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Introduction 

This is a study of the quantative separations &f 

iron, aluminum, caleium, and magnesium, from phosphoric acid. 

Since all these elements are contained in phosphate rock, it 

was chosen as the material on which this work would be carried 

out. In the case of most minerals, a sample 1s dissolved in 

acid, and silica filtered off, the iron and aluminum precipit - 

leaving a filtrate containing calcium and magnesium. The 

caleium is precipitated from an ammonical solution as caleium 

oxalate, filtered off, and the magnesium precipitated from the 

filtrate as ammonium magnesium phosphate. 

When rhosvhor to acid 1s present, the above scheme 

will not work. When ammonium 1s added to precipitate the iron 

and aluminum the phosphoric acid also goes Jorn taking with it 

some of the calcium, and magnesium. This being the case iron 

and aluminum must be separated from the solution in some way 

that will not cause the precipitation of the phosphoric acid. 

Also there must be some way of separating the phosphoric acid 

and 
from the solution that will not cause any of the calcium, 

magnesium to be precipitated. 

There is a report on the analysis of phosphate rock 
in the Journal of Industrial, and Engineering Chemistry, made 

by the Committee on Research and Analytical Methods. This re- 

port consists in the methods of the selection of samples, and 
the determination of the phosphoric acid content of the rock, 
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There is also given a method for the determination of moisture, 

iron, and aluminum. These methods are very accurate when carr- 

ied out with great care, but are too long and complicated to be 

used to an advantage in a commercial laboratory, where nany 

samples must be run in the course of a day. There are no method 

given for the determination of calcium, or magnesium in the pre- 

sence of phosphoric acid. 

In many books on analziftical methods there are 

schemes given for the separation of phosphoric acid from these 

elements, but these separations are for the purpose of deter- 

mining the amount of phosphoric acid, and not the other elements. 

As in the case of the precipitation of phosphoric acid, as phoge- 

phomolybdate, there has been made a quantetive separation of the 

phosphoric acid but to make this separation there was added an 

excess of ammomium molybdate, and the separation of iron, alum- 

inum, calcium, and magnesium from the molybdate filtrate is as 

large a problem as the seperation from the phosphoric acid. 

This work was started for the purpose of making a 

study of the separation of iron, aluminum, calcium, and magnes- 

ium in the presence of phosphoric acid and to test out some of 

the proposed methods for separation of these elements; and if 

possible to determine some practical method of analysis of a 

substance containing these elements, that will be rapid, and 
1 have a fair degree of accuracy. 

A sample of phosphate rock which was gotten from the 

Bureau of Standards, was used for this work. Tt wag ready to be 

put in solution by the treatment with acid. 
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The phosphoric acid content was the only percentage Imown, so 

a complete analysis was made first, and the results from it 

were considered as correct. Then other methods of separation 

for the different elements were carried out, and results com- 

pared with the results from the complete analysis. 

The complete analysis and all the comparative tests 

were carried out using the apparatus and equipment found in 

any well equipped chemical laboratory. No special apparatus 

wag required. The following are the detailed methods of pro- 

cedure by which the analysis of the phosphate rock was made. 

Analysis of Phosphate Rock 

Determination of moisture. 

The percent of moisture in the phosphate rock was 

determined by weighing out exactly 20 grams of the finely 

powdered rock in a weighed 4 inch platinum dish, this was 

placed in an oven in which the temperature was kept between 

100 and 110 degrees C. After it had been in the oven for two 

hours it was removed, allowed to cool in a desiccator, and 

welghed. It was then placed back in the oven, this time it 

was kept in the oven an hour then cooled and weighed. The 

heating and weighting was repeated until a constant weight was 

obtained. 

: This weight was subtracted from the weight of the 

sample plus the weight of the platinum dish, leaving the 

weight of the moisture that had been driven off. This weight 

of molsture was then divided by the weight of the original 

sample, giving the percent of moisture in the phosphate rock. 
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The contents of the platinum dish was transfered 

to an 8 inch casserole, and the dish washed out with dlstill- 

ed water. 75:cc. of concentrated hydrochloric was added and 

the casserole covered with a waten glass, and placed on a hot 

plate, care being taken not to let the reaction tale place too 

rapidly. The speed of the reaction was regulated by the amount 

of heat that was applied. While the reaction was taking place 

the mixture was stirred at intervals. When all the resction 

had about ceased, 50 cc. of nitric acid was added, and again 

the speed of the reactlon was regulated by the heat that was 

applied. As soon as reaction ceased the solution was placed 

over the hot part of the hot plate and carried to dryness, then 

baked for 30 minutes. It was taken up 75 ec. of hydrochloric 

acid, and when all soluble matter had been dissolved, the sol- 

ution was carried to dryness again, and baked for 30 minutes to 

dehydrate the silica. This time it was taken up with 785. ec. of 

hydrochloric acid, and when it was all dissolved except the in- 

soluble residue or silica, 400 cc. of water was added, and the 

solution brought to a boil. After boiling for about 10 minutes, 

it was filtered while hot, and washed with hot water. The in- 

soluble residue on the filter was placed back in the casserole 

and the above treatment repeated. 

The filtrate was evaporated to dryness, and taken up 

with hydrochloric acid, again carried to dryness, and baked to 

dehydrate the remaining silica. After baking for about 30 

minutes the residue was taken up with 50 cc. of hydrochloric 

acid and diluted to about 300 cc., filtered and washed with hot 

water untll free from the chlorides. 
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This filtrate was added to the filtrate from the insoluble 

residue, and diluted up to one liter. One cc. of this sol- 

ution contains 0.2 grams of the phosphate rock, and will be 

refered to as solution A. 

Loss on Ignition. 

This determination was made by placing a gram sample 

In a weighed crucible and ignited over a blast lamp for 15 

minutes, then placed in a desiccator and allowed to cool to 

room temperature. While being ignited all the carbon dioxide, 

moisture, and organic matter present in the rock are driven off. 

After it 1s cool it will take up moisture and carbon dioxide from 

the air. For this reason the approximate of weights was placed 

on the balance before the crucible was then placed back in the 

desiccator, and then the reading of the weight on the balance 

was taken. This process was repeated until a constant weight 

was subtracted from weight of the sample leaving the weight of 

the carbon dioxide, moisture and organic metter that had been 

driven off, or what is commonly termed loss on ignition. This 

weight divided by the weight of the sample gave the nercent of 

loss on ignition. 

Determination of Carbon Dioxide 

This was made with Flrming's Apperatus for determ- 

inating carbon dioxide by combustion. Apparatus shown in Fig. 

1. After the furnace had been heated up to 1000 degrees C., 

the air was swept out and the train purified by passing oxygen 

through for about 15 minutes at the rate of 300 ce. per minute. 

As soon 28 the oxygen was cut off the cock XK. from J. to F. was 

closed, and thencstoppers in G. were closed. 
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Then the stoppers in the absorbing tube were closed, bottom 

flrst, the absorbing tube was then removed from the train, and 

weighed. Tt was placed back in the train, and oxygen passed 

through the entire train for a few minutes. Then the cock X. 

was closed and the boat L. containing about a gram of the phos- 

phate rock was pushed up in the silica tube J. until it was in 

the hottest part of the furnace, the stopper placed back in J. 

the cock K. opened, so that the oxygen could pass on out through 

the train. The carbon dioxide was driven off from the sample 

in the boat, and carried by the oxygen to absorbing tube where 

it was absorbed. After 15 minutes the oxygen was cut, the cock 

K. closed, and the stoppers to G. and H. closed. H. was then 

removed from the train, and weighed, the increase in weight was 

the weight of the carbon dioxide sample, this divided by the 

weight of the sample gave the percent of the carbon dioxide in 

the phosphate rock. 

Determination of Silica 

Two grams of the phosphate rock were placed in a No. 

3. beaker and 25 cc. hydrochloric acid {epecificrgravity 1.20) 

added, a watch glass placed over the beaker and set on a hot 

plate. When all reaction had ceased 10 cc. of nitric acid was 

added, when this reaction ceased the solution was carried to 

dryness, and the residue baked for 30 minutes to dehydrate the 

silica. The soluble part of the residue was taken up with 25 do. 

of thydrochlordc acid, and again carried to dryness and baked. 

This time it was taken up with 25 ce. with distilled wat ter, fi1l- 

tered through an ashless filter paper, and washed free of chlor 

ides with hot water. The insoluble residue on the filter paper 

was dryed, ignited and weighed as S102. The weight of the 
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S102 divided by the weight of the sample gave the percent of 

the Si02 in the phosphate rock. 

Determination of Sulphur 

The determination of sulphur was made from the fil- 

trate from the silica determination, which was a hydrochlor- 

ic acid solution. This solution was heated to nearly boiling 
25 cc. of barium chloride solution was added Slowly with con- 

stant stirrings of the solution. The solution was kept at a 

temperature that was a little below boiling for 3 hours. Tt 

was then filtered through a double filter of ashless filter 
papers, and washed several times with hot water. The filter 
and the residue were then dryed in the oven, then ignited 

over the bunsen burner, and weighed as BaS04. The weight of 

the RaS04 was multiplied by .3430 to get the of 303, which 

was divided by the weight of the sample to get the percent of 

S03. 

CaS04-RBaCl2~-PaS04-~CaCl2. 

Determination of Ferrio Oxide 

The sample for this determination was 100 oc. of 

solution A. when was measured with a pipette. The sample was 

placed in a No. 3 beaker 10 cc. of nitric acid added and the 

solution boiled. When the solution was cool 20 ce. of Sulphur- 

ic acid was added the solution heated nearly to boiling, The 

solution was reduced from the ferPic conditions to ferrous, 

by passing it through a Jones reducor. After the reduction 

was complete the solution was titrated with a standard sol- 

ution of Potassium Permanganate. This standard solution of 

Potassium Permanganate had an iron value of .00868 gram per 
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CC The calculations were made with the following formula. 

No. cc. of XKMn0O4 x  .00868 x 100 --% of Fe. 
Weight of the sample. 

% of Fe. Xx 1.4298 -- Fe 203. 

The reaction which occur in the iron determination. 

Fe203-HCL~-~2FeCL3=3H20. 
2FeCL3-3H2S~4~--Fe2 (S04 )3-6HCL. 
ZnH2804 ~--ZnS-4-H2, 

Fe(S04)3-H2--2FeS04-2H2504. 
10FeS04-2KNMn04 -8H2804 --5Fe2 (804 )3-K2S04-2MnS04 ~-8H20 

Determination of Aluminum Oxide 

This was made by separating the aluminum from the 

other elements as aluminum phosphate. The determination was 

carried out as follows. 100 cc. of solution A. was placed in 

a No. 3 beaker, and diluted with distilled water to 300 CC, 

ammonium hydroxide was added until the solution was nearly neu- 

tral but did not show any precipitate. 3.3 cc. of hydrochlor- 

ic acid was added to the nearly neutral solution, then a sol=- 

ution of two grams of sodium phosphate was added. To this 

solution 10 grams of sodium thiosulhate was added followed 

with 15 cc. of (1-1) acetic acid, then it was heated to boil- 

ing and let boil for exactly 15 minutes. The solution was 

filtered through an ashless filter paper while hot, to increas- 

e the speed of the filtering suction was applied. After all 

the precipitate had been transfered to the filter it was wash = 

ed ten to twelve times with hot water. The residue on the 

filter was then dryed, and ignited in a porcelain crucible), 

just enough heat being applied to burn off the carbon. When 

all the carbon had been burnedd off and the residue cooled it 
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was weighed as A1PO4. This weight multiplied by .4185 

ave the weight of the A120B. This was divided bv the g g | 

weight of the sanipléc to get the percent of A1203 in the [¢
¥ 

phosphate rock. 

determination of Phosphoric Acid 

25 cc. of solution A. was placed in a 700 cc. 

flask and diluted to 75 cc. with distilled water. Strong 

ammonia was added and solution shaken vigorously, the addit- 

ion of ammonia and shaking continued until the solution smell- 

ed of the reagent. Then just enough strong nitric acid was 

i 
added to dissolve the precipitate which had been formed bv 

bef § the addition of the ammonia, the flask was shaken while the 

nitric acid was being added. Then 100 cc. of ammonia moly- 

bdate was added, a cork place in the flask and the flask 

shaken for 5 minutes. Then the f f
e
d
 

ask was placed in a warm 

place ( near a blast lamp ) for 3 oO
 

minutes so that the vellow 

precipitate of phosphomolybdate could settle. After the pre- 

clpitate had settled a small amount of armonium molybdate 

was added to determine if the vrecipitation was complete. 

The yellow precipitate was separated from the solution by fil- 

tering, and was washed with a 1 2 solution of nitric acid and 

followed by a 1 4 solution ammonium nitrate, 

The precipitate of phosphomolybdate was dissolved 

off the filter by the addition of 20 cc. of ammonium hvdrox- 

ide, the solution being caught in the same flask: in which the 

precipitate had been made. After all the precipitate had 

been dissolved and the paper washed.with water, the solution 
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wag cooled, and the excess of ammonia neutralized with 

hydrochloric acid, the hydrochloric acid was added until 

the yellow precipitate which formed by the neutralization 

wag difficultly dissolved. To the cold solution 20 cc. of 

cold magnesia mixture was added drop by drop with constant 

stirring. When the precipitate began to form the stirring 

was discontinued, and the precipitate allowed to settle for 

about ten minutes. Then 60 cc. ammonium hydroxide was added 

and the solution well stirred, the precipitate settle over 

night, and filtered through an ashless filter paper. The 

precipitate was washed with dilute (1-4) ammonium hydroxide. 

The precipitate was then dryed, ignited over bunsen burner, 

heat was applied very gently and gradual 1ly increased until 

the residue became a light gray color. It was then weighed as 

Mg2P207. 

The welght of Mg2P207 was multiplied by .8779 to 

get the welght of P205, this was divided by the weight of 

sample taken to get the percent of PR05 in vhosvhate rock. 

H3p04~-12 (NH )2M002-21 HNO03 ~~ (NH4 )3P04.12M004-21 
(NH4 )NO3-12H20. 

Determination of Calcium. 

Before the calcium and magnesium can be determined, 

the phospheric acid has to be removed. In this analysis it was 

removed by adding enough iron salts to combine with the phos- 

phoric acid that 1s not already combined with the iron and al- 

uninum that is in the rock. The iron and aluminum phosphate 

was then precipitated with ammonium acertate in a slightly acid 
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solution. 

The process was carried out as follows. A sample of 25 cc. of 

solution was placed in No. 4. beaker diluted to about 100 CCe 

and 150 cc. of 15 % solution of ferric chloride add. Then am- 

monium hydroxide was added until the solution was nearly neut- 

ral, but not neutral, (slightly acid). A slight excess of 

ammonium acetate was added and the solution heated up just to 

boiling, then removed from the heat, and the precipitate allow- 

ed to settle. It was filtered, using a large funnel and filter 

paper, it was washed several times with boiling hot water. The 

filtrate was again treated with ammonium acetate to remove what 

aluminum and phosphrous, that might be left in it. The fi1t- 

rate this time was caught In a No. 4 beaker and marked filtrate 

Yo. 1, 

The two precipitates were dissolved with dilute hydro=- 

chloric acid and the above precipitation repeated. This f£ilt- 

rate was treated with a second portion of ammonium acetate, 

boiled and filtered. This filtrate was added to filtrate No. 1 

and evaporated down to about 300 cc. This solution was then 

free from iron, aluminum, and phosphrous, and was ready for the 

determination of calcium and magnesium. 

This 300 ce. solution was made alkaline with armon- 

lum hydroxide and stirred well, an excess of armoniun oxalste 

was added and then heated to boiling. The precipitate was 

allowed to settle; but the solution was ¥ept hot. While the 

solution was still hot the Supernatant liquid was poured 

through a fllter, the precipitate washed with hot water by do- 
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cantation several times, then transfered to the filter- 

paper, and washed. The precipitate was dissolved off the 

filter paper with dilute hydrochloric acid, after all the 

precipitate had been dissolved off the paper it was wrinched 

off with dilute ammonium hvdroxide. 

The Filtrate was diluted up to 150 cc. and made al- 

kaline with ammonium hydroxide, allowed to settle. Tt was 

then filtered through the same filter as before, washed until 

filtrate gave no trace of chloride. The filter paper was re- 

moved from the funnel and placed in 300 cc. of hot 11-50 dilute 

‘H2S504. When all the calcium had been dissolved, the solution 

was titrated with a standard solution of potassium permangan- 

ate, until the solution turned slightly pink. The calcium 

standard for the solution of potassium permanganate was .00434 

grams of calcium per cc. The percent of calcium was gotten by 

multiplying the number of €c. of potassium permanganate used 

by .00434, and dividing by the weight of the sample taken. 

Determination of Magnesium 

The filtrates from the calcium precipitates were add- 

ed together, made acid with HCL, and evaporated down to 2bout 

400 ce. This solution was made alkaline with ammonium hydrox- 

ide, and 25 cc. of sodium phosphate solution was added, then 

ammonium hydroxide equal to 1/10 of the original volume was 

added. The precipitate mas allowed to settle over night, then 

filtered, washed until free of chloride, then dryed, and ig- 

nited over bunsen burner, the heat was increased gradually 

until the residue became a dull red. When the residue had 

cooled to room temperature it wag weighted as MNg2P207. 
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This weight multiplied by the factor .3621, and divided by 

the welght of the sample gave the percent of magnesium oxide 

in the phosphate rock. 

The following are the Aneroge Results of the analysis. 

Empirical. Rational. 

17] § PR meee «33% H204 mmm mm «33% 
Loss on Tgnition 2.289 Loss on Tgnition. 2.289 
S103 mmm me R7.77% Ly EO ARI nt Ear 
B28, ean uitn os ns 1.55% Ee nl + inl 
Pe203 mmm rmm cc mm mimnid 2+90% PS Demme tie Shas 2.90% 

P2054 mmm mm meee 25.50% ALT ORR 55.687 
Ca0s mmm mmm 34.62% OaS04 ir emmeniia st crn 1.20% 
MgO: mm mmm 1.13% SEHR IR IRE eR 7.04% 

COZ ummm eee 3.04% LT EP RO Ta 1.13% 
SOB emmmmm meee + 71% 

Total. 
Total 

09. 85% 
T99.88%" 

-Comparison of Separations- 

The total percent of the above analysis cheeks with 

in .17 of 100%, leaving an average error of .017 for each de- 

termination. This being a very small error the above analy 

sls was considered as a correct basis of comparison for test- 

ing other methods of separations. 

After making a study of the different methods that 

are given for the determination of iron and determination of 

aluminum in the presence of phosphoric acid, it was found that 

the method used in the above analysis to be about the shortest 



37. 
and simplest that would give accurate results. 

The problem was then to find some masy to make a 

complete separation of the phosphoric acid from the calc
ium 

and magnesium, leaving them in such a condition that their 

percent could be determined. The separation by basic acetate 

method, which was used in the above analysis, is very accur- 

ate, but 1s long, and tedious, requiring several precipitat- 

ions to get a good separation. These precipitates are very 

large and voluminous, and hard to wash clean. This makes it 

a very impractical method to be used in a commercial labor- 

atory. Several methods were tried, but none were found that 

would meet the requirments and still give accurate results. 

Precipitation of phosphoric acid as a stannic phosphate. 

This was carried out by the method given in 

Fresenous ( 134, page 277. ) 25 cc. of solution A. was 

carried to dryness, taken up with 25 cc. of nitric acid, 

diluted to about 100 cc. with water and the chlorides present 

precipitated with silver nitrate. To this solution free from 

chlorides, tin foll was added until there was eight times as 

much tin present as there was phosphorous. This was heated 

for 5 or 6 hours and the precipitate was allowed to settle. 

The precipitate was washed several times bv decantation with 

hot water, finally it was transfered to the filter and washed 

mores. The precipitate consisted of metarstamniec and stannic 

phosphates, together with a little ferric and aluminum phos- 

phates. This precipitate was treated with an excess on amm- 

onium sulfide; water containing some ammonium sulfide. The 

precipitate consists of ferrous sulfide and aluminum hydroxide. 
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It was intended that this precipitate should be 

dissolved with nitric acid, and the solution added to the £11- 

trate from the stannic precipitate, and that this solution be 

used for the determination of iron, aluminum, calcium, and 

magnesium. At this point the method was abandoned because the 

precipitates that had to be filtered were so large and hard to 

filter, and wash that 1t required too much time to be used for 

practical purposes. 

Precipitation of phosphrous with ammonium molybdate. 

A 25 ce. of solution A. was taken, the phosphorous 

precipitated with ammonium molybdate in the same manner as in 

the complete analysis. Then attempt was made to precinitate the 

excess of molybdate from the filtrate by passing in hydrogen 

sulfide, but this proved unsatisfactory due to the nitric 

acid which was in the solution. The hydrogen sulfide pro- 

duces a precipitate but it was dissolved by the ENO3 nearly 

ag fast as it was formed. 

Precipitation of calcium as caleium oxalate. 

By this method the calcium was precipitated as cal= 

cium oxalate while the precipitation of aluminum, iron, and 

phosphoric acid was supressed by an excess of citric acid. 

This was carried out by method given on Scott, { Vol. I. page 

106 ). A sample of 25 ce. of solution A. was taken, 75 cc. of to) 

ferric chloride solution added and oxidized by boiling with 

nitrile acid as usual. The solution then diluted to about 300 

ce. and cooled to room temperature. Ammonium hydroxide was 

added to the cool solution until =a slight precipitate formed, 

this was dissolved by the addition of citric acid, more armon- 
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ium hydroxide added until precipitate formed and this was 

again dissolved with citric acid. The addition of ammonium 

hydroxideand mitric acid was continued until the addition of 

ammonium hydroxide cause no precipitate to from, then 15 cc. 

In excess of the mitric acid was added. The solution was then 
heated to botling, the calcium precipitated with ammonium 

oxalate in the usual way, filtered, washing it in hot dilute 

solution of sulphuric acid and the solution titrated with a 

Standard solution of potassium permanganate. 

There were two determinations made by this method, 

the results were low, and not consistent. The results were 29. 

93% and 29.25% of Cao. 

Precipitation of calcium as calcium sulfste 

This separation based on the fact that CaS04 is insol- 

uble in an 2 1chol solution. 25 ce. of solution A. was placed 

in a No. 3. beaker, and carried to dryness, taken in with 25 cc. 

of hydrochloric acid, and the solution allowed to cool to room 

température. 20 cc. of sulphuric acid (1-1) was added to the 

cool solution, followed by the addition of 50 ce. of alcohol. 

The precipitate was allowed to settle for two hours, then f11- 

tered through a weighed gooch crucible, and washed with alcohol, 

After the residue in the Gooch crucible was dry, it was ignited 

over a bunsen burner to a red heat, cooled in a desiccator and 

welghed as CaS04. There were three determinations made by this 
method giving the following results; 30.417, 32.99%, and 32.14% 

of Cal, 




