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THERMAL DECOMPOSITION OF AMMONIUM URANATES 

Taichi Sato and Shigeaki Shiota 
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SHIZUOKA UNIVERSITY, HAMAMATSU, JAPAN 

The thermal decomposition of ammonium uranates precipitated from uranyl nitrate 
solution on the addition of aqueous ammonium hydroxide and hexamine under various 
conditions has been studied by means of thermogravimetry, differential thermal analysis, 
infrared spectroscopy and X-ray diffraction. Although all precipitates show the composi- 
tion corresponding to UO 3 �9 NH 3 �9 H20, the precipitates with hexamine give X-ray dif- 
fraction patterns designed as types I and II, in which type I is similar to the precipitates 
with ammonia. As a result, it is concluded that ammonium uranates thermally decom- 
pose to amorphous UO 3 at about 400 ~ and transform to U308 via ~-UO 3 and/or ~-UO3, 
latter being formed in the case of type II only. 

It  has been reported that ammonium diuranate, (NH4)2U207,  and ammonium 

uranate, (NH4)2UO 4 �9 H20 , are precipitated on the addi t ion of aqeous solutions of 
ammonium hydroxide and hexamine, respectively, to aqueous uranyl nitrate solut ion 

[1]. A number of investigations have recently been carried out  on the compounds in 

the N H 3 - U O 3 - H 2 0  system, but informat ion on their composit ions is l imited [ 2 - 7 ] .  

The thermal decomposit ions of the hydrates of uranium peroxide, uranyl chloride 

and uranyl sulphate have been investigated previously [ 8 - 1 0 ] .  The present study 
extends the work  to the thermal decomposit ion of ammonium uranates. 

Experimental 

Ammon ium uranates were prepared by the fo l lowing procedures: Aqueous solu- 

t ions of ammonium hydroxide or hexamine (hexamethylenetetramine) were added 
dropwise (5 cm 3 min -1  ) or rapidly to 100 cm 3 of 0.1 mol dm - 3  uranyl nitrate con- 

taining nitr ic acid wi th  agitation, at 2 0 - 9 0 ~  the resulting precipitates were aged in 
the mother l iquor for  1 h at the same temperature, centrifuged, washed wi th disti l led 
water unt i l  as free as possible from nitrate ion and ammonium ion or hexamine, and 
then dried in air at room temperature or in vacuo at 25 ~ The uranium concentrat ion 
of the aqueous solut ion was determined by t i t rat ion wi th EDTA, using xy lenol  orange 
as indicator [11]. 
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The thermal decomposition products were prepared by heating the specimens in 
air at the stated temperature for 2 h after heating up to that temperature at a rate of 
5 deg/min. 

The materials so obtained were examined by mean of thermogravimetry (TG), 
differential thermal analysis (DTA), X-ray diffraction study and infrared spectroscopy, 
as described previously [12]. TG and DTA were carried out on the automatic recording 
thermobalance and DTA apparatus made by Agne Research Center, wi th platinum- 
plat inum/rhodium thermocouples. For the measurement of differential thermal 
electromotive force, e-alumina was used as reference material. The specimen of 
200--400 mg was heated at 5 deg/min under atmospheric pressure. 

Results and discussion 

For the precipitates from aqueous uranyl nitrate solution on the addition of ammo- 
nium or hexamine, the conditions of precipitation and the decomposition tempera- 

8-- N-4 

6-- N-5 

4-- N-6 

odll//   
oUI I// f-% "- 
o d //// 

I / 1 1 / / ~  N-;, I 

oUI I 
o!J , , , , , , , I  2O0 400 60O 800 

Temperature ~~ 

Fig. I TG curves of ammonium uranates precipitated with ammonia (numbers on curves are the 
specimen number in Table 1 ) 
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Fig. 2 DTA curves of ammonium uranates precipitated with ammonia (numbers on curves are the 
specimen number in Table 1 ) 

ture, i.e. the peaks in the DTA curve are shown in Tables 1-2.  The TG and DTA curves 
are illustrated in Figs 1-4.  Further, the values of the molar ratio [UO3] / [H20 ] / [NH3]  
for the precipitates from aqueous uranyl nitrate solutions on the addition of ammonia 
or hexamine, determined from the weight losses in the TG curves, are shown in Tables 
3 -4 .  Figures 5 - 1 0  and Tables 5 - 6  give the infrared and X-ray results for the ammo- 
nium uranate specimens and their products of thermal decomposition, but only 
representative X-ray diffraction diagrams and infrared spectra for the materials derived 
from a few specimens heated at various temperatures are indicated in these Figures. 

The results of the thermal analyses (Tables 1--2 and Figs 1-4)  suggest that the 
precipitates wi th ammonia behave in the same way on thermal decomposition, whereas 
the precipitates with hexamine behave in two ways. Further, the precipitates with 
ammonia yield almost the same X-ray diffraction pattern, while the patterns for the 
precipitates with hexamine fall into two types, depending on the temperature of 

J. Thermal Ana/. 30, 1985 
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oU! J /  .-8 
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Fig. 3 TG curves of ammonium uranates precipitated with hexamine (numbers on curves are the 
specimen numbers in Table 2) 

precipitation (Table 5). Accordingly, the precipitates with hexamine at above 50 ~ 
specimens H - 5, 7, 9 and 10 and below 40 ~ (specimens H - 1, 2, 3, 4, 6 and 8) are 
designated as types I and II, respectively. The diffraction pattern of type I is similar 

to that of the precipitate wi th ammonia, but that of type II is slightly different. 
For all precipitates, however, the TG curves show the weight loss corresponding to 
the value calculated for UO 3 �9 NH 3 �9 H20 (Tables 3 -4 ) .  Further, i t  is inferred that 
the compositions of the precipitates are independent of the drying method in air or 
in vacuo. The DTA curves of the precipitates with ammonia give endothermic reac- 
tions at about 130, 210 and 590 ~ and exothermic ones at about 340-420 ~ Endo- 
therms at about 130, 185 and 590 ~ and endotherms at about 510 ~ are observed 
in the DTA curves of the precipitates wi th hexamine, and exotherms and/or endo- 
therms also appear at 300-400 ~ The reactions in the DTA curve occur at points 
near the change in shape of the TG curves. However, since a change in shape of the 
DTA curve is observed in ammonium uranate left in air for a period of time, it is 
expected that the bonding between the ammonium group and the water molecule 
and the uranyl group may undergo change during storage: e.g. when the DTA curve of 
specimen N - 1 is measured in three months after preparation, the endothermic peak 

J, Thermal Anal. 30, 1985 
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o 200 4OO 6OO 8OO 
Temperature ,~ 

Fig. 4 DTA curves of ammonium uranates precipitated with hexamine (number on curves are the 
specimen numbers in Table 2) 

at 135 ~ and the exothermic one at 370 ~ are decreased. In this work, therefore, the 
compounds ammonium uranate and ammonium diuranate are referred to together as 

ammonium uranate. 
The X-ray diffraction diagrams for the materials derived from all the precipitates 

wi th ammonia or hexamine on heating at 300-400  ~ indicate the amorphous form 
(Figs 5--7) [8]. On heating at 500 ~ , the material precipitated wi th ammonia or wi th 

hexamine at above 50 ~ (type II) forms a mixture of crystalline /3-UO3 [12] and 
U308 [13], while the material precipitated wi th hexamine at below 40 ~ (type I) 
gives the pattern of U308 accompanied by ~-UO3 [14]. 

The infrared spectra (Figs 5 -7 )  for ammonium uranate specimens show the fol- 
lowing absorptions: for the precipitate wi th ammonia (specimen N -  10) OH 
stretching and bending absorptions at 3500 and 1630 cm -1 ,  respectively, NH~ 
stretching and bending bands at 3300 and 1420 cm -1 ,  respectively, and the 

8 J. Thermal Anal. 30, 1985 
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6OO 

5o0 

400 

~o 20 30 40 50 60 

20 j degree 

Fig, 5 X-ray diffraction diagrams of the material derived from ammonium uranate heated at 
various temperatures (numbers on curves represent the heating temperatures, ~ from 
specimen N - 10 in Table 1) 

5oo 

4o0 

io 20 30 40 50 50 
ZG) degree 

Fig. 6 X-ray diffraction diagrams of the material derived from ammonium uranate heated at 
various temperatures (numbers on curves represent the heating temperatures, ~ from 
specimen H -- 2 in Table 2) 

asymmetr ic  v ib ra t ion  of the urany l  group at  g20 c m - 1 ;  fo r  the t ype  I prec ip i tate 

w i t h  hexamine (specimen H -  9), OH stretching and bending absorptions at 3460  

and 1625 cm - 1 ,  respect ively, NH~" stretching and bending bands at 3250 and 

J. Thermal Anal. 30, 1985 
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10 20 30 40 50 60 
28 ~ degree 

Fig. 7 X-ray dif fract ion diagrams of the material derived from ammonium uranate heated at 
various temperatures (numbers on curves represent the heating temperatures, ~ from 
specimen H - 9 in Table 2) 

, I , I 
4000 3200 2.~00 
~equency)cm "I 

Z , I 
120C :dO0 800 50C 

Fig. 8 Infrared spectra of the material derived from ammonium uranate heated at various tem- 
peratures (numbers on curves represent the heating temperatures, ~ C; from specimen N - 10 
in Table 1 ) 

1420  cm - 1 ,  respect ive ly ,  and t he  a s y m m e t r i c  v i b r a t i o n  o f  the  u rany l  g roup  at  

915  c m - 1 ;  f o r  t he  t y p e  II h e x a m i n e  p rec ip i ta te  (specimen H - 2 ) .  OH s t re tch ing 

and bend ing  absorp t ions  at  3 5 6 0  and 1625 cm - 1 ,  respect ive ly ,  NH4 F s t re tch ing  and 

bend ing  bands at  3 3 5 0  and 1420  cm - 1 ,  respect ive ly ,  and the  a s y m m e t r i c  v i b r a t i o n  

8*  J. Thermal Anal. 30. 1985 
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o 

4000 320C 2400 

FrequencLj s cm -1 

3o0 

j . f 
1600 lZ~0120o too0 8CC 600 

Fig, 9 Infrared spectra of the material derived from ammonium uranate heated at various tem- 
peratures (numbers on curves represent the heating temperatures, ~ from specimen H - 2 
in Table 2) 

c 

i-- 

4000 3200 2400 

Frequencg ~ cm "~ 

1600 1.0C !2C: k: r~ &~C 

Fig. 10 Infrared spectra oT the material derived from ammonium uranate heated at various tem- 
peratures (numbers on curves represent the heating temperatures, ~ from specimen 
H -- 9 in Table 2) 

o f  the urany l  group at 1015 and 945 cm - 1  For  the precip i tate w i t h  ammon ia  

(Fig. 8), the OH and NH~ absorp t ion  bands decrease in in tensi ty  w i t h  rising tem- 

perature, and disappear on heating at 4 0 0 ~  add i t i ona l l y ,  broad bands centred at 

around 905 and 720 cm - 1  appear, considered to  be due to  the U - O  stretching 

v ib ra t ion  of  amorphous  UO x ( 3 ~ < x ~ < 3 . 5 )  [8 ] .  A t  500 ~ , absorpt ions appear at 

965,  915, 890,  815 and 750 cm - 1  because of  the f o rma t i on  of  /3-UO 3 [13] .  On 

J. Thermal Anal. 30, 1985 
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Table 3 Composition of the precipitates from aqueous uranyl nitrate solutions 
on addition of ammonia a 

117 

Specimen Loss in weight b, % Molar ratio 
no. ~ 190~ ~ 4 0 0 ~  ~ 6 0 0 ~  [UO3I / [NH3] / IH20]  

N -  1 7.2 11.6 13.8 
N - -  2 6.6 11.0 12.8 
N - 3 6.6 11.1 13.1 
N -  4 6.0 10.8 12~ 
N -  5 5.3 10.2 12.2 
N -  6 5.7 10.7 13.0 
N -  7 6.6 10.7 12.8 
N -  8 7.1 10.8 12.8 
N - 9 6.6 10.9 12.8 
N - 10 6.8 11.2 13.3 
N -- 11 7.4 12.2 14.2 

0.84 1.30 
0.83 1.18 
0.85 1.18 
0.90 1.07 
0.92 0.94 
0.94 1.02 
0.77 1.18 
0.74 1.27 
0.81 1.18 
0.83 1.22 
0.92 1.34 

a The values determined by the weight loss in the TG curve, b The following 
assumption is introduced to determine the composition: the weight loss at 

190 ~ is due to the release of water, at ~ 400 ~ the release of water and 
ammonia, and at ~ 600 ~ the total one. 

heat ing at 600 ~ the broad band at 740 cm - 1  o f  U 3 0  8 [13 ]  appears, wh i l e  the  ab- 

sorp t ions wh ich  arise f rom the presence o f  (~-U03 decrease. On fu r ther  heating, the 

absorp t ion  band of  U 3 0 8  becomes stronger. When the prec ip i ta tes w i t h  hexamine 

( types I and II) are heated (Figs 9 - 1 0 ) ,  the  OH and N H ~  absorp t ions  disappear at 

Table 4 Composition of the precipitates from aqueous uranyl nitrate solutions 
on addition of hexamine a 

Specimen Loss in weight b, % Molar ratio 
no. ~ 170oC N400oC ~ 6 0 0 o C  [UO3] / [NH3] / [H20 ] 

N -  1 7.5 12.0 15.1 1 0.86 1.36 
N - -  2 6.8 10.4 13.2 1 0.85 1.23 
N - -  3 7.2 12.1 14.2 1 0.94 1.27 
N -- 4 6.0 11.8 14.0 1 1.10 1.08 
N - 5 7.0 11.5 14.0 1 0.86 1.26 
N -  6 7.3 11.4 13.7 1 0.78 1.31 
N -  7 7.0 11.8 14.3 1 0.86 1.26 
N -- 8 7.5 11.6 13.8 1 0.89 1.35 
N -- 9 7.0 12.5 15.2 1 1.00 1.25 
N - 10 6.5 112 14.4 1 1.01 1.17 

a The values determined by the weight loss in the TG curve, b The following 
assumption is introduced to determine the composition: the weight loss at 

170~ is due to the release of water, at ~ 400 ~ the release of water and 
hexamine, and at ~ 600 ~ the total one. 
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Tables X-ray diffraction data (interplanar spacings 
and intensities) for ammonium uranates 

Specimen Specimen Specimen 
A - 10 H - 2  H - 9  

d, )~ I//0 d, • ///0 d, ~ ///0 

7.62 100 7.37 100 7.56 100 
6.65 11 4.69 6 6.10 5 
6.15 11 3.67 33 5.71 6 
4.72 9 3.59 90 4.74 4 
3.78 34 3.50 54 3.78 28 
3.54 83 3.23 85 3.56 51 
3.22 94 3.15 46 3.54 55 
3.05 9 2.96 8 3,22 75 
2.83 9 2.90 8 3.21 82 
2.69 6 2.85 8 3.03 5 
2.59 26 2.74 6 2.85 5 
2.52 11 2.57 23 2.58 24 
2.31 11 2.55 15 2.51 5 
2.21 9 2.45 8 2.37 7 
2.06 31 2.15 6 2.21 5 
2.03 23 2.08 6 2.06 28 
1.99 23 2.07 8 1.98 19 
1.98 23 2.04 15 1.80 9 
1.97 17 2.01 15 1.77 4 
1.80 11 1.96 23 1.74 4 
1.78 9 1.78 15 1.72 5 
1.77 9 1.74 6 1.69 4 
1.69 9 1.61 8 1.67 8 
1.66 11 1.55 2 
1.60 9 1.41 4 
1.55 6 
1.38 9 

200 and 400 ~ , respectively, and simultaneously the broad band due to the format ion 

of amorphous UOx appears. At  500 ~ however, type I exhibits absorptions at 965, 

930, 915, 895, 820 and 775 cm -1  , because of the format ion of e-UO3, whi le type II 

reveals absorption bands at 930, 890 and 805 c m - 1 ,  assigned to/~-UO3. On heating at 

600 ~ the strong bands of  U308 are observed for the precipitates wi th  hexamine 
(types I and II). From this it is seen that the absorptions of the thermal decomposit ion 
products of the precipitate wi th ammonia basically resemble those of the products 
derived from the precipitate wi th hexamine at above 50 ~ (type I) on heating, and are 

slightly di f ferent f rom those of the products derived f rom the precipitate wi th 

hexamine at below 40 ~ (type II), corresponding to the X-ray di f f ract ion and thermal 
analysis results. The fo l lowing possible interpretation is therefore proposed for the 
DTA curve of the precipitate wi th  ammonia: the endotherms at ~ 180 and ~ 210 ~ 
are due to the release of the water molecule; the exotherms at 340--420 ~ arise from 
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Table 6 X-ray diffraction results of the products derived from ammonium uranate 
heated at various temperatures 
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Temperatures, Phase detected 
~ N - -10  a H - 2  a H - - 9  a 

100 UO 3 �9 NH 3 �9 H20 UO 3 �9 NH 3 �9 H20 UO 3 �9 NH 3 �9 H20 
200 UO 3 - NH 3 �9 H20 UO 3 �9 NH 3 UO 3 �9 NH 3 
300 UO 3 �9 NH 3 UO 3 �9 NH 3 UO 3 �9 NH 3 
400 A - UOx b A -- UO x A -- UO x 
500 /]-UO 3 4- U308 U308 + ~-UO 3 #-UO 3 + U308 
600 U308 U308 U308 
700 U308 U308 U308 

a Refere to specimen no. In Table 1 or 2. b A - UO x represents amorphous 
UO x (3 < x < 3.5). 

t he  release o f  the a m m o n i u m  group ;  and the e n d o t h e r m  at  "~ 5 9 0  ~ is ascribed to  the 

t r a n s f o r m a t i o n  to  U 3 0 8 .  A s imi lar  e x p l a n a t i o n  is g iven fo r  the  prec ip i ta tes  w i t h  

hexam ine :  the  endo the rms  at  ~ 130 and ~ 185 ~ are a t t r i b u t e d  t o  the  release o f  the  

w a t e r  mo lecu le ;  the  exo the rms  a n d / o r  endo the rms  at  3 0 0 - - 4 0 0  ~ resul t  f r o m  the  

release of  the  a m m o n i u m  group;  the  e x o t h e r m  at  ~ 5 1 5  ~ is caused by  the t ransfor -  

m a r i o n  of  amorphous  UOx to  c rys ta l l ine  UO3 ;  and the  e n d o t h e r m  at  ~ 590  ~ is due to  

the  convers ion  o f  c rys ta l l ine  UO 3 t o  U 3 0 8 .  

Hence,  i t  is conc luded  tha t  the  a m m o n i u m  uranates can be classif ied in to  t w o  

types ,  I and II ,  on  the  basis o f  the i r  t he rma l  d e c o m p o s i t i o n  behav iou r ;  t h e y  t h e r m a l l y  

decompose  to  amorphous  UOx at  a b o u t  4 0 0  ~ and t rans fo rm to  U 3 0 8  v ia / ] -UO3 

a n d / o r  e -UO3 ,  the  la t te r  being f o r m e d  in the  case of  t y p e  II o n l y :  

Fo r  t y p e  I: 

UO3 " NH3 " H 2 0 - *  U 0 3  " NH3 -*  UOx  - ~ / I - U 0 3  -~ U 3 0 8  

and fo r  t y p e  I1: 

UO3 ~ NH3 " H 2 0 - *  UO3 ~ NH3  ~ UOx  ~ e -UO3 -~ U 3 0 8  

where  UOx (3 ~< x <~ 3.5)  is amorphous .  
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Zusammenfa~ung - Die thermische Zersetzung von unter verschiedenen Bedingungen durch 
w~issrige L~sungen von Ammoniurnhydroxid und Hexarnin aus Uranylnitrat-L~sung gefw 
Amrnoniumuranaten wurde mittels TG, DTA, IR-Spektroskopie und R6ntgendiffraktornetrie 
untersucht. Obwohl die Zusarnrnensetzung aller Niederschl~ge der Forrnel UO 3 �9 NH 3 �9 H20 
entspricht, geben die rnit Hexarnin gef~llten Niederschl~3e die als Typ I und II bezeichneten 
R6ntgendiffraktograrnme, yon denen das des Typs I ~hnlich dern der rnit Arnrnoniak gef~llten 
Niederschlage ist. Es wird festgestellt, dal~ Arnrnoniurnuranate bei 400 ~ therrnisch zu arnorphen 
UO 3 zersetzt werden und sich ~iber/3-UO 3 und/oder  ~-UO 3 - -wobe i  beim Typ II nur das letztere 
gebildet wird -- in U308 urnwandeln. 

Pe310Me *- MeTo/~aMH TepMorpaBHMeTpHH, D,H~dpepeHu, HanbHOrO TepMHqecKorO aHanH3a, HH- 
(~)paKpaCHO~l cneKTpOCKOnHH H peHTFeHo~a3OBOFO aHanH3a H3y~eHO TepMHqecKoe pa3no)KeHHe 
ypeHaTOe aMMOHHR, nonyqeHHblX OCaH<AeHHeM B pa3J'lHqHblX yCROBHRX paCTBOpOB HHTpaTa 
ypaHHna BOAHblM paCTBOpOM rH~DOOKHCI4 aMMOHHR H reKcaMHHa. XOTR BCe oca/~KH COOTBeTCT- 
BOBeRH CoCTaBy UO 3 * NH 3 �9 H20 , oCaAKH C FeKCaMHHOM D.anH peHTFeHOFpaMMbl, O603Ha- 
qeHHble KaK I H II. nepBblVl THrl peHTFeHoFpaMMbl no/~O6Hbll4 TaKOBOkl ,0J1R oca,0,Ka c aMMHaKOM. 
C,0,P.JlaHO 3aKnN)qeHHe, qTO aMMOHH~ ypaHaTbl npH TeMnepaType OKOnO 400 ~ pa3naralOTC~ D,O 

aMOI~HO~ UO 3 H npeBpauJ, aloTcR Ao U308 qepe3 CTe~,HIO o6pa3OBaHHR ~-UO 3 HNH )Ke c<-UO 3. 
rloP-JleAHeR 4)OpMa Ha6nlo~,anacb TO]lbKO Ha peHTreHorpaMMe THna II. 
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