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THE SEPARATION AND DETERMINATION OF PHOSPHATE 
BY PRECIPITATION OF ZIRCOI'TITJÌI PHOSPHATE 

FROM HOMOGENEOUS SOLUTION 

INTRODUCT ION 

The determination of phosphorus is one of the 

most important determinations made in analytical labora- 

tories. The usual methods are subject to many interfer- 
ences. These interferences will be discussed in detail as 

the individual methods are discussed. 

When the phosphorus is present as a phosphate, 

care must be taken when dissolving the sample that part or 

all of the phosphorus is not lost by volatilization as 

phospìiine (PH3). This can usually be avoided by solution 

of the sample in an oxidizing reagent. For example, 

potassium perraananate is usually added following the 

solution of steel samples to insure oxidation (31, p.201). 

In some cases interfering elements are present in 
such large numbers or amounts that a preliminary separation 
or concentration of phosphorus must be used. The precipi- 
tate containing the phosphorus is then dissolved in a 

suitable manner and the phosphorus determined on this 
SOlUtiOfl. 

One concentration method frequently employed is 
the precipitation of ferric phosphate (2, p.268) or by 

inclusion of the phosphate in the ammonia precipitate 
(31, p.147 and p.199). This precipitate is ignited to 
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the oxides and fused with sodium carbonate, The melt is 

leached with water and phosphorus determined on the 

filtrate. 

The most serious interferences ere from arsenic, 

vanadium, and tungsten (wolfram). 

Arsenic may be removed by evaportion with hydro- 

bromic acid. (which reduces the arsenic to the trivalent 

state) and subsequent evaporation with hydrochloric acid. 

The arsenic is volatized es arsenic trichioride (AsC13) 

(22, p.1013). 

Interference from tungsten is avoided by oxidation 

to tungstic acid, solution of tungatic acid in ammonia 

followed by separation of phosphorus with a very large 

excess of magnesium in the presence of a large amount of 

tartarete (22, p.1012). 

Interference from vanadium may be partially 

eliminated by repeated evaporation with nitric and hydro- 

chloric acids interspersed. between successive filtrations. 

The results for phosphorus separated in this manner are not 

very accurate (22, p.703). 

A better separation from vanadium is accomplished. 

as follows (22, p.706). The sample is evaporated to 

dryness with excess zirconyl chloride, and the residue is 

baked to dehydrate the zirconium precipitate. This 

residue is then taken up in 6 N hydrochloric acid and 
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filtered. The precipitate contains all the phosphorus and 

a considerable amount of zirconium. The filter is then 

ignited to burn off carbon, fused with a large amount of 

sodium carbonate, leached with water, and filtered. The 

phosphorus is then collected from the filtrate with ferne 

hydroxide and the analysis completed as before. 

In very small amounts phosphorus Is usually 

detenrained colorimetrically with molybdate and an appro- 

pniate reducing agent (31, p.207). There are numerous 

interferences, however, so that in some cases separations 

must be made or corrections applied. Determinations 

made in this manner are rarely more accurate than i per 

cent of the phosphorus present and frequently no better 

than 5 or 10 per cent. 

If phosphorus is present as a major constituent, 

more accurate information is required, or if the 

interferences are serious, one must resort to grevimetric 

or volumetric methods. The volumetric methods involve a 

preliminary precipitation, solution of the precipitate In 

standard reagent, and titration of the excess reagent. 

The gravimetric methods in common use are 

precipitation as magnesium ammonium phosphate (33, p.334; 

15, p.393) and precipitation es ammonium molybdiphosphete 

(7, p.685; 8, p.15; 13, p.190; 16, p.982; 21, p.15; 25, 

p.241; 26, p.385; 31, p.196; 33, p.337). The former 
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method is the oldest end will be discussed first. 

It is assumed that the solutions ere free froni 

arsenate, vanadium, and tungsten, the separations for 

which have been described. The precipitation of magnesium 

anmonium phosphate (MgNH4PO4) is carried out in alkaline 

solution in the presence of excess anunoniuìn ion end 

magnesium Ion. To an acïd solution of the phosphate a 

solution containing a mixture of magnesium and ammonium 

chlorides in hydrochloric acid is added. The pH is raised 

by slowly adding concentrated ammonium hydroxide until 

alkaline to methyl red, and then a small excess. After 

standing for several hours either at room temperature or 

in an ice bath, the solution is filtered and the precipi- 

tete washed with dilute ammonia. A double precipitation is 

necessary (15, p.394) as some magnesium phosphate 

(Mg3(PO4)2) coprecipitates when magnesium is present in 

the large excess necessary for complete precipitation of 

phosphate. The second precipitation is carried out with 

a smaller excess of magnesium chloride. 

In the presence of large amounts of sodium ion, 

sodium phosphate is also precipitated, necessitating two 

reprecipitat ions. 

Interference of iron, aluminum, and some other 

transition elements may be minimized by carrying out the 

precipitation in the presence of tartarate or citrate. 
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This procedure is not always successful for at times 

precipitation is incomplete or does not occur at all. 

Such is the case if zirconium is present. Addition of 

terterate to complex the zirconium prevents precipitation 

of the magnesium double salt. 

Because of these difficulties, a preliminary sepa- 

ration must be made. This may be done by precipitation 

of most of the Interfering ions with ammonia. The ammonia 

precipitate thus obtained, however, contains considerable 

phosphorus which must be recovered. This may be done by 

ignition of the precipitate to oxides and fusion with 

sodium carbonate. The fusion should be carried out In a 

platinum crucible to prevent introduction of large amounts 

of Iron or nickel. The melt Is leached with water and 

filtered. The filtrate contains the phosphate and con- 

siderable sodium carbonate. The residue consists of the 

oxides and carbonates of qualitative groups III end 1V 

metals. The filtrates from the ammonia precipitation and 

the carbonate fusion are combined, acidified, and the 

phosphate precipitated in the usual manner with a small 

amount of citrate or tartarate present to prevent 

precipitation of small traces of interfering ions which 

may have escaped separation. 

The precipitate obtained from either of the above 

methods presents interesting washing problems. Magnesium 
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ammonium phosphate hydro1yes in water yielding the more 

soluble mgnes1um acid phosphate (MgEPO4) (33, p.329). 

Water, thererore, cannot be used for a wash liquid. 

.Amnioniunì phosphate cannot be used because on ignition it 

leaves a residue of metephosphoric acid which is non- 

volatile (33, p.329). Magnesium chloride cannot be used 

because of the partial formation of magnesium phosphate 

('3(')2) Magnesium chloride also leaves a non-volatile 

residue. Ammonium salt solutions such as ammonium nitrate 

or ammonium chloride tend to dissolve the precipitate. 

Ammonium hydroxide, however, presents none of these 

difficulties end is used. Large volumes should be avoided 

since the precipitate is slightly soluble in this reagent. 

The usual procedure following washing of the 

precipitate is ignition to magnesium pyrophosphate for 

weighing. This must be done at temperatures above 9000 

usually 1000° to llOO C. At lower temperatures conversion 

to the pyrophosphete is incomplete. Heating above llOO Q 

causes loss in weight probably due to volatization of 

phosphorus pentoxide (P205) leaving magnesium phosphate 

(Mg3(PO)2) (12, p.567). 

1ehlig (18, p.287) has described a procedure for 

weighing the precipitate as magnesium ammonium phosphate 

bexahydrate (MgNH4PO4 6H20). Following the dilute 

ammonia wash, the precipitate is washed with synthetic 95 
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per cent methanol and finally with ether. After air drying 

with suction for 10 minutes and 20 minutes in a desiccator 

over calcium chloride, the precipitate is weighed. The 

results reported seem to agree fairly well with the 

conventional pyrophosphate ignition. 

The common practice is to filter the magnesium 

ammonium phosphate on asbestos in a tered gooch crucible 

previously washed with ammonia and ignited at 900° to 

1100° 0 under the same conditions as will be used for 

igniting the precipitate. The ammonia washing was found 

necessary when some types of acid washed asbestos were 

used. On ignition the asbestos darkens, but the filtering 

quality is not affected. If ammonia wash is omitted prior 

to the first ignition of the crucible, results may be low 

due to leaching of soluble material from the asbestos 

during the filtering and washing procedure. 

Nhen done with care, the above method for 

phosphorus is quite accurate (within 0.1 per cent). The 

procedure, however, is time consuming and suffers from 

several interferences es mentioned above. Arsenic must 

be absent since a similar precipitate forms with magnesium 

In ammoniacal solution. The main weakness of the 

precipitation is the fact that it must be done in 

ammoniacal solution. Under these conditions many metals 

precipitate as hydrous oxides, and the solubility of such 



strong electrolytes as sodium sulfate is reduced. If the 

precipitetion could be carried out in acid solution, this 

objection would be largely eliminated. 

The precipitation of ammonium molybdiphosphate 

(sometimes called ammonium phosphomolybdate) is carried 

out in strong acid solution. The method was originally 

developed by Lorenz and Scheffer and has since been 

improved by others (7, p.685; 8, p.15; 16, p.982; 21, 

p.15; 25, p.241; 26, p.385). This method is the most 

commonly used end apparently the most uncertain of the 

phosphorus methods. Methods have been developed for 

completing the determination volumetrically (8, p.15; 

21, p.15; 26, p.385). This probably accounts for its 

wide use. 

The volumetric methods are based upon a precipitate 

of composition (NH)3P(Mo3O10)4 or (NH4)3PO4 1214003. 

The conditions must be closely controlled and manipulation 

standardized In order to obtain reproducible results. An 

evaluation of the various methods hes been reported (16, 

p.982). It was found possible to obtain the theoretical 

composition. G. Rannetier (21, p.15) states that errors 

arise from the entrainment of hydrated molybd.ic oxide and 

that this effect is highly dependent upon temperature, 

acidity, ammonium ion present, end other conditions. 

A summary of the various factors is presented by 



Willard end DIeril (31, p.197). They are: 

All phosphorus must be present as orthophosphate. 

This may be accomplished by use of a suitable oxidizing 

agent at the time of solution of sample. Potassium 

permanganate is usually used (31, p.201). 

Nitric acid is essential for reproducible results. 

If perchloric acid is used to dissolve the sample, nitric 

acid must be added before the precipitation is begun. Too 

large an excess of free acid, however, tends to cause low 

results due to solvent action. The presence of excess 

molybdate and ammonium nitrate tends to minimize this by 

the common ion effect. 

Authors disagree as to whether the precipitation 

should be made hot or cold. Willard and Diehi (31, p.197) 

suggest 15 minutes at 65° C. Spengler (25, p.241) suggests 

addition of molybdate to the boiling solution. JØrgensen 

(13, p.190) suggests precipitation in cold solution. All 

authors seem to agree, however, thst hot solution promotes 

rapid precipitation of the yellow precipitate as well as 

molybdic oxide. Long standing promotes the precipitation 

of molybdic acid. The compromise suggested by Willard 

and Dihl seems the best solution. 

Errors from inconsistency of precipitate composi- 

tion can be ignored if the phosphorus is converted to 

magnesium pyrophosphate (Mg2P207) for weighing (31, p.204). 
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The procedure Is simple to perform but requires time. 

The precipitate is dissolved from the filter with 

ammonium hydroxide and any ferne phosphate that may have 

precipitated with hydrochloric acid, After thoroughly 

washing the filter with water, the filtrate and washings 

are acidified carefully with hydrochloric acid to dissolve 

ferric phosphate. The yellow precipitate o ammonium 

molybdiphosphete usually separates. Citric acid. Is then 

added to complex the rerric ion and prevent interference 

later. The phosphate is precipitated and determined in 

the usual manner with magnesia mixture and ammonium 

hydroxide. A reprecipitation of the magnesium ammonium 

phosphate is required for the reasons mentioned above. 

The precautions already mentioned for the precipitation 

of magnesium ammonium phosphate must be observed. 

Another weighing form that can be used is 

P25 i 241oO3. It is reported (16, p.982) that this 

composition Is obtained. on strong ignition of the ammonium 

inolybdiphosphate. 

There are two main methods of completing the deter- 

mination volumetrically. One method is based upon the 

solubility of the yellow precipitate in excess standard 

alkali according to the following equation (31, p.205): 

(N114)3PO4 l2d1oO3 23NeOH = 

llNa2IvioO4 (4)2Io04 + Na1'4H1PO4 + 11H20 
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The excess is titrated with standard nitric acid with 

phenolphthalein indicator. The end-point is somewhat 

obscure. According to the equation, the equivalent 

weight of phosphorus should be ?/23 . In practice this 

is not always true. The equivalent weight may vary from 

P/23 to P129 (8, p.15; 25, p.241; 26, p.385; 31, 

p.206). 

For small amounts oi phosphorus the equivalent 

weight may be assumed to be the theoretical since the 

error in this case is of little consequence. For large 

amounts the error thus introduced may amount to 5 or 10 

per cent. In this volumetric method there are other 

sources of error besides that arising from entraiiment of 

molybdic acid (MoO3). The precipitate must be washed 

free of nitric acid. This process may dissolve some of 

the precipitate and lead to low results. Spengler (26, 

p.385) suggests precipitation in the presence of acetone 

and washing with acetone. Addition of formaldehyde after 

solution of the precipitate is said. to improve the end- 

point (25, p.241; 26, p.385). Washing with acetone 

apparently favors separation of molybdic oxide as evidenced 

by the high equivalent weight (29NaOH P) reported by 

Spengler (25, p.21+1). 

The second volumetric method is based on the 

reduction and subsequent oxidation of the molybdenum 
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present in the precipItate (31, p.206). The precipitate is 

dissolved in ammonia, acidified with sulfuric acid, passed 

through a Jones Reductor, end titrated with standard 

permanganate. Trivalent molybdenum Is quickly oxidized by 

air. This may be minimized by allowing the eluent from the 

reductor to run directly into a solution of ferne sulfate, 

The following equations represent the reactions 

Involved: 

(NH4)3PO4 ' MoO3 + + 38Zn° = 

6Mo2(304)3 + 3NH4SO4 + 36H20 + 1BZnSO1 

Mo2(SO4)3 + 2Fe2(304)3 = Mo2(SO4)5 + 4FeSO4 

5Mo2(SO4)5 + 2OFeSO + 6n0 + 16H20 = 

1OH2MoO4 + 3K2SO4 + lOFe2(SO4)3 + 6MnSO4 + 6H2SO4 

The overall effect is the oxidation of trivalent molybdenum 

to sexivelent molybdenum with permanganate. 

The reaction between ferne ion and trivalent 

molybdenum is not quantitative, but this is of no 

consequence since an equivalent amount of ferrous ion is 

liberated. All of the ferrous ion and molybdenum are 

oxidized to their highest valences by the permanganate. 

Since the overall valence change of the molybdenum is 3, 

the equivalent weight of phosphorus is P/36 assumIng that 

12 molybdic oxide aie associated with each phosphorus. 

This is true only if the precipitate bas the theoretical 

composition. This method is subject to the same errors as 
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the acidiruetric method. 

There are other newer methods ror the determina- 

tion of phosphorus. One depends upon the precipitation 

of uranyl ammonium phosphate (UO2NH4PO4) from strong 

formic acid and ignition of uranyl pyrophosphete at 10000 

C (19, p.50). The determination may be completed 

volumetrically by solution of the precipitate in sulfuric 

acid, reduction of uranium to the quadrivelent state with 

zinc, cadmium, or aluminum, and titration with perman- 

ganate. It is claimed that as little as 0.5 milligrams of 

phosphorus may be determined. 

Another method depends upon the precipitation of 

silver tellirous phosphate (Ag2T1PO4) at a pH of 5 to 6. 

The precipitate is washed with ethanol and then with ether 

and dried in a vacuum desiccator at room temperature (24, 

p.317). Interferences are not discussed. 

Keans (14, p.215) suggests precipitation of 

phosphate as bismuth phosphate. Bismuth nitrate is added 

to the sample in solution with 1 N nitric acid. The 

solution is allowed to digest 6 to 8 hours on a steam 

bath. The precipitation carried out in this manner 

separates phosphate from such divalent metals as magnesium, 

zinc, manganese, cobalt, and nickel. The error reported is 

of the order of 0.3 per cent. 
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ThEORETICAL CONSIDERATIONS 

The method here proposed involves the precipita- 

tion of zirconium phosphate. In order to understand the 

difficulties encountered, it would be well to review the 

general chemical properties of zirconium compounds. 

Zirconium occurs naturally mostly as zirconia 

(Zr02)or as zircon (ZrSiO4), The main source of 

zirconium chemicals is from the dioxide. It is converted 

to the tetrachioride (ZrC14) by ignition in an atmosphere 

of dry hydrogen chloride. 

Zirconium tetrachioride reacts vigorously with 

water yielding zirconyl chloride (ZrOC12), hydrogen 

chloride, and a considerable amount of heat. The solu- 

bllity of zirconyl chloride in hydrochloric acid is shown 

by Curve 5 in the appendix of this paper (10, p.205). 

The method of preparation of ZrOC12 3H20 is based upon 

the solubility chance. The procedure is described in the 

appendix. 

Zirconium exists only in the tetravalent state in 

aqueous solution since lower valence states will liberate 

hydrogen from water (23, p.630). 

Zirconium hydroxide (or hydrous oxide) 

precipitates at pH 2.8 as a gelatinous precipitate (31, 

p.45). The volume of precipitate for a given weight of 

zirconium varies with the previous history of the 
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solution, Old solutions tend to yield voluminous 

precipitates as is true of solutions that have been 

boiled. If reproducible precipitate quality is desired, 

the zirconium solution must be prepared immediately before 

use. 

All zirconium compounds when heated to any great 

extent tend to become refractory and difficultly soluble. 

This is particularly true of ZrOC12. The effect is more 

pronounced in more concentrated solutions. In dissolving 

zirconyl chloride, a large amount of water should be added 

quickly for otherwise hydrolysis may occur and complete 

solution of the salt will be made difficult. The dry salt 

should never be left in contact with wet surfaces for the 

same reason. 

Zirconium forms a phosphate which is quantitatively 

Insoluble in acid up to 4 or 5 N (17, p.1801). This fact 

has been utilized for the determination of zirconium 

(17, pp.1801-1808). The main difficulty has been the 

gelatinous nature of the precipitate. Thorough washing 

of such a precipitate usually leads to hydrolysis. The 

nature of this type of precipitate will be discussed in 

more detail later. 

As is typical of most transition elements, 

zirconium is capable of forming several very stable complex 

fluorides (23, p.645). These are said to vary from ZrF5 



16 

to ZrF84. The complex Is usually assumed to correspond. 

to the formula 6' This complex can effectively 

compete with phosphate for zirconium ion. In 3 N sulfuric 

acid solution 10 per cent excess of fluoride ion over that 

stoicionietrically required for the formation of ZrF6 is 

sufficient to dissolve the phosphate. 

The zirconium fluoride complex cannot compete as 

well with hydroxyl for zirconium ion. If a solution 

containing enough fluoride ion to complex the zirconium 

present is made alkaline, Zr02 Ji2O separates as a 

gelatinous precipitate. A very large excess of fluoride 

is necessary to prevent precipitation under these condi- 

t ions. 

The stability of the fluoride complex seems to 

have the following dependence upon acidity. In basic or 

slightly acid solution the fluoride is unable to compete 

with the hydroxyl ion present. As the acidity is 

increased the complex becomes more stable owing to the 

decrease in hydroxyl Ion concentration. However, a point 

is reached finally when on further increase of acidity 

the ionization of hydrofluoric acid is suppressed to such 

an extent that there is no longer enough fluoride ion 

available to complex the zirconium. This seems to occur 

at acidities oÍ' 12 N and higher. 

Gelatinous precipitates do not lend themselves 
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well to separations because or several undesirable 

characteristics. First, the particle size tends to be 

colloidal and thus presents a large total surface area to 

the solution. This effect causes adsorption of toreign 

ions. This adsorptive power is soinetixiies utilized for 

the concentration of trace constituents, but usually it is 

undesirable. Second, they tend to occlude pert 01' the 

mother liquor thereby preventing decontamination by 

washing. Third, they filter slowly and tend to clog the 

pores of the filter media. Fourth, they are usually 

voluminous making the handling of large weights difficult. 

Fifth, they tend to channel easily with the result that 

washing efficiency is decreased. 

When a gelatinous precipitate is obtained, it is 

almost invariably because the precipitate was formed too 

rapidly for well grown crystals to form. Rapid precipita- 

tion also produces occlusion of precipitant due to local 

excess at the point of addition. 

It has been shown that slow and homogeneous 

precipitation will produce well formed crystalline pre- 

cipitates if carried out under the proper conditions. 

Willard and Tang (36, p.357) have developed a method for 

precipitating a granular basic aluminum succinete. The 

pH is adjusted to just barely dissolve aluminum hydroxide. 

Urea is added and the solution heated to the boiling 



point. The hydrolysis of urea yields ammonia and carbonic 

acid. rfte latter passes out of solution with heat leaving 

the ammonia to slowly raise the pti by removing hydrogen 

ion. The evolution of carbon dioxide prevents serious 

bumping of the solution. 

A similar method or raising the pli slowly and 

homogeneously is in common use for the precipitation of 

calcium oxalate (33, p.237). The conventional method of 

using ammonia invaricbly results in contamination of 

calcium oxalate with the basic oxalate. If the determina- 

tion is to be completed grevimetrically, this contamine- 

tian causes no error since the precipitate is ignited to 

calcium carbonate at 5500 o (33, p.339; 15, p.351) or to 

calcium oxide at 1000° C (33, p.340; 15, p.353). If the 

determination is completed volumetrically, the error may 

be serious since the volumetric method is based upon the 

determination of the oxalate. The quantity of basic 

oxalate precipitated is difficult to reproduce with the 

ammonia method. The error, therefore, cannot be reduced 

by standardization of the reagent (usually potassium 

permanganate) against known amounts of calcium. The urea 

method, however, yields a reproducible precipitate. 

Willard and Freund (32, p.195) utilized the 

homogeneous precipitation technique to fractionate hafnium 

from zirconium. The metals were precipitated from a 



sulfuric acid solution by hydrolysis of triethyl phosphate. 

The determination of zirconium has been 

accomplished from honoeneous solution using trimetÌyl 

phosphate. The method is similar in principle to the 

method used by Willard and Freund. 

Recently a method has been described for the 

precipitation of barium sulfate from homogeneous solution 

for the determination of barium. Barium forms a soluble 

verseiate complex In alkaline solution (approximately 

pli 10). On acidification of the solution the complex Is 

dissociated. The decrease in pff is accomplished by the 

decomposition of ammonium persulfate on boiling. The 

sulfate formed as product of the persulfate reduction 

serves to precipitate the barium released. from the complex 

(11). Results are not coniplete; but apparently when the 

precipitation is carried out in this manner, interference 

of nitrate (a serious problem In the conventional method) 

is almost wholly eliminated. Qualitative group III metals, 

however, must be absent. 

A method for the determination of phosphate using 

zirconium has been described by Stumper and Mettelock 

(27, p.122). They suggest a treatment similar to that 

used for the separation from vanadium. The precipitate 

thus obtained is reported to be dizirconium phosphate. 

This is probably due to inclusion of zirconium dioxide 
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which has been rendered refractory by the baking jrocess. 

When an excess of phosphate is present, the precipitate 

corresponds to the formula Zr02 P205 after strong 

ignition. 

When Stumper and liettelock attempted the same 

procedure in sulfuric acid solution, the precipitate was 

found to contain sulfur (28, p.654). This is prob8bly 

due to the precipitation of ZrOSO4 when the solution has 

been evaporated to small volume. The subsequent baking 

of this precipitate renders it refractory and, therefore, 

does not dissolve when the residue is taken up in dilute 

acid. On short ignition it is reported that the compound 

2ZrO2 P205 s X303 IS obtained; after 2 hours at 1000° C, 

the compound 2Zr02 SO3 is found. This last 

compound is equivalent to ZrOSO4 . ZrP2O7. The excess 

sulfur trioxide first obtained could easily have been 

occluded in residue as is indicated by the short time 

required to remove it on ignition. Complete dissociation 

to 2ZrO2 2'5 i obtained after 200 hours at 1000° C. 

Aside troni the fact that zirconium salts are 

rendered refractory on heating in dry condition, the method 

would effect a poor separation because of the very likely 

possibility of other salts being occluded. 

The method presented here employs precipitation 

from homogeneous solution to attain an easily filterable 
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precipitate rather than a dehydration with heet. It has 

already been said that zirconium forms a complex fluoride 

that can effectively compete with phosphate for zirconium 

ion. If a solution is prepared containing the phosphate 

to be determined, sufficient zirconium to precipitate the 

phosphate, and enough excess fluoride to complex the 

zirconium present, precipitation of zirconium phosphate 

may be prevented. Precipitation is brought about by the 

slow addition of some reagent that will release the zirco- 

nium slowly from the complex. Boric acid is such a 

reagent. 

Boron forms a volatile trifluoride (BF3) and a 

soluble complex fluoride (BF4). If sufficient excess is 

added, it can strip the fluoride from the zirconium 

complex and release zirconium ion into solution. 

if boric acid is added to the solution directly, 

precipitation occurs too rapidly and a gelatinous 

precipitate of zirconium phosphate results. It is then 

necessary to release the boric acid slowly and homogene- 

ously into the solution. Slow addition of saturated boric 

acid from 8 buret was found unsattsfactory. 

Boric acid forms very stable complexes with 

polybydric alcohols (3, p.711; 1, p.583; 6, p.2086). 

These complexes are reorted to correspond to the formula 

HOBD or BD2 where D represents the alcohol radical. The 
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former is a strong acid while the latter is a chelate type 

complex (23, p.338). These are reported to form only with 

cis-diols (30, p.67). Two common polyhydric alcohols that 

exibit this action with boric acid ere glycerol and 

mennitol. 

If sufficient glycerol is present, boric acid may 

be added to the phosphate-zirconium-fluoride solution 

without precipitation of zirconium phosphate. It is now 

necessary to slowly destroy the glycerol-boric acid 

complex so as to release the boric acid slowly into the 

solution. This may be accomplished by oxidation of the 

glycerol with nitric acid or hydrogen peroxide. This 

process must be done carefully since mixtures of glycerol, 

sulfuric acid, and nitric acid or hydrogen peroxide may be 

explosive. Removal of the last traces of organic matter 

are difficult. This must be done since organic matter is 

reported to prevent the precipitation of zirconium 

compounds (23, p.643). 

Because of these disadvantages, other sources of 

boric acid were investigated. 

Sodium borohydride (NaH2B), manufacturers claim, 

hydrolyzes in boiling water to yield boric acid. The 

compound may be obtained from Metal Hydrides, Inc., 12-24 

Congress Street, Beverly Messachusettes, at 45 to 75 per 

pound. This compound may perhaps be used when increased 
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production lowers the price to a more practical level. 

Substituted boric acids are reported to yield 

boric acid on oxidation with hydrogen peroxide in boiling 

solution (1, p.11+15). The synthesis of these compounds is 

long and time consuming, and the yield is low. This could 

be used, however, if no other source is available. 

The alkyl borates present a more practical source. 

They are easily prepared and hydrolize in water to yield 

boric acid and the corresponding alcohol. The alcohol may 

be removed by boiling. It is found that as the size of the 

alkyl group is increased the resistance of the ester to 

hydrolysis increases. Tri-n-amyl borate was chosen for use 

in this work. 

The principle of the method in final form is as 

follows. To a solution containing phosphate zirconium is 

added in excess. Sufficient fluoride is then added to 

dissolve the precipitate. Tri-n-amyl borate is added and 

the solution is boiled to remove the amyl alcohol formed 

during the hydrolysis. The induction period required for 

the precipitation of zirconium phosphate (9, p.1) is 

used to advantage to insure homogeneity before precipita- 

tion occurs. The induction period in this case is from 

30 seconds to 10 minutes depending on the acidity. When 

sufficient ester has been added to release the zirconium 

froni the complex, a small amount of nitric acid is added 
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to remove the last treces of alcohol. 
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Reagents and Chemicals 

Ammonium hydroxide (NH4OH): Silica free ammonium 

hydroxide is prepared by passing pure ammonia gas into 

cold water in a wax lined bottle until the specific 

gravity is 0.90 (28 per cent ammonia). 

Asbestos: Acid washed long fiber asbestos is 

mixed with dilute ammonium hydroxide (1:50), filtered with 

suction on a bchner funnel, and washed with water. This 

acid and. alkali washed asbestos is then used in the 

conventional manner for preparing gooch filter mats. 

Boric acid solution: Sixty (60) grams of reagent 

grade boric acid (H3B03) is added to i liter of water and 

the mixture is allowed to stand at room temperature until 

saturated. The undissolved boric acid is left in contact 

with the solution to assure saturation. This solution 

contains approximately 52 grams per liter at 20° C. 

Glycerol: Clear glycerol of good. quality is 

employed. 

Magnesia mixture: Four hundred (400) grains of 

reagent grade magnesium chloride hexehydrate 

(MgC12 6H20) and 300 grams of reagent grade ammonium 

chloride (NH4C1) are dissolved in 1.5 liters of water and 

made alkaline to litmus with pure ammonium hydroxide. The 
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solution is allowed to stand 1 hour, filtered, and the 

filtrate acidified with hydrochloric acid (15, p.395). 

Standard phosphate solution: Eight (8) grams of 

reagent grade diammonium hydrogen phosphate ((NH4)2RF04) 

is dissolved in 6 N sulfuric acid and diluted to 2 liters 

with 6 N sulfuric acid. This solution is subsequently 

standardized by double precipitation as magnesium 

ammonium phosphate and subsequent ignition to magnesium 

pyrophosphate (15, p.395). 

Potassium acid sulfate (1SO4): Reagent grade 

is used for fusions. 

Sodium carbonate (Na2CO3): Primarily standard 

quality is used for fusions. 

Sodium fluoride (NaF): Reagent grade is used. 

Trl-n-emyl borate ((C511110)3B): This compound 

was obtained in pert from the Pacific Coast Borax Company 

end is prepared es described in the appendix. 

Zirconyl chloride (ZrOC12 H20): This salt is 

prepared from zirconium tetrachloride as described in 

the appendix. 

Zirccnyl chloride solution: Twenty (20) grams of 

the above salt is dissolved in 6 N sulfuric acid and 

diluted to 1 liter with 6 N sulfuric acid. 

Acid8: The sulfuric, nitric, hydrochloric, and 

bydrofluoric acids are the regular reagent grade 
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concentrated acids. 
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Procedures and Data 

Straight addition of zirconium: The precipitation 

of zirconium phosphate W8S attempted by addition of 

zirconyl chloride solution to an acid solution containing 

phosphate. After digestion for several hours at the 

boiling point, the solutions were filtered through close 

textured "ashless" filter paper. Sample Nos, i and 3 

required two passes through the filter in order to obtain 

e clear filtrate. "Ashless" filter paper pulp was added 

to sample Nos. 5 and 6 to eliminate this difficulty. 

The precipitate was gelatinous, very slow filtering, and 

tended to pass through the paper. 

The inconsistency of the composition of the 

precipitate is clearly seen from analysis (column D of 

Table I). The generally high ratio is probably due to 

adsorption of excess zirconium on the precipitate. The 

two low ratlos resulted from peptization of zirconium 

dioxide and re-adsorption of the phosphate on the 

precipitate. A larger ratio is noted where a five-fold 

Increase in zirconium was used. 



TABLE I 

STRAIGHT ADDITION OP ZIRCONItJ 

Sample No. A B C D 

1 0.61 0.1000 0.0757 0.992 

2 0.61 0.1000 0.0912 1.08 

3 0.61 0.1000 0.0702 0.941 

4 0.61 0.1000 0.0986 1.03 

5 3.20 0.1020 0.1050 1.27 

6 3.20 0.1020 0.1006 1.18 

Column 

A--illimoles zirconium added 

B--Weight of phosphorus used calculated as grams 
ZrP2O7 

C--Weight of precipitate in grams 

Zr02 

D--Mole ratio p2o5 by analysis 
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Glycerol method: Twenty (20) mIlliliters of 

zirconyl chloride solution and 0.2 mIlliliters of concen- 

treted hydrofluoric acid are added to 25 milliliters 

of standard phosphate solution in a conventional pyrex 

beaker. If precipitation occurs, hydrofluoric acid is 

added dropwise until solution is effected. To this 

solution varying portions of a mixture of 100 milliliters 

of glycerol and 500 milliliters of s8turated boric acid 

solution are added. The mixture is allowed to come to 

the boiling point on an electric hot plate. Small 

increments of concentrated nitric acid are added from 

time to time. 

Following suitable digestion time, the solution 

is filtered through close textured "ashless" paper and 

washed with 5 portions of 6 N nitric acid. The paper is 

transferred to a weighed platinum crucible, dried, and 

burned off at low heat. The precipitate is then ignited 

at 9000 C over night, cooled In a deslôcetor over calcium 

chloride, and weighed. The precise amounts and the 

recovery of phosphorus on the basis of the precipitate 

having the composition Zr02 P205 are given In Table II. 

After weighing the precipitate, it is fused with 

2 to 3 grams of sodium carbonate for 30 minutes. The cold 

melt is extracted with water and filtered on close 

textured "ashless" paper. The residue contains zirconium 
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dioxide and sodium zirconete while the filtrete contains 

the phosphate. 

The paper containing the residue is transferred to 

a small porcelain crucible, dried, and carbonized. One (1) 

or 2 grains of potassium acid sulfate is added and the 

mixture fused in the covered crucible until the melt is 

clear. On cooling the melt should loosen easily from the 

crucible with water nd be completely soluble. The 

zirconium is precipitated from this solution with ammonium 

hydroxide. The solution is filtered through fast "ashless" 

paper and the precipitate washed thoroughly with dilute 

ammonium hydroxide tl:50). The paper is transferred to e 

weighed porcelain crucible, dried, carbonized, and the 

carbon burned off at low red heat. When most or all of 

the carbon is oxidized, the crucible is ignited at 
9QQO 

c 

in a muffle furnace for at least 4 hours. 

The filtrate from the sodium carbonate fusion is 

acidified to bromphenol blue indicator with hydrochloric 

acid and allowed to stand to remove most of the carbon 

dioxide. The phosphorus is precipitated by adding 20 

milliliters of magnesia mixture making alkaline to methyl 

red (green color due to the presence of bromphenol blue) 

with ammonium hydroxide end adding 5 milliliters excess. 

After standing 4 hours in an ice bath or over night at 

room temperature, the solution is filtered through good 
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quality qualitative filter paper. The precipitate is 

badly contaminated with sodium and ammonium chlorides. 

It is dissolved from the paper with hot 6 N hydrochloric 

acid. The phosphate is again precipitated using this 

time only 2 mIlliliters of magnesia mixture. The solution 

is made alkaline to methyl red (yellow color since 

bromphenol blue is absent) with ammonium hydroxide and 

allowed to stand 2 hours in an ice bath or over night at 

room temperature. The solution is then filtered with 

suction through a previously ignited and weighed gooch 

asbestos filter. The precipitate is washed with dilute 

ammonium hydroxide (1:50) and ignited to magnesium 

pyrophosphate at lOOO C in a murrie furnace. For 

ignition the gooch crucible is placed on a whitte plate 

Inside a size No. i porcelain crucible. The whitte plate 

serves as a spacer to prevent binding of the two crucibles 

together during the heating and cooling processes. The 

results are tabulated in Table II. 

The volume of standard phosphate solution used for 

each sample contains 0.3775 mlllimoles P205 0.1000 grams 

Zr02 The volume of zirconyl chloride solution 

used contains 0.622 millimoles zirconium. 

Considering the weights involved, these analyses 

are probably only accurate to i per cent. 

Even though the data are incomplete, it is 
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indicated that a precipitate of zirconium phosphate of 

a fairly constant composition can be precipitated by slow 

and homogeneous release of boric acid into an acid 

solution containing phosphate, zirconium, and fluoride. 

There is insufficient data to accurately drew any further 

conclusions. 

The low recovery may be attributed to several 

sources. The acidity is too high to expect quantitative 

precipitation as will be shown later. There may still be 

oxidation products of the glycerol in the solution which 

ere very difficult to remove. 

The precipitate is fairly granular in quality and 

filters very easily on Whatman No. 40 grade paper. If 

the solution is filtered hot, the filtration end washing 

procedure for 6 precipitations may be done in 20 minutes. 

Filtration of zirconium phosphate precipitated in the 

usual manner requires several hours if ashless paper pulp 

is added and 2 days if the pulp is not added. If paper 

pulp is not employed, the usual precipitate tends to 

peptize and pass through the paper. 
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TABLE II 

GLYCEROL DATA 

SaznpleNo. A B C D E F G 

7 5 25 50 0.0 0.0568 1.00 56.8 

8 5 25 50 0.0 0.0614 1.00 61.4 

9 5 25 50 0.0 0.0594 1.00 59.4 

lo 8 40 100 0.0 0.0643 1.00 64.3 

11 8 40 100 0.0 0.0683 1.00 68.3 

12 8 40 100 0.0 0.0698 1.00 69.8 

13 8 40 100 0.0 0.0633 -- 63.3 

14. 8 40 100 0.0 0.0612 -- 61.2 

15 8 40 100 0.0 0.0623 -- 62.3 

16 8 40 0.0 5.0 0.0625 -- 62.5 

17 8 40 0.0 5.0 0.0662 -- 66.2 

18 8 40 0.0 5.0 0.0658 -- 65.8 

Column 
A--Volume of glycerol in niilliliters 

B--Volume of saturated boric acid (5%) in milliliters 

C--Total volume of concentrated nitric acid in 
milliliters 

D--Total volume of 30% hydrogen peroxide in 
milliliters 

E--Weight of precipitate obtained 

F--Iiole ratio of zirconium dioxide to phosphorus 
pentoxide obtained by analysis 

weight of precipitate 
G--Recovery (%) based on 0.1000 100 
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Tri-n-amy. borate method: An appropri8te amount 

of zirconyl chloride solution is added to the solution 

containing phosphate. The gelatinous precipitate is 

dissolved by adding sodium fluoride solution (12 grams 

per liter) and 5 milliliters excess. The exess will 

prevent reprecipitation of phosphate when the solution is 

heated. Five (5) milliliters of tri-n-amyl borate is 

added and the solution is heated to the boiling Point. 

As soon as the alcohol layer has disappeared, more ester 

is added. This process is repeated until a sufficient 

amount of ester has been added. (The most convenient 

method of handling the ester is with a buret, the top of 

which is closed with a cork supporting a small soda-lime 

tube to prevent entry of water vapor while the buret Is 

being drained. A small soft glass test tube drawn out at 

the lower end and bent to a 900 angle serves well for 

handling the soda-lime.) 

The solution is kept just below the boiling point 

for i or 2 hours. Further digestion does not improve 

the quality of the precipitate, but it does no harm. 

Following the digestion, 5 milliliters of concentrated 

nitric acid is added; and the solution is boiled to remove 

the last traces of amyl alcohol. The boiling is continued 

until the odor of valeric acid is barely detectable. The 

solution Is filtered through close textured "ashless" 
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paper and the precipitate analyzed es previously 

described. 
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Variation of phosphate: Varying volumes of 

standard phosphate solution were treated in identical 

manner. Sample No. 23 in Table III Indicates that 

insufficient zirconium was released. 

The following conditions were maintained: First, 

the acidity was maintained at 3 N in sulfuric acid. 

Second, 50 milliliters (approximately 0.003 moles) of 

zirconyl chloride solution were added to each sample. 

Third, sodium fluoride was added just sufficient to 

dissolve the precipitate of zirconium phosphate. In no 

case did this exceed 1.5 grams. Fourth, 50 millIliters of 

tri-n-amyl borate were added to each sample In 5 millIliter 

portions over a period of 2 1/2 hours. Fifth, the diges- 

tion period was prolonged to 4 hours to insure as complete 

precipitation as possible. 
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TABLE III 

VARIATION OF PHOSPHA 

Sample No. A B C D 

19 0.0000 0.0000 0.0000 -- 

20 0.0235 0.0439 0.0441 1.02 

21 0.0353 0.0658 0.0660 1.01 

22 0.0588 0.1098 0.110]. 1.01 

23 0.0825 0.1539 0.1481 0.93 

Column 

A--Weight of 

B--Weight of 
P205 used 

C--Weight of 

D-.4iole reti 

used in grains 

Zr02 P205 calculated from weight of 

precipitate obtained 

Zr02 

P25 by analysis 
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Variation of acidity: In order to control the 

acidity within the limits indicated, new solutions were 

prepared in the same manner as described in the reagents 

and chemicals section except that water was used instead 

of 6 N sulfuric acid for dilutions. Varying amounts of 

concentrated sulfuric acid were added so that the final 

acidity would be that Indicated. Twenty-five (25) 

milliliters of standard phosphate end. 50 milliliters of 

zirconyl chloride solution containing i gram of the salt 

were added to each. The amounts of sodium fluoride and 

ester employed were identical with the variation of the 

phosphate run. 

The steep rise in the zirconium to phosphorus ratio 

may be attributed to separation of zirconium sulfate. The 

solubility of the phosphate becomes appreciable es the 

acidity increases. If the acidity is Increased to about 

24 N In sulfuric acid, no precipitation occurs on addition 

of zirconyl chloride to phosphate. On boiling for a 

considerable time, however, a small amount of a rather 

granular precipitate separates. This precipitate contains 

no phosphorus. 

Zirconium phosphate is quantitatively precipitated 

at acidities below approximately 4.5 N. This agrees with 

the results reported by Lundell and Knowles (17, p.1Ol). 
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TABLE IV 

VARIATION OF ACIDITY 

Sample No. A B C 

24 1 0.1089 1.01 

25 3 0.1099 1.00 

26 4 0.1097 1.00 

27 6 0.1081 1.02 

28 7 0.1060 1.58 

29 8 0.1401* 1.82 

30 9 0.0530 1.89 

31 9 0.0720 2.46 

Weight of phosphorus used :0.1098 grams Zr02 P205 

Column 

A--Acidity normal in H2SO4 

B--Weight of precipitate obtained 

Zr02 

C--Mole ratio P205 by analysis 
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Variation of ester: In this cese 0.003 moles of 

zirconium and 0.02 moles of sodium fluoride were used. In 

order to attain complete precipItation 0.1 mole of ester 

Is required. This Is a five-fold excess over the fluoride. 

The recovery is calculated on the basis of the precipi- 

tate's having a composition corresponding to the formula 

Zr02 P05 or ZrP2O7. 
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TABLE V 

VARIATION OF ESTER 

Sample No. A B C 

32 0.0000 0.0629 60.5 

33 0.0128 0.0783 75.3 

34 0.0256 0.0843 81.1 

35 0.0513 0.0948 91.15 

36 0.1025 0.1038 99.80 

37 0.2050 0.1039 99.90 

Weight or phosphorus used 0.1040 grams Zr02 P205 

Column 

A--Moles ester used 

B--Weight of precipitate obtained 

weight of precipitate 
C--Recovery (%) based on 0.1040 100 
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Variation of zirconium: The amount of phosphate 

and ester used were 50 milliliters (0.1025 moles) of ester 

end sufficient phosphate to yield 0.1098 grams (0.3 

millimoles) of zirconium phosphate. Q,uantitetive 

precipitation is not obtained until at least a ten-fold 

excess of zirconium is used. In order to insure complete 

precipitation with en unknown sample, a greater excess 

should be used. Complete precipitation cannot be attained 

under these conditions with less. 

In all cases employing the ester addition method a 

fine semi-granular precipitate is obtained that is easily 

filtered and washed. 

The crystalline structure of the precipitate has 

not been investigated. However, some work on the 

corresponding arsenate compound has been done (20, p.89). 

From x-ray data on zirconium arsenate precipitated by 

addition of zirconium to arsenate solution, the structure 

indicated i8 that of zirconyl metearsenate (ZrO(As03)2). 

This slowly rearranges at 1100° C to the pyroarsenate 

(ZrAs2O7). The complete rearrangement requires several 

hours. 
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TABLE VI 

VARIATION OF ZIRCONIUM 

SampleNo. A B O D 

38 0.000 0.000 -- -- 

39 0.642 0.0328 0.99 29.8 

40 1.28 0.0582 1.00 52.8 

41 1.92 0.0728 1.01 66.4 

42 2.56 0.0984 0.99 89.6 

43 3.21 0.1095 1.00 99.7 

4.4 6.46 0.1099 1.00 100.1 

Weight of phosphorus used 0.1098 grams Zr02 P205 

Column 

A--Millimoles zirconium used 

B--Weight of precipitate obtained 
Zr02 

C--Mole ratio p205 by analysis 

weight of precipitate 
D--Recovery (%) based on 0.1098 100 
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Analysis of Phosphate Rook 

Approximately 0.3 grains of dry powdered phosphate 

rock Is weighed into a platinum crucible and covered with 

concentrated hydrofluoric acid (specific gravity 1.15, 

L.8 per cent). The mixture is gently heated to volatize 

any silica. Several additions may be necessary in order 

to obtain solution of the sample. When solution has been 

accomplished, the sample is evaporated to approximately i 

milliliter and. concentrated sulfuric acid (specific 

gravity 1.94, 95 per cent) is added carefully until 

effervescence ceases or until the volume added is i 

milliliter. The mixture is heated gently to expel any 

excess hydrofluoric acid. Fuming must be avoided or 

phosphorus may be lost by volatilization of P205. 

When hydrofluoric acid is no longer evolved, the 

mixture is washed into e beaker with water from a wash 

bottle; 10 milliliters of nitric acid and 10 milliliters 

of hydrochloric acid are added and the mixture boiled 

until a clear solution results. The solution is diluted 

with water and boiled to expel excess nitric and hyzlro- 

chioric acids. After cooling to room temperature, 10 

milliliters of concentrated sulfuric acid are athied and 

the solution diluted to 75 milliliters with water. 

A solution containing 1.5 grams of zirconyl 
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chloride is added, and the solution Is allowed to stand 

until a precipitate forms. The precipitate is dissolved 

by the slow addition of sodium fluoride solution. The 

solution is heated and portions of triernyl borate are added 

at 15 minute intervals until a total of 80 milliliters hes 

been added (more if an excessive amount of sodium fluoride 

was used). 

When the alcohol layer has disappeared following 

the last addition, 1 milliliter of concentrated nitric 

acid is added cautiously. When the reaction has subsided, 

more is added until the odor of valerie acid is feint. 

The excess nitric acid is removed by diluting with water 

and boiling. The addition of a small amount of hydrogen 

peroxide aids In the prevention of bumping and in the 

removal of oxides of nitrogen. 

kfter the solution is clear, it Is filtered hot 

through medium textured "ashless" filter paper and washed 

with warm (about 60° C) 3 N nitric acid. The paper and. 

precipitate are transferred to a tared porcelain crucible, 

the paper carbonized, the carbon burned off at red heat, 

and the crucible and contents ignited at 900° C for 4. 

hours, cooled in a desIcetor, and weighed. 

The per cent P205 In the sample is calculated on 

the basis of the precipitate having the composition 

Zr02 . P205. The results obtained from the Bureau of 
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Standards samples 120 and 56b are tabulated in Table 

VII. 
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TABLE VII 

ANALYSIS OF PHOSPHATE ROCK 

Sample No. A B C 

45 0.1819 35.19 35.20 

46 0.2065 35.24 35.20 

47 0.1878 29.62 31.55 

48 0.1909 31.4.5 31.55 

Column 

A--Weight of precipitate in grams 

B--P205 found (%) 

C--Bureau of Standards analysis for P205 (%) 



54 

SUMMARY 

The methods in common use for the determination 

of phosphate are subject to a wide variety of interfer- 

ences. Avoiding or preventing these interferences with 

the conventional methods is at best a time consuming 

process. The results obtained by these methods are not 

always reliable. 

It has been shown that zirconium can be used to 

separate phosphate from most of the serious interferences, 

notably vanadium (21, p.706). The chief disadvantage of 

the zirconium precipitate is that it is gelatinous In 

character and a sharp separation cannot be attained 

unless the precipitate is reduced to granular form. This 

is convention8lly done by evaporation to dryness and 

Ignition to a high temperature. The excess zirconium 

salts under these conditions are rendered refractory so 

that the precipitate is not of constant composition. The 

method, therefore, can only be used es a separation 

technique. The recovery of the phosphate from the 

zirconium precipitate is long and time consuming. 

A method Is presented here for precipitation of a 

good quality zirconium phosphate of constant composition. 

This is done by slowly and homogeneously releasing 

zirconium ion into solution under the proper conditions. 
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These conditions are that the zirconium must be in ten- 

fold excess over phosphate; just sufficient fluoride must 

be present to prevent precipitation; the solution should be 

from i N to 4.5 N in acidity; and the quantity of tri-n- 

amyl borate added must attain a hundred-fold excess over 

the fluoride used. 

Results obtained by the analysis of the Bureau 

of Standards samples agree favorably with the accepted 

values. 
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APPENDIX 

Preparation of Tri-n..-amyl or Tri-n-butyl Borate 

Sixty-one (61) grams (1 mole) of pure boric acid 

and 490 milliliters (4.5 moles) of pure n-amyl or n-butyl 

alcohol are placed in e i liter round bottom flask. The 

flask is closed with a cork carrying a dropping funnel and 

a 30 centimeter fractionating column filled with short 

lengths of glass tubing. A condenser is attached to the 

column and set for distillation. A few boiling stones 

are added and the reaction mixture is heated to boiling, 

A mixture of n-amyl alcohol and water distills over. In 

the case of butyl borate the alcohol must be dried and 

returned to the reaction mixture by means of the dropping 

funnel. The azeotropic mixture for n-butyl alcohol and 

water distills over at 910 C during the first hour of 

reaction. The azeotropic mixture for n-amyl alcohol 

distills at 
950 

o. 

The distillation is continued until e sharp 

change in temperature is observed at the top of the 

column. This may be a sharp rise or a sharp drop 

depending upon the temperature of the reaction vessel, 

The completion of the reaction is also marked by the 

condensation of only one phase in the distillate. 



At thi8 point heating Is stopied end the reaction 

mixture is transferred to a flask suitable ror vacuum 

distillation. The excess alcohol is removed under reduced 

pressure, the receiver changed, and the ester distilled 

either under reduced pressure or at atmospheric pressure. 

The exclusion of atmospheric moisture is essential since 

the ester hydrolizes very easily In the pure state, 

The boiling points of the two esters at various 

pressures are (5, pp.16-18): butyl ester -- lO3-lO5 C 

at 8 millImeters, 114°-l15° at 15 millimeters, 1900 at 

200 millimeters, or 2300_2350 at 760 millimeters; and 

emyl ester -- i4.6°-148° at 16 mIllimeters, 



Preparation of Zirconyl Chloride Octahydrate 

Two hundred (200) grams of technical zirconium 

tetrachioride (ZrC14) is added in small portions to i 

liter of water. This solution is then filtered twice 

with suction through 2 layers of close textured paper in 

a bichner funnel. The filtrate is then warmed slightly 

on a hot plate and 1.93 liters of concentrated hydro- 

chioric acid (specific gravity 1.15, 36 per cent) is 

added slowly with stirring. The mixture is cooled in an 

ice bath and filtered with suction through smooth 

textured paper. The crystals are washed thoroughly with 

.5 N hydrochloric acid and dried by drawing air through 

the mass for e period of 12 hours or more. The crystals 

are carefully removed and dried over sodium hydroxide in 

a vacuum desic.ator until hydrochloric acid fumes are not 

detectable. Heating of dry crystals should be avoided 

due to the fact tbat this renders the crystals insoluble 

in water. A reprecipitetion may be necessary if the CryS- 

tais are yellowish in color due to the presence of iron. 

A solution of zirconyl chloride in water should give no red 

color with potassium thiocyanate. 

These crystals cannot be used as a primary standard 

because of the various states of hydration that may be 

present. There is also a tendency for hydrogen chloride 
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to coordinate on long standing before nitration. An 

enelysis o1 the batch prepared December, 1950, showed. 

32.4 (. 0.1) per cent zirconium. Zirconyl chloride 

octahydrate (ZrOC12 ' 81120) contains 28 per cent zirconium. 

A chloride analysis by the Voihard method incidated a 

mole ratio of chloride to zirconium of 1.83 ( 0.01). 

This seems to indicate that during the drying process 

some zirconium hydrolyzed in the water of crystallization 

yielding a small amount of Zr02. The crystals are 

completely soluble in water. 

The filtrate from the crystalizetion step may be 

evaporated to 6 N in hydrochloric acid (approximate 

concentration of azeotropic mixture) end the crystalliza- 

tion repeated by the addition of enough concentrated 

hydrochloric acid to make the solution 8.5 N in acid. This 

process is hardly worth the time unless large amounts are 

being prepared. 
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