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In recent years growing interest has developed in the study of 

glasses with high iron ,concentr:i,tion [1,2]. From this point of view 
" ' ' 

the interest to .natural colloids of alumo-ferrous-sulphate-phosphate 

composition is increasing; too. The Fe20 3 conten{ in these , ,colloids 

changes-fr~m 0.5%- to 6-0%. Besides, the naturafcolloids are mineral 

forming systems in which the crystallization of various minerals 

takes place: from liquid alumo-ferrous-sulphate-phosphate hydrosols 

to solid gels of the same composition and finally to crystal sulphates 

and phosphates. The studied colloids are liquids of yellow, yellow­

brown and dark-brown colour and different compositfon Solid glass­

like gels appear from coagulation of hydrosols. 

In this work the natural solid gels of next composition: 

were studied by EPR, NMR'H and Mossbauer spectroscopy methods. 

Two groups of samples have different content of mineral forming 

metals: in the first group aluminium makes up the most part of the 

composition, in the second one iron plays an important role. The 
. ' 

Fe20 3 content: in gels of the first group changes from 0.5% to 5%. 

Tqe EPR-spectra were obtain,ed 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 characteristic of isolated Fe3
+ in octahedral environment of 

six oxygen anions and the broad line at g=2 caused by impurities 

and hyperfine octet of V02
+ (see fig.l). 
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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 . 
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For gels containing 0.5 ... 5% Fe20 3 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 a+ in octahedral 

coordination is observed in the temperature range 215 ... 240 K. It can 

be associated with the change of Fe3+ ion's environment in gels. 

To determine the type and .the 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 gel~ of the first group are shown in table 1, · 

where N and Nxx are the full water content and the OH-groups 

amount in 100g of substance. 

Table I. The results of analyses of NMR'H Spectra for gels of the 

first group 

T,K 298 383 473 573 683 

Nx 2.78 2.18 1.62 1.39 1.07 

PoH, ±0.02 0.20 0.27 0.49 0.47 · 0.67 

PH,O, ±0.02 0.67 0.62 0.51 0.53 · 0.33 

PH.o+,±0.02 0.13 0.11 0.00 0.00 0.00 

NoH, ±0.10 1.10 1.20 1.50 1.30 1.40 

NH?O, ±0.05 1.86 1.35 0.83 0.65 0.35 

N H,o+,±0.05 0.24 0.16 0.00 0.00 0.00 

Rott, ±0.10 A 1.30 1.40 1.50 1.50 1.40 · 

RH.o, ±0.10 A 1.60 ' 1.60 1.66 1.66 •, 1.66 

R H,o+,±0.10 A 1.72 1.72 - - -
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It can be seen from table 1, 18% of protons form acidic H30+ 

groups in air-dry sample. As after annealing of sample at 373K 

NH30+ equals zero, NoH increases and full OH-groups content doesn't 

change, it can be confirmed that H30+- 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 H30+ - 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 d~struction is 

observed in temperature interval 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 H30+ 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 H30+ groups at 

380 ... 420 K is accompanied by transformatibn of structural polyhedra 

according to EPR and Mossbauer data (see below). 

Thus, in the gels of the first group mobility and stability of 

acidic H30+ groups play an important role. 

For gels of the second group· containing 10 ... 20% of Fe20 3 the 

EPR-spectra are characterized by broad and sharp lines at g=2 

(fig.5 ). 
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Fig.5. EPR-spectrum qf gel of the second group. 

The width of the first line changes from 458 G to 800 G for 

these concentrations of Fe20 3 and the other line narrows (L1H2 

changes from 125. G to 80 G). Rather, the different widths are 

caused by various symmetries of Fe3
+ environment or by various 

aggregate states of iron. 

The . comparison of EPR-spectra of iron in glasses and gels 

shows their likeness. Many authors [4] analyzing EPR-spectra in 

glasses conceive that the number of non-equivalent states of iron is 

more in glasses than in crystals and these states are distorted in 

glasses more stronger. 
' 

After annealing of samples at 383 K the intensity cif the broad 

line changes essentially and at 873 Kit disappears. 
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To specify the position of Fe3+ ions the Mossbauer spectra of 

the gels were obtained using a constant acceleration spectrometer 

with 57Co(Cr) source (see fig.6}. 
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Fig.6.Mossbauer spectra of gel containing 14%:of Fe20 3 

and their change after annealing of samples. 

7 



The least square fitting procedure was used for the analysis of 

the spectra. The received Mossbatier spectra are described by two 

Lorentzian-shaped doublets· belonging to Fe3
+ in octahedral 

environment [5]. The parameters of these doublets are listed in table 

2, where shifts 8 are given relative to NPS. 

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

containing 27% of iron 

F 3+ e1 F 3+ e2 

8, mm/s 0.187 ± 0.042 0.195 ±0.045 

LiE, 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 Mossbauer 

parameter for the gel containing 14% of Fe20 3 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 at 370 K too. Besides, the weak 

change of the incline of the dependencies is observed at 220 K that 

is more obvious for Fe3
+. 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 Fe20 3 • 

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 Fe20 3 more than 20% the states with two or 

three non-equivalent Fe3+ positions take place. 

• 
After annealing samples at 1270 K the magnetic .. hyperfine 

structure appears. The field value _is about 510 kOe. This fact gives 

the evidence of appearance of hematite (a.-Fe20 3) or hematite with 

impurities. 
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The EPR-spectra of these samples consist of two lines at g=2 

(LlH 1=35 G, LlH2=1500 G). With the increase of Fe20 3 content in 

samples the following narrowing of. sharp line and the broadening of 

wide line takes place. If the Fe20 3 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 gels 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 composition have hydroxyl water from 25% to 40%. Since 

water molecules form various bonds (in length and strength) and 

they have seven temperature points 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: 

210 ... 230 K and 380 .. .420 K. The first structure transformation is 

caused by. change of Fe3+ environment due to H30+ - . groups' 

mobility in gels. The second interval is connected with destruction of 

these groups. . 
,' 

In gels containing Fe20 3 more-, than 20% iron has own phase in 

gel structure. Iron phase can be center of crY:stallization. Similar 

results were obtained by Rengesamy [9) and Kishna [10] for 

amorphous ferri-alumosilicates. 

10 ,.:, r1 
~ 

In gels containing Fe20 3 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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3aplinoBa JI.L(. u ,np. . El4-95-78 
· CTPYKTYPHhie TpattccpopMauuu B npupo,nnhlx remix - ' . 
.no ,naHHblM pe3OHaHCHblX MeTO,AOB uccne,noBaHII51 

. ' 

flpupO,AHbie ren~. MIOMO-)KeneJO~cymcpaTHO-qJOC<paTHOI'O COCTaBa IICCne,no~ 
,BMIICb MeTO,naMII Mecc6ay3pOBCKOii cneKTpOCKOTIIIII, 3TIP II npoTOHHOro 51:MP . 
Amuii'n TeMnepaTypttoii Janucm.10cT11 nonyqettHhIX'cneKTpOB noJBonun ycrnHOBUTh • 
,ABa .· IIIITepBana, · B. KO;Opb!X npOIICXOMT . CTPYKTYPHbie TpattccpopMauuu B ren51x: 
2i3 •.. 233 K, 11 383; . .423 K. CTp}'KTYJ)Hbie IIJMetteHII51 .3aBIIC51T OT co,nep~aHH51 
)Kene:fa: C ysenIP-leHIIeM ~ co,nep)KaHII51 . iene3a BO3pacTaeT ero pom. B ren51X, . 

. co.nep)Kall.(IIX 6on~e 30% ieneJa; o6paJyIOTC51 cpeppttrenu, KOTOpble nep,eXOMT B 
~MaTII! nocne OT)KI!ra o6pa3UOB np'H 1270 K. '. 1 

• ·, . 

. Pa6orn BbmonneHa B ·na6oparnpuu HeHTIJOHHOii q>II3IIKH UM. H.M.<l>paHKa 
0115111. ' . . . / . . ,,, 

Coo6me~11e 061,enjmeHHOro micrnryra xnepHhlX ll~CJJe)lOB3HII~. lly6H~, 'i 995 . ,, 

Zaripova L.D. et al. 
Structural Tninsfo~mations in NaturalGel.s According.· 
to Resonance Methods .Data . . 

El4-95-78 ., . 
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· :The natural gels of alumo-ferri~sulphate-phosphate composition· were studied 
by means of the Mossbauer. spectroscopy, EPR arid NMR'H. The investigation of 
!he temperature dependences of.the obtaiT1ed spectra allowed one t() establish two 
intervals in which the structural transformations of gels take.place: 213 ... 233_ Kand 
383 .. .423 K. The structural changes depend ' -on the iron content. With the increase 
of iron content, its role increases; too. In gels containing iroh ni~;e than 30%, the 

·ferrigels areform_e1,' which transform to.hematite ,after· annealing of samples at 
1270 K . 

. The investigation has been perfc:i;~ed at the F~ank 
Physics', Jl~R. . . . 

Communication of the Joint·lnstitute for Nucl~ar Research.'Dubna, 1995 '. 
'., : ' ' < ,' ! • ';1 • • ,· : • • , ', ' 'i. ' ;_; , :' ~' ; 


