AECD-26L7

UNITED STATES ATOMIC EN ERGY COMMISSION,

ALKALINE EARTH POLYURANATES

&
N

by

H. R, Hoekstra
J. J. Katz

Argonne National Laboratorjr

Date of Manuscript: June 1949

L]
O

L,

LD |

L -

L W

-

P Dete Declagsified: July 12, 1949
L |
L

- —

Issuence of this document does not constitute

authority for declassification of classified

copies of the seme or similar content and title
end by the same author.

i

Qramme,
swihnly Sxe
AP

R i e NN
%ﬁﬁ&%"ﬁﬁw FTATINENT B |
SPProved 1w puric rei |
eieass <
| ; : KT 2 feed
\ Dascrionnng Unbwoosd | a?f’,,’f’—:w«‘: Divisigy
— MBEARY GF Congpes
T0BE ReTipe -~

Technical Informetion Branch, Oak Ridge Extension
AEC, Oak Ridge, Tenn., 9-1;5-495--.850-1.\13978

» FRIN DTIC QUALITY INEPECT




ALKALINE EARTH POLYURANATES

He BE. Hoakstra end J. J. Kete

&«~L.lqv1

Abstract

The rreparation of alxmline esrth polyuramates is oriti-
onlly disasussed, and it appears thai thermml cdecomposition of
the double alkeline eerth uranyl acetates provides the simplust
apprcech to the synthesis of thess compounds. Mglp07 undargoes
reversibls desemposition at elevaZed tempeoratures. gquillbrium
studies of this decomposition ars desoribed, snd the phase ro-
laticnehips of this system ere discussed. Proliminery obser-
vations on the dissosiation of tha caloium, etrontium, and
barivn ecompounds ars slao discussed,

The work desoribed here is part of 2 ggneral ircvestigation of motal

uranstes and polyuranetes. The material gziven hare, hcwever, incluides

only the diurcnates of megnesium, calcium, stromtiun, and barium.

A

number of methods for the prepretion of “heess compoundis may be

found in the literaturs.

A

Dry methods.
1. Pusion of U30g or U0z with the alkaline esrth ohlaride (notul
oxice may also be added).

5 0 % 2 Uz0g + 3 MeCly —> 3 Melp0q + 3 Clz
1t is very diffioult to completely oxidize the uranium, even on
long heating. Metal chloratee muy be added to hasten cxidation,
but this is hagzerdous. Additicn o tho metal carbonate hex been
suzzested to moderate the shlorate deccmpcsitiem, but this lur- 7
thar contaminates the gample with matel oxide., Method 1 has
also been used ac & preparative method for tho uranates:

L 0 + U308 + 3 MeClp —>~ 3 Mel0), + 3 Clg
Sinos an excess of motal ohloride is used for the ignition, it

gcoms likely that uranate, rather than diuranate shonld be formed.
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B. Wet methods:

2. Addition of & solution of metel hydroxide to ons contsining
uranyl ion to precipitate the diursrcats. The relative imsclu-
bility of the metal hydroxides eas well ag tho necessity for ex-
clugion of oarbon dloxide arzues sgeinst the use of thia method.
3, Addition of ammonium ion to a solution cmtaining uranyl and
alkrline earth metal ions. Very dilute gzolutiomns must be used
to ninimize coprescipitation of emmoniun diuranete which is eon-
verted to U:0g on ignition.

L. Dissolution of ursnyl nitrete in ethar and addition of metal
oxide to form the diuranate. This method has been ueed for the
preparation of CeU207, but it is difrioult to obtain complete
resotion of the oxlde.

5. Precipitation of the metal-ureryl double acetate mnd igai-
tion of this sompound fo the diurarste. This nethod had been
desoribed in the literature for the preparation of berium ci.
uranate., Sinse the corresponding magnesium, culocium, and etron-
tium uranyl scetates [uo(UOZ)g(OAc )6'632"] nd also been pre-
pered, it was to be expected that ignition of theee salts would
give the desired products in a purs state.

The preperative nethod oonsisted in dizsolving uranyl acetate snd al-
kaline earth acetate in & minimum volumes of 2 ¥ acetic acid at about 75%.
If crystallization oocurred on oooling to room temperature, the solution
waps then cooled to 0°C, filtered amd the orystals of double scetate washed
with aloohol and then with ether. If no orystelllization tock place on
cooling to room temperature, the solution was eveporated slowly (~/50°C)

until it was sufficiently concentrated to orystallize on ococoling.
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Anslyces obtained on the dried (60°C) acetates gavs the results tabu-

lated in Table 1 indicating that this method was satisfactory.

Me(U02)2(04c )¢ *6HR0 Double acetate analyzed
Mg Ca 8r Ba

WW
% alk. earth ion found 2.355 3189 12075

€ = " *  theo.| 2.37 3.8& 12.86. ag dihydrate}
% urenium found h6.35 L6.0 Ll e25

£ "  theo. h6.42 | L5.67 Lh.x*

soanlum . Tatio 2.01 | 1.% z2.01

Ignition of the double scetates was accomplished by heating slowly
in a muffle furnase to 750°C. Decomposition appeared to be complete at
~ L00°C, but the samples were ignited to tho higher temperature to in-
sure completicm of the decomposition. The products were idﬁtiﬁed by
comparisoc of the change in weight on ignition with the caloulatsd change
for conversion to tho diurenste. Samples were alao prepared for x-ray
study by Dr. Zachariagen.

Qualitative obssrvations on the alkaline earth diuranates showed that
on ignition in air they turnmed grey to black jn color with loss in weight.,
Further heoating at a somowhat lower tempersture rosulted in reconversion
to the original diurarate.

Quantitative investigetion of this property of magnessium diuranate,

llgUao—,,, was osrried out in the epparstue shown in Fig. 2. The results
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indicste that the logs of oxygen ocours ln two steps, the fornula of tis
firct decompcsition product being MgUp04 47, and of the sscond ¥glUa06.
The formulas were determined by messuring the volume of oxygen requirec
to reconvert to MgUs07. Equililirium pressures of oxygen over MglUz07 -
Mgl206 67 and Mglp04 47 - MgUo0g mixtures have beon obtained and are given
in Tebls 2. The pressuros are reproducidle and do not depend oz the way
in which equilibrium is approached.

Table 2

Bquilibrium Oxygen Pressures over Iglp07 - MgU204 .67
and MgU204,67 - Mglol4 Kixturss

zg:;; Equilibrivm Oxygen Pressure {mm)
Mglx07 - BgUz06.67 -
MU0 67 YgU206

800 0.5 -

850 i 2.0 -

900 75 -

950 ' 19.0 -

1000 | 5540 1.0

1025 93.0 2.5

1050 8 2

1075 - .

1100 - 16.5

1125 - 32.0

The respective heats of reactiom can be caloulated fram the equili-

brium pressures.

For the first reasoctiom:
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Nglz0, A, Kgls0g,67 + 017 02 AH = 64,000 cal/mole
AF°10000¢ = 6,500 eal/mois
AS® = 15,5 cal/mole/degros.
The estimated temperature at whish ths equilitrium pressure would be 1 at-
mosphere is 1145°C, and the approximate tampereture at which Nglp0q will
deccmpose in alr is 105550. Since the pressures obtained are equilibriuvm
pressures, according to the phase rule there must be two solld phases pre-
sent-~i.e., the mixture camot be & solid solution of continuously varying
com; ysition. The same holds true for the second step:
NegUa0¢4 67 é':"' MglaOg + 0.33 0 AR = 88,000 cal/meole
AF°y00% = 10,400 cal/mols
As® = 56.5 oal/mole/dagree.
| The temperaturs at which tho oxygen pressure reaches me atmosphere la
1300°C for this reecticn, and air equilibrium is attained at about 1200°C.

The axidation of MgUp0g and Mglo04 47 has been studied to determine
semi-quantitetively the rate of resaction and the heat of motivation, and,
if possible, to find out something conderning the mechenigm of the reaction.
The following observatims were mede.

l. The rate of cxidation is independent of oxygen praessure, exaept
possibly at extremely low pressures.

2. The oxidaticn of Mglz0g,47 takes place at the rate of 2.k per
cent/min at 730°C, «nd 1.2 per cent/min at 700°C. These values give en
approximate heat of activation of 36,000 oal/mole.

3. The cxidation of HgUp04 takes place at a lower temperature, the
rate at 550°C boing oomparsble with that of MglnOg g7 &t 700°C. At 550°%C,
the oaloulated oxidation rete of Mglp04.67 is 0.0 per cent/min. It has

not been determined whether the oxidation of MgUp04 takes place in omw or
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more steps. A plot of log per cent MgUs0g vs time does not give & streight
line, but it is difficult to picture & two-step reasoticn whem it has besz
shown thet MgUs04 47 does not resot at this temperature.

L. As the remcticn tube containing either Mglp0g or Mglp0g g7 is
initielly heated to the reaction temperature of 500° or 700°C for each
run, in the firet minute & prelininary absorption of oxygen is observed
amounting to about 13 per ocent of the calculated amount required for con-
plete oxidation. Further investigation of this portim of the oxidation
proces: indicated that it was not a surface phencmencn since grinding of
the samle to inorease surface area did not alter the percentage of oxyzen
reacting. X-ray samples taken at both extremes of the 13% range showed
onnly one phase in each caése.

Oxygen absorption cocurred at temperaturse es low ag 2009C {occmparad
with ~ 500°C for ths remsinder of the reaction). These observations in-
dicate that thar§ mey be & range of solid solution betwssn MgUs0g g), and
¥gl204,08+ _

Dr. Zacharissen has iandicated that the sompound MgUo0y may actuslly
not be a eingle phage but rathor a mixture of MgUO), and a second phase
which may be MgU30310-

Proliminary observations indicate that the other aikaline earth

diuranates algo loss oxygen at elevated temperstures, and similar studies

are in progress.

END OF DOCUMENT



