and to result in a less tightly bound surface coating. 
Righ-magnification scanning electron micrograpbs 

oftbe coated calcites show different particle morphol
ogies for the precipitated lepidocrocite and goethite 
preclpitates (Figures land 2, respeetively). The lepi
docrocite phas.e has the appearance ofan irregular hon
eycomb of sharply folded sheets with interspersed 
"fiowers" (Figures IB and lC). After aging for two 
months over siliea gel, the edges of the sheets became 
more globular and rounded. The morphology of the 
aged material is more indicative of that commonly 
observed for goethite; however, inereases in goethite 
concentration were not apparent from the XRD pat
terns of fresh and aged materials. Therefore, these ef
feets of aging may be attributed to changes in aggregate 
morphology resulting from prolonged dehydration. 

Iron oxides on the calcite surface which were iden-

tified primarily as goethite show a globular and lumpy 
morphology suggesting that they are poorly crystalline 
(Figure 3); however, the average half-height peak width 
ofthe 4.18-A. (llO) refleetion of goethite, corrected for 
instrument line broadening, was 1.0°28, comparable to 
that observed for lepidocrocite. 

Surface reactivity of solid phase CaCOJ 

following reaction with Fe(CI04)2 

FoUowing the reaetion of an Fe salt with calcite, the 
reaeHon mixture was titrated under steady-state con
ditions at pH 5.0. Berner and Morse (1974) showed 
that rate of dissolution of calcite under steady-state 
conditions is direct1y related to the reactive surface area 
ofthe solid phase. The rates of dissolution ofthe coated 
calcite sampies are summarized in Table 2. The Fe 
oxide eoating did not suppress the rate of dissolution 
ofcalcite at pH 5.0, and, in most experiments, the rate 
of dissolution was actually increased. These results sug
gest that the Fe oxide coating deposited under vigor
ously stirred conditions did not effectively block the 
reactive surface of the calcite from reaction with H+ 
at pB 5.0. The increased rate of reaction may be at
tributed to the increase in actual reactive surface area 
due to etching ofthe calcite crystal during reaction with 
Fe salt. 
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Table 2. Steady-state (pH-stat) titration of 100-120 mesh 
calcite at pH 5.0 following reaction with Fe(CIO.h. 

Fe2 +added 
(mmole/mg calcite) 

o 
0.0001 
0.001 
0.01 
0.10 
1.00 

Dialysis studies 

pH·stat 
dissolution rate 

(meq/min) 

0.0021 
0.0029 
0.0033 
0.0037 
0.0037 
0.0024 

The results of experiments in which the calcite was 
separated from the Fe(CI04h or Fe(CI04)z by a semi
permeable membrane are summarized in Table 3. The 
only Fe oxide product observed following the reaction 
of Fe(CI04)3 with calcite was a poorly crystalline fer
rihydrite with a broad XRD reßection centered at ap
proximately 35°20. The half-height peak width ofthis 
refiection was approximately 5°20. Rapid hydrolysis of 
Fe3+ under conditions in which the solubility product 
of ferrihydrite is exceeded commonly yields ferrihy
drite as the only product (Schwertmann and Taylor, 
1977). Iron oxide phases were observed on both sides 
ofthe dialysis membrane but were most prevalent on 
the Fe side, indicating that direct contact with the cal
cite surface was not essential for polymerization and 
precipitation of the Fe oxide. The calcite surface re
mained largely unstained. The loci ofprecipitation sug
gest that neutralization was achieved predominantly 
by the reaction ofH+ and Fe3+ species with the prod
ucts of calcite dissolution, i.e., HC03 -, C032-, and 
OH-, rather than by direct interaction between Fe3+ 
and calcite. Apparently HC03 -, OH-, and H+ moved 
more readily through the semi-permeable membrane 
than the much larger, partially neutralized Fe3+ poly
mer. 

The above results are in sharp contrast to those ob
tained from the reaction of Fe(CI04)2 with calcite, in 
which precipitation occurred predominantly on the 
calcite side ofthe membrane and staining ofthe calcite 
was appreciable. The red (Munsell 10 R 3/6) phase 
observed on the Fe side ofthe membrane was a poorly 
crystalline ferrihydrite with a broad, shallow band cen
tered at approximately 35°20. Crystalline lepidocrocite 
and goethite were identified on the calcite side of the 
membrane. The predominant phase was largely de
pendent on the purge gas employed on the calcite side 
ofthe membrane, i.e., lepidocrocite and goethite were 
the dominant phases when air and 20% CO2 (balance 
air) were used, respectively. The corrected half-height 
peak widths of lepidocrocite and goethite were ap
proximately 0.9 and 1.2°20, respectively. These results 
agree with results of batch studies in which the dom
inant products were also lepidocrocite and goethite in 

CALCITE SIDE 

pH 

----- FERROUS 

- FERRIC 

20 40 60 80 100 120 

TIME. hr 

Figure 3. Plots of pH vs. time for reaction in which the 0.01 
M Fe(CIO.h or Fe(CIO.h phase was initially separated from 
the calcite phase by a semi-permeable membrane. 

air and 20% CO2 (balance air), respectively (Loeppert 
et al., 1984). Rapid oxidation and hydrolysis of Fe2+ 
results in formation oflepidocrocite (Schwertmann and 
Taylor, 1977); however, the presence of high partial 
pressure of CO2 leads to formation of goethite rather 
than lepidocrocite (Schwertmann, 1959). , 

Plots of pH vs. time on both si des of the dialysis 
membrane are shown in Figure 3 for reactions in aer
ated suspensions involving Fe(CI04)3 and Fe(CI04)z. 
In both experiments the suspension pH on the calcite 
side ofthe membrane remained at about 6.0-8.0 dur
ing the course of reaction, indicating that the acidic 
species, H+ andlor Fe3+, rapidly neutralized after they 
crossed the membrane. The pH ofthe Fe(CI04)3 phase 
decreased from 3.0 to 2.6 and then gradually increased 

Table 3. Fe phases formed during the reaction ofFe(Cl04h 
or Fe(Cl04h with calcite in which the Fe solution and aqueous 
calcite suspension are separated by a semi-permeable mem
brane. 

Purge gas Fe(C10,), system Fe(ClO,h system 

Fe Calcite Fe Calcite 
FeH Calcite 501u- suspen- solu- suspen-

solution suspension tion sion tion sion 

Air Air F' NI F LI 
20% CO2 Air F F F L,GI 
Air 20% CO2 F N F G,L 
20%C02 20%C02 F F F G,L 

I F = ferrihydrite; N = no visible phase; L = lepidocrocite; 
G = goethite. 
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Figure 4. Scanning electron micrographs of calcite following the reaction of Fe(C104)2 with Iceland spar calcite when using 
air as the purge gas. C = water-washed calcite. 0 = Calcite treated under sleady-state conditions with aqueous HCI at pH 
5.5. 
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Figure 5. Scanning electron micrographs of calcite following the reaction of Fe(CI04 ), with 40-60 mesh lceland spar calcite 
when using air as the purge gas. 0 = calcite treated under steady-state conditions with aqueous HC! at pH 3.0. 
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to 7.5 as the Fe3+ was completely neutralized. The 
initial decrease in pH may have been due to the release 
of H + during the hydrolysis of Fe3+ species and indi
cates that on the Fe side of the membrane auto-hy
drolysis occurred at a faster rate than neutralization. 
In contrast, the pH of the Fe(CI04h phase did not 
decrease appreciably from an initial value of 3.5, in
dicating that rate ofauto-hydrolysis did not exceed the 
rate ofneutralization on the Fe side ofthe membrane. 
Prior to complete neutralization and equilibration, the 
Fe and calcite phases predominantly controlled the pH 
on their respective sides of the membrane. 

The concentration ofFe3+ on the Fe side ofthe mem
brane in the Fe(CI04h system should have been low 
compared to that expected for the Fe(CI04h system 
due to the slow rates of oxidation expected in the ob
served pH range of 3.5 to 4.5 for the former (Stumm 
and Morgan, 1971). In the Fe(CI04)2 system, poly
merization ofFe3+ species on the Fe side ofthe mem
brane was much less likely. In actual fact, however, 
only traces of Fe oxide were observed. On the other 
hand, the oxidation of FeH should have been much 
more rapid at pH 6.0 to 7.0 such as was observed on 
the calcite side of the membrane. Therefore, the Fe
oxide precipitation was more likely on the calcite side 
of the membrane than on the Fe side. 

Morphology oithe calcite phase as influenced 
by reaction with Fe perchlorates 

Scanning electron micrographs oftreated calcite cor
roborate the suggestion that the reactive surface area 
may have increased as a result of the reaction of the 
calcite with solution phase Fe. The surface of the 40-
60-mesh calcite treated with Fe(CI04)2 and air as the 
purge gas (Figure 4A, 4B) was rougher and more pitted 
than the surface of the water-washed sampIe (Figure 
4C). Also, corners and edges were noticeably rounded. 
The treated sampIe remained partially coated with 
patches of Fe oxide, which were identified by XRD as 
lepidocrocite with a trace of goethite. A calcite sam pie 
treated with HCI under steady-state conditions at pH 
5.5 to dissolve 10% of the crystal mass (Figure 4D) 
had a comparatively smooth surface and slightly 
rounded corners. This pH was selected because it was 
comparable to the reaction pH ofthe Fe(CI04),1calcite 
system (Loeppert et al. , 1983a). The relatively rougher 
and more uneven surface ofthe Fe-treated sampIe may 
have been due to the irregular FeOOH coating (Figures 
1 and 2) which may have retarded the movement of 
the products of carbonate dissolution, i.e., CaH, HC03 -, 

CO/-, and OH-, from the surface and Fe monomers 
and H + toward the surface. 

Calcite treated with Fe(CI04)3 showed a distinct mo
saic pattern with pronounced channeIs (Figures 5A, 
5B). Crystal edges and corners were slightly rounded 
following treatment; however, distinct stepped dislo
cations (Burton et al. , 1951) were present in the walls 

of the channels, and a featureless and generally Hat 
channel floor (Figure 5C) was noted. 

The ridges were significantly more pitted than the 
flat channel surface (Figure 5B, 5C). Iron oxide was 
readily dispersed from the calcite surface during the 
agitation process; however, the traces of oxide that 
remained were primarilyon the ridges of the mosaic 
surface. From the above observations and from the 
general appearance ofthe crystal surface, on which the 
ridges ofthe mosaic pattern are commonly along cleav
age planes of the calcite, the initial precipitation of 
X-ray-amorphous Fe oxide occurred along crystal de
fects and crystal edges and corners, thus protecting 
these surfaces from rapid dissolution and resulting in 
comparatively more rapid dissolution ofthe uncoated 
areas. Continued hydrolysis and polymerization to form 
poorly crystalline ferrihydrite probably occurred at these 
regions ofFe oxide accumulation, thereby blocking the 
surface and retarding dissolution of the calcite. 

Dissolution in the channels took place predomi
nantly by a surface-controlled, stepped-dislocation 
process rather than by a diffusion-controlled mecha
nism (see Burton et al. , 1951; Berner and Morse, 1974), 
although both processes were probably involved in dis
solution of the crystal. The probability of a surface
controlled dissolution process is corroborated by the 
distinct stepped dislocations in the walls of the chan
nels. In contrast, a typical diffusion-controlled disso
lution pattern, in which 10% of the calcite crystal was 
dissolved under steady-state conditions at pH 3.5, is 
shown in Figure 5D. Diffusion-controlled dissolution 
resulted in pronounced rounding of corners and edges. 

CONCLUSIONS 

The reaction between the Fe salt and the calcite was 
stoichiometric, i.e., 2 and 3 equivalents ofCaC03 were 
consumed per mole of Fe2+ and Fe 3+ , respectively. 
Calcite served as a sink for the protons produced during 
the reaction; however, it is likely that the precipitation 
of Fe oxides originating from FeH and Fe3+ in calcite 
suspensions occurred by different mechanisms. In the 
Fe(CI04h system, following initial reaction at the cal
cite surface, continued hydrolysis and polymerization 
ofthe poorly crystalline ferrihydrite occurred at a finite 
distance from the surface. 

Hydrolysis of Fe3+ probably occurred by auto
hydrolysis and polymerization with a resulting release 
ofH+. This mechanism is corroborated by the reduc
tion in pH during reaction in both the bulk studies 
(Loeppert et al., 1984) and the dialysis results. Also, 
the neutralization of acidic Fe species most probably 
occurred by areaction with the basic products of calcite 
dissolution rather than by a direct reaction with the 
calcite surface. This hypothesis is supported by the 
distinct step-dislocations on the surface of calcite, which 
are indicative of a surface-controlled dissolution rather 
than an attack by an acidic species. Also, in experi-
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ments in which the calcite and Fe salt were separated 
by a semi-permeable membrane, precipitation oc
curred predominantly on the Fe side ofthe membrane. 
The partially hydrolyzed polymeric Fe species have a 
large diameter and slow mobility which would retard 
both the rate of attack of the calcite surface and the 
rate of movement through the semi-permeable mem
brane. 

In the Fe(CI04h system, crystalline iron oxides were 
formed by hydrolysis ofFe species at the calcite surface 
or in the solution, followed by attachment to existing 
FeOOH nudei. The possibility that Fe species may 
have reacted directly with the calcite surface is sup
ported by the rounded surface which is indicative of a 
diffusion-controlled reaction rather than a surface-con
trolled dissolution of calcite. Polymerization did not 
playas important a role in the crystallization process 
as it did in the Fe(CI04)3 system. In the Fe(CI04h 
system, growth most likely occurred by the addition 
ofFe2 + andlor Fe3+ or partially hydrolyzed monomers 
or oligomers to existing nudei. Specific Fe-oxide phas
es were largely determined by the partial pressure of 
CO2 of the purge gas. 
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Pe31OMe- )KeJIe3HbIH HJIH )J(eJIe3HCTbIH nepXJIopae, 0,0 I M, pearHpOBaJI c KaJIbIJ;HTOM B MeIIIaeMblX BOJ(HbIX 
cycneH3HKx, KOTophle CHJIhHO nY3blpHJIHCb npH nOMOIIJ;H OKHCJIKIOru;efO np0,llYBaTeJIbHOrO ra3a. ,[(Ba 1'1 TpH 
3KBHBaJIeHTbI CaC03 paCTBOpHJIHCb Ha MOJIb Fe2+ 1'1 Fe3+, cOOTBeTCTBeHHO. IIPH HCnOJIb30BaHHH Fe(CIO.)z, 
KPHCTaJIJIHqeCKHe np0,llYKTbI OKHCH Fe qaCTHqHO nOKpbIBaJIH nOBepxHocTb KaJIbIJ;HTa. IIPH HCnOJIb30BaHHH 
B03,l1yxa HJIH 20% CO2 (6aJIaHCHPOBaHHHH B03,l1YX) KaK np0,llYBaTeJIbHOrO raJa rJIaBHbIMH np0,llYKTaMH 
HBJIHJIHCb JIenH,lIOKpOKHT 1'1 reTeT. IIocJIe peaKIJ;HH C Fe2+ KpaH 1'1 pe6pa KPHCTaJIJIOB KaJIbIJ;HTa KBJIKJIHCh B 
06ru;eM 3aKpyrJIeHHbIMH, a rpaHH 6bIJIH HeO,llHOp0,llHO H3pbrrbI; OJ(HaKO nOCJIe peaKIJ;HH C Fe3+ Ha nOBepXHOCTH 
KaJIhIJ;HTa 6bIJIa OqeBHJ(Ha M03aHqHaH CTpYKTypa C OTqeTJIHBbIMH rpe6eHHMH H 60p03,l1aMH. 3TH rpe6eHH 
6bIJIH ,lI0 HeKOTopOH CTeneHH H3PbITbI, HO OTqeTJIHBble cTyneHqaTble ,lIHCJIOKaIJ;HH npHCYTCTBOBaJIH, Be,llK K 
60p03,l1e, JIHIIIeHHOH xapaKTepHbIX qepT 1'1 B 06ru;eM C nJIOCKOH nOBepXHOCThlO. Kor,lla KaJIbIJ;HT cenapHpo
BaJICH 1'13 pacTBopa Fe qepe3 nOJIynponycKaeMYIO MeM6paHY, OCaiK,lIeHHe npOHCXO,llHJIO B OCHOBHOM Ha 
KaJIbIJ;HTOBOH CTopOHe H Fe CTopOHe MeM6paHbI B CHCTeMe Fe2+ H Fe3+, COOTBeTCTBeHHO. 

Fe OKCHfH,lIPOKCH,lIbI OCaiK,lIaJIHCb ß3 paCTBopoB Fe(CIO.)3 1'1 Fe(ClO.)z nYTeM PaJJIHqHbIX MexaHH3MOB. 
B CHCTeMe Fe(ClO.)3, XOTH HaqaJIbHO peaKIJ;ßH MOfJIa npOHCXO,llHTb Ha nOBepXHOCTH KaJIbIJ;ßTa, 60JIbIIIaH 
qaCTb cJIa60 BbIKPHCTaJIJIH3HPOBaHHOfO !lJeppHrH,lIpHTa !lJoPMßpOBaJIaCb nYTeM rH,lIpOJIH3a nOJIHMepOB Fe 
B cycneH3ßH. HeHTpaJIH3aIJ;HH, 60JIee BepoHTHo, cJIyqaJIaCb nYTeM peaKIJ;ßH C OCHOBHbIMH np0,llYKTaMH no
BepxHocTHO-KOHTPOJIHpOBaHHoro pacTBopeHHK KaJIbIJ;HTa, qeM nYTeM np.llMOH peaKIJ;HH KHCJIOTHbIX nOJIH
MepOB C nOBepxHocTblO KaJIbIJ;HTa. B CHCTeMe Fe(CIO.)z, JIenH,lIOKpOKHT H reTHT !lJOPMHPOBaJIHCb nYTeM 
qaCTHqHoro rHAPOJIH3a FeH HJIH Fe3+ B peaKIJ;HH C KaJIbIJ;HTOM HJIH C OCHOBHbIMH np0,llYKTaMH paCTBOpeHH.II 
KaJIbIJ;HTa 1'1 nOCJIe,llYIOru;ero OCaiK,lIeHß.II npOCTbIX Beru;eCTB Fe Ha cyru;eCTBYIOru;HM .II,l1pe FeOOH. [E.G.] 
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ResÜßlee-O,Ol m Fe(II)- oder Fe(III)-Perchlorat wurde mit Calcit in gerührten, wässrigen Suspensionen, 
die heftig mit einem oxidierenden Spülgas durch perlt wurden, zur Reaktion gebracht. Zwei bzw. drei 
Äquivalente CaC03 wurden pro Mol FeH gelöst bzw. FeH neutralisiert. Im Fall von Fe(Cl04h überzogen 
die kristallinen Eisenoxid-Produkte z.T. die Calcitoberfiäche. Die vorherrschenden Produkte waren Le
pidokrokit bzw. Goethit, je nachdem, ob das Spülgas Luft war oder 20% CO2 (Rest=Luft). Nach der 
Reaktion mit FeH waren die Kanten und Ecken der Calcitkristalle im allgemeinen gerundet und die 
Flächen ungleichmäßig mit Löchern überzogen; nach der Reaktion mit FeH zeigte sich jedoch ein Mosaik
artiges Muster mit deutlichen Graten und Kanälen. Die Grate waren löchrig, aber einzelne stufige Ver
setzungen waren vorhanden, was zu einem Relief-losen und im allgemeinen flachen Kanalboden führte. 
Wenn der Calcit von der Fe-Lösung durch eine semipermeable Membran getrennt wurde, trat eine 
Ausfallung vor allem auf der Calcitseite bzw. auf der Eisenseite der Membran in dem FeH - bzw. Fe3+

System ein. 
Fe-Oxihydroxide fielen aus Fe(CI04h- und Fe(Cl04h-Lösungen durch verschieden Mechanismen aus. 

Im Fe(CI04h-System wurde der Hauptteil des schlecht kristallisierten Ferrihydrites durch Hydrolyse von 
Fe-Polymeren in Suspension gebildet, obwohl der Beginn der Reaktion wahrscheinlich auf der Calcit
oberfläche stattgefunden hat. Die Neutralisierung fand eher bei der Reaktion mit basischen Produkten 
einer Oberflächen-kontrollierten Auflösung des Calcites und weniger durch eine direkte Reaktion des 
sauren Polymers mit der Calcitoberfläche statt. Im Fe(CI04h-System bildeten sich Lepidokrokit oder 
Goethit durch die teilweise Hydrolyse von FeH oder FeH bei der Reaktion mit Calcit oder mit den 
basischen Produkten der Calcitauflösung und durch die darauffolgende Ausfallung von einfachen Fe
Verbindungen auf existierenden FeOOH-Keimen. [U.W.] 

Resume- De la perchlorate ferreuse ou ferrique, 0,0 I M, a ete reagie avec de la calcite dans des suspensions 
aqueuses melangees qui ont ete vigoureusement boillonnees avec un gaz a purge oxidant. Deux et trois 
equivalents de CaC03 ont ete dissous par mole de FeH et FeH neutralises, respectivement. Avec Fe(Cl04)2, 

les produits d'oxide Fe cristallin recouvraient partiellement la surface calcite. Les produits dominants 
etaient la lepidocrocite et la goethite lorsque le gaz purgeant etait l'air ou 20% CO2 (Je reste etant de l'air), 
respectivement. Apres la reaction avec FeH, les bords et les coins des cristaux de calcite etaient gene
ralement marques non-uniformement; apres la reaction avec FeH, cependant, un cliche mosalque avec 
des aretes et des canaux distincts etait evident sur la calcite. Ces aretes etaient quelque peu trouees, mais 
des dislocations a marches distinctes etaient presentes menant a un lit de canal terne et generalement 
plat. Lorsque la calcite etait separee de la solution Fe par une membrane semi-permeable, la precipitation 
s'est produite de fa~on predominante du cote de la calcite et du cote Fe de la membrane dans les systemes 
FeH et FeH, respectivement. 

Des oxyhydroxides Fe se sont precipitees a partir des solutions Fe(Cl04h et Fe(CI04h par des meca
nismes difIerents. Dans les systemes Fe(CI04h, quoique la reaction initiale ait pu etre a la surface de la 
calcite, la plupart de la ferrihydrite pauvrement cristallisee a ete formee par hydrolyse des polymeres Fe 
en suspension. La neutralisation s'est produite par reaction avec les produits de base d'une dissolution 
do calcite controlee a la surface, plutot que par reaction directe de polymeres acidiques avec la surface 
calcite. Dans le systeme Fe(Cl04)2, la lepidocrocite ou la goethite a ete formee par hydrolyse partielle de 
FeH ou FeH par reaction avec la calcite ou les produits de base de la dissolution calcite et la precipitation 
subsequente d'especes Fe simples sur des noyaux FeOOH existants. [D.J.] 
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