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Abstract. Mossbauer spectroscopy has revealed that iron in the structure
of illite, beidellite, mixed-layer illite/montmorillonite and kaolinite is present only
in the octahedral sheet, where it may occupy two positions of different crystal field
symmetry. Iron ions occupying low-symmetry positions are more readily extrac-
table with 15% H,SO, than the ones at higher symmetry sites. The extraction rate
of iron is approximately proportional to the iron content in the structure of a
clay mineral. The extraction of iron is most rapid in illite, less so in mixed-layer
illite/montmorillonite, and the slowest in beidellite.

INTRODUCTION

Treatment with sulphuric acid is used in the technology of obtaining
bleaching earth from clays. Studies of the extraction of iron from clays
rich in beidellite, illite, or mixed-layer illite/montmorillonite have shown
that it is the cations occupying the octahedral sheet of clay minerals, and
in the first place iron ions, that pass into sulphuric acid aqueous solu-
tions (Bahranowski 1980).

The present paper is an attempt to define the position of iron in the
structure of illite, beidellite and mixed-layer illite/montmorillonite, and to
determine the influence of the crystal field symmetry upon its extraction
with sulphuric acid aqueous solutions. Similar investigations were carried
out on kaolinite clay containing haematite. The method used was Moss-
bauer spectroscopy.

Maéssbauer spectroscopy has found wide application in the studies of
minerals containing iron because the iron isotope Fe is a Mdssbauer
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lide ossesses exceptionally advantageous pararpgzters considering
gg‘skllldtﬁueth:}tc?ted state life?time and the gamma .transmon energy. Iron
in the structure of clay minerals usually occurs In the qctahedral sheet
(Bancroft 1974; Rozenson, Heller-Kallai 1977; quusmskl, Stoch, Dubiel
1981) although its presence was also suggested in the tetrahedral sheet
(Goodman et al. 1976, Goodman 1978).

EXPERIMENTAL

Investigations were carried out on grain fractions <2 um or <1 um
of clays of different mineralogical nature. The were: ;

The Poznan clay from Kraniec (Lower Silesia). The <2 um ﬁract10()11
of this clay consists of about 70% mixed-layer illite/montmorillonite, 10%
illite, 10% kaolinite and 10% quartz. The fraction has also been found to
contain haematite. The content of swelling layers in the mixed-layer /M,
determined by the methods suggested by Hower and Mowatt (1966) and
Reynolds and Hower (1970), amounts to 60%. It is a dioctahedral mineral
containing mainly A3 and Fe®" in the octahedral sheet. :

Stagnant clay from Plecewice. The <2 pm fraction contains about
70% illite, 10% kaolinite and 10% quartz, as well as small amounts of
chlorite and mixed-layer I/M.

The Poznan clay from the overburden layer of the ”Kazimierz” brown
coal mine in Konin. Investigations were carried out on the <1 pm
fraction consisting of about 80% beidellite, 15% kaolinite and 5% quartz
(Helios-Rybicka 1975).

Mossbauer spectra were taken at room temperature with a 400-channel
spectrometer used in the constant acceleration mode. The source of gam-
ma radiation was 5Co in a chromium matrix. Calibration was made with
the aid of chemically pure a-Fe,Os.

The resulting Mossbauer spectra were fitted by digital computer using
iterative method. The fitting parameters were: isomer shift (IS), quadru-
pole splitting (QS) and half-width of line (I'). In the case of kaolinite
from Baran6w and mixed-layer I/M from Kraniec, in which haematite
was present, another fitting parameter, viz. magnetic splitting (H), was
introduced.

After drying and grinding in an agate mortar, the separated fractions
were stored overnight in a hygrostat at a humidity of 55%.

Mossbauer spectra of the fractions were taken before and after
14-hour treatment with sulphuric acid. For the illite sample from Plece-
wice additional spectra were taken after 0.5 and 1-hour treatment. The
following procedure was adopted: 2 g samples of a humidity of 55%
were weighed out into Erlenmeyer flasks (400 ml in volume) and 200 ml
of hot 15% H,SO, was poured on them. To eliminate the evaporation of
acid, the flasks were closed with a stopper equipped with a reflux water
condenser. The flasks were put on a water bath ensuring a constant
reaction tempex:a‘ture of 9§°C. Ihe semples were stirred every 15 minutes.
After the specified reaction time, the samples were removed from the
b.atl'.x, diluted with f:old water, immediately centrifuged and washed with
e G S
mined using atomic absorpti . Somtent in fhe iinot, s deter-

ption spectrophotometry. The precipitate was
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dried and kept in a hygrostat at a humidity of 55%, and samples for
Mossbauer spectroscopy were prepared. The Mdéssbauer spectra obtained
are shown in figures 1—10, whereas the parameters characterizing the
spectra are listed in Table 2.

RESULTS

The < 2 um fraction of the Plecewice clay contains 9.9% Fe,O3. The
isomer shift IS and quadrupole splitting QS testify to the presence of iron
in the octahedral sheet of clay minerals (Bancroft 1974), specifically of
{llite. Iron in this sheet occurs in two oxidation states, Fe?** and Fe2™.
The amount of ferric iron is about 2.5 times greater than that of ferrous
iron. Ferric iron occupies two unequivalent positions in the octahedral
sheet: A (of lower symmetry) and B (of higher symmetry), iron in the
position A being positively prevalent.

Treatment with sulphuric acid results in systematic extraction of iron
from the structure of illite (Table 1). Mossbauer spectra (figs 1—4) have
revealed that both Fe?t content and the total content of Fe3" decrease.

T ashilesl
Extraction of Fe,Oy from clay minerals during reaction with 15% H,SO,
Weigh % Amm.mt of- extracted Fe;Oy
of Fe,0 in weight % after
Sample : 2
in natural
0255#h 18h 14 h
sample
Illite Plecewice <2 pm 9.90 3.64 3.04 9.49
Illite/montmorillonite Kraniec !
< 2 pm 0.04 sl 2.54 ‘l 6.36
Beidellite Konin <1 pm 5.90 0.71 | 0.36 | 3.07
Kaolinite Baranéw Czerwony
<2 um 11.45 1.85 4.26 10.93

The content of Fe2" decreases fairly rapidly. After 0.5-hour treatment
it is four times lower than in the untreated sample. The present investi-
gations failed to ascertain whether this iron was oxidized and remained
in the structure as Fe3*, or went into H,SO, solution as Fe3a®. After
l4-hour treatment no Fe2™ was detected in the structure of illite.

The decrease in Fe3" content is caused first of all by the passing of
ions from A positions into solution and is approximately 12.5 fold. Iron
content at B positions remains more or less at a constant level. It is con-
ceivable, however, that during initial treatment it increases, decreasing
during further treatment so that after 14 hours it reaches the level of
the untreated sample. Such course of reaction is suggested by the change
in parameter ¢ (Table 2). It should be noted, however, that with the in-
crease in this parameter, its measurements are more likely to be in error,
in which case the observed tendency may only be apparent. The initial
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Fig. 1. Mdssbauer spectrum of clay from Plecewice (fraction < 2 um)
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Fig, 2. Mossbauer spectrum of clay from Plecewice (fraction <2 um) treated 0.5 h
with 15% H,SO,
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Fig. 3. Mossbauer spectrum of clay from Plecewice (fraction < 2 um) treated 1 h

with 15% H,SO,
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Fig. 4. Mossbauer spectrum of clay from Plecewice (fraction <2 um) treated 14 h

with 15% H,SO,
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Fig. 5. Mossbauer spectrum of clay from Kraniec (fraction < 2 pm)
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Fig. 6. Mbssbauer spectrum of clay from Kraniec (fraction <2 um) treated 14 h

with 15% HySO,



Mossbauer parameters

PRI S o Vil B e SRR
Fes+ (A) Fedt (B)
Sample T 1S QS Ao € iy 1S QS Ao
(mm/s) (mm/s) (mm/s) (%) (%) [(mm/s) (mm/s) (mm/s) (%)
Illite Plecewice 056% [019% 0774 73 152+ | 0.56£ 0.12% 0.74% Sk
<2 pm 0.02 0.01 0.01 i 0.05 0.02 0.02 0.01 2
05 h 057+ 016+ 0.50% 79+ 1.15% | 057 0.04+ 0.39% 1t
0.02 0.05 0.03 17 0.24 0.02 0.05 0.28 18
1h 0.60+ 0.14% 0.50+ 56+ 0.86+ 0.60+ 0.06t 0.73% 345+
0.03 0.06 0.13 36 0.56 0.03 0.04 0.16 35
14 h 072+ 013t 056t 65+ 0.12% 07 2L O 3
S0 BcReadl 20 015 o 012 osshl R 2
Illite/montmorilloni- | 0.48+ —0.12% 0.53+ BIEERS1 0Bl 7Y i L ot
te Kraniec <2 pm | 0.01 0.01 0.01 ] 0.01
14 h D ot 205y a0zt || L T R
0.05 0.02 0.02 6 0.04
Beidellite Konin 0.54+ —0.16 0.51* 88+ 1Lil7ae 0/54="" 1013 B1%315E 19
<1 pm 0.02 0.01 0.01 2 0.02 0.02 0.03 0.08 3
14 h 050+ —0.14% 0.45% e aL(fiks 0150z & 10.19:==8 5113 86+t
0.03 0.01 0.01 2 0.03 0.03 0.01 0.14 4
Kaolinite Baranow 0.90+ 0.09% 0.60t 20+ 0.36%
Czerwony < 2 pm 0.08 0.02 0.04 1 0.02 i i 7 _»
14 h 0.68t 0.10x 0.60% {50 01301
0.04 001  0.02 A i b B 7

increase in Fe3" content at B-type lattice sites can be acc
e in ount v
the oxidation of Fe?t occupying these positions. e e

The treatment of illite with sulphuric acid causes th i

e
symmetry round the unextracted ions to become higher. Azry;;tg\livrfl%d
the studies of Rozenson and Heller-Kallai (1977), this is evidenced bgf

the lower value of quadrupole splitting (QS) for Fe3' i i
both A and B positions, and its higher vfluge fo)r Tas o ORE SRS RIS

The sample from Kraniec, containing mixed-la illi i i
as the dominant component, has an 1‘58203 contgg{ 1(&1'6;/62;;’1 trl\r}[%nl}aomte
spectra (figs. 5, 6) have revealed that 20% of iron is bound in thss fauer
o.f a magneth phase which X-ray investigations have identified as ﬁ o
tite. SQ% of iron oceurs in the structure of clay minerals. It is aﬁc?m?—
ferric iron occupying low-symmetry A positions in the oc.tahedra(ir1 ;fe%,
?—hour:treatment of this §ample with H;SO, solution results in ; lee .

issolution of the magnetic phase (haematite). The iron contenctori?\p fl:iz

8

g

bl
of investigated samples
Hety Haematite
2 i 1S QS A% € I 1S Qs A\ & H
(%) |(mm/s) (mm/s) (mm/s) (%) (%) |(mm/s) (mm/s) (mm/s) (%) (%)  (kQe)
007+ | 044+ 122+ 228+ 24+ 063%
0.06 010288 R0{028 0102 0.3 0.01 e e 7= 5 Zx i
016+ | 051+ 095+ 260+ 10+ 0.16%
0.27 0061 110:36/= 510136 04 0.01 % o o7 o T o
053+ | 046+ 1.09f 227+ 12+ 019+
0.54 002 0.09 017 1% skolo1 7 = ¥ 5 s, =
0.07 = = == — — = i i b i it
s o o i o _ |o4st 00006 o022+ 19% e 1990°F
0.02 0.04 2 1.6
0.16% & il i i 5 W e i A A v
0.04
0.14+ % o i 1 i i o i 2 b
0.05
o i ol i b - 040+ 001+ 011+ 80t 145+ 512.6%
0103 0:01  4r0l01 1 0.02 0.1
i i L o i 054+ 002+ 010+ 25% 004+ 505.8%
L1 0102 0102 9 0.01 2

octahedral sheets of clay minerals decreases 6.5-fold. The values of
quadrupole splitting QS and isomer shift IS remain virtually unchanged,
which shows that acid treatment has not changed the crystal field sym-
metry round the iron ions.

The beidellite sample from Konin contains 5.90% Fe,04. It is ferric
iron in the octahedral sheet. The content of iron at low-symmetry A po-
sitions is 88%, the remaining part being iron ions at the position of
higher symmetry. Mossbauer spectra (figs 7, 8) of the sample subjected
to 14-hour acid treatment show that the iron content has changed neither
at A nor B positions. The only effect of acid treatment is the slightly
higher symmetry of the crystal field round these ions, which is reflected
by lower values of the quadrupole splitting QS for both positions. Che-
mical analysis has revealed that acid treatment causes more than 50%
of iron from the untreated sample to go into solution. It is feasible, ho-
wever, that this amount of iron is present in the sample in the form of
amorphous siderogels which are undetectable by Mossbauer spectroscopy.
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Fig. 7. Maossbauer spectrum of clay from Konin (fraction <1 um)
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Fig. 8. Mdssbauer spectrum of clay from Konin (fraction <1 pm) treated 14 h
with 15% H,SO,

DISCUSSION

From the above investigations it appears that acid treatment of clay
samples rich in illite, beidellite and mixed-layer illite/montmorillonite
causes in the first place the dissolution of siderogels and haematite

The next to be extracted is iron bound in the structure of clay mi-
nerals. The rate of iron extraction from the structure of clay mir};erals
varies for each mineral. It is most rapid for the Plecewice illite, mode-

rately rapid for the mixed-layer illite/montmorilloni
the slowest for the beidellite from Konin. These res
with the studies of iron extraction kinetics by che
nowski 1980). -

10

te from Kraniec, and
ults are in agreement
mical methods (Bahra-

There is a distinct correlation between the content of structural iron
and the rate of its extraction by sulphuric acid solution. The iron extrac-
tion rate is approximately proportional to its content in the structure of
a clay mineral. Moreaver, the iron ions occupying lower-symmetry posi-
tions in the octahedral sheet are more readily extractable than the ones
at the positions of higher crystal field symmetry.

The extraction of Al, Mg and Fe cations occupying the octahedral
sites and the vacant cationic sites left in this sheet may cause changes
in the symmetry of these positions. The crystal field symmetry round the
iron ions that failed to be extracted from the structure becomes higher.

In kaolinite (the << 2 pm fraction of the Baranéw clay) treatment with
15% H,SO, results in the dissolution of haematite while the content of
structural iron decreases insignificantly (Table 2, figs. 9, 10). Also no
changes in the crystal field symmetry of iron ions have been noted.
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Fig. 9. Mossbauer spectrum of clay from Baranow (fraction <2 pm)
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fig. 10. Mossbauer spectrum of clay from Baranow (fraction <2 wm) treated 14 h
with 15% HySO,4
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Méssbauer spectroscopy has proved to be a satisfactory method for
the investigation of iron extraction from clays. It allows one to follow
the process of extraction of iron occurring in different mineralogical
forms (haematite, structural iron of layered silicates), as well as to de-
termine changes in the crystal field symmetry of ferric and ferrous iron.

Translated by Hanna Kisielewska
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Krzysztof BAHRANOWSKI, Stanistaw DUBIEL, Leszek STOCH

ZELAZO W STRUKTURZE NIEKTORYCH
MINERALOW ILASTYCH I JEGO EKSTRAKCJA
15-PROCENTOWYM H,SO,

W SWIETLE BADAN MOSSBAUEROWSKICH

Streszczenie

W pracy podjeto probe okreslenia pozycji zel ze illi

i mmeralu mies.zanopakietowego illit/nﬁonétlrrllorilloarfia}c V(;,rasztrl\l:;;?[jveu 11}1’{{1{
wywiera symetria pola krystalicznego na jego ekstrakcje 15—proycent s
go HZSO4.. Poyownawczo, podobne badania wykonano dla ilu k l.OWe-
wegso zaw(;era]qcego hematyt. g

twierdzono, ze w badanych minerata i h 7 .

wystepuje yvylal,c.zn.ie w warstwie oktaedcr};clzlrfzgycl}\lﬂozzﬂazz(;'rsglolévkt'm‘?lne
dwie pozycje, roznigce sie symetrig pola krystalicznego Ich)s'c’ 'ealc o
pozycjach o wysokiej symetrii pola krystalicznego jest .niewiellia a?)arlve\zy
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waza zelazo w pozycjach niskosymetrycznych. Jony zelaza zajmujace po-
zycje niskosymetryczne s3 latwiej usuwalne w wodnym roztworze kwasu
siarkowego, niz znajdujace sie na pozycjach o wyzszej symetrii pola kry-
stalicznego.

Ekstrakcja kationéw Al, Mg i Fe z warstwy oktaedrycznej mineralow
ilastych i powstanie luk w pozycjach kationowych w warstwie okta-
edrycznej moze powodowa¢ zmiane symetrii tych pozycji. Symetria pola
krystalicznego wokol niewyekstrahowanych ze struktury jonow zelaza
ulega podwyzszeniu.

Szybko$é usuwania zelaza ze struktury mineralow ilastych jest rézna
dla réznych mineraléw. Najszybciej usuwane jest zelazo z illitu z Pleces
wic, wolniej z mineralu mieszanopakietowego illit/montmorillonit z Kran-
ca, najwolniej z beidelitu z Konina. Zaznacza si¢ ponadto wyrazna za-
lezno$¢ pomiedzy zawartoscia zelaza strukturalnego a szybkoscia jego eks-
trakeji do roztworu pod wplywem kwasu siarkowego. Szybkos¢ usuwania
zelaza jest w przyblizeniu proporcjonalna do jego ilosci w strukturze mi-
neralu ilastego.

OBJASNIENIA FIGUR

Fig. 1. Widmo mossbauerowskie ilu z Plecewic (frakcja < 2 um)

_ Widmo mdssbauerowskie itu z Plecewic (frakcja <2 um) traktowanego 0,5 h
15-procentowym HySO4

Fig. 3. Widmo mdssbauerowskie itu z Plecewic (frakcja <2 um) traktowanego lh
15-procentowym HpSO4

Fig. 4. Widmo mossbauerowskie itu z Plecewic (frakcja < 2 um) traktowanego 14 h
15-procentowym H,SO,

Fig. 5. Widmo mossbauerowskie jlu z Kranca (frakcja <2 wum)

Fig. 6. Widmo mdossbauerowskie itu z Kranca (frakcja <2 pm) traktowanego 14 h
15-procentowym HySO4 5

Fig. 7. Widmo mdssbauerowskie jlu z Konina (frakcja <1 pm)

Fig. 8. Widmo mossbauerowskie ilu z Konina (frakcja <1 um) traktowanego 14 h
15-procentowym H>SO,

Fig. 9. Widmo mdossbauerowskie itu z Baranowa (frakcja <2 pm)

Fig. 10. Widmo mdssbauerowskie ilu z Baranowa (frakcja < 2 um) traktowanego
14 h 15-procentowym HySO4
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Kwuwrod BAT'PAHOBCKMU, Cranucaas NYBEJb, Jlewex CTOX

JKEJE30 B CTPYKTYPE HEKOTOPBIX TJIMHUCTBIX
MMHEPAJIOB 1 ETO 9KCTPAKIIUA 15% H,SO,
HA OCHOBAHUU MOCCBAYAPOBCKUX UCCIETOBAHUU

Pe3moMe

B pabGore mpejcTaBJeHa IONBITKA ONpeZfeJIeHNA MO3ULMK Keje3a B
CTPYKType UJINTA ¥ CMEeIIaHHONaYKOBOro MMHepasa UJIIUT/MOHTMOPUJLIO-
HWUT, a Tak¥Ke BJMAHME KaKoe OKa3bIBaeT CUMMETPN: KPUCTAJIMIECKOTO
MOJIs Ha €ro 9KCTPaKIIAIO 15% H,SO4. st cpaBHeHMA nol00HBIE MCCJIeN0-

o

BaHUSA TIPOBEJEHBI IS KAOJMHUTOBOM TJIMHBI conepmamei’r reMaTuT.

13



KoHcTaTipoBaHo, YTO B MCCJIeJ0BAaHHBIX [VIMHMCTBIX MUHEpPanax CTpyK-
TypHOE JKeJe30 HaXOAUTIA TONBKO B OKTA9/[PUUECKOM CJIOE. MozkeT 3aHU-
MaTh TaM JABE IO3MIMM OTJIMYAIOLIMECS CUMMeTpMell KPUCTAJINIECKOro
mosisi. Ha mo3mumax ¢ BBICOKOH CMMMeTpMeli KPUCTAJIIMYeCKOIo IOJsA KO-
JMYeCTBO KeJseda HeDoJbIIoe, IpeobJajaer KejJe30 Ha HU3KOCUMMETPU-
YeCKMX No3uIuaX. VIOHBI JKeJsie3a 3aHMMAIOIIVe HU3KOCUMMeTpUYecKue
OO3MUIMM JIerde YCTPAaHAIOTCA B BOJHOM pacTBOPE CEPHOJ KMUCJOTBI, YeM
HaxojAlMecs Ha MO3MIUAX ¢ Gosiee BBICOKOI CMMMETpPMEl KPUCTaJJIMdec-
KOTO I10JIA.

Okcrpakimsa KatuoHoB Al, Mg u Fe u3 0KTasApudYecKOro CJos TJIMHU-
CTBIX MMHEpaJoB ¥ 0Opa3oBaHMe HpobEeJIOB B IMO3MLMSAX KATMOHOB B OK-
TAAPUYECKOM CJI0e MOZKeT 00yCJIaBJIMBATH M3MEHEHVME CUMMETPUM O9TUX
nosuumit. CuMMeTpinsa KpMUCTAJNIMYECKOTO I0JA CTAHOBUTCA 60Jiee BBICO-
KOJi BOKPYT HEJKCTParMpoBAHHBIX M3 CTPYKTYphI MOHOB KeJe3a.

CropocTh yznasienus zKese3a U3 CTPYKTYPbI IJMHUCTBIX MUHEPAJIOB fAB-
JIFIeTCA Pa3HOM AJIsi Pa3HBIX MMHEpaJoB. BeIcTpee Bcero zkese3o ycTpa-
HAeTcA U3 miumra n3 IlnenoBul], MeajieHHee U3 CMelIaHHOIAYKOBOIO M-
HepaJsla MJUIMT/MOHTMOPMILIOHUT 13 KpaHblla, elqe MeIJeHHee u3 Geiines-
mura n3 Konmna. Kpome Toro ormeuaerca uerkas 3aBUCUMOCTD MEKIy
COZIEpZKaHMeM CTPYKTYPHOIO JKeJe3a a CKOPOCTBIO ero SKCTPaKIMyu B
PacIBOp TIOZ BJMAHMEM CEPHOM KuUCIOThL CKOpPOCTh yaasleHMs Ikesesa
NpUBIM3UTENLHO NPONOPLMOHANbHA €T0 KOJMYECTBY B CTPYKTypE TJM-
HUCTOTO MMHepaJa.

OB'bACHEHUS PUTYP

Pur. 1. MocchayIpoBCKMit CNEKTP TAMHBI M3 IIneneBuy (ppakmma < 2 M)

Pur. 2. MoccbayspoBCKuit CHEeKTp rymubl u3 Ilnenesuy (hpakuusa < 2 UM) Tpojep-
HyBanuoy 0,5 vaca B 15% H,SO,

DPur. 3. MoccbayspoBermit CHEeKTD Tymubl u3 IlneneBny (pparkums < 2 M) TIpOoaep-
KuBanuoi 1 wac B 15% H,SO,

®Pur. 4. MoccbayspoBeruit CHEeKTD rimubl u3 IlneueBuy (bparums < 2 UM) 1pojep-
HyBaiHoi 14 wacoB B 15% H,SO,

DPur. 5. MoccbayspoBeruit CHexTp ramuel u3 Kpanbua (bpakums < 2 um)
Pur. 6. Moccbaysposckuii COEKTP TimHbl U3 Kpaubua (bpakuus < 2 M)

I npojaep-
ZviBainoi 14 wacos B 15% H,SO, ek
Pur. 7. Moccbaysposckuii CHEKTp ran:Hpl U3 Konuna (dbpakmma < 1 M)
Dur. 8. Moccbaysposckuii CHeKTp rimuabl u3 Koumna (cdpak
I ; : uma <1 um) nponep-
uB21HoY 14 vacos B 15% H,SO, D e
Dur. 9. MoccbayspoBermit CIIEKTP riuHbl u3 BapaHora (bpakuna < 2 nm)
Dur. 10. Moccbayaposeruit CHEKTp TJM9bl M3 BapauoBa (ppakuusg < 2 UM) IIpOjep-

#¥BanHoi 14 vacoB B 15% H,SO,



