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ALTERATION OF MINERALS IN MUSEUM COLLECTIONS |

Problem of Alteration of Some Uranium Minerals from the Viewpoint
of the Geochemistry of the System U — O, — CO, — H,O

A variety of minerals have been described belonging to the system
U—0,—C0,—H,0, the superior ones being uraninite UQO,,,, ianthinite
U3054y . X H,0 or UO,4 . x H;O, schoepite UO;. 2 H,0, sharpite 5 UO,CO; .
U0,/0OH/, . 7 H,0, and rutherfordine UO,CO; . x H,0. Ideas of the condi-
tions of formation and existence are not equally extensive with all these
minerals. While the published literature on uraninite and its related pha-
ses as well as schoepite is voluminous and covers both natural and syn-
thetic phases, less is known of ianthinite and rutherfordine. However,
even in these two cases a comparative study may start from the research
of synthetic materials; modest natural discoveries also exist. The study
of sharpite is difficult because the mineral has not yet been synthetized
and even the study of the natural mineral has not been completed be-
cause quantities which are available from discoveries at several locali-
ties are insignificant and, moreover, most or all the natural material has
been consumed during the identification reactions (Banas/1965 and 1968/,
Biiltemann /1972/, Neumann /1972/, Sainfeld /1972/) and the data on
sharpite findings cannot be always regarded as fully proved. No new
analysis of the so-called sharpites has been accomplished except the
original analysis (Melon /1938/).

Both in nature and in the museum collections, alteration of these
minerals, which represent, after all, only intermediate phases of hydra-
tion — oxidation weathering of primary minerals of uranium , occurs.
These phases are gradually transformed to various uranium minerals
according to the conditions to which they are subject. In this case, the
conditions of the museum collections will not be so varied, of course, as
is the case with the alteration of the uranium minerals in nature (e.g.,



Frondel /1958/). Some interesting transformations of the mentioned
minerals in museum collections have been noticed however (Destas et
al. /1958/). Unfortunately, the study of these transformations as well a
detailed description of the initial and transformed minerals has not yet
been completed (Lepersonne /1972/). We shall therefore try to discuss the
problem of alteration of these uranium minerals on the basis of our
own experimental material and the available data on the mineralogy
and geochemistry of uranium taking regard also to the analysis of the
U—0,—C0,—H,;0 system based on thermodynamic calculations which,
in the model form are becoming mere important for the mineralogy
and geochemistry in general (e.g., Garrels, Christ /1965/, Paces /1972/,
Santoma /1971, 1972/).

The UO,., (x=0—1) system is essentially unstable from the thermo-
dynamic viewpoint and it is subject to gradual oxidation owing to
atmospheric oxygen and humidity; the closer the x to unity, the higher
is the oxidation rate (Hostetler, Garrels /1962/, Pourbaix et al. /1956/,
Drozdovskaja, Mel'nik /1966/). The mineral ianthinite may obviously
form under these conditions as one of the products of moist weathering
of uraninite because hydration may also occur in addition to oxidation.
Uraninite contains U*t and various amounts of U®*, ianthinite can be
described by the formula UO,s+,.xH,0 (Bignand /1955/, Cejka /1959/,
Cordfunke et al. /1968/). Even ianthinite is an unstable phase in the
process of hydration — oxidation weathering because it is subject to
further oxidation and all uranium involved in ianthinite is transformed
to U%*, i.e. uranyl. Phases of a general composition UOQOs; . x H,O are
formed, in which x=0—2. A typical representative of this group is
schoepite UO; . 2 H,0, which is the primary representative considered
in our work. This is the first case of various hydration processes of
UO; formed which likely depend on the relative moisture content in the
sample stcrage room and, hence, phases of different structures are
formed. We have already mentioned the fact that uraninite transforms
by a hydration — oxidation reaction to give hydrated uranium trioxide;
the intermediate phase can be, and in a variety of cases really is, ian-
thinite. If the effect of aerial carbon dioxide on the ianthinite trans-
formation is fully excluded from our consideration (which is not quite
correct, as will he shown further), we can see that ianthinite is trans-
formed to UO; . x H,0, as has been already said. The transformed
natural ianthinite corresponds by its composition to UO; . 2 H,O (Fron-
del, J. W., Cuttitta /1954/, Guillemin, Protas /1959/); the phases des-
cribed by the mentioned authors are not entirely identical as far as the
structure is concerned. This fact follows from Table I where a com-
parison of the x-ray diffraction diagrams of individual discussed phases
has been made. An interesting fact has been shown by J. W. Frondel
and F. Cuttitta, i.e. that the product of ianthinite alteration can be
compared, from the structure viewpoint, with schoepite I, 1I, and III,
designated so by C. L. Christ and ]J. R. Clark (Christ, Clark /1860/). It
can be assumed that the structure in question is schoepite at different
stages of alteration. With synthetic materials, this hydration — oxi-
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TABLE Ia
X-ray powder data of natural and synthetic schoepites

Schoepite nat. Schoepite synth. Schoepite synth.*) Schoepite synth.**)
Destas et al. 1958 Peters 1967 Cejka, Urbanec Cejka, Urbanec
d Irel d Irel d Irel d Irel
7,36 VVSs 7.37 10 732 10 7,35 - 10
6,65 2
3,65 MS 3,69 4
3,56 S 3,59 10 3,55 10 3,56 8
3,47 M 3,52 6 3,469 8 3,456 6
3,20 S 3,235 8 3,190 9 3,22 9
3:13 M 3,17 5 3,135 6 3,133 4
2,93 VW 2,985 il
2,83 w 2,78 1
2,58 3
2,55 MS 2,55 2 2,538 5 2,556 4
2,45 VW 2,455 I 2,464 1
2,285 i
2,23 vw 2,26 il 2,205 il
2,15 VW 2,09 2 2,130 ik
: 2,06 3 2,079 2
2,02 MS 2,04 2,008 3 2,030 5
2,00 2
1,96 M 1,98 3 1,965 2 1,955 6
1,849 1
1,82 VW 1,823 2 1,798 i
1,78 WM 1,802 2 1,785 d
1,768 2 1,763 3
1,74 w 1,733 il 1,741 2
1,63 w 1,608 7 1,605 1
1,57 w
1,45 VW 1,446 1
Notes

*) initial phase
**) after three months air exposure at the room temperature and humidity

dation reaction leading to the formation of schoepite has beeun success-
fully performed only in an aqueous suspension, while a hydrate having
a composition of 4 UO; . 5 H,0 (Bignand /1955/) has been obtained by
oxidation of ianthinite in air. The x-ray diffraction diagrams of the
natural and synthetic ianthinites are shown in Table II for comparison.

When comparing the x-ray diffraction diagrams shown in Tables I
and II, we can see the identity of the natural ianthinite and the syn-
thetized phases U;0; . x H,0 as well as the fact that ianthinite appears
to transform most likely into schoepite by a hydration — oxidation
process proceeding at a sufficient humidity at the room temperature.
Under the normal conditions, schoepite may be therefore considered to
be a relatively stable phase, which corresponds also with thermo-
dynamic calculations of the equilibrium between individual hydrates (Gar-
rels /1955/, Hostetler, Garrels /1962/, Drozdovskaja, Mel’nik /1966,
1967/), even though a certain equilibrium state with separate hydrates
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TABLE Ib
X -ray powder data of the oxidation products of natural and synthetic ianthinites

Schoepite- . o Alteration product of
epitanthinite S - dHfgssl 4 gioil‘ai ?21855) ianthinite, Frondel,

Guillemin, Protas 1959 g g Cuttitta 1954***)

d Irel d Irel d Trel d Irel

737 Vs 7,35 s 7,63 10

5,23 VS 5,37 2

4,34 MS 4,13 4

3,69 w 3.80 S 3,78 9

3,59 MS 3,55 MS 3,52 s 3,60 3

3,51 M 3.47 MS 3,36 7

3,23 S-VS(d)  3.20 S 3,27 M 3,20 8
3,14 M

2,96 6

2,74 M 2,67 5

2,60 1

2,56 WM(d) 2,55 M 2,51 5

2,45 VW 2,38 4

2,29 2

2,24 2

2,14 5

2,08 VVW 2,08 VW 2,09 MW 2,06 2

2,03 w 2,01 MS 2,03 3

1,963 w 1,96 M 1,94 M 1,978 2

1,950 2

1,915 2

1,889 4

1,840 vVW 1,833 2

1,789 vw 1,77 MW 1,76 w 1.783 3

1,756 1

1,739 VVW 1,74 w 1,734 2

1,673 4

1,632 vVW(d) 1,62 vw 1,64 MW 1,632 2

1,61 VW 1,615 2

1,595 2

1,562 VVW 1,574 5

Notes

*) the phase formed by the atmospheric oxygen oxidation of the U3O0g . x Hz0
water suspension at the room temperature and humidity.

°*) the phase formed by the atmospheric oxygen oxidation of the U3Og . x HyO.

“**] alteration product of ianthinite, composition UO3 . 2 Hz0.

can be admitted when considering the changes in free enthalpy AG%p.;
of hydration reactions according to Garrels (Garrels /1955/):

UO,/0OH/, . 2 H,0 = UO0,/0H/, . H,0+H,0 (1)
AG=0

UQ0,/0H/, . H,0 = U0,/0OH/,+H,0 (2)
AG=0

U0,/0H/, = U0*+ H*0 (3)

AGOZQg =13.2 Kcal



TABLE II
X-ray powder data of natural and synthetic ianthinites

Ianthinite UO2,84 . x H20 UOg,86 . x H2O
Guillemin, Protas 1959 Bignand 1955 Cordfunke et al. 1968
d Irel d Irel d Irel
7,63 \'E 7,59 VS 7,516 100
5,90 VVWwW 5,923 4-7
5,35 VVW 5,315 6-10
5,07 2
4,26 4
4,022 3
3,81 M 3,76 M 3,763 30-32
3,59 WM 3,57 M 3,558 78-100
3.35 WM 3,34 M 3,316 51-53
3,24 M 3,26 MW 3,219 78-100
3,173 57
2,95 VW 2,95 w 2,958 6
2,920 20
2,86 W 2,840 3-8
2,69 VW : 2,644 11-16
2,61 w 2,60 w 2,586 16
2,53 w 2,53 MS 2,512 7
2,49 5
2,39 VW 2,3835 3
2,35 VW 2,363 9
2,30 VVW 2,2735 2
2,24 VVW 2,22 VW 2,262 3
2,219 7
2,1695 3
2,15 VW 2,15 MW 2,1575 5
2,129 10
2,07 vw 2,053 10
2,03 w 2,041 5
1,992 vw 2,005 29-32
1,956 VW 1,972 30
1,929 VVW 1,935 6
1,899 W-VW 1,908 16
1,878 8-14
1,842 VVW 1,822 12
1,794 W-VW 1,779 28-43
1,746 W-VW 1,770 9
1,731 28-33
1,723 10
1,681 W 1,68 3
1,661 15
1,622 6
1,6085 10-13
1,582 VW 1,585 6

The separate hydrates of uranium trioxide (we use this simplified
formulation although the real state is more complicated because the
“hydrates“ are hydrated hydroxocomplexes of uranyl) will have
according to Garrels, no excessive tendency to mutual transformation
and one can judge that they can exist together for a certain time as a
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metastable phase. New experimental data on the thermodynamics of
the UO; — H,0 system have been recently published by Nikitin and
coworkers (Nikitin et al. /1972/). Another situation appears, for ex-
ample, with amorphous uranium trioxide, the existence of which is
very unlikely under the conditions considered by us — the positive
value of AG°us of the mentioned dehydration reaction (3) confirms the
stability of the monohydrate in comparison with anhydrous UOs.
Synthetic amorphous UO;, even in a dry state, is hydrated to give
UO0;.x H,0, where the x reaches very quickly a value of about 0.2 (Drob-
nic’, Kolar /1966/), and gradually 2, i.e., practically UO; . 2 H,0 is
formed. In our experiments (Cejka, Urbanec /1971/ /1973/, Cejka
/1970/), no more significant change was found during air exposure of
UO; . 2 H,0 (asynthetic material, structurally identical with the natural
schoepite), which could be connected with eventual dehydration or
further hydration:

Composition of the Molar ratios of
followed- up phases U0, CO, H,O
a) initial phase 1 0.05 1.93
b) after three months 1 0.04 2.01
The small differences which we have found may be — especially from the
viewpoint of the water content — affected by the accuracy of the

analysis, although the content of CO,, especially its decrease when ex-
posing a specimen to air, is very interesting. It may be connected with
the process of hydrolysis. The presence of carbon dioxide in the system
cannot be really avoided because the used UO; . 2 H,O has been
obtained by hydration of amorphous UQO; in an aqueous suspension
under the normal conditions; absorption of carbon dioxide from air
may really occur, which will be further shown. Owing to the fact that
this hydration proceeds for a relatively short time, the absorption of
CO, from air is unlikely, however. More accurately, the absorption of
carbon dioxide from air already during the preparation of uranium
peroxide UQ, . 2 H,0, from which amorphous UQO; has been prepared
by thermal decomposition, cannot be avoided; this fact has been stu-
died already by Hoekstra and Siegel (Hoekstra, Siegel /1961/). If uranyl
carbonate forms during the mentioned processes, as referred to by
these authors, unfortunately without defining the formed uranyl car-
bonate more precisely, the carbonate phase need not decompose com-
pletely in the range of temperatures of the thermal decomposition of
uranium peroxide giving amorphous UO,, i.e,, at 300—400°C (Vlasov
et al. /1972/). 1f this were a type of uranyl carbonate corresponding to
U0,CO; prepared by a hydrothermal method, the decomposition would
have proceeded only at temperatures above 500 °C, in the optimal case,
at 600°C (Cejka /1969, 1970/, Cejka, Urbanec /1973/). The presence
of carbonate in the hydrated uranium oxide has not affected the hyd-
roxide structure in any way and therefore we assume that a solid
solution is formed. A detailed study of schoepite specimens (Christ,
Clark /1960/) has led to a finding that also alteration of schoepite
occurs. The authors have described even three phases, which they have



denoted as schoepites I, II, and IIL. It is not known whether schoepite I
transforms directly into schoepite III and what is the role of schoepite
II. At all events, the process in question is dehydration whose extent
and consequences have not been verified and quantitatively evaluated
fully, of course. Nevertheless, one may judge that the natural schoepite
can be dehydrated under the normal conditions; one of the studied
specimens is reported by Christ and Clark to contain also UO; . H,0
according to the x-ray phase analysis; by comparison with the standard
values, it could be ¢—UQO; . H,0. This phase is always an intermediate
product of dehydration of UO; . 2 H,0, as we have already found out in
the study of dehydration (Urbanec, ImriSovd /1963/). As far as the
structure is concerned, schoepite can be visualized by a hexagonal
bipyramid having the uranyl oxygen atoms at its apexes and six hydro-
xyls in the uranyl plane. As these structures are stratified, it is assumed
that the remaining water is interlayer one. According to Evans (Evans
/1963/), Christ suggests (Christ /1965/) that during the mentioned de-
hydration a structural re-arrangement about uranyl and a change in
the coordination number of uranyl from six to five occur, i.e., that a
pentagonal arrangement about uranyl and, consequently, a pentagonal
bipyramid, which is more stable, forms. For a more detailed expansion
of these thoughts especially a quantitative experimental proof is lack-
ing, which is also true when considering the dehydration of schoepite
under the normal conditions.

When summing up all facts discussed hitherto, hydration-oxidation
weathering of minerals containing U** and gradual formation of phases
containing only U%* in the form of uranyl occur in the uraninite —
ianthinite — schoepite system under the normal conditions. The rate
of these oxidation processes depends on the ratio of UQ; : U0 in
separate phases and it increases with increasing quantity of UQO;. The
observed phenomena agree entirely with thermodynamic calculations
of the change in the free enthalpy AG°ys of individual reactions which
may occur in the mentioned systems. So far, all processes discussed
here can be regarded as entirely unambiguous. However, it should be
respected that the effect of carbon dioxide on the course of the hydra-
tion-oxidation weathering of uranium minerals was entirely knowiingly
neglected. As we know that the equilibrium constant of the oxidation
processes of the natural uranium oxides is, under ideal conditions, only
a function of the partial pressure of oxygen (atthe normal temperature)
one may suppose for simplification that, at such low pressures, the
fugacities of oxygen and carbon dioxide are egual to their partial pres-
sures — all these processes will obviously also depend on the partial
pressure of carbon dioxide in air which can be absorbed by the system,
the result being a formation of phases which will be here, for simpli-
city, denoted untill further notice by uranium carbonates. The partial
pressure of aerial carbon dioxide varies within a considerable range,
the average value for our conditions is reported to be 10~ atm. As
the deveiopment of indusiry and motorism leads, especially in larger
towns, to a considerable increase in the carbon dioxide concentration



in air, this fact must be obviously reflected also on the course of the
alteration of various minerals in museum collections which are instal-
led in such areas. Naturally, this is true not only for the uranium
minerals. A majority of papers dealing with the evaluation of the
U0O; — CO; — H,0 system start from the conclusions of Bullwinkel
(Bullwinkel /1954/) who suggests that UO; . 2 H,O absorbs carbon di-
oxide in air (obviously in an aqueous suspension, see below) and
uranyl carbonate gradually forms. Unfortunately, no experimental proof
is given in the cited paper. The calculations are based on the reaction
or

UO3 . 2 Hzo + H2C03 = U02CO3 4+ 3 Hzo [5)

The possibility of eventual formation of solid solutions is entirely
neglected. Therefore, the equilibrium constant of the above reactions
is a function of the partial pressure of carbon dioxide (e.g., Garrels
/1957/, Hostetler, Garrels /1962/, Letowski, Niemiec /1966/, Garrels,
Christ /1959 and 1965/, Drozdovskaja, Mel’'nik /1967/, Needes /1970 and
/1971/, Babko, Kodenskaja /1960/, Naumov /1959 and 1961/, Naumov and
Mironova /1960/, Perez-Bustamante et al. /1962/). The values of the
partial pressure of carbon dioxide necessary for the formation of uranyl
carbonate in the given system that individual authors suggest differ
from paper to paper, however. In our experiments with synthetic
materials, which we have performed within the scope of our systematic
study on the UO; — CO, — H,0 system with the aim of a verification
of the mentioned data in literature, the following items have been
followed-up:

a) the effect of aerial carbon dioxide and oxygen on UO; . 2 H,O and
Us0g at the normal temperature and pressure. Whilst it has not been
proved that absorption of carbon dioxide by uranium oxide dihydrate
has occurred, as discussed above, we have found out that U0y prepa-
red by a thermal decomposition of uranium peroxide at 800°C for 2
hours is very slowly gradually oxidized in air and, simultaneously, ab-
sorbtion of carbon dioxide from air occurs, which we have proved by
means of the i.r. spectroscopy. It should be emphasized, however, that
the process in question is a very slow one and it is not by far finished
even after two years. Naturally, a significant factor can be here the
reactivity of the prepared U;0; which depends on the purity of the
used compounds as well as on the conditions of its preparation. In any
case, these facts are worth considering because especially in natural
processes this increased reactivity of uranium oxides UO, (x < 3] can
manifest itself during the formation of secondary minerals of uranium
more expressively than the transformation into UO; . x H;0, which is
considered to be one of the main intermediate phases of the hydration-
oxidation processes in the zone of hypergenesis. As hydrated phases of
uranium oxides can appear in nature, e.g., of the ianthinite type (U;05s .
X H,0), their significance during wheathering in the zone of hyper-
genesis especially as the intermediate products giving rise to a variety
of further secondary minerals of uranium cannot be neglected. The
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increased reactivity of U0z . x H,O in comparison with UO; . x H,O has
been already proved by us during the preparation of uranyl carbonate
(Cejka /1959 and 1960/). However, the absorption of aerial carbon di-
oxidate by uranium trioxide dihydrate connected with the formation of
uranyl carbonate of the rutherfordine type proceeding in the system
gas — solid phase, that is without any aqueous phase, has not been
proved in our experiments.

b) the effect of aerial carbon dioxide and oxygen on aqueous suspen-
sions of amorphous UOs;, UO; . 2 H,0, and U;0; at the normal temperature
and pressure. We can assume that also in the case of the mentioned
Bullwinkel’s experiments, absorption of aerial carbon dioxide by an
aqueous suspension of UO; . 2 H,0 has occurred (p. 31 of the cited
paper: "It is also observed that long exposures of UO; . 2 H,O suspen-
sions to air result in the gradual formation of UO,CO;“; in preceding
paragraphs, aqueous suspensions were really dealt with]. Our experi-
ments have shown that if uranium oxides or their hydrates in aqueous
suspensions are exposed to air (and aerial carbon dioxide), absorption
of carbon dioxide and a gradual formation of uranyl carbonate really
occur (besides eventual oxidation of U‘* by aerial oxygen). The proces-
ses proceed even quicker with U;0, than with UO; . x H,0. It cannot
be excluded that the relatively quicker transformation giving carbonate
depends on the formation of a soluble hydroxouranyl complex, its
carbonation in the solution, and only then on the separation of uranyl
carbonate in a crystalline form. Bullwinkel is right when stating that
the UO; . 2 H,0 suspensions (if he means the aqueous suspensions)
absorb aerial carbon dioxide and that UO,CO, is gradually formed (this
formulation is not already entirely correct). Unfortunately, the mentio-
ned author has not studied the formed phase more thoroughly. We
have found out during our experiments that uranyl carbonate of the
composition U0,CO; . 2.27 H,0 has formed. This carbonate, however,
entirely differs from uranyl carbonate of the rutherfordine type as
follows from the chemical, thermal, and x- ray analyses as well as from
the ir. spectra of the studied samples. (Cejka /1970/, Cejka, Urbanec
/1971/, /1973/). The phase in question is entirely a new phase which
has not been described in the literature. A comparison of the x- ray
diffraction diagrams of rutherfordine and this phase with x- ray diffrac-
tion diagrams of sharpite and schoepite is given in Table III. The DTA
curves of a hydrothermally prepared uranyl carbonate, schoepite, and
the carbonate phase identified by us are shown in Fig. 1. It should be
noted that no serious DTA curve of rutherfordine has been published,
as discussed in detail earlier by us (Cejka /1969/, Cejka, Urbanec
/1973/). A thorough study of the mineral rutherfordine has been al-
ready started by us. From the presented Tables it follows unambigu-
ously that, as we have already pointed out, the phase in question is
really a new one. An interesting fact is worth noting, i.e., that this
phase has been synthetized in an institute in Roudnice on L., while in
the NRI, ReZ, this synthesis has failed to be successful. Unfortunately,
the values of the partial pressures of aerial CO, in both workplaces
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TABLE III
X - ray powder data of the phase UOCO3 . 2,27 H30, rutherfordine, sharpite
and schoepite

U0,C03 . . . Sharpite Schoepite
2,27 Ho0 Ruther%ordme 1 1955%“1)“8 Neumann Destas et al.
Cejka, Urbanec Cobas et al 1972 1958
d Irer d Irel d Trel d Irel d Irel
11,0 w
7,67 8 7,85 VW 7,80 20 7,36 VVsS
6,30 3 6,34 Vw 6,40 20
4,95 6 511 vw 5,34 w 5,3 30
4,91 10
4,44 1 461 VS 4,49 S 4,50 20
4,22 1 4,29 Vs 4,30 w 4,29 100
3,95 6 3,91 S 3,93 WM 3,92 30
372 1 3,67 VVW 3,65 MS
3,56 6 3,56 S
3,42 1 3,34 VVW 3,31 5 3,47 M
3,18 8 3:22 S-VS 3,18 w 3,20 M
3,13 M
2,96 1 2,99 WM 2,99 30 2,93 vw
2,85 4 2,83 w
273 1 2,74 VVW 2,77 20
2,62 9 2,64 M 2,62 w 2,62 60
2,59 w 2,55 MS
2,49 1 2,50 vw
2,42 1 2,42 w 2,447 WM 2,45 40 2,45 VW
2,34 4 2,298 w 2,335 VW 2,36 40
221 1 2,237 A% 2,24 10 2,23 \AYY
2,147 M 2,153 w 2,15 10 2,15 VW
2,01 3 2,025 MS 2,071 w 2,06 50 2,02 MS
1,93 5 1,948 VW 1,990 vw 2,00 30 1,96 M
1,922 \ 1,899 w(d) 1,90 30
1,84 al 1,872 vw 1,83 50 1,82 \A
1,78 20 1,78 WM
1,728 W (d) 1,74 w
1,694 vw
1,660 vw 1,63 w
1,608 vw
1,589 vw 1,57 w
952 20
1,50 10
1,44 10 1,45 VW

during the synthesis or, more precisely, during studying the ahsorption
of aerial CO, by aqueous suspensions of U;0; and UO;.x H,0 cannot be
compared.

First we have discussed the alteration of ianthinite connected with
the formation of schoepite or the UO; . x H,O phase under conditions
of obviously very low partial pressures of aerial carbon dioxide. Now
we are going to try to compare our experimental results obtained under
the conditions of hydration - oxidation or hydration processes of uranium
oxides connected with the formation of a new carbonate phase with the
alteration of uraninite and ianthinite leading also to the formation of
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The DTA curves of the phases in the

U03 — COz — H20 system

N Ot W N
|

Notes concerning the conditions of pre-

UO3.2 H0

U03.0,4 COz. 2,03 H20
U03.0,052 CO3z. 2,19 H,0
U02CO03. 2,27 Hy0
U03.0,80 CO2.1,06 H2O
U03.1,06 COz. 0,28 H20
U03.1,09 COz.0,59 H20

paration see in Tab. V.

Figure 1




a carbonate phase. In the book "Minéraux d’uranium du Haut Katanga®“,
which has been already cited, facts are reported that fully comply with
our experimental results:

a) ... Il est, de plus, probable que des minéraux néogénes se dévelop-
pent sur les spécimens des collections. On a remarqué récemment sur
des échantillons d’uraninite des Musées de Tervuren et du Katanga de
petites formations fibro-radiées d’un carbonate d’uranium. Il serait éton-
nant que ce minéral ait échappé a I’observation lors de leur récolte . ..“.
The transformation of uraninite into a phase containing carbonate ions
and, hence, into uranyl carbonate of a certain type has been verified
with the natural material.

b) ”La ianthinite ... La premiére forme est transformée en épiianthinite
dans un temps assez court (quelques années); la seconde par contre
peut se transformer lentement en sharpite (comme le montre un échan-
tillon de la collection du Katanga, partiellement modifié) ... Les cris-
taux plats donnent une effervescence a l'acide. Cependant on ne peut
pas en conclure que se minéral renferme CO, depuis sa formation. Le
carbonate peut étre présent par suite d’'un début de transformation en
sharpite ...“. The x - ray diffraction diagrams of epiianthinite are prac-
tically identical with the x - ray diffraction diagrams of schoepite.

Unfortunately, no more detailed information about the observed facts
described in the cited book is available. The study on these materials
has not yet been finished (Lepersonne /1972/). Owing to the fact that we
have succeeded in observing similar processes with synthetic materials,
the course of the hydration - oxidation weathering of uranium oxides,
e.g., uraninite or ianthinite (which is, in fact, a product of uraninite
weathering), connected with simultaneous absorption of aerial carbon
dioxide resulting in the formation of the x UO; . y CO, . z H,O phase —
both of the sharpite type and of other carbonate type — can be regarded
as fully proved. That even another type of carbonate may form has been
confirmed not only by our experiments but also by Biiltemann who has
reported that the found uranium carbonate (Kruth, France), insuffici-
ently described and provisionally denoted as sharpite (Chervet /1960/,
Chervet, Branche /1955/) is, in fact, not identical with the original sharp-
ite described by Mélon (Biiltemann /1972/). We may judge that under
various conditions various carbonate phases may form in the system
UO; — CO, — H,0 of various composition and various structure. When
we now disregard the complex dioxo-carbonatouranates (VI) containing
various cations (e.g., Na, K, Ca, Mg, Cu)} which form an important group
of secondary uranium minerals, a mineral called wyartite of the com-
position UQ, . 6 UO; . 3 Ca0. (12—14) H,0 containing also carbon di-
oxide and U** together with U®* (Bignand /1955/, Guillemin, Protas
/1959/) is to be mentioned in connection with ianthinite and sharpite.
Wyartite also transforms, even if not so easily as ianthinite, and a phase
containing anly Ut gradually forms; simultaneously, a partial dehydra-
tion occurs. This problem has not yet been worked out in more detail
(Clark /1960/).
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TABLE 1V

X -ray powder data of the phases formed by the atmospheric carbon dioxide
absorption in the water suspensions of the amorphous UO3 and UO3 . 2 H0

U032 Ha0 U03.0,4 CO3 . 2,03 H,0*) U03 . 0,52C0; . 2,19H,0** )
synth.
d(A) Y d (A) tea d (A) s
7.42 7.67 | 7.60
7.20 } L 7.20 | 10 7.20 }‘ 10
6.42 05 6.66 } g
6.09
5.20
4.80 } 2
4.47 05
3.91 0.5
3.55 10 3.58 8 3.54 10
3.50 8 3.47 5 3.46 3
3.19 9 3.20 9 3.18 8
311 6 3.13 6 312 3
2.56 } 5 2.54 4 2.54 2
252
2.07 1 2.07 1
202 | .
200 | 2.02 1 2.02 1
1.99 1 1.99 1
1.935 2 1.947 1 1.947 3
1778 2 1.770 1 1.769 2
1728 1 1.722 1 1722 2
1.708 1 1.658 0.5
1.616 } . 1.616 } . 1.611 1
1,598 1,598
1,569 1

Notes

*) The starting material was a water suspension of the UO3.2 H0

**} The starting material was a water suspension of the amorphous UO3
Both compounds are formed after one year exposing to the atmospheric carbon
dioxide.

In the system UO; — CO, — H,0 which is characterized by its adjoined
compounds, the mineral schoepite UO;.2 H,0 and rutherfordine UO,CO;
x H,0, solid solutions are formed whose structure is UO; . 2 H,0 at a rela-
tively low content of carbon dioxide, as follows from the x - ray phase
analysis (Table 1V); the differences palpable from the infrared spectrum
(Table V) and the DTA curve (Fig. 1) give evidence of a formation of a
new structure. With increasing content of carbon dioxide, a new struc-
ture of hydroxocarbonato complex of uranyl gradually forms. The struc-
ture depends on the conditions of its formation. At a low partial pressure
of carbon dioxide and at the normal temperature, phases are formed
that contain molecular water and they are, therefore, hydrates, among
which also sharpite might be placed. At a higher pressure of carbon di-
oxide and at a higher temperature (under hydrothermal conditions],
eventually at a higher pressure and the normal temperature, phases of
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TABLE V
The infrared spectra of the phases in the UO3 — CO; — H;0 system

U03. 2 H20 U03.0,4 CO; . U03.0,52 CO;3 . U0,C0; .
synth. 2.03 H,0*) 2,19 H,0%) 2,27 Ha0**)
413
420 } L
442 M 448 M 448 M 448 VWr
(485) M (485) W
525 Mb 528 M 525 M
546 M
(605) VW 601 W
678 W 667 W 662 M
785 VW 781 VWb
825 VW 826 W 828 W
840 Wo
849 VWo 849 VWo
870 VWo 870 Wo
912 VW
931 S 931 S 930 S
958 S
983 VW
1010 W
1020 W 1021 W 1025 VW
1147 W 1145 W 1151 M
1360 W 1360 Wo 1360 Wo
1392 VW 1392 VWb
1430 1430
1472 1472
1553 W 1560 W 1558 M
1590 r .
1619 M 1618 M 1612 W
1623 M
3180 Mb
(3250) Mb 3275 Sh (3300) Mb
3365 Wb
3430 Mo 3435 M 3430 So
3541 Mo 3535 W
3580 M 3572 M
3500 Wo
3625 Wo
Notes

*) The phases formed by the atmospheric carbon dioxide absorption in the water
suspension of the UO3;.2 HpO and the amorphous UOj3 respectively.

**) The phase formed by the atmospheric oxygen oxidation and sorption of the
atmospheric carbon dioxide by the water suspension of U3Og at the room temperature
and humidity. ’

Abbreviations used in Tables:
S strong, M middle, W weak, VW very weak, VVW very very weak, b broad, r shoulder,
0 sharp
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TABLE V (cont.)

The infrared spectra of the phases in the UO3—CO;—H,0 system

U03.0,80COz. U03.1,06 CO;. U03.1,09 COy.
1,06 HyO***) 0,28 Ha0¥***) 0,59 HpQx*xe*)
(233) r 224 Wo 222 Wo
(245) r (245)
(253) M 259 M 259 S
352 W 354 M 355 M
(390) r
467 W
(493) r
(520) r
* (545) W
658 VW
704 Wo (697) r
767 VWo 704 Mo 703 Mo
784 Mo
806 Mo 783 So 784 So
(815) r 806 Mo 805 So
* 840 VW
843 VW
868 VW 852 VW
898 VWo 865 VW 865 VW
¥ (905) r
* 917 Wo
954 S
978 S 968 S
*(1007) VW
1105 VVWo
1113 VWo 1113 VWo 1114 VWo
1315 VW
1426 S 1423 S (1413) S
(1510) Wr 1617 S (1510) S
1543 S (1540) r
1666 Mo
1790 VW 1790 VW
1832 VWo 1832 VWo
1901 VWo 1901 VWo
(2510) VVW (2510) VVW
(2628) VW 2630 VWo 2628 VW
(2665) VW
2720 VW
* (3185). r
3402 Mo 3380 W
(3450) Wb
*(3540) r
*(3590) r
*(3620) r
Notes

*] The band associated with the UOs3. 2 H2O phase.
***) The phase formed by passing a vigorous stream of CO; through the water
(prepared by the atmospheric oxygen oxidation of the

suspension

U303 . x H20 suspension) at the room temperature (8 hours).
****) The phase prepared under hydrothermal conditions, 200°C/24 hours, 0,5 g of

of UO3.2H20

solid carbon dioxide per ml of the free volume.

***x+) The phase prepared under hydrothermal conditions, 220°C/22 hours, 0,2 g of

solid carbon dioxide per ml of the free volume.



the rutherfordine type are formed having a spatial arrangement in the
form of a hexagonal bipyramid with a coordination number of uranyl
equal to six. Phases formed at the normal temperature contain molecular
water, phases formed under hydrothermal conditions contain only
hydroxogroups or they approach by their composition anhydrous UO,CO;
(Cejka, Urbanec /1973/). All discused phases crystallize in the orth-
orhombic crystal system. It is interesting that also among phases prepa-
red under hydrothermal conditions clean-cut differences exist. As we
have already mentioned, we have isolated, on the one hand, hydroxo-
carbonates of the [UO,(CO0;3),-x(0OH),«] type which we can regard as
solid solutions having the rutherfordine structure and, on the other,
phases that approach the ideal anhydrous uranyl carbonate UQ,CO;.
Also in these cases, however, according to the x - ray analysis, the struc-
ture is identical with the structure of rutherfordine. In like manner, the
phases prepared under the normal conditions containing, besides hydroxo-
groups, also molecular water have, according to the x -ray analysis, the
rutherfordine structure. We can regard them, in fact, as hydrated
hydroxocarbonates of uranyl having a general formula [UO,(COs),-«
(OH).x] . YH,0. It is therefore again a solid solution of the rutherfordine
type. The effect of composition manifests itself, of course, during the
thermal analysis, in which, e.g., endothermic peaks on the DTA curves
appear corresponding to dehydration, release of OH~ groups and,
finally, to the decomposition of the carbonate. We have synthetized,
under the normal conditions by saturing agueous suspension of UO,
2 H,0 with carbon dioxide, a phase having a composition of [UO,
[003]0'30[01’{()'39]] . 0.67 H,0 (with the use of UO; . 2 H,0 obtained by
oxidation of Us;0; . x H,0 in an aqueous suspension with aerial oxygen),
which has — according to the x -ray diffraction diagram — a structure
of rutherfordine; from the evaluation of the i.r. spectra, the presence of
non-equivalent carbonate groups follows; the thermal analyses (DTA,
DTG, and TGA as well as an isothermal heating) and the chemical analy-
sis of intermediate products have shown that this phase is not only de-
hydrated through several stages but also that at least twostage decarbo-
nation occurs, the first stage occurring at a temperature as low as about
325°, while the remaining carbon dioxide releases in the range of de-
carbonation of urany! carbonate prepared hydrothermally. It is also very
interesting that the first decarbonation is associated with an exothermal
reaction, as follows from the DTA curve, which is comparable from the
viewpoint of both the heat of the reaction and the temperature with the
decarbonation of phases formed during absorption of aerial carbon di-
oxide by aqueous suspensions of uranium oxides (Fig. 1) and even with
the decarbonation of sharpite, as described by Mélon. A thorough analy-
sis of these experimental results is outside the scope of this work and it
will be published separately (Cejka, Urbanec /1973/).

These facts are important from the viewpoint of the genesis of the
discussed minerals. The evaluation of individual studied phases has been
accomplished by means of the chemical, x-ray phase, and thermal
analyses and by the i.r. spectroscopy. Our last research shows that the
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effect of the conditions on the formation of phases of the rutherfordine
type is considerably more pronounced than it was supposed because
from the analysis of especially the i.r. spectra significant differences
in the structural arrangement of phases prepared under hydrothermal
conditions and at the normal temperature (at the normal pressure as
well as at a higher pressure of carbon dioxide) follow. An interesting
finding is, for example, that the asymetric vibration of the uranyl group
with phases prepared at the normal temperature has practically the
same value as with UOs . 2 H,0, i.e. about 960 cm~!, while with the hydro-
thermal phases, the value varies between the range of about 965—985
cm~!. No expressive connection between this shift and the experimental
conditions has been proved. Besides, from the viewpoint of the prepara-
tion, also the influence of the structure of the used forms of uranium
trioxide (Urbanec, Cejka /1972/), which is in a good agreement with the
presumptions (Cejka /1960/ and /1970/), appears. The problem of the
different structure of phases of the so-called rutherfordine type has not
yet been discussed in the literature. Even eventual differences in the
structure of rutherfordine when it comes from different localities cannot
be excluded from our considerations.

We have tried to discuss objectively, on the basis of the literature and
our own experimental data, the problem of alteration of uranium mine-
rals which might be met with in the museum collection material whose
nature differs somewhat from the common types of dehydration proces-
ses proceeding, for instance, with uranium micas or with some other
uranium minerals. The orientation of the hydration - oxidation processes
depends primarily on the partial pressure of carbon dioxide and on the
relative humidity of air. Measurement of these values is quite a problem
owing to the fact that the weathering processes proceed very slowly,
they last a number of years and, therefore, also the outer climatic con-
ditions can vary within a larger range. Defining accurate values of the
partial pressure of carbon dioxide and the relative humidity of air that
are needed for the transformation of uraninite or ianthinite into schoe-
pite on the one hand and into sharpite or another uranium carbonate on
the other is, therefore, very difficult and it has not been done as yet.
However, we can regard as proved that under the conditions considered
by us, rutherfordine can only very difficultly form. Conceivably, a num-
ber of further factors exist which can affect the kinetics of these pro-
cesses so that the measurement of small differences which obviously set
forth during the reactions in one direction or in the other is no easy
problem (Wey /1965/). We believe that our analysis has shown the com-
plexity of deceivingly simple alterations occurring with the museum
collections, that it has indicated which methods should be used when
studying these problems, and that it has confirmed the necessity of com-
parative experiments with synthetic materials even when studying the
natural minerals. The result of such a complex analysis are then directly
applicable also to natural processes.
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JIRI CEJKA a ZDENEK URBANEC
ALTERACE MINERALU V MUSEJNICH SBIRKACH I

Otazka alierace nékterych minerali uranu z hlediska geochemie
systému U — 0 — CO2 — H0

V praci, kterd je prvnim sdélenim v pldnované fradé studii o alteraci minerdld
v musejnich sbirkdch, se autofi zabyvaji problémem nékterych minerdld uranu a kon-
frontuji vlastni experimetdlni vysledky studia synthetickych minerdlt s literdrnimi
Gdaji alterace minerdli uranu, pri¢emz pfi hodnoceni vysledkl studia aplikuji sou-
Casné modelovou aplikaci thermodynamickych hodnot zmén wvolné energie A G°ox
jednotlivych diskutovanych reakci vedle vyuZiti chemické, rentgenometrické analysy,
thermické analysy a infraCervené spektroskopie. Pozornost byla soustfedéna prede-
vS§im na systétm U — 0Oz — COz — H20 se zfetelem na sekunddrni minerdly uranu,
které mohou v zoné hypergenese, tj. hydratacné — oxida¢niho vétradni vznikat a pod-
léhat dalsim zméndm — predevS§im ianthinitu UOgz3s4 . x Hz0, schoepitu UO3 . 2 H0,
sharpitu UO2C03 . Hy0 resp. 5 U02C0O3 . UO2(0OH)y . 7 H20 a rutherfordinu UO2COs3.

UvaZzuje-li se jako typicky predstavitel primarnich minerdld uranu uraninit, pak
v zoné hydrataéné - oxidaéniho vétrani nelze povaZovat tuto fdzi za stabilni, protoZe
podléhda oxidaci a soucasné hydrataci, rychlost tohoto procesu je tim vé&tsi, ¢im vice
obsahuje wmuraninit US+. Jednim 2z prvnich produktd alterace uraninitu je ianthinit,
velmi nestabilni a rychle se premérniujici minerdl obecného sloZeni Us0g . xH30.
Alterace tohoto mineralu mtZe probihat dvéma sméry. Vytvaii se bud UOsz . x H0,
kde x se bliZi nebo i rovna dvéma, tj. vznikaji faze, které svou strukturou odpovidaji
schoepitu, UO3 . 2 Hz0, pripadné vznikd hydrat s jinou strukturou (viz tab. I), nebo
miZe soufasné dojit vedle hydrataéné oxida¢niho procesu i ke karbonisaci, kterd je
spojena se vznikem uhli¢itanu uranylu. V literatufe byl popsédn jak vznik schoepitu
UO3 . 2 H20, tak sharpitu 5 UO2CO3 . UO2(OH)2 . 7 H20 z ianthinitu. V rdamci této préa-
ce byly sledovany vzajemné relace mezi schoepitem, sharpitem a rutherfordinem na
synthetickych fazich, pripravenych v systému UO3 — COz — H20. Pokusy se synthe-
tickym schoepitem ukazaly, Ze tato faze je za normadlni teploty velmi stdld a ne-
podléhd Zadnym vyrazn&j3im zmé&ndm. OvSem je nutno respektovat skutednost, Ze
byla zaznamendna alterace pFirodniho schoepitu a byly identifikovany t¥i faze —
schoepit I, II a III, dokonce vedle dehydrataci vzniklého monohydratu « — UO3 . Hz0
(Christ, Clark /1960/). I mezi zmin&nymi tFemi fazemi schoepitu existuje podle
citovanych autori vztah, podminény C¢aste¢nou dehydrataci, spojenou soucasng, jak
uvddi Christ (Christ /1965/) s preskupenim prostorového uspofdddni schoepitu ve
formé& hexagonalni bipyramidy s kysliky uranylu v jejich vrcholech a $esti hydroxyly
v rovin& uranu se zbyvajici mezivrstvovou vodou a koordina¢nim ¢islem uranylu Sest
na pentagondlni bipyramidu s koordinac¢nim d&islem uranylu pét, toto uspofadani je
podle Evanse (Evans /1963/) stabilngjsi. V suchém stavu mnedochdzi u fdzi typu
UO3 . x HoO k absorpci kyslicniku uhli¢natého ze vzduchu. Pomoci infraervené spek-
troskopie byla prokédzana hydrata¢né - oxidaéni reakce spojend se soucasnou absorpci
CO; ze vzduchu u U303, ovSsem toto je velmi pomaly dlouhodoby proces. Ve vodnych
suspensich dochézi k absorpci vzdusSného kysliku jak UsOs, tak i fdzemi UO3 . x Hz0.
Proces hydratacéné - oxidadniho vétrani vodné suspense UsOg spojené s absorpci vzdu$-
ného kysliéniku uhligitého je relativn& rychlejsi neZ absorpce vzdus$ného COz vodny-
mi suspensemi UOj3 . x H20. Ve vSech pfipadech vznikd jako konecny produkt karbo-
nétovd faze, U0»C0O3 . x H20, kterd neni identicka s uhli¢itanem uranylu typu ruther-
fordinu. V na%em pfipadé jsme izolovali fazi sloZeni UO2CO3 . 2,27 H20, u niZ, na
zdkladé rozboru infradervenych spekter, lze predpoklddat prostorové usporadani
hydroxylt v roving uranylu a mezivrstvové vody, jiné neZ u fdzi typu rutherfordinu.
Lze soudit, Ze i pfirodni sharpit vznikd podobnym procesem, jak bylo zjiSt€no pfi
alteraci ianthinitu (Destas et al /1958/), ¢imZ se pravé sharpit odliSuje od ruther-
fordinu z hlediska genese. Bylo prokazano, Ze v systému UO3 — COz — H»0 dochazi
ke vzniku tuhych roztokid, které pfi relativnd nizké koncentraci kysliéniku uhligi-
tého maji podle rentgenometrické analysy uspofddani uranové submfiiZky totoZné
s UO3 . 2 H20, rozdily jsou patrné na kfivce DTA a infraCerveném spektru. Za nor-
malni teploty dochdzi pdsobenim vzdu3ného kyslicniku uhli¢itého k postupnému
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vzniku karbondtové faze, kterou moZno povaZovat za hydratovany hydroxokarbonat
uranylu se strukturou odliSnou od rutherfordinu. Do této skupiny karbondtovych
fazi uranylu moZno zafadit i minerdl sharpit. Naproti tomu pfi normélni teploté&
a nadbytku kysliéniku uhli¢itého resp. v hydrothermdlnich podminkdch vznikaji tuhé
roztoky, hydroxokarbondaty uranylu se strukturou uranové submfiZky, odpovidajici uspo-
Fadani rutherfordinu. V téchto podminkach je konednym produktem uhliditan uranylu
se strukturou rutherfordinu UO02CO3 . x HyO kde x20. Rychlost téchto reakci je za-
visld na pouZitych vstupnieh modifikacich kysli¢niku uranového a jeho hydréati a na
jejich reaktivité. V kaZdém pFipadé moZno povaZovat za prokazané, Ze v podminkach
hypergenese mizZe jen téZko vznikat rutherfordin, pro ktery jsou pfriznivéjsi podminky
vy$§iho tlaku kysliéniku uhligitého pripadné& vy$si teplota. Naproti tomu za normdlni
teploty a ptsobeni vzdu$ného kyslicniku uhli¢itého dochdzi v nédmi diskutovanych
systémech ke vzniku uhliitanu uranylu resp. hydratovych hydroxokarbonatokomplext
uranylu typu sharpitu. Z uvedeného vyplyvd, Ze v musejnich sbirkdch jsou produktem
alterace fazi typu UOx . y H20 primarné ianthinit UO238s . xH2O a dédle pak bud
hydratovany hydroxo-komplex uranylu UOs . xH»O (x=2) nebo hydratovany hydroxo
karbondt uranylu obecného vzorce [UO2(CO3)1-x(OH)2x] . y H20. Provedeny rozbor
souCasné prokdzal, Ze je nezbytné pFi studiu chemie, mineralogie a geochemie minera-
logickych systémii kombinovat vysledky, ziskané pomoci chemické, thermické, rentge-
nometrické fdzové analysy a infracervené spektroskopie, pFip. jinych metod, aby se
dospélo k objektivnim zavérim.
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