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The separiation of Mg, Ca, Sr and Ba from Al and Cr in the 
presence of phosphate has been accomplished by adding dropwise 
the system in which the cations have to be separated to a solution 
of ammonium nitrate containing the quantity of freshly distilled 
ammonia necessary to give a pH-value of 6.9 to 7 in the solut ion 
after precipitation. The upper limits of phosphate content at which 
the separation is still feasible have been determined both for the 
above separations and for the separation of the biva1ent ions from 
Fe in the presence of phosphate. The comparison of the results 
thus obtained with the results of separations of the same cations 
by the urea method shows that the upper limit of phosphate 
content at which the separation succeeds is higher for the urea 
method than for the ammonia method. In both methods t his limit 
- for a given trivalent ion and a changing bivalent ion - changes 
in proportion to the solubUity product of the secondary phosphate 
of the bivalent metal, and - for a given biV1alent ion and a chan­
ging trivalent ion - in inverse proportion to the solubility product 
of the phosphate of the trivalent metal. 

One of the fundamental conditions fo r the successful separa tion of the 
cations of the ammonium carbonate group from the cations of the ammonia 
group, specially in the presence of phosphates, is an appropriate pH-value in 
the n eighbourhood of the neutral point on the acid side. 1 Moreover, the 
circumstances must be such as t o avoid coprecipitation. If these conditions 
are obtained, the trivalent cations will be completely precip it ated, and no 
bivalent ions will be lost by coprecipitation. 

Since those conditions cannot be achieved by direct precipitation with 
ammonia, a great number of authors have tried to develop an appropriate 
method for the above m entioned separation.2 All these methods can be grouped 
under two headings: m ethods employing ammonia as precipitating agent, and 
methods in which the precipitating ion is formed by hydrolysis. In the first 
group the inverted ammonia method is most important.3 We have in a previous 
work applied this method in a modified form to the separation of the bivalent 
cations from iron in the presence of phosphates, without determining the upper 
limit of phosphate content at which the separation is still feasible. In the 
experimental part of the present paper we are giving the results of the 
application of this m ethod to the separation of Mg, Ca, Sr and Ba from Al 
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in the presence of phosphates, as well as to the separation of the same bivalent 
ions from Cr, again in the presence of phosphates. We have, in addition, 
determined the upper limits of phosphate content at which the separation of 
those bivalent ions not only from Al or Cr, but also from Fe is possible. 

In the second group the urea method must be specially mentioned, in 
which the precipitating ion is formed by gradual hydrolysis of urea when the 
system is heated, local supersaturations being quite impossible. Presuming 
that this method snould be suitable for the same separations, we carried out 
the separation of the individual bivalent ions in turn from Al, Fe and Cr, in 
the presence of phosphates, determining each time the upper limit of phosphate 
content at which the separation is still possible by the urea method. 

Having thus carried out the separation of the bivalent ions in turn from 
the single trivalent ions in the presence of phosphates both by the modified 
ammonia method and the urea method, we are able to compare the results 
obtained by the two most important representatives of the above m entioned 
groups of methods. This comparison is given in the conclusions. 
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EXPERIMENTAL 

(In collaboration with I. Z a j c, A. Pas a g i c and K. Ko j di c) 

TABLE I 

Separation of magnesium, calcium, strontium and barium from 
chromium in the presence of phosphate 

XO I Cr203 j P20a I Ratio of XO 

I component pH 
found I difference 

taken g. I oxides g. I %0 ! mg. 

0.1131 0.1131 0.0282 4:4: 1 6.90 0.1132 + 0.1 + 0.9 
0.1131 0.1131 0.0353 4:4:1.25 6.90 0.1132 + 0.1 + 0.9 
0.1131 0.1131 0.0423 4:4 :1.50 6.90 0.1080 -5.1 -45.0 

0.1236 0.1236 0.0154 4:4:0.50 6.90 0.1237 + 0.1 + 0.8 
0.1236 0.1236 0.0206 4:4:0.75 6.95 0.1234 -0.2 - 1.6 
0.1236 . 0.1236 0.0309 4:4:1 7.0 0.1219 -1.7 -13.7 

0.1287 0.1287 0.0080 4:4:0.25 7.1 0.1288 + 0.1 + 0.8 
0.1287 0.1287 0.0080 4 :4:0.25 7.1 0.1289 + 0.2 + 1.6 
0.1287 0.1287 0.0161 4:4 :0.5 7.0 0.1269 -1.8 -14.0 

0.1190 0.1190 0.0015 1 4:4:0.05 61.85 0.1187 -0.3 - 2.5 
0.1190 0.1190 0.0015 4:4:0.05 7.0 0.1192 + 0.2 + 1.7 
0.1190 0.1190 0.0030 4:4:0.1 6.95 0.1166 -2.4 -20.1 

x 

Mg 

Ca 

Sr 

Ba 

For the separation of Al, Fe and Cr from Mg, Ca, Sr and Ba, the following 
procedure was used: 

10 g. of NH4N03 were weighed and dissolved in 80 ml. of water; the solution 
was heated to boiling and the amount of freshly distilled a mmonia solution (1 : 9) 
was added, in order to achieve a pH-value of 6.9 to 7.0 in the final solution. This 
amount had been determined by a previous experiment. To the hot solution 50 ml. 
of the examined solution was then dropwise added. This solution contained the 
trivalent metal as chloride, the bivalent metal as chloride or nitrate, and the 
phosphoric acid as disodium phosphate. The solution w ith the precipitate was then 
covered with a watch glass and allowed to stand for 20 minutes at a temperature 
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of 60°C, during which time it was three times washed by decantation with 100 ml. 
(each time) of a 0.50/o solution of NH4N03. When the solution acquired room tem­
perature, its pH-value was measured. The precipitate was then separated by 
filtration a nd the biva lent metal was determined in the filtrate. 
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TABLE II 

Separation of magnesium, calcium, strontium and barium from 
aluminium in the presence of phosphate 

XO i Al203 I P20,; Ratio of XO differ ence 

component pH found 

I taken g. oxides g. mg. %0 

0.1182 0.1194 0.0428 4:4:1.25 6.90 0.1182 ±o.o ± 0.0 
0.1182 0.1194 0.0447 4:4:1.50 6.90 0.1179 -0.3 - 2.5 
0.1182 0.1182 0.0515 4:4:1.75 6.90 0.1171 -1.1 - 9.3 

0.1237 0.1237 0.0304 4:4:1 6.95 

I 

0.1238 + 0.1 + 0.8 
0.1237 0.1237 0.0381 4:4:1.25 6.95 0.1236 -0.1 - 0,8 
0.1237 0.1237 0.0456 4:4 :1.50 . 6.95 0.1225 -1.2 - 9.7 

0.1298 0.1298 0.0261 4:4 :1 6.90 0.1292 -0.6 - 46 
0.1298 0.1298 0.0261 4:4:1 6.90 0.1296 -0.2 - 1.5 
0.1298 0.1298 0.0326 4:4:1.25 6.90 0.1290 -0.8 - 6.2 

0.1309 0.1309 0.0081 4:4 :0.25 6.90 0.1308 -0.1 - 0.7 
0.1309 0.1309 0.0081 4:4:0.25 6.90 0.1307 - 0.2 - 1.5 
0.1309 0.1309 0.016'3 4:4 :0.50 6.90 0.1275 -3.4 -'25.9 

TABLE III 

x 

Mg 

Ca 

Sr · 

Ba 

Determination of the upper Limit of phosphate content for the separation 
of magnesium, calcium and barium from iron in the presence of phosphate 

XO I Cr203 I P20; Ratio of 
XO 

I 
Nr. component pH 

found I difference x 
taken g. oxides g. m g. I %0 I 

1. 0.1131 0.1131 0.0353 4 :4:1.25 7.00 0.1130 -0.1 - 0.9 Mg 
2. 0.1131 0.1131 0.0423 4 :4 :1.50 7.05 0.1084 -4.7 -41.5 

3. 0.1 237 0.1237 0.0309 4:4:1 6.95 0.1238 + 0.1 + 0.8 Ca 
4 . 0.1237 0.1237 0.0386 4 :4:1.25 6.90 0.1211 - 2,6 -21.0 

5. 0.1277 0.1277 0.0212 4:4:0 .75 6.95 0.1278 + 0.1 + 0.8 Sr 
6. 0.1277 0.1277 0.0319 4 :4:1 6.95 0.1227 -5.0 -39.1 

7. 0.1309 0.1309 0.0048 4 :4:0.15 6.60 0.1308 -0.1 - 0.7 Ba 
8 . 0.1309 0.1309 0.0081 I 4:4 :0.25 6.95 0.1270 -3.9 -29,7 1 

I I 

CONCLUSIONS 

The graph Fig. 1 shows the upper limit of phosphate content at which 

the separation of Mg, Ca, Sr and Ba from Al, Fe and Cr is feasible in the 

presence of · phosphate, both by the modified ammonia method and. the urea 
method, as a function of the solubility product of the secondary phosphate of 

the bivalent metals. 
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It is apparent that the upper limit of phosphate content at which the separation of the trivalent ions from the bivalent ions is still successful, is higher for the urea method than for the ammonia m ethod. This is due to the gradual formation of the precipitating ion by the hydrolysis of the urea, which method of precipitation precludes supersaturation of ammonia and alcaline reaction. This is not the case to the same extent in the modified ammonia method. Another cause of the different action of the phosphate ion in the two methods is in the different size of the primary particles formed and the diffe­rent manner of ageing of the precipitate, which causes differences in the coprecipitation effects. The graph reveals, moreover, that the upper limits of phosphate content for both m ethods and for all three trivalent cations fall off from Mg to Ba, this being due to the fact that the solubility product of the 

- urea method 
ammonia 1nethod 

Fig. 1. Graphical representation of the depedence of the upper limit of the phosphate content (Y) at w hich the separation of Mg, Ca, Sr and Ba from Al, Fe a n d Cr is feasible in the presence of phosphate, of the way of precipitation and of the solubility product of MeHPO• against the proportion Me20 3 : MeO : p,o, = 4 : 4 : Y of the components. · 

secondary phosphates of the bivalent metals falls off in the same order. This solubility product is higher for the bivalent metals than for the trivalent ones (the difference is about 1010); still greater are the differences between the solubility products of the hydroxydes of those two groups of metals. Thus the· pkt of the most soluble hydroxyde of a trivalent metal is 31, while for the· least soluble hydroxyde of a bivalent metal it amounts to 10.8. This fully explains the fact that ·the trivalent cations were precipitated, while the bivalent ions remained in solution. The completeness of the separation depends, of course, on the pH-value of the system in which the separation is accom­plished. The highest limit of phosphate content for both methods and for a 
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given bivalent ion is highest when the trivalent ion is aluminium, the next 
highest when it is iron; the lowest value is obtained for chromium. This is due 
to the fact that the solubility product is lowest for aluminium phosphate and 
highest for chromium phosphate. 
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IZVOD 

Odjeljivanje monoksida od seskvioksida u nazocnosti fosfata modificiranom 
amonijak metodom i komparacija dobivenih rezultata s rezultatima odvajanja 

metodom ureje 

F. Krlefo 

Izvrseno je odjeljivanje Mg, Ca, Sr i Ba od Al, a zatim odjeljivanje istih dvo­
valentnih kationa od Cr, u oba slucaja u nazocnosti fosfata. Odjeljivanje se vr5ilo 
tako, da se sistem, u kojemu treba odvojiti Mg, Ca, Sr ili Ba od Al, odnosno od Cr, 
dodaje, kap po kap, uz mije5anje, u otopinu amonijeva nitrata, koja sadrzi potrebnu 
koliCinu svjeze destiliranog amonijaka, tako da pH vrijednost nakon talozenja iznosi 
6.9 do 7. Kod toga su odredene gornje granice koliCine fosfata, do kojih su izvedena 
odjeljivanja moguea, a zatim su istom metodom utvrdene i gornje granice fosfata 
kod odjeljivanja Ca, Sr, Ba i Mg od Fe. Komparacija dobivenih rezultata s rezulta­
tima odjeljivanja tih kationa, koja smo prije izvrSili metodom ureje, pokazuje, da je 
gornja granica kolicine fosfata, do koje je odjeljivanje moguce kod metode ureje, 
viSa i da se ona kod obiju m etoda za sva tri trovalentna kationa mijenja proporcio­
nalno s k, (k t = produkt topljivosti) sekundarnoga fosfata dvovalentne kovine, od­
nosno obrnuto proporcionalno s k t fosfata trovalentne kovine za pojedinu dvova­
lentnu kovinu. 
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