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Abstract

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

In thig work the possibilities of attack of low
srade phosphate ores by sintering with sodium caerbonate
z. moderate temperature are considersd. The obtained
zairbonate leach liquor would contain uranium as sodium
<sranly tricarbonate complex,beside the equivalent
iiinsolved phosphate as sodium phosphate. Uranium from
=zi;cht ligquor has been recovered as sodium uranate on
aldition of sodium hydroxide, while pure sodium
anosphate ugsed as a chemical has been recovered by
frgectional crystallization,

Finally on the light of the achieved results, it has
tean possible to design a flowsheet for the proposed
Lrocess.
introduction

To convert the phosphorous in apatite to a soluble
“irm for use as a plant nutrient, the phosphate, along
cith impurities such as uranium is dissolved in
~ilphurle acid to produce superphosphate or phosphoric
~.1¢ for further processing. The use of sulphuric acid
~anufacture a predominant proportion of current
rotypction of fertilizer phosphates renders sulphur
wiourcey a necessary support for the fertillicer industry,
wsociption which is not always acceptable. Besides,
pirocesses gre unsultable for trentment of low grade
reraous ores dus to acid wastage and production of
gd caleium salts, Accordingly tie uae of new
tal process routes is necessary.

Hich tamperature or sinter rzact:on_treatment of
. oatate rock has been studies widely (1-3). However
i af tha processes described have ¢s their objective,
‘aflourination of the apatite. Separation of
ts of high phosphate content is not normaliy
nplated., The Rhenania process, thus far tihs most
sful example of sintering process, producss a
izer containing at best 30% P,0.., Ir thi: sinter
son, apatite reascts with gillca Ind sociuw carbooate
perature in the range 1100-1200°C, yielding a
ex product which may be either & sodium calcium
3 ~ophosphate or a mixture of sodium caiclum
“rnaaphosphate and calecium orthosilicste. In fact “he
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sinlaring temperature used in the Rhenania process is
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 temperature much lower than that
used in a typical Rhenania process. Moreover the
formation of the soluble uranyl tricarbonate anion
U0,(CO5)3™ permits use of this method for the neariy
se ect%ve dissolution of uranium.

Experimental Proceddure

The present study was carried out on a low grade
phosphate sample from Abu Shegella Area, phosphste
horizon (c), Red Sea region Egypt. The analysed
chemical composition of which (in w%) are as follows:

8102 28.00; Ca0 33.19; Mg0 0.40; Al O, G.53; F6203 0.38;
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FeO 2,28; T102 0.32; Cr203 0,.66; P205 13.90; N820 0.54;

K,0 0.05; S0, 1.80; CL 0.32, F 3.71; 0029.28; H,0 0.83;
Organic mattar 2.80; U 0,014,

Sintering of the throughly mixed milled ore with
sodium carbonate was carried out in a muffle furnce.
Atmosphesric carbonate leaching expsriments were done
using th~ rarbonate sintered milled ore in one liter

rounded botien glass vessels having three opening. The
large cpening in the middle through which the stirrer
rod passes is wataer gsealed in order to minimize
evaporation of solutions and/or CO,that would increase
the pH during the leaching process, One of the smaller
openings 1s connected to a reflux water condenser to
prevent eventuagl escape of the mentioned gases, the
other opening supports a thermometer. The leaching
vessels are clamped in an oil-bath heated by an electric
hot plate which 1s commanded by contact thermometer
dipped in the oil bathr to maintein temperature thoughout
the experiment,

Necessary reagents including sodium bicarbonate and
the oxidant were added in the appropriate amounts and
then water was added in equal qguantity to the ore.

After the end of a leaching experiment, an aliquot of the
slurry waes cooled to measure the pH, followed bZ
filteration through buchner funnels using a small
laboratory vacuum pump. The spent ore ceke is washad by
an equal weight of hot 5g/L Na,CC, solution in two
successive steps to displace tﬁa éoluhle values.

Original filterate and washings are collected in a



spasurtrg flask, adjusting tho vel me by the same wash
~iguer ot ther = sample wi - -ngly. :d for uranium,
b wouﬁ, gl other neces »ry constituents. Tha
chgd humid, oo in a drying oven at
v_wemrf.i around to -307 mesh slze, quartered
“.w analv%ed for its unleas.sd uranium and
Wrous centaeni.

un the other hand a numba; 27 pressure leaching

zts were conducted on the giucdsed sintered ore in
,acaal avtoclaves. 200 g 6 t eintered milled ore,
© desired amount of sodium bLicarbonate, oxidant and
mter was introduced in the rgaciion vessel., The

v .oclave was first heated uncill - temperature of 90°C
wo. reached., Air pressure was the  introduced at a
leval of 5 atmospheres and from this instant the
legching time was calculsted.,

Rosults and Discussion

A large number of experiments wer=» performed on the
studied ore by the carbonate sintering process changing
izach time ome of the different factors that affect the
sintering process. These ilnvolved amount of sodium
carbonate, amount of sodium fluoride, grain size,
tenmperature, and the time of sintering. However PEOS
leaching efficiency did not exceed 80% at 700°C as™ a

sintering temperature.
Ttudy of the Relevant Factors on the Sintering Process
a) Effect of time
Time investigated was carried out at 300 g
1ia,C05/Kg ore, 15 g NaF/Kg ore and a temperature of 700°C.

Thé s&ries of experiments achieved covered the range 5 to
0 mins, Data obtained are tabulated in Table 1.

Table (1) Effect of Time on the Sintering Process.

Time, mins P205 leached 9
5 80.25
10 81.03
20 79.61
30 80.01

b) Effect of grain size
Table (2) shows the effect of grain size on the

sintering process, Reaction is inhibited if large grain
size was used and it improves with the fineness of the
ore. This may be due to the large surface area exposed.
The optimum grain size was found to be -325 mesh.



Table {(2) Lffect of Particle Size on
Sintering Process.

mesh size PO leached %
- 30 7435
- 100 18.58
- 200 40.92
- 325 80.00

¢) Effect of the amount of sodium carbonate

This factor has been studied by applying
different soda quantities ranging from 50 up to 500 g/Kn
ore. 3% of this quantity was sgometimes added as
sodium fluoride. Other factors have been fixed at 5
mins sintering time 700°C temperature and upon oro mille«
to -325 mesh size.

The obtained results are given in table (3} P,O
leaching incresves with an increcase in the amount &f
soda and that generally a minimum of about 300 g
Ne,CO0./t ore may bDe considered sufficient for maximum
ragovéry of P205 which amounts to 80%,.
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Table (3) Effect of amount of sodium carbonate
on the sintering process

Amount of Na,CO5 P205 leached %

a/Kg ore

50 34.12

100 46,56

200 62 .42

300 80.10

400 79.28

500 80.03

d) Effect of temperature

Fig (1) shows the effect of sintering temperature
on the studied phosphate sample. It is clear that about
75=80% PQO could be solubilized at 700°C in the presence
of small qgantity of sodium fluoride as a sintering
promoter.

At the low sintering temperature obtained calcium
carbonate present as calacarcous gangue is not likely to
interfere with the sintering r=actions; if it proves teo
be reactive towards silica present in the feod
additional silica, in the form of sand, can be added to
combine the surplus of calcium as orthosilicate.

The obtained leachable P,0. value (80%) could be
also abtained by sodium cargoﬁate sintering without



; fiitives ot 1100°C. However subse%uent leaching of
aidun from that product proved te be difficult.

rzonate Laaching

Resn” o ¢f glleline leaching tests achievad sre
marizes in Table (4 As&B), In Lﬁa table sodium
soriete and sodlum bicarbonats are given im g/Kg ore,

sever, ths two reagents were used in equal

a)pgrtiJf: with rsspect to their contained sodium
Lcintent, This investigaetion was carried out at a
solid/1dguid retio l:1, Taking into consideration the
fsct that alkaline leaching is & slow process, series of
prelimanary experiments covered the range 2 to 28 hours
~gitation time were carried out. On the basis of the
deta obtained, it may be concluded that 12 hours
agitation time in atmospheric alkaline leaching and

3 hours agitation time in pressure alkaline leaching is
quite adequate to bring about the required leaching
=fficiency.

According to Frank(4)the optimum temperature range
appears to ba 80-115°C. Therefore it was decided to
adopt 90°C as an aptimum for uranium alkaline leaching.

Table (<A) Results of Atmospheric alkaline

leaching
Naglls  NahCO, Oxidant Time Temp. U
g/Kg g9/Kg air h. C leached
300 475 - 12 90 40.07
300 475 0.25 1z €0 70.13
cubic feet/
Kg ore
300 475 0.5 12 90 BO0,00
cubic feet/
Kg ore

Table (4B) Results of pressure alkaline leaching

Naco3 NaHCO Uxid.l(MNO4 Time Temp. U

3
g/Kg q/Kg g9/Kg h. *C  leached
A
300 475 - 3 20 42,05
300 475 5 3 80 65,23
300 475 1o 3 90 81.00
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