Clays and Clay Minerals. Vol. 22, pp. 345-353. Pergamon Press 1974, Printed in Great Britain

IRON OXIDATION AND REDUCTION EFFECTS ON
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Abstract—Four Na,S,0,-reduced Na—-vermiculites, each with some trioctahedral mica interstratified,
were oxidized with H,0, at pH 65 and again reduced with Na,S,0, in suspensions at pH 7-5-8-0. The
layer charge (CEC + K*), measured at pH 650, did not change significantly when octahedral Fe was oxi-
dized (7-92 mmole 100 g™ ") or reduced (6-71 mmole 100 g~ ). Electroneutrality was maintained within
the octahedral sheet when Fe was oxidized or reduced. When Fe(II) was oxidized, electroneutrality was.
maintained by deprotonation of octahedral OH ™ groups,

{[Fe(l)],Mg,0,(OH)}*° & {[Fe(111)],Mg,04(OH),0%} *° + 26~ + 2H" (@)
and by ejection of (dissolution of structural) octahedral metallic cations,
{[Fe(ID]sMgOL(OH),} *°— {[Fe(III)] ,O0,(OH),} ¥° + 5S¢~ + Fe** + Mg?*. (b)

When Fe(Il) was reduced, electroneutrality was maintained by reprotonation of the deprotonated sites
(O*, equation a). Reaction (b) was not reversible. Thus, reversibility of the reaction, Fe(II) = Fe(IIl), within
the octahedral sheet decreased with increasing amount of ejected metallic cations. The amount of Fe(III)
and Mg?* ejected per Fe(I) oxidized was related to the degree of vermiculitization, being greatest with
Na-degraded biotite [0-03 Fe** and 0-11 Mg?* per Fe(II) oxidized] and lowest (nearly zero) with South
African vermiculite. The number of deprotonated (O*) and reversible sites increased from 0-69 per Fe(lI)
oxidized with the K-depleted biotite to approximately 1-0 with South African vermiculite. The weathering
increment was small since, of the total amount of Fe + Mg, less than 1-3 per cent was ejected from any
of the four vermiculitic materials. When biotite was K-depleted, about 20 m-equiv of layer charge per
100 g (300°C basis) was lost, while 51 mmole of Fe(II) per 100 g was oxidized in the presence of Na,S,0,
and 82 mmoles in its absence in the aqueous suspensions. Since sequential reduction—oxidation-reduction
treatments of K-depleted biotite and mica-containing vermiculites did not cause significant changes in
layer charge (r? = 0-04), the layer charge changes were concluded to be entirely independent of the oxi-
dation or reduction of Fe in these minerals.

INTRODUCTION Tsvetkov and Val'Yashikhina (1956), Addison et al.
(1962), Eugster and Wones (1962), Rimsaite (1956,
1967, 1970), Vedder and Wilkins (1969), Robert (1971).
The results can be summarized as follows: when struc-
tural Fe(Il) is oxidized thermally (above 350°C), the
electron from the Fe(II) is accepted by a proton of a
structural hydroxyl group. The hydrogen is either

“released as a gas,

2[Fe(IHOH]* =2¥S, o[Fe(IINO]* + H, (1)

or, in the presence of atmospheric oxygen, as H,O.
This auto-oxidation has no effect on the layer change,
as shown in the equation (1).

In contrast to thermal oxidation, oxidation in

The objectives of this paper are to show quantitatively
for biotite and micaceous vermiculites (a) that the layer
charge changes are not equivalent to the Fe oxidized
or reduced under near neutral aqueous conditions and
(b) that electroneutrality is maintained by reversible
de- and reprotonation of structural OH™ groups and
(or) irreversible ejection of . octahedral metallic cations.
Micaceous vermiculites consist of vermiculites (14 A
basal spacing) interstratified with micas (10 A basal
spacing).

Thermal oxidation of Fe(Il) in phyllosilicates has
been studied extensively by Brindley and Youell (1953),

* Present address, Institut fiir Bodenkunde der Tech-
nischen Universitidt, 1 Berlin 33, Englerallee 19-21, Ger-
many.

agqueous suspension occurs only in the presence of an
external oxidant which accepts the electron from the
structural Fe(IT) oxidized, creating one excess positive
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charge per Fe(II) oxidized in the structure,
[Fe(IDOH]* +4H,0,— [Fe(IIIOH]?* + OH™. (2)

The question of balancing this extra charge when

structural iron changes its valency is still open for the

aqueous oxidation case. One hypothesis (Gruner,
1934) suggests that a balancing loss of interlayer

cations occurs when structural Fe(Il) is oxidized. This

hypothesis was supported by Ismail (1969, 1970) and
by Barshad and Kishk (1970), who reported a signifi-
cant change in layer charge when octahedral Fe
changed its valency. On the other hand, data published
by Newman and Brown (1966), Raman and Jackson
(1966), Newman (1967), Roth et al. (1968, 1969),
Leonard and Weed (1970), Farmer et al. (1971), Robert
(1971) showed that the decrease in layer charge (in m-
equiv) of K-depleted trioctahedral micas was always
unequal to the amount of Fe(Il) oxidized (in mmole).
The layer charge of a degraded phlogopite, which con-
tained no Fe, also decreases (Leonard and Weed,
1970).

The decrease in layer charge of depleted trioctahed-
ral micas is believed to be independent of Fe axidation
and is caused by the incorporation of protons into the
structure (Rosenqvist, 1963; Raman and Jackson,
1966, Newman and Brown, 1966; Newman, 1967;
Leonard and Weed, 1970; Newman, 1970).

Farmer et al. (1971) presented “. . . evidence for loss
of protons and octahedral iron from chemically oxi-
dized biotities and vermiculites”. Their results were
confirmed by Gilkes et al. (1972). The oxidation treat-
ments in both papers were carried out in acid solu-
tions, with either saturated bromine water and/or
H,0,. The present study concerns oxidation in near
neutral solutions. Under acid conditions, deprotona-
tion of structural hydroxyl groups may be suppressed
by diffusion of structural cations, which occurs easily.
These cations are subsequently found not only in solu-
tion but also as interlayer complexes of Al and Fe
(Jackson, 1963a,b; Rich, 1968; Coulter, 1969; Veith
and Schwertmann, 1972).

MATERIALS AND METHODS

Samples. Three vermiculites (14 A), each contaihing
some trioctahedral mica (10 A) interstratified, from
Menominee County, Wisconsin (WI); Libby, Montana
(MT); and Transvaal, South Africa (TSA); and one
biotite (source unknown) were employed. The WI and
MT vermiculites were separated from the saprolite by
an exfoliation-floating method (Jackson, 1969).

Size. All samples were wet-ground in a Waring
blender and the <20 um size fraction obtained by sedi-
mentation.
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Depletion. Interlayer K was partially removed from
the MT and TSA vermiculites by several treatments
with 5 M NaCl and from biotite and WI vermiculite by
two treatments with 0-1 M sodium tetraphenyl boron
(NaTPB) + 0-2M Nacl (Scott and Smith, 1966). One
biotite was partially depleted with NaTPB in the pres-
ence of sodium dithionite (Na,S,0,).

Red-ox treatments. The four K-depleted samples

received the following treatments (30-60 min each):
Reduction of Fe(III) and removal of free iron hydrous
oxides with citrate-bicarbonate—dithionite, pH 7-5-8-0
(Mehra and Jackson, 1960; Jackson, 1969). One third
of each sample was retained for further analysis and
the remainder was treated for oxidation of structural
Fe(II) with 30 per cent phosphorus-free H,0O, adjusted
to pH 6:50 with NaOAc. One half of each sample was
kept separately, the rest being reduced for a second
time with Na,S,0, in 1M NaHCO; adjusted to
pH 7-5-80.
- Na-saturation. The four differently treated samples
of each micaceous vermiculite (control, red, red-ox,
red-ox—-red) were equilibrated three times with 1 M
NaOAc (pH 6:50), washed twice with 0-01 M NaOAc
{pH 6-50) and dried at 30°C. The amount of excess salt
(<5 m-equiv 100 g~ ! in all cases) was calculated by
weighing the samples before and after drying.

Elemental analysis. Na, K, Fe, Mg and Al were mea-
sured by atomic absorption after dissolution of 50- to
80-mg samples in 2 or 4 ml of concentrated HF (Jack-
son, 1969).

Layer charge (LC). Na + K, at pH 6-50.

Measurement of Fe(Il). Fe(II) was determined by a
method given by Wilson (1960) which was modified as
follows: A 50-mg sample was suspended in 10ml of
H,O. Then 10 m! of 0-01 M NH,VO; + Sml of con-
centrated HF were added while the suspension was
stirred. After dissolution, Sml of 10M H,SO, were
added and the solution titrated with 002M
Fe(IT(NH,),(SO,),, with two drops of 0-2 per cent
barium diphenylamine sulfate as an indicator. Fe(IIl)
was calculated as foliows: Fe(total}-Fe(II).

H,O0 loss. H,O loss from biotite, depleted biotite,
and Na—vermiculites was measured by a Cahn balance
thermogravimetric apparatus, between 30 and 900°C.

Ejection of octahedral metallic cations when struc-
tural Fe(Il) is oxidized. When oxidation occurs at
pH 6-4-7-0, practically all of the ejected Fe(IIl) is preci-
pitated. This precipitate was dissolved in the presence
of Na,S$,0,in 2M Na* solution to prevent Fe?* and
Mg?* adsorption. The amounts of ejected Fe(IIl) and
Mg?*, ie. structural cations dissolved, were measured
by changes in the total analysis, in the case of Mg?*
directly after the oxidation treatment and in the case
of Fe(IlI) after reduction following the oxidation.
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Table 1. Chemical data and weight loss for biotite after varied treatments, weight basis at different temperatures

Weight loss (mmole 100g™ 1)
vs 30°C Structural cations
100°C 300°C 900°C K present LC* ALC (300°C)

Treatment (%) (%) (%) 100°C 300°C 100°C 300°C 100°C 300°C Fe(Il) Fe(lll) AFe(IIl) Al
None 05 27 80 169 172 196 200 0 0 222 36 0 207
NaTPBt + D§+ D 25 9-7 16'5 21 22 169 181 =27 =19 172 87 51 205
NaTPB 1-3 94 16-0 22 24 166 180 =30 =20 149 118 82 207

* Layer charge.
+ TPB = (-1 M sodium tetrapheny! boron in 0-2M NaCl.

§ D = Na,S,0, in the presence of TPB, followed by a Na,S,0, treatment without TPB.

RESULTS
Changes on depletion of biotite

One of the NaTPB-treated samples was K depleted
under reducing conditions by addition of Na,S,0,, an
additional Na,S,0, treatment being given immedi-
ately after depletion (Table 1). Even in the presence of
a strong reductant in the suspension, considerable
amount of the structural Fe(II) (51 mmole 100g™1)
was oxidized, apparently reflecting the exclusion of the
anion, S,02%", from the separated biotitic interlayers
and the high lability of Fe(II) in the layers.

The chemical relationships are considerably differ-
ent, when expressed on the 300°C basis (vs 100°C) as
a result of the difference in H,O content between the
biotite and the hydrated Na-degraded biotite, a rela-
tionship noted also by Walker (1949). For example, the
decrease in layer charge (ALC. Table 1) is about
20 mmole when calculated on the weight basis at
300°C compared to 30 mmole 100 g~ ! when calculated
on the weight basis at 100°C. The additional interlayer
water loss from depleted biotite when heated between
100 and 300°C is shown in Fig. 1.

The difference in layer charge of about 20 mmole
100g~ ! between undepleted and depleted biotite is
significant. While layer charge was decreased by
19 mmole, 51 mmole of Fe(Il) was oxidized (Table 1).
Furthermore, although the change in layer charge
between the two depleted samples was only 1 mmole
(20-19), 31 more mmole (82-51, Table 1) of Fe(Il) was
oxidized. The layer charge did not decrease as a func-
tion of Fe(Il) oxidized in either of the samples
(20 mmole layer charge decrease vs 51 and §2 mmole
iron oxidized, Table 1).

Changes in oxidized and reduced micaceous vermiculites

In order to determine whether changes in LC occur
only during depletion of biotites and not during red-
ox-treatments after depletion, 30 samples of four mica-
ceous vermiculites were given various sequences of

reduction, reduction and oxidation, and reduction—oxi-
dation—reduction treatments. The changes in LC and in
Fe(II) and Fe(IIl) are plotted in Fig. 2. If the changes
in layer charge (ALC) were a function of changes in
iron valency (AFell, III), then ALC would always be
positive when Fe(Il) is reduced (square symbols),
and always negative when Fe(Il) is oxidized (round
symbols). The figure shows that the two symbols are
found in both the positive and the negative fields. The
mathematical result of r2 = 0-04 indicates that there is
no correlation between ALC and AFe(I, 11I). Thus the
significant decrease in LC of 19 or 20 mmole 100g™!
after NaTPB-D + D treatment (Table 1) appears un-
likely to have been caused by Fe(II) oxidation. The
large changes in Fe(II) and Fe(III) content of mica-
ceous vermiculites with little or no CEC change are in
agreement with the results of Roth er al. (1969).

Maintenance of electroneutraliry when Fe(11) 2 Fe(ITI)

Data for four depleted layer silicates before (controt)
and after various red-ox treatments show that layer
charge remains constant (r> = 0-04) when partially K-
depleted micaceous vermiculites are red-ox-treated
(Table 2). Al, mainly in the tetrahedral position,
remains unchanged (Table 2). The data are reported on
a 30°C basis, since (a) differences in hydration are neg-
ligible for these depleted samples and (b) it is easier to
reproduce values at 30 than at 100°C.,

Ejection of octahedral cations. When Fe(Il) was
oxidized, the electroneutrality in the layers was main-
tained in small part by the ejection of (dissolution of
structural) octahedral Mg?* and/or Fe(IIl), except in
the case of TSA vermiculite, from which no Mg or Fe
was ejected (Tables 2 and 3),

{[FC(II)]ZMg4O4(OH)4} io_ﬂ_)
{[Fe(II}],Mg;0,(OH),} *° + 2e~ + Mg** (3)
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Fig. 1. Weight loss of biotite and Na-depleted biotite as a
function of temperature (10°C min~?).

{[Fe(I)];Mg;04(OH),} =°—
([Fe(IIN1,Mg304(OH),} = + 3e™ + Fe3'. (4)

In all cases, equations (3 and 4) account for 31 per cent
or less of the increase in net positive charges in the
octahedra when structural Fe(II) was oxidized. The
remainder of the charge increase (69 per cent or more)
was apparently balanced by deprotonation of struc-
tural OH groups.

Deprotonation of structural hydroxyl and reversibility
of deprotonation. When structural Fe(IT) was oxidized
structural OH™ was deprotonated,

02

{[Fe(I1)]:Mg,O,(OH),}

([Fe(III)],Mg,O4(OH),0%1£0 + 2¢~ + 2H* (5)

in which O* represents oxygen from deprotonated
structural hydroxyl. This reaction was reversible.

J. A. VEITH and M. L. JACKSON
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Fig. 2. Change in layer charge (ALC)as a function of change
in iron valency, AFe(II], TI).

When H,0, acts as an oxidant it accepts 2e~ from two
structural Fe(IT) and 20H ™~ are formed:

H,0, + 2¢~—20H". (6)

A combination of equations (3-5) with the equation (6)
gives the reactions which occurred when structural
Fe(Il) became oxidized by H,O, in the pH range of
6:4-7-3,

{[Fe(ID)],Mg,O,(OH),} ** + H,0,—
{[Fe(111)],Mg50,(OH),} *° + Mg?* + 20H™ (7)

Table 2. Analyses of untreated and red-ox-treated K-depleted biotite and vermiculites (mmole 100 g~ ')

LC AMg AFe Structural
Sample K Treatm. (Na + K) Al* Mg, (loss) Fe, (loss) Fe(Il)  AFe(II) AFe(IIT)

Biotite 20 Control 168 203 339 245 108 — —
(depleted) 18 red.t 167 200 342 237 8§ 118 10 —
20 ox 167 202 332 237 26 — 92

19  red. 164 204 328 ~4 234 ~0 97 71 -

Verm (WI) 72 Control 142 230 38 432 3 — -
73 red. 145 234 41 370 62§ 65 62 —

72 ox 143 233 42 3N 8 — 57

71 red. 142 230 41 ~0 359 13 50 42 —

Verm (MT) 19  Control 155 202 454 129 9 — —
19  red. 159 206 451 116 13§ 36 27 —

16 ox 155 202 453 113 8 — 28

13 red. 153 200 448 ~5 113 ~0 40 32 —

Verm (TSA) 41  Control 163 186 620 63 13 — —
28  red. 165 186 625 60 ~0 22 9 —

13 ox 155 190 620 67 15 — 7

9 red. 161 185 622 ~0 62 " ~0 21 6 —

* The subscript, ¢, designates total of the element present.
t Red. = Na,$,0,;0x = H,0,.
§ Free Fe,05.xH,0.
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{[Fe(I)1;Mg,0,(OH),} *° + 13H,0,—
([Fe(IT1)],Mg,0,(OH),} ** + Fe** + 30H" (8)

([Fe(IT)],Mg,O,(OH),} *° + H,0, =

([Fe(IT1)],Mg,O,(OH),0%} *° + 2H" + 20H". (9)

For each Fe(Il) oxidized, $H,0, is reduced and one
OH ™ is formed in solution and can react with one H*
coming from a structural OH™ group (equation 9).
When H* = OH™, the pH of the suspension is the
same before and after oxidation (equation 9). The
number of deprotonated structural hydroxyls (O¥%,
equation 9) per Fe(Il) oxidized is calculated from:

O* = Fe(Il)(oxidized). (10)

If Fe(III) ejection occurs, 30H ™ are formed for each
ejected Fe(I1); however, at pH 6-4-7-3, practically all of
it is precipitated as iron hydrous oxide by neutraliza-
tion of the 30H ™~ produced for each ion ejected (equa-
tion 8). The pH is thus unchanged by Fe(Il) oxidation
in equation (8). If reactions (8 and 9) occur together the
number of deprotonated structural OH™ per Fe(Il)
oxidized is:

O* = Fe(ITYoxidized) — 3Fe(Ill)(ejected.  (11)

In the case of Mg?* ejection, however, the pH rises
because the 20H ™ produced for each Mg?* ejected
(equation 7) do not react significantly with Mg?*
the pH range of 6-4-7-3. If all three reactions (7, 8 and
9) occur together, the number of deprotonated struc-
tural OH™ per 100 mmole of Fe(I) oxidized is:

O* = 100 — [3Fe(III) + 2Mg>*] (12)

The independent variables, Fe(III) and Mg in mmole
per 100 mmole Fe(II) oxidized, were measured as fol-
lows: Fe(IT) oxidized, by the difference between Fe(II)
before and after oxidation; Fe(IIl) ejected, by the
amount of Fe(IIT) dissolved by repeated treatments of

ejected:

349
pH
7.5¢
7.0¢
Biotite + H,0
\(depleted) 2
> K Vern (HT) + Hy0,
6.5
4 g g \ L4 a *® B
Verm (WI) + H202
6.0
0 10 20 30 40 50

Time, min

Fig. 3. Function between pH and time after addition of
H,0, to Fe(ll)-containing samples.

the oxidized samples with Na,S,0, in the presence of
2M Na* to keep Fe?" desorbed; Mg?* ejected was
measured directly, after H,O, treatment of the sample
ina 2M Na™* solution (Table 2), and indirectly by
titrating the suspension pH back to the initial pH to
determine the amount of OH™ formed (Mg?* =
20H", equation 7).

The results (Fig. 3, Table 3) were obtained from the
first Na,S,0,-treated samples (Table 2) of Na-biotite
and Na-vermiculite (W1, MT) oxidized with H,O,.
The TSA vermiculite was not included in the titration
experiment (Fig. 3), because only 7 mmole of Fe(Il)
100 g™ ' changed valence (Table 2). The pH of a 50-mg
suspension of each reduced sample in 33 ml of H,O
was adjusted to 6:40. Then 2ml of H,O, (~30 per
cent), which had been previously adjusted to pH 6-40
(with NaOH, when mixed with 33 ml of H,0), were
added. The pH rose in the suspensions of Na-biotite
and MT vermiculite (equation 7) but not in those of
WI vermiculite, showing that no ejection of Mg?* had

Table 3. Ejected Mg?* and Fe(I1l), deprotonation of structural hydroxyls during H,O, treatment, and reversibility of the

reactions
[mmole/100 mmeole Fe(Il) oxidized] Fe(I) 2 Fe(I1)
Fe(II) Deproto- reversibility
oxidized 2Mg?* ejected 3Fe(IIT) nated (mmole/
Sample [(mmole/100 g)%;] Dir.* Indir.} Dir * oxygen (%) 100 g)
Biotite
(depleted) 92 39 2 23 9 69 69 54
Verm (WI) 57 16 0 2 63§ ? ? ?
Verm (MT) 28 22 20 18 0 80 80 23
Verm (TSA) 7 1 0 n.d. 0 ~ 100 ~ 100 ~7

* Direct measurement of decrease in structural Mg or Fe.

t Indirect measurement as OH ™ formed in solution (equation 7).

§ Sample contained free Fe,0;.xH,0.
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occurred in the latter (Fig. 3). The amount of Mg>™*
ejected, when measured directly, agrees with the result
indirectly obtained from OH ™ titration (Table 3). The
value of 63/3 mmole of Fe(IIT) 100 g~ for W1 vermicu-
lite (Table 3) is too high because it includes an ad-
ditional amount of free iron which was not totally
removed during the first Na,S,0, treatments.

The values for deprotonated oxygen (Table 3) in-
crease in going from Na biotite to TSA vermiculite,
owing to a decreasing amount of ejection of octahedral
metallic cations. This is consistent with the amount of
oxidation of Fe(Il) in the four phyllosilicates used
(Table 3): depleted biotite > WI vermiculite > MT
vermiculite > TSA vermiculite. During the weathering
transformation of trioctahedral mica layers to vermi-
culite, Fe(II) becomes oxidized and octahedral metallic
cations are ejected from this increment of mica weath-
ered to vermiculite during the measurements. Hence,
the greatest stability has been reached by the least fer-
ruginous sample, TSA vermiculite. As the same time
the percentage reversibility of the oxidized Fe(II) in the
vermiculite layers increases in going from the freshly
opened biotite layers to the low-iron TSA vermiculite
(Table 3).

DISCUSSION

The gain in positive charges in the iron-containing
octahedra through iron oxidation appears to be
balanced within the octahedra themselves by different
proportions of equations (7-9), through loss of protons
from the OH™ groups and ejection of Mg?™ and
Fe(III) to form dioctahedral areas. During the vermi-
culitization, structural Fe(II) becomes oxidized and
some octahedral Mg?* and Fe(Ill) are ejected
(Walker, 1949; Newman and Brown, 1966; Wilson,
1970). In the above experiments, the amount of Fe(I1I)
and Mg? " ejected, during an increment of weathering,
depended inversely on the degree of previous vermicu-
litization, i.e. on the amount of trioctahedral mica
remaining. Thus, the loss of Mg?* + Fe(1IT) was grea-
test for H,O,-treated freshly opened Na saturated bio-
tite and least for H,O,-treated TSA vermiculite (Table
3). The total amount of ejected Mg?* + Fe(IlI), in the
experimental increment of weathering, was less than
13 per cent of the total structural Fe + Mg in all sam-
ples, yet the charge balance and mechanism were
quantified in these experiments. A greater loss of octa-
hedral metallic cations under natural conditions is, of
course, a result of longer time of weathering and may
have been affected by the presence of inorganic and
organic acids (Veith and Schwertmann, 1972) in leach-
ing waters.
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The oxidation of Fe(II) is accompanied by depro-
tonation of octahedral OH™ groups, under the neutral
conditions (Table 3) used in the present experiments;
earlier work showed corresponding dehydroxylation
under more acid conditions (Farmer et al. 1971;
Gilkes et al., 1972). A deficit in structural OH™ + F~
(<4 per unit cell) and therefore an excess of oxygen
(> 20 per unit cell) occurs in many trioctahedral micas
(Eugster and Wones, 1962; Foster, 1964; Rimsaite,
1967, 1970). This excess oxygen is equivalent to that
resulting from deprotonation of hydroxyl (O*, in the
above), formed during oxidation of Fe(Il) in biotitic
materials by H,0, treatment in suspension. The
results obtained on naturally weathered samples
would indicate that deprotonated biotite samples are
relatively stable. The deprotonation process to com-
pensate a positive charge increase in the octahedra was
not considered by a number of authors (reviewed by
Foster, 1963).

When structural Fe(ITl) is reduced, only the depro-
tonated octahedral positions (equations 5 and 9) can
be reprotonated. The calculated reversibility (Table 3)
is 69 per cent for depleted biotite, 80 per cent for Na—
vermiculite (MT) and about 100 per cent for Na-ver-
miculite (TSA), if reversibility is restricted to the repro-
tonation of deprotonated structural hydroxyls. From
the data in Tables 2 and 3, it appears that Fe(III) is
easily reduced as long as deprotonated sites (O¥) exist.
As the amount of deprotonated sites (mmole O*
100 g~") decreases from biotite to Na-vermiculite
(TSA), the amount of Fe(IIl) reduced (Table 3) de-
creases (Tables 2 and 3) to about 13 per cent of the
total Fe(IIl) present (Table 2).

Contrary to the above findings, a change in LC
when structural Fe changes its vélency, in accord with
the Gruner (1934) hypothesis, was inferred by Ismail
(1969, 1970) and Barshad and Kishk (1970). Ismail
(1969) states that after Fe(IT) oxidation. “The change in
surface charge was measured by the amount of Na and
K that diffused to the oxidizing solution”. To achieve
different pH values, either CaCO, and/or Ca(OH), or
0-25M Al(OH), ;Cl, < were added. These added elec-
trolytes would cause the exchange of Na* and K™ into
solution independently of his intended measurements
of layer charge decrease. That greater amounts of Na*
and K™ were exchanged when Al was added is shown
by his data. In the oxidation of octahedral Fe(II), “. . .
a supply of hydrogen ions from dissociated water
would be available to receive the electrons resulting
from the oxidation process . . .” according to Ismail
(1970). This would involve evolution of H,; however,
H, is well known to be a stronger reductant than Fe(IT)
and, therefore, the proposed oxidation reaction with
H, evolution from water is physicochemically unlikely.
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A reversible increase in CEC after reduction of
structural Fe(III) was inferred from data for 11 vermi-
culite—clays (Barshad and Kishk, 1970). Although no
measurements of iron valency were given, the assump-
tions were made that all of the structural Fe(IIT) had
been reduced after Na,S,0, treatment and that all of
the structural Fe(IT) had been oxidized after NaOCI
treatment, contrary to the measurements made in the
present study and those of Roth et al. (1968, 1969).
Even after 24 hr of Na,S,0, treatment of some of our
samples, only about 30 per cent or less of the structural
Fe(IIT) in MT and TSA vermiculites was reduced. In
order to compare NaEC values of different samples,
the NaCl-treated materials should be washed, not with
H, 0. but with dilute NaCl (at least 107> M) to prevent
hydrolysis of exchangeable Na (Mokma et al.. 1970;
Bar-on and Shainberg, 1970) and resuspension and
loss of some of the clay particles.

Many papers report the loss in layer charge when
biotite is weathered either naturally or artificially
(Newman and Brown, 1966; Raman and Jackson,
1966 Scott and Smith, 1966; Marques and Scott, 1968;
Leonard and Weed, 1970). Some of the changes in
CEC had been based on the weight at about 100°C. As
the depleted biotite is much more hydrated than the
biotite (Walker, 1949; Newman, 1967; Davis et al,
1970), ACEC and therefore ALC values are too high
when based on drying at 100°C (Table 1, Fig. 1). If this
effect of interlayer water is excluded, the change in LC
before and after depletion is less and the discrepancy
between ALC and Fe(II) oxidized is even greater.
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Résumé—Quatre vermiculites Na réduites par Na,S,0,, contenant chacune un mica trioctaédrique inter-
stratifié, ont été oxydées par H,O, a pH 6,5 et de nouveau réduites par Na,S,0, en suspension a pH
7,5-8,0. La charge du feuillet (CEC + K*} mesurée a pH 6,50 ne change pas significativement quand Fe
octaédrique est oxydé (7-92 mmol 100 g~ Vet réduit (6-71 mmol 100 g~ ). L’électroneutralité est maintenue
A Plintérieur de la couche octaédrique quand Fe est oxydé ou réduit. Quand Fe(Il) est oxydé, Iélec-
troneutralité est maintenue par déprotonation de groupes OH ™ octaédriques,

{[Fe(I1)],Mg,O,OH),} ** & {[Fe(ll)],Mg,O4OH),0,*}*° + 2¢~ + 2H" (a)
et par éjection (dissolution) de cations métalliques octaédriques du réseau,

([Fe(I)]s MgO, (OH),} *° — {[Fe(l)], O4 (OH)4) *° + Se™ + Fe* ™ + Mg?”. (b)

Quand Fe(IIT) est réduit, 'électroneutralité est maintenue par reprotonation des sites déprotonés [0*
équation (a)] La réaction (b) n’est pas réversible.

Ainsi, la réversibilité de la réaction Fe(Il) s Fe(IIl) a Pintérieur de la couche octaédrique diminue
quand augmente la quantité de cations métalliques éjectés. La quantité de Fe(IIT) et Mg? éjectés, par Fe(II)
oxydé, est reliée au degré de vermiculitisation; elle est 1a plus grande avec la biotite dégradée Na (0,03
Fe’* et 0,11 Mg?™* par Fe(Il) oxydé) et la plus petite (environ zéro) avec la vermiculite d’Afrique du Sud.
Le nombre de sites déprotonés (0*) et réversibles augmente de 0,69 par Fe(Il) oxydé avec la biotite appau-
vrie en K, a environ 1,0 avec la vermiculite d’Afrique du Sud. L’incrément d’altération est petit, puisque,
sur la quantité totale de Fe + Mg, moins de 1,3 pour cent a été &jecté de chacun des 4 matériaux vermiculi-
tiques. Quand la biotite est appauvrie en K, environ 20 m-equiv de charge du feuillet par 100 g (référence
300°C) disparaissent, tandis que sont oxydées 51 mmoles de Fe(Il) par 100 g en présence de Na,S,0,
et 82 mmoles en Pabsence de ce réactif, en suspension aqueuse. Puisque les traitements répétés réduction—
oxydation-réduction de la biotite appauvrie en K et des vermiculites contenant du mica, n’entrainent pas
de changements significatifs dans la charge du feuillet (> = 0,04) on en a conclu que les modifications
de charge du feuillet sont entierement indépendantes de 'oxydation et de la réduction de Fe dans les min-
éraux.

Kurzreferat—Vier Na,S,0,-reduzierte Na—Vermiculite, alle in Wechsellagerung mit etwas trioktaedris-
chem Glimmer, wurden bei pH 6,5 mit H,O, oxidiert und in Suspension bei pH 7,5-8,0 mit Na,S,0,
wieder reduziert. Die Schichtladung (AK + K), gemessen bei pH 6,50, zeigte keine deutliche Verdnderung,
wenn das oktaedrische Fe oxidiert (7-92 mmol 100 g~ "y oder reduziert (6~71 mmol 100 g~ ') wurde. Bei Oxi-
dation und Reduktion des Eisens in der Oktaederschicht wurde die Elektroneutralitdt aufrecht erhalten.
Bei der Oxidation von Fe(IT) wurde die Elektroneutralitit durch Deprotonierung der oktaedrischen

OH ™ -Gruppen,
{[Fe(ID];Mg,04(OH),} *° & [Fe(Il)];Mg,0,(OH),0,*} *° + 2e~ + 2H" (@)
und durch Abgabe (Losung) von metallischen Gitterkationen aus Oktaederposition,
{[Fe(IN]sMgO(OH),} *° — ([Fe(III)],0,(OH),! *° + Fe~ + Fe** + Mg** (b)
gewahrt.
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Wenn Fe(III) reduziert wurde, wurde die Elektroneutralitiit durch Reprotonierung der deprotonierten
Gitterplétze [0* in Gleichung (a)] bewirkt. Reaktion (b) war nicht reversibel. Doe Reversibilitdt der Reak-
tion Fe(Il) & Fe(IIl) innerhalb der Oktaederschicht nahm somit mit steigender Menge abgegebener
metallischer Kationen ab. Die je oxidiertes Fe(II) abgegebene Menge an Fe(IIT) und Mg?* stand zum
Grad der Vermiculitisierung in Beziehung und war bei durch Na umgewandeltem Biotit am gré8ten (0,03
Fe** und 0,11 Mg?* je oxidiertes Fe(IT)) und bei Vermiculit Siid-Afrika am geringsten (nahezu 0). Die
Zahl der deprotonierten (0*) und reversiblen Gitterpliitze stieg von 0,69 je oxidiertes Fe(II) bei Biotit nach
K-Freisetzung auf ungefdhr 1,0 bei Vermiculit Siid-Afrika an. Die Zunahme der Verwitterung war gering,
da von der Gesamtmenge an Fe + Mg weniger als {,3 prozent von jeder der vier Vermiculitsubstanzen
abgegeben wurde. Bei der K-Freisetzung aus Biotit gingen etwa 20 mval der Schichtladung je 100g
(bezogen auf bei 300°C behandeltes Material) verloren, wihrend in den wiassrigen Suspensionen 51 mmol
Fe(II) 100 g™ ! in Gegenwart und 82 mmol in Abwesenheit von Na,$,0, oxidiert wurden. Da aufeinander-
folgende Reduktions-Oxidations-Reduktions—Behandlungen der K-freien Biotite und glimmerhaltigen
Vermiculite keine signifikante Verdnderung in der Schichtladung hervorriefen. (> = 0,04) wurde gesch-
lossen, daf} die Verdnderungen der Schichtladung in diesen Mineralen von der Oxidation oder Reduktion
des Fe vollstindig unabhingig sind.

Pesrome — Yerbipe Na-BepMuKyTHTa ¢ BOCCTAHOBICHHBIMYU Na,S,0,, Kawablli ¢ NpomacTkaMu
TPHOKTA3APA/IbHOM CtoALI TIOABEPraiu OKuclenuto B mpucyrcreud H,OQ, npu pH 6.5, a zatem
BHOBb BoccTaHasnueanu Na,S;04 B cycnensuu npu pH 7,5-8,0. 3apsan cnoes (CEC 4 K *), name-
pennbii pu pH 6,5, MOYTH YTO HE M3IMEHHUIICA HU IPH OKHCIICHMH OKTasapaabhoro Fe (7-92 Mmorb/
100 r) uu npH ero BoccTaHOBIEHUM (6-71 MMONL/100 r). B okTasapaibHOM JHCTE IPH OKHCIEHUN
HJIA BOCCTaHOBIIEHHH Fe noanepxupaercs anexTpoHeTpanbhocTs. Ipu oxucnenun Fe(Il), snexTpo-
HEATPA/IbHOCTL COXPAHAETCS yTEM MOTEPH MPOTOHOB OKTAdApanbHbix rpymn OH ™, (a),

{[Fe(ID1.Mg,04(0H).} ¥ T——= {[Fe(Ill)];Mg.0,(OH),0,*}%® + 2e~ + 2H*,
1 IyTeM BbIOpachIBaua (PACTBOPEHME CTPYKTYPHbIX) OKTAIAPANILHBIX METALTHYECKAX KATHOHOB, (b),
{{(Fe(ID]sMgO4(OH),}*° ——— {[Fe(lID];04(OH)4}° + Se~ + Fe3+ - Mg?*,

Mpu Boccranosnenun Fe(IIl), 3neKTpoHeHTPanbHOCTL MOANEPKHUBAETCH PEIPOTOHALHEH THOTEPsIH-
HbiX potoHoB (O*, ypasHenve a). Peaxuus (b) HeoBpaTuma. Takum o6pa3om, 06paTHMOCTb PEAKLIMH,
Fe(Il) 2 Fe(Ill), B oKTasapallbHOM JIMCTE MOHWKACTCS C YBEIHYEHHEM KONMYECTBA BHIGPOIIEHHBIX
MmeTanauyeckux katuonos. Komuyectso Fe(IIl) u Mg?+, BuibpaceiBaeMeix oxucnertsiv Fe(ID),
3aBHCHT OT CTCINCHH BEPMUKYJITHTM3ALMH, TPOUCXonsilei Gonbuie Becero B Na-AerpaaupoBaHHOM
6uotute [0,03 Fe** u 0,11 Mg?* /oxucnennsiit Fe(I)] 1 MeHBbuIe Bcero (HOYTH YTO HYJIb) B FOKHO-
adprxaHckoM BepMukynure. KomHuecTBO nOTepsAHHbIX MpOoToHOB (O*) H KOIHYECTBO OGpaTHMBIX
3an0xeHnit nosbimaertcs ot 0,69 B Fe(Il) okucnensoM 6H0TATOM ¢ HeTomeHHsM K 1o npumepHo 1,0
B HOXHO-aQpHKAHCKOM BEPMHKY/IHTE. BBIBETpUBAHWE MOYTH 4TO OBIIO HEIAMETHO, TaK KaK U3
obuero xonnyecrsa Fe + Mg menee, yem 1,3 mpolenTa 65110 BEIGPOIIEHO U3 KAXIOTO M3 YEThIPEX
BepMHKYIHTOB. I1py Beromennu K u3 6uotnra, nprumepHo 20 M-3KB 3apana c1od Ha 100 r (6a3nc
300°C) 6but0 moTEpSIHO, B TO Bpems kak 51 mmons Fe(Il) Ha 100 T OKMCIAIOCH B JIPHCYTCTBHH
Na,5;0, B BOOHOH CycmeH3uH H 82 MMONH NIpH €r0 OTCYTCTBHH. Tak Kak, MOCIEAOBATE/bHAN
06paboTka «BOCCTAHOBEHHE—OKHCIEHME—BOCCTAHOBICHHEY GMOTHTA ¢ HCToleHHBM K 1 BepMH-
KYJIMTOB COOEPXANIMX CMIONY HE MOBENA K 3aMETHBIM IEpEMEHaM B 3apsne cnos (r2 = 0,04), 3axmo-
YHJTH, YTO U3MEHEHUS 3apPSIOB CJIOEB COBCPIUCHHO HE 3aBHCAT OT OKMC/IEHHMS WM BOCCTAHOBJIEHHS
Fe B 3Tux martepuaax.
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