


In recent years growing interest has developed in the study of
glasses with high 1ron concentratlon [1,2]. From thlS point of view
the interest to natural c01101ds of alumo-ferrous- sulphate—phosphate
composition is- increasing; too. The Fe203 content in these. colloids
changes frorn 0.5% ;to 60%. Besides, the natural colloids are mineral
forming systems’ in which the crystallization of various minerals
takes place: fr"o’m liquid alumo-ferrous-sulphate-phosphate hydrosols
to solid gels of the same cornposmon and finally to crystal sulphates
and phosphates The studied c01101ds are liquids of yellow, yellow-
brown and dark- brown colour and dlfferent composmon Sohd glass-

like gels appear from coagulation of hydrosols
In this work the natural solid gels of next composition:
1 (AlFeq)s{(POs)os(SOoslos(OH)s “6H,0 /
2. (AlogFe21)3[(PO4)os(SO4)o2l(OH)s - 6H,0 ' |

were studied by EPR, NMR'H and Méssbauer spectroscopy methods.
Two groups of samples have different content of Inineral forming
metals: in the first ‘group aluminium’ makes up the mhost part of the
composition, in the second one iron plays an 1mportant role. The
Fe,0, content in gels of the first group changes from 0.5% to 5%.
The EPR-spectra were obtained at 98 GHz on an "Bruker"
spectrometer with a temperature controller ranging from 73 K to
473 K. They show similar features: the sharp line that appears at
g—4 3 is characterlstlc of isolated Fe*' in octahedral environment of
six oxygen anlons and ‘the broad line at g=2 caused by impurities .

and hyperfine octet of VO** (see fig.1).
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Fig.l. EPR-spectrum of gel of the first group.
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Fig.2. Temperature dependence of the intensity of EPR- |

line at g=4.3 .

For gels containing 0.5..5% ¥Fe;O; temperature variation of
integrated intensity of line at g=4.3 is plotted in figure 2. An abrupt
change in intensity of EPR signal caused by Fe'' in octahedral
coordination is observed in the temperature range 215..240 K. It can
be associated with the change of Fe” jon's environment in gels.

To determine the type and ithe ‘content. of oxygen-hydrogen
groups in gels, the NMR'H method was used. NMR-spectra were
recorded on the wide line spectrometer Tesla BS 487B with work
frequency 70 MHz. The results of analyses of low-temperature
NMR'H spectra for gels of the first group are shown in table 1, -
where N and Nyx are the full water content and the OH-groups

amount in 100g of substance.

Table 1. The results of analyses of NMR'H spectra for gels of the

first group.

TK 298 | 383 | 473 | 573 | 683
N* 278 | 218 | 162 | 139 | 107
Pom, 2002 | 020 | 027 | 049 | 047 | o067
Pi.o, £0.02 067 | 062 | 051 | 053 | 033
Pi.o*,+0.02 013 | 011 | 000 | 000 | 0.00
Nom, 010 . | 110 | 120 | 150 | 130 .| 140
N0, £0.05 | 186 | 135 | 083 | 065 | 035 |
N j1i0%,20.05 | 024 | 016 | 000 | 0.00 |-000 ]
Rog, £0.10 A --1.30 140 | 150 150 |- 1.40 |-
Rio, 2010 A | 160 | 160 | 1.66 | '1.66 | 166
Ruot2010 A e | w2 - |- o




It can be seen from table 1, 18% of protons form acidic H;O"
groups in air-dry sample. As after annealing of sample at 373K
NH30+ equals zero, Ngy increases and full OH-groups content doesn't
'change, it can be confirmed that H3_O",L— groups appear in gels like
wavellite from short hydrogen bond between proton of OH-group

and neighboring water molecule [3).
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Fig.3. Dependence of the H;0" - groups amount from the

temperature annealing.

It is seen from figure 3 that three-spin proton configurations
are more stable in wavellite than in gels. Their destruction is
observed “in terﬁperature int_érval 470..520 K for wavellite and for

gels the later is 380..420 K. The temperature variations of NMR'H

spectra of gels in the range 215..240 K show their strong narrowing

caused by appearance of translation mobility of H;0" groups (fig.4).
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Fig.4.. Temperature dependence of the width of NMR'H

. line.

On the other hand the destruction of acidic H,0" groups at
380..420 K is accompanied by transformation of structural polyhedrrak

according to EPR and Mossbauer data (see below).
Thus, in thé gels of the first group mobility and stability of
acidic H;O" groups play an important role.

For gels of the second group containing 10...20% of Fe;0, 'the‘
EPR-spectra are characterized by broad and sharp lines at g=2
(fig.5).



To specify the position of Fe®" jons the Mossbauer spectra of

the gels were obtained using a constant acceleration spectrometer

with *’Co(Cr) source (see fig.6).
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The width of the first line changes from 458 G -to 800 G for : 4 F
these concentrations of Fe,O; and the other line narrows (AH, _ -_""""'"'. o
' - . 723K
changes from 125. G to 80 G). Rather, the different widths are 5 N P ,
caused by various symmetries of Fe'* environment or by various 32k '
aggregate states of iron. : S 5.5 e s
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. The comparison of EPR-spectra of iron in glasses and gels S ss b CR g
shows their likeness. Many authors (4] analyzing EPR-spectra in - E l-, . e ' Radiationed
1 . ' : . . ’ 5.1 e (] : ' s
glasses conceive that the number of non-equivalent states of iron is : : R
more in glasses than in crystals and these states are distorted in :
glasses more St\mnge,r- : s ‘ - %J Fig.6. Mossbauer spectra of gel containing 14%- of Fe,0,
o i .
After annealing of samples at 383 K the intensity of the broad 1' and their change after annealing of samples.
line changes essentially and at 873 K it disappears.
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The least square fitting procedure waé used for the analysis of
the spectra. The received Mossbauer spectra are described by two
Lorentzian-shaped doublets  belonging to Fe’" in octahedral
environment [5]. The parameters of these doublets are listed in table

2, where shifts 3 are given relative to NPS.

Table 2. The parameters of the Mossbauer spectrum of the gel

containing 27% of iron

Fe13+ Fez3+
5, mm/s 0.187 + 0.042 | 0.195 +0.045
AE, mm/s 0.804 + 0.081 0.523 £0.087
G/2, mm/s 0.190 £0.020 0.140 £0.020
| Srel. 0.590 +0.090 0.410 +0.100

The temperature change of the more sensitive Mdssbauer

parameter for the gel containing 14% of Fe,O;is shown in figure 7.

The shifts change as usual up to 370 K, but at more
temperature incline of the temperature dependence get more sharp,

that caused by change of the dynamical properties of the structure.

It can be seen from figure 7, the temperature dependencies of
quadrupole splitting have peculiarity ét 370 K too. BeSides, the weak
change of the incline of the dependencies is observed at 220 K that

“is more obvious for Fe’". This change is connected with the

alteration of environment of these ions.
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Fig.7. Temperature dependencies of the quadrupole

splitting for the gel containing 14% of Fe,O; .
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At temperature higher 570 K very strong change of intensity
of the doublets is observed because the destruction of initial
structure and irreversible phase changes begin. It was very difficult
to give quantitative values of the parameters of these phases from

their weak intensities.

In gels containing Fe;O; more than 20% the states with two or

three non-equivalent Fe®* positions take place.

 After annealing samples at 1270 K the magnetiéé;hype‘r"fihe
structure appears. The field value is'about 510 kOe. This fact gives
the evidence of appearance of hematite (ox-Fe,03) or hematite with

impurities.



The EPR-spectra of these samples consist of two lines at g=2
(AH,=35 G, AH,=1500 G). With the increase of Fe,O; content in
samples the following narrowing of sharp line and the broadening of
wide line takes place. If the Fe,O; content is more than 30% the

sharp line disappears.
Taking into account this fact we can confirm that the ferrigel
phase within_initial gel begins to increase. ¢
Thus, during annealing of kgels of the second group it can be
observed the formation of ferrigel phase that transforms in hematite

at 1270 K.

Data of papers [6,7] show that gels of alumo-ferro-sulphate -
phosphate composmon have hydroxyl water from 25% to 40% Since
water molecules form varlous bonds (1n length and strength) and
they have seven temperature pomts by which the water structure
transformations take place and its properties as solvent change very
strong [8], it ‘ought ‘to consider the influence of water hydrogen

bonds on crystal structure in the study of mineral formation.

Our 'investigation allows to confirm, that' there are two in-
tervals, in which the essential changes of gels' structure take place:
910..230 K and 380..420 K. The first structure transformationis
caused by change of Fe’' environment ‘due to H;0" - groups’
mobility in gels. The second. interval is connected -with destruction of
these groups.

In gels containing Fe,O3 more., than 20% iron has own phase  in
gel structure. Iron phase can: be center of crystallization. Similar
results were obtained by Rengesamy ([9] and Kishna [10] for

amorphous ferri-alumosilicates.

In gels containing Fe,O5; more -than  30% .the ferrigel phase is
increasing and after annealing at 1270 K the hematite appears.

More detailed information on the structure of colloids and on
the character of phase transformations can be obtained by means of

neutron scattering methods on IBR-2 reactor (neutron diffraction,

small angle and inelastic scattering).
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L _:The natural gels of alumo ferrl sulphate phosphate compos1t1on were stud1ed ‘

o by means of the Mossbauer spectroscopy, EPR and NMR’H. The 1nvest1gat1on of |
o the temperature dependences of .the obtalned spectra allowed one’ to establish two |- B
g tlntervals in which the structural transformatlons of gels take. place 213 233K and
1383...423 K. The structural changes depend on the iron content. Wlth the increase
of i 1ron content its role increases;: too. In gels conta1n1ng iron more than 30%, the' o
>’ferrrgels are formed wh1ch transform to hematlte after anneallng of samples at | :

The 1nvest1gatron has been performed at the Frank Laboratory of Neutron S

;Phys1cs JlNR
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