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The use of an alkaline reactent for phosphate 
processing offers the possibility of a breakaway from 
current methods based on acid reagents . 

In this work the possibiliti es of attack of low 
grade phosphete ores by sintering with sodium carbonato 
a . moderate temperatura are considered. The obtained 
carbonate leach liquor would contain uranium as sodium 
�~�r �a�n�l �y� tricarbonate complex,beside the equivalent 
d i osolved phosphate as sodium phosphate. Uranium from 
�~�u �c �h� liquor has been recovered as sodium uranate on 
8Jdition of sodium hydroxide, while pure sodium 
pnosphate used as a chemical has been recovered by 
fr actional crystallization. 

Finally on the light of the achieved resulta, it has 
been possible to design a flowsheet for the proposed 
pro cess. 

fn t roduct ion 

To convert the phosphorous in apetite to a soluble 
Jrm for use as a plant nutrient, the phosphate, along 

�~ �~ �. �t�h� impurities such as uranium is dissolved in 
. ;J phuric acid to produce superphosphate or phosphoric 
.. id for further processing. The use of sulphuric acid 

anufacture a predominant p roportion of current 
• Jduction of fertilizar phosphates rendera sulphur 

•urces a necessar y support for tha �f�e�r�t�!�!�~�~�e�r� industry, 
.:ssoci c t ion which is not a l ways acceptable. Besides, 

pn.;ce sses a 1·e unsuit abl e fo r trel1tment of l ow grade 
�~�a �r�~�o �u�s� o r e s due to acid wastage and production o f 

·.nr: t e d calcl um sslts. Accor dingly tl ,e use of new 
d 0 LCa l process routes is necessary. 

Hi gh temperatura or sinter r aact: on treat ment of 
·>!h dte rock h as bee n studies vd.dely ( l-3). However 

··'' ,) f the processes described have f S their obj ective. 
:o de flourinat ion of t he apatite . Se paration o f 

uct s of high phosphate content is not norruall y 
�~� �a�~ �p �l �a �t�e�d�.� The Rhenania procesa , thus far t ha most 

s s s f ul e xample of sinter ing proceEs, producas a 
::.. i ze r containing at best 30% �P �2 �o �~ �.� I P th L sintf r 

é·,.<•::o n , apatite reacts with sil :!. ca [ n a sod h ;r; carbo.Jate 
smperature i n the r ange ll00-l200"C, yi elding a 

�~ �·�, �"�·�p�)� e x product wl!ich may be either a sodi um calcium 
l icophosphate or a mixture of sodium ca l cium 

··· : :J,;: phosphate a!'l d cal c ium orthos i l icate. In fact ·;he 
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sinlering temperatura used in the Rhenania process i s 
fairly high. 

In the present study the examined phosphate sample 
was found to be unusually amenable to attack by 
sintering with sodium carbonate in the presence of sodium 
fluoride at 700"C. A temperatura much lower than that 
used in a typical Rhenania process. Moreover the 
formation4of the soluble uranyl tricarbonate anioni 
uo2(C03)3 permite use of this method for the near y 
seiective dissolution of uranium. 

Experimental Proceedure 

The present study was carried out on a low grade 
phoephate sample from Abu Shegella Area, phosphate 
horizon (c), Red Sea region Egypt. The analysed 
chemical composition of which (in w%) are as follows: 
Si02 28.00; CaO 33.19; f'1g0 0.40: Al 2o3 0.53; Fe203 0.38; 

FeO 2.28; Ti 02 0.32; Cr 2o3 0.66; P2o5 13.90; Na20 0.54 ; 
K20 0.05; so4 1.80; Cl 0.32, F 3.71; co29.29; H20 0.83 ; 
Organic matter 2.80; U 0.014. 

Sintering of the throughly mixed milled ore with 
sodium car bonate was carried out in a muffle furnce. 
Atmospheric carbonate laaching experimenta were done 
using t hP cbrbonate sintered milled ore in one liter 
rounded botton glass vessels having three opening. The 
larga openi ng in the middle through which the stirrer 
rod passes i s water sealed in order to minimize 
evaporation of solutions and/or co2that would incresse 
the pH during t ha laaching process. One of the smaller 
openings is connected to a reflux water condensar to 
prevent eventual escape of the mentioned gases, the 
other opening supports a thermometer. The leaching 
veesels are clamped in an oil-bath heated by en electric 
hot plate which is commanded by contact thermometer 
dipped in the oil bath to maintain temperatura thoughout 
the experiment. 

Necessary reagents including sodium bicarbonate and 
the oxidant were added in the appropriate amounts and 
then water was added in equal quantity to the ore. 
After the end of a leaching experiment, an aliquot of the 
slurry wes cooled to measure the pH, followed br 
filteration through buchner funnels using a sma 1 
laboratory vacuum pump. The spent ore cake is washed b' 
an equal weight of hot Sg/L Na CO solution in two 
successive steps to displace �t�~�e� �~�o�l�u�b�l�e� values. 
Original filterate and washi ngs are collected in a 
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• �a �~ �u�r�i �n�g� �f �l�a �s �~�.� �a�d�j�u�s�t�i�n �~� t ho vo l ·me by the s arne wash 
quor· and �t�h�c �~�:� ·.; sample w .. • .•<rHJl y·. ·1d for uronium, 

;. o3ri ; rou•:; , an. other nectEé ""Y constituents. The 
�· �· �· �· �~ �·�·�. �,�~ �·� '"a'1 wej .. qhod humid, dr .:.cd in a drying oven at 

<'·-W13iQhor'. 9r·ound to -::.oç·, meah size, quartered 
· �· �,�~�,�.� analysed fo r its �u�n�l�t�'�>�w �~�' �' �'�" �d� uranium and 

Un the othor hand a number 2 f pressuro leaching 
�~�~�s �t�s� were conductod �o�~� t ho studiad �s �i �~ �t�e�r�e�d� ore in 
s0ecial autoclaves. 200 g o ; �t�h�~� sintcred milled ore, 
�r�i�~� desired amount of sodium bicDrbonete, oxident and 

�,�. �,�. �~�:�,�t�e �r� was introduced jn the �r�o �a �c�~�·�i �. �o�n� vessel. The 
<J L' : .;clave was first heated unrill ·, temperatura of 90"C 
w ;;:: : . r-eached. Air prossure was t ho introduced at a 
l a ve l of 5 atmoaphorcs and from t h1s instant the 
loeching time was ca1culated. 

�~�o�s�u�1�t�s� and Discussion 

A largo number of expErimente �w�e�r �~� performed on tha 
s tudied ore by the carbonate sintering process changing 
e a c h time one ofthe different factors that affect the 
s intoring process. Those involved amount of sodium 
carbonato, amount of sodium fluoride, grain size, 
temperatura, and tha time of sintering. However P2oc 
Jeaching efficiency did not e xceed 80% at 700"C as a:J 
s intering temperatura. 

3tudy of the Relevant Factors on the Sintering Procass 

a) Effect of time 

Time investigated was carriad out at 300 g 
:·Ja2co3/l<g ore, 15 g NaF/Kg ore anda temperatura of 700"C. 
The sêries of experimenta achicved covered tha range 5 to 
30 mins. Data obtained are tabulated in Tab1e l. 

Tab1e (l) Effect of Time on the Sintering Procass. 

Time, mins P2o5 leached % 

5 80.25 
lO 81.03 
20 79.61 
30 80.01 

b) Effect of grain size 

Table (2) shows the effect of grain size on tha 

sintering process. Reaction is inhibited if larga grain 
size was used and it improves with the finenass of the 
ore. This may be due to the 1arge surfaca area exposed. 
The optimum grain size was found to ba -325 mesh. 
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Table (2) Eff e c : o f Particle Size on 
Sintoring Process. 

mesh size 

- 30 
- 100 
- 200 
- 325 

7.35 
18.58 
40.92 
80.00 

c) Effect of the amount o f sodium carbonate 

This factor has been s tudied by applying 
different soda quantities ranging from 50 up to 500 g/Ks 
ore. 3% of this quantity was sometimes added os 
sodium fluoride. Other factors have been fixed at 5 
mins sintering time 700"C temperatura and upon oro �m�i�1�l�c�~� 

to -325 mesh size. 

The obtained resu1ts oro given in tab1c ( 3 ) r 2o5 leaching �i�n�c�r �u�o �~ �e �s� with an incroase in the amount 6f 
soda and that generally a minimum of about 300 g 
Na?C03/t ore may be considerod sufficient for mox imum 
�r�e�~�o�v�ê�r�y� of r2o5 which amounts to 80%. 

Table ( 3 ) Effoct of amount of sodium carbonato 
on the sintering process 

Amount of Na2co3 g/l<g ore 

50 
100 
200 
300 
400 
500 

d) Effect of temperatura 

34.12 
46.56 
62.42 
80.10 
79.28 
80.03 

Fig (l) shows the offect of sintering temperatura 
on the studied phosphate somple. It is clear that about 
75-80% r2o5 could be solubi1ized at 700"C in the presence 
of sma11 qoantity of sodium fluorido as a sintering 
prometer. 

At the low sintering temperatura obtained calcium 
carbonate present as calacarcous gangue is not likely to 
interfere with the sintoring reactions: if it proves to 
be reactive towards silica present in the feed 
additional silica, in the form of sand, can be added to 
combine the surplus of ca1cium as orthosilicate. 

The obtained leachable P O value (80%) could be 
also abtained by sodium car6oRate sintering without 
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,.,.,,. ,dC:i ti v a s a t l lüo•c. However subsequent leaching of 
�r�~ �n �i�u �m� f r om t ha t product proved to be difficult. 
·  "�b �o �; �~�a �0�3� L.c.• a chi.n g 

F:tHJt.! T •; of e.l.k nli ne l eachi nq �~ �e�s �t�e� achieved are 
�:�,�~ �"�>�E�W�i �z �e� :: í.n Tabl e ( 4 A&B). Ir•- tne t able sodium 

·. �~�;�o �n �e�t �o� .•.nd s od1um bicarbonate are given in g/l<g ore, 
�. �~�; �· �, "�e �v �e �r �,� t . la t wo r eagente were used in equal 

:>•· oportic.•s wit h respect to their contained sodium 
.:onten t • This i nvoatigation was carri ed out at a 
1ol i d/li quid ratio l:l. Taking into consideration the 
fact tha t alkaline leaching is a elow procese, serias of 
prelimanary experimenta covered the range 2 to 28 hours 
agit ation t i me were carried out. On the basie of the 
da t a obtained, it may be concluded that 12 hours 
agitation time in atmospheric alkaline leaching and 
3 hours agitation time in preasure alkaline leaching is 
quite adequate to bring ebout the required leaching 
<> f fic i ency. 

According to Frenk(4)the optimum temperatura range 
appears to ba BO-ll5"C. Therefore it was decided to 
adopt 9o•c as an apt imum for urenium alkeline leaching. 

Table (4A) Resulta of Atmospheric alkaline 
leaching 

300 
300 

300 

Table 

NaC03 
g/Kg 

300 
300 
300 

NaHC03 
g/Kg 

475 
475 

475 

Oxident Time Temp. U 
eir h. C leached 

12 90 40.07 
0.25 12 90 70.13 

cubic feet/ 
Kg ore 

0.5 12 90 eo.oo 
cubic feet/ 

Kg ore 

(4B) Resulta of pressure alkaline leaching 

NaHC03 Oxid.KMN04 Time Temp. u 
g/Kg g/Kg h. ·c leached 

2í 
475 3 90 42.05 
475 5 3 90 65.23 
475 lO 3 90 81.00 
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Uranium Recovery From Carbonate Leach. �L�i�q�u�o�~�2� 

The pregnant liquor thus f ormed is then �~�u�b �" �~�c �: �·� 
to a sodic decomposition ste p where-b), Go diu,c,, d .i.;;, �. �~ �.�~� 
is produced. 

2U02 ( co3) ; 4 
+ 60H-+ 2Na +- Na2u2o7 .v· 6C03 -t· :'i !:2 ;_, 

Sodium hydroxide neutralizes first the present 
bicarbonate ions and then praceada to precipitate the 
uranium at �p�H�~�l�l�( �5 �)�.� Since uranium pracipitate by thB 
above procass should be (3-4 g/L) and in the studied o r·u 
it is vary dilute, accordingly the ad• ition of a primar 
to initiata tha precipitation is assar : i el . As an 
alternativa is to recycleing t ho �d�i�l�u �t�~� pregnant for 
further leaching operation in nrder to be enriched i " 
uranium bafore precipitation. Partial evaporation o t 
the dilute pregnant coul d also be suggested. A �p�r�o�c�e �~�~� 
flowsheet is shown in Fi g.(2). 
Conclusion 

Alkaline sintering at moderate temperatura of tha 
presently studied phosphate sample allow the industry t 

market a wider variety of by-products uranium accordins 
to local circumstances, and to make effective use of 
wider variety of ore material i ncluding those of low 
grade. The idea that �a�l�k�a�l�i�n �~� leach methods, were 
ineffectiva in the dissolution �~ �f� uranium from 
phosphorites is now hammered �b �~� the obtained results. 
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