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ALKMJKE EARTH POLTURArtATOS 

H« R. Eoakstra and J. J. Kfct* 

Abstraot 

The preparation of alkaline earth polyuranates is oriti- 
oally discussed, and it appears tJ»t theraal ceo opposition of 
the doubl® alkaline earth uranyl acetates provides the simplest 
approach to the synthesis of thesa «soaipounds.    MgTJjjOy undergoes 
reversible decomposition at elevates temperatures.    Equilibrium 
studies of this decomposition ara described, and the phaae re- 
laticnehips of this system are discussed.    Preliminary obser- 
vation« on the dissociation of tha oaloiun, strontium, and 
barium compound« are also discussed. 

The '■ork: described here is part of ■> general investigation of metal 

uraaates and polyuranates.    The material given hore, hcwever, inoludes 

only the diursnatee of magnesium, calcium, strontium, and barium. 

A number of methods for the preparation of iheee compounds nay be 

found in tho literature. 

A.    Dry methods. 

1.    Fusion of OjOg or UOz »ith the alkaline es.rth chloride (metal 

oxide may also be added). 

5 0 + 2 UjOß + 3 MeClg —-»-   3 Meu^ + 3 Clg 

It is very difficult to completely oxidise the uranium, even on 

long heating.    Metal chlorates muy be added to hasten oxldatioß, 

bub this is hazardous.    Addition of the metal carbonate has been 

suggested to moderate the chlorate decomposition, but thi» fur- 

ther contaminates the sample with metal oxide.    Method 1 has 

also been used at a preparative method for tha uranates: 

h 0 + ^303 + 3 »8CI2 ■>•   3 MeUOlj + 3 Cl2 

Sinoe an excess of metal ohloride is used for the ignition, it 

seems likely that uranate, rather than diuranate should be? formed. 
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B. Wet methods: 

2. Addition of a solution of metal hydroxide to one containing 

uranyl ion to precipitate the diurecata. Tho relative inselu- 

bility of the metal hydroxides as «ell a« the necessity for ex- 

clusion of oarbon dioxide argues against the uee of this method. 

3. Addition of ammonium ion to a solution containing uranyl and 

alkaline earth natal ions. Very dilute solution must be used 

to minimize oopreoipitation of ammonium iiuranc.te which is con- 

verted to U^Og oa ignition. 

I4.. Dissolution of uranyl nitrate in ether and addition of metal 

oxide to form the diuranate. This method has been used for tae 

preparation of Cat^Oy, but it is diffioult to obtain complete 

reaction of the oxide. 

5. Precipitation of the nsstal-uranyl double acetate and igni- 

tion of this compound to the diuranate. This riethod had been 

described in the literature for the preparation of barium di- 

uranate* Since the corresponding magnesium, c&loium, and stron- 

tium uranyl acetates JMeCTOgJgCüAcJ^'ßEgOJ had also been pre- 

pared« it was to be expected that ignition of these salts veuld 

give the desired products in a pure state. 

The preparative method consisted in dissolving uranyl aoetate and al- 

kaline earth aoetate in a minimum volume of 2 M acetic acid at about 75°C. 

If crystallisation occurred on cooling to room temperature, the solution 

«as then cooled to 0°C, filtered and the orystals of doable acetate «ashed 

with alcohol and then with ether. If no crystallisation took place on 

cooling to room temperature, the solution was» evaporated slowly (^^C) 

until it was sufficiently concentrated to crystallise on oooling. 
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Analyees obtained on the dried (6o°C) acetates gave the results tabu- 

lated in Table 1 indicating that this meihod ties satisfactory. 

Me(W>2)2(Q&o)6'6B20 Double tioetate analyzed 

Mg 
1 

Ca Sr Ba 

% alk. earth ion found 2.355 5.89 12.73 

%   "          "        "    theo. 2.37 3.8U 12.86* •• dihydrate 

%> uranium found h6.35 2j6.o 1^.25 

%       *        theo. 2*6^ 1+5.67 JUU-a?» 

uranium             ., ■^?r ■ ■ ■   ,.     ratio alk. earth 2.01 1.99 2.01 
i 

Ignition of the double acetates »as accomplished by heating slowly 

in a muffle furnaoe to 750°C» Decomposition appeared to be complete at 

r~* 1JD0°C, but the samples «ere ignited to the higher temperature to in- 

sure completion of the decomposition. The products «ere identified by 

comparison of the ohange in «eight on ignition with the calculated change 

for conversion to the diuranate. Samples «ere also prepared for x-ray 

study by Dr. Zachariaeen. 

Qualitative observations on the alkaline earth diuranate« showed that 

on ignition in air they turned grey to black in color with loss in weight. 

Further heating at a somewhat lower temperature resulted in reconversion 

to the original diuranate. 

Quantitative investigation of this property of magnesium diuranate, 

IfgUgO«?, was carried out in the apparatus shown in Pig. 2. The results 
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indioat« that the loas of oxygen occurs in two stop«, the fomula of Wo 

first decomposition product being MgOgO^?* »nd of the »«»«»ad HgtfeOö. 

The formula« »er« determined by measuring the volume of ozygen required 

to reconvert to MgügOy. Equilibrium pressure* of oxygen over UgUsP-j - 

Mgtfe06.67 and Mgt^06.67 - *e°2°6 mixtures have been obtained and are givsn 

in Table 2. The pressure« are reproducible and do not depend on the way 

in which equilibrium is approached. 

Table 2 

Equilibrium Oxygen Pressure« over MgT^07 - MgUgO^.^ 

and MgÜ206.67 - Hg^2°6 Mixtures 

Temp. Equilibrium Oxygen Pressure (mm) 

MgXfeOy -                | 
«Wü^.ö?             1 UgDfeOg 

600 0.5 
 i 

850 2.0 
1— 

- 

900 7.5 
a 

950 19.0 - 

1000 55.0 1.0 

1025 93.0 2.5 

1050 lLiß 5 

1075 9 

1100 - 16.5 

1125 32.0 

The respective heat« of reaction can be calculated from the equili- 

brium pressure«. For the first reaotionj 
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Mgü^ «=*•   ti&&6.&t + 0.17 P2    AH = 6i*,000 cal/aole 

^F 1000°C «6,500 oal/moia 

As° • 1*5.2 cal/nole/d«gre>e. 

The estimated tanperature at which the equilibrium pressure would be 1 at- 

mosphere ia llU5°C, and the approximate temperature at which MgU2°7 aiill 

decompose in air is 1055°C*    Since the pressure« obtained are equilibrium 

pressures, according to the phase rule there miat be t*o solid phases pre- 

sent—i.e., the mixture cannot be a solid solution of continuously varying 

eo»! /sition.    The same holds true for the seoccid step» 

MgOgOg.ö^ 8-   Mgt^O^ ■♦•0.33 Og    AK s 88,000 oal/molo 

AP°i100oc S 10,1*00 cal/mole 

AS0 * 56.5 oal/mole/dogree. 

The temperature at which tho oxygen pressure reaches «e atmosphere is 

1300°C for this reaotion, and air equilibrium is attained at about 1200°C. 

The oxidation of MgX^O^ and MS^2°6.67 isaB t66n «t™*1*«* *° determine 

semi-quantitatively the rate of reaotion and the heat of aotivation, and, 

if possible, to find out something concerning the mechanism of the reaction. 

The following observations were made* 

1. The rate of oxidation is independent of oxygen pressure, except 

possibly at extremely low pressures. 

2. The oxidation of MgUgOg.^? takes place at the rate of 2 Jj. per 

cent/min at 730°C, and 1»2 per cent/feia at 700°C.    These values give an 

approximate heat of activation of 36,000 oal/mole. 

3. The oxidation of MgTJ206 takes plaoe at a lower temperature, the 

rate at 550°C boing ocmparable with that of Mg^O^? at 700°C.    At 550°C, 

the calculated oxidation rate of MgT%06.67 i« O.Oi* per centykin.    It has 

not been determined whether the oxidation of Mgu"206 takes plaoe in one or 
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more steps.    A plot of log per sent MgUgOg TS time doe» not give a straight 

line, but it is difficult to picture ft two-step reaotion when it has bean 

«hem th*t MgUgOg.^y öo*e no* react at this teraperature. 

h*    As the reaotico tube oontaining either HgUgO^ or HgflgO^g^ is 

initially heated to the reaction temperature of 500° or 700°C for eaoh 

run, in the first minute a prelinlnary absorption of oxygen is observed 

amounting to about 13 per oent of the calculated amount required for oo:o- 

plete oxidation.    Further investigation of this portion of the oxidation 

process indioated that it was not a surface phenomenon sinoe grinding of 

the sample to inorease surface area did not alter the percentage of oxygen 

reacting.    X-ray samples taken at both extremes of the 13% range shewed 

only one phase in eaoh case. 

Oxygen absorption ooourred at temperatures as low as 200°C {oempared 

with ^500°C for the remainder of the reaction).    These observations in- 

dicate that there may be a range of solid solution between MgEgOtj^j^ and 

M8°2°6.08« 

Dr. Zachariasen has indicated that the compound MgDgOy nay actually 

not be a single phase but rather a mixture of MgUOj^ and a second pbnse 

whioh may be MgD^OjO' 

Preliminary observations indicate that the other alkaline earth 

diuranates also lose oxygen at elevated temperatures, and similar studies 

are in progress. 

END OF DOCUMENT 


