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THE DETERMINATION OF URANIUM (IV) IN APATITE 

By Roy s. Clarke, Jr.,, and Za.lma.n So Altschuler 

ABSTRACT 

Geologic and mineralogic evidence indicate that the ura,nium pr.esent 

in apatite :may proxy for calcium in the mineral structure as U(IV) .... .A.n 

experimental investigation was conducted. and chemical evidence was obtained. 

that establishes the presence of U(IV) in apatite-

The following analytical procedure was developed for the determinat ion 

of' U(IV). Carbonate-fluorapatite is dissolved.. in cold 1.5~ orthophosphoric 

acid and. f'luorapati te is dissolved , in cold 1 •. 2! hydrochloric acid contain­

ing 1.5 g of' hydroxylamine hydrochloride per 100 m.lo Uranium (IV) is 

precipitated by cupf'erron using titanium as a carrier.,. The uranium in the 

precipitate is separated by use of' t he ethyl acet ate extraction procedure 

and determined f'luorimetr ically.. The vali dity and t he limitations of' the 

method have been established by spike experiments. 

INTRODUCTION 

An important occurrence of' uranium is as a trac e constituent of' the 

phosphate 'mineral apatite. Geolog ic and mineralogic eyidence and. a 

consideration of' ionic radii indicate that uranium may be present in the 

apatite structure as U(IV). Information on t his oxidation state is 

pertinent to the study of' the geology of' phosphate deposits, the mineralogy 

of' apatite, and the general geochemistry of uraniumo. As a result of' these 

considerations an experimental investigation was undertaken to develop a 
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chemi:cal method t hat would indi"Cate if' U(IV) is present i n natural apatit e 

and, if possible, to det ermine in what quantity :tt occurs .. 

There are two gener al classes of apatite that b.aye been considered 

in this work. The :first is carbonate-fluorapatite (Alt schul er and .others, 

1952) which 11lfiy be represent ed by the formula Ca~0 (P04,GOs)efa-3• APatite 

from the sedimentary phosphorites, such as those :from Florida, the north-

western United States, and. Moroc:co , are exampl es of this type., The s,econd 

class of apatite iS fluorapat ite which has the general f ormula Ca10 (P04)6Fa~ 

This is no:rmally an accessory mineral in igneous rock,. Cari;>onate-

fluorapatite generally contains f r om 0-.01 to .Q.-02 percent uraniu.m and is 

readily soluble in col.d L5! phosphoric acid .• 

In table 1 a general description of the various :materials used. in this 

work is summarized. The major constituents in a l l samples .are Ca, P, and F. 

Tabl e 1.-~aterials used in this investigation., 

Sample d.esig:na,tion Description 

AP-2 •••o•6••<>••••••••• Synthetic fluorapatite 
_,A!J= 3 • ~- 9 • • e._ • · • • -• e • • e • • e 

B~L.-3 •••••••••••••••• 
V·a_ ... . = 7 •••• e e· •• • - ••••• -• •• 

Wa,.-10 ~t-•et~ .••- •••oe•••· •• 

PaVe..=5 e •-• • e _e o. e- • • •• • ••• 

Ho-.• ,=20 •• _. , a o •••• o • . ., 6. e. 

Mox ... ll • • e. e. e 3 e. e • • e· • e • • 

G-25 ....... -••••••. •-• . l;t •• ., 

F.K.-3 •••••••••••••••• 

G.:P,.-19 ~ ................ $< 

W-·384l _ ••. _ ._ .•.•••.• ~ ••• 

Do,. 
Carbonateo,fluorapati te, Florida 

Do .... 
Dog 
Do .. 
Do~ 

Carbonate-fluorapatl.te, Morocco 
A relatively pure :fluorapatite of igneous 

origin, Mexico 
A complex rare-,earth apatite of' igneous origin, 

Mountain Pass 2 California. 
Fluorapatite from an apatite-magnetite bo~, 

Mineville, N. Y. 
Fluorapa,ti.te :from. a quartz .monzonite, Boulder 
Creek batholit h , Colorado 

Fossil bone, Montana 
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The solution of apatite :for analysis is a crith:al step in the deter= 

mination of U(IV). Naturally occurring apat:ite contains small ·quantities 

of' elements that may interfere by either oxidizing or reducing the urani-um 

initially present in the solid material.. Specimens of' both fluorapatite 

and carbonateJluor,apati te may be handpicked to :a fair degre.e of' mineralogical 

purity,. However, even with the greatest possible care, minor elements :1Jl/3,y 

be -present .in rather la.rge concentr,a;tions relative tQ the l.lXan.imn:. The 

:nature of these minor constituents is evident from the semiqw:tntitative 

spectrographic analyses (Waring and An.nell, 1953) of Selected materials 

(table 2) • The chemical value f'or uranium is inserted in the. ta;ble in its 

proper position to show its abundance relative - to the other elements present •. 

The spectrographic analyses, of' course, indicate nothing of the 

oxidation state of the element_s that are present~ .However, it does show 

in sample BJ.,.-3 that elements capable of acting as oxidi.zing or redUcing 

agents tO'W.ard uranium are present in quanti ties comparable to or greater 

than uranium... .Manganese and. chromium are present in the same general con­

centration as uranillm.. I .ron, which as Fe(III) is used in analytical work 

to oxidize U{IV), is also present in much larger amounts than the uranium,. 

In the Durango and.. G-25 samples the situation be·comes more complex. It is 

clear that precautions must be taken if U(IV) analyse.s .are to be performed 

on material of' this complexity,. 

Fortunately in most apatite the total amounts o:r uranium a.n:d of the 

elements that may a.ct to change its oxidation state on solution are small,. 

This results in a ·concentration factor that could be exp-e·cted. to lead to 

relatively slow attainment of' equilibrium. There is also .a kinetic factor 

that could be exp-ected to lead to slow attainment of equilibriUlll if the 



Ta.ole .2 •. --Semiq~ntitative spectrographic analyses of' mi.nor constituents in apatite. 

Range 
percent 

1-5 

0.5-1 

0.1.,;,'0.5 

0.05-0 .. 1 

0.01-0.05 

0 .. 005'-CJ. 01 

o .. oo1 ... o,.oo5 

o-, 0005 :.o • oQ":r 

0 ~ 0001-0 .1)QQ5 

B.t.-3 y 

Al 

.Mg Fe Na 

Sr Ti 

Pb Mn Cr [U] 

:ea. 

Cu V Y 

:Zr 

Yb 

Dur:ango §/ 

{

c··.·e La 
NaY 
Si 

tMg. Sr. · Al Fe 
Nd Mn 

{

V. Ni Ba 
Ti Se Yb 
[U] . 

/' 

tr Cu 

G-25 y 

Ce Sr La 

Nd. Na Si 

MgAJ-Y FePr 

Ba Pb 

Gd Zr Ti Mn 

Dy B li!r Yb {U] 

~· Cu Se V 

Cr 

y ,Analyst, Katherine V. Hazel, u .. s. Geological Survey_. 

gj Analyst, Eelen W. Worthing, U. s,. Geological Survey;. 

Synthetic apatites 
AP-.2 2} ~ .. _; "}j 

Mg Mg 

Al Al 

Si Rb Si .Sr 

Fe Sr Fe Na 

Cr Ba 

Ba Cr Tf· Cu 

Ti Cu Ag 

CP 

/ 
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temperature .of the system is held as low as possible_., If an appreciable 

delay in reaching equilibrium could be attatned in practice, the U(IV) 

sepa;ra_ted f'rom solution could be inherent to the solid apatite and not 

merely a result of the establishment of e·quilibrium:. To demonstrate the 

conditions under 'which interferences of' this t ype could be considered 

negligible synthetic apatit e relatively free of' inter.fering elements was 

prepa.re.d (table 2, AP-2 and. AP-3) ., 

The .organic precipit ant cupf'erron .may be used in a cid Sp'l.utions to 

separate quantitatively insoluble U(IV) cupferrate :from the soh,1.ble U(Vl) 

cupf'errate. When only· very small quantities of uranium are present, a 

carrier such as Ti may be required to give the precipitate sufficient bulk 

to be handled conveniently. Us,ing this carrier technique it · was possible 

to recover U(IV) ad:d;itions quantitatively from a phosphoric a;eid solution 

-of syntheti:c apatite. This leads to a straight-forward procedure for the 

determination of U(IV) in apatite readily soluble in phosphoric acid i.f 

elements normally present in apatite can be prevented from interferingj, 

Toohey .and Kaufm.a.n (1954) have shown that this type of' interference Call.. 

lead to completely errone.ous conclusions •· 

The first experimental problem -was to d.etennine cc;m-di tions un9er whi:ch 

materials could. be dissolved and the U(IV) prec.ipitated without appreciable 

oxidation or reduction of the uranium.. The second problem "WB.S t() establish, 

in a general way, the quantitativeness of t he resu.lt.s obtained.. This was 

:carried out by means of a series of spike experiments_. In these experi.. 

.ments knovm ad.d.i tions, or spikes, were adtied. to soluti0ns of pure synthetic 

materials and to solutions of natural materials., It was found :fr.om these 

experiments that the results obtained from natural materials were simila;r 
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to those obtained :from synthetic mixtures, .thus indicating that the method 

developed is a valid det ermination of U(I V) when properly applied to J 

selected .materials. 

GENEW. PROCEDURE 

Carbonate-.fluorapatite is readi.ly soluble in cold 1 .. 5! orthophosphorie 

.acid.. Baes (1953) has shown that at this concentration of phosphoric acid. 

the tendency of Fe(II) to reduce U( VI) is at a minimum" Experiments that 

are discussed in detail later in this paper (table 4) show that the oxi= 

dation of U(IV) by Fe(Ili) at this acid concentration may also be held at a 

minimum by properly controlling conditions.. As Fe(IIl) is the most eonm.ton 

interference and the one generally present in the largest quantity, a 

solution of this concentration is a favorable medium for the solution of 

apatite without change of oxidation state of the uranium present. 

Schreyer (1954) has sho'WU that U(IV) orthophosphate is sufficiently 

soluble so that no phosphate precipitate of the amall quantities of U(IV) 

found in carbonate-fluorapatite forms during the dissolution of the sample,. 

Schreyer also points out tb.a.t U(IV) in phosphoric acid solution is more 

stable to air oxidation than in hydrochloric or sulfuric acid solutionS;;.; 

Phosphoric acid dissolves the well crystallized fluorapatite from 

crystalline rocks so sla:wly that oxidation of U(IV) took place :when using 

this solvent.. tor thiS reason, samples of igneous or similar apatite were 

dissolved in 1.2!:1 hydrochloric acid containing 1.5 g of hydroxylamine 

hydro:chloride (Nlf~H·RCl) per 100 ml. Experimental Q.a.ta indicate that 

hydroxylamine hydrochlo;ride functions to suppress the o:xJdati.on of U(IV) 

without reducing u(vr). 
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An outline of' the pro·cedure that -was used to te:st the method for 

the determination o.f' U(IV) follcrws,., The :sample is d:iS.Sollted in cold 

l~t5M pho.:sphoric acid if it is readily soluble or in. 1:.,2!! hydrochloric acid 

eon.taini~ 1..,5 g of hydroxyla:mine hydrochloride pe.r 100 ml. The cold solu .... 

ti.Qn i:s filtered to remove any inSoluble re:si.d.Ue:o. A tit anium solution is 

aG.Ge:d ~d the Cl.lpferra.te:s precipitated by the addition of 6 percent aqueous 

cupferron. The precipitate is filtered, washed, and ignited. •. The ignited 

residue is dissolved with a HF-HN03 mixture, taken to dryness wit h HNOs, 

and finally made to volume in 7 percent HN03 • Uranium is determined. by 

the ethyl acetate extractiem-fluorimetric procedure (Grimaldi and others, 

1952). 

When U(IV) spikes were used they were added either as the samples were 

being dissolved or after they had been dissolved4 Spike solutions were 

prepared so that only a small volume, generally l ml or less, would have 

to be added to 50 or 100 ml of sample solution. The concentration of the 

U(!V) spike solutions was checked with each group of experime.nts performed. 

The same precipitation technique that was used on samples was used on ~n 
i 
\ 

aliquot of U(IV) spike solution in a corresponding volume of 1.5~ HsP01 

or l.2M HCl to give the actual concentration of the U(IV) solution at the 

time of use. 

PREPARATION OF SYNTHETIC FLUORAPATITE 

The synthetic fluorapatites, JU>-2 and AP-3, were prepared by ·thoroughly 

mixing stoichiometric quantities of Ca3 (P04 ) 2 (18 .. 6 g) and CaF2 (1.56 g) •. 

The mixture was placed in a platinum dish and covered with a platinum sheet, 

This was placed in a cold fUrnace and rapidly taken to 1250° C, at which 

temperature it Vla;s held for .2 hours. The temperature was slowly reduced. 
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to 950° C over a peri.od of 6 hours before the f'urn.a'Ce was ·turned off .•. 

The material was left in the furnace until it reached room temperature. 

The indices of refra:ction of the resulting apatite were nE = 1.630 

and no = 1..6}2. The structure was checked by x,...ray diffraction, and the 

:pattern was that of fluorapatite without recogni.zable impurities present, 

The semiquantitative spectrographic analysis 'o:f this ma;terial is given ln. 

table 2. 

To test the method for the determination of U(IV) in natural apatite 

one must know :precisely how much U(IV) is :present in such apatite or rely 

on synthetic mixtures of known com:posi tion. As apatite of known U(IV) 

content was not available the experimenta.l :procedure was applied to spiked 

samples of dissolved synthetic and natural apatite,. 

The fact that U(IV) spikes added to synthetic and natural apatite 

could be recovered quantitatively is established by the following experi= 

ment. Spike.s were added to cold solutions of AP-3 and B .. L.-3 and after 

standing an hour in the cold, U(IV) was determined.. The results of this 

experiment together with the U(IV) value obtained when sample B ... L~-3 is 

analyzed without a U(IV) spike are given in table 3• Experience at other 

levels of U(IV) concentration also support the conclu~?ion that complete 

recovery is obtained., 

As the most common impurities associated with apatite are Fe(III) 

oxides and hydrous oxides in the form of' hematite, limonite, .and goethite, 

it is important to establish the range of' tolerance of' Fe(III). Its oxi= 

dizing effect on U(IV) in the presence of dissolved apatite at approximately 

25° C and 5° C over different periods of' time was investigated. The 

results of this experiment are given in table 4. 
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Table 3:---Recoverability o:f U(IV) in presence o:f dissolved apatite• 

50-ml quanti ti,es of 1.5~ H3 P04 containing 100 mg o:f sample were used. 

Sample U(IV) present 
(micrograms ) 

U(IV) added 
(micrograms) 

U(IV) determined Percent 
(micrograms) recovery 

AP-3 50 50 100 

B.L •. -3 13 50 61 97 

Table 4.--The e:ffect o:f Fe(III) concentration and temperature on the 

recoverability o:f U(IV) in the presence o:f dissolved apatite. 50-ml 

quantities o:f 1..5~ H3 P04 containing 100 mg of synthetic;: apatite, ~-3, 

were used •. 

~._ 

U(IV) added Fe(III) added Time o:f standing U recovered 

(Idcrograms) (micrograms) be:fore precipitation 0 (micrograms~ (hr) A/ 25 c rV 5 c 

48 100 l 41 50 

48 100 2 37 50 

48 100 17 8 47 

48 100 4 48 

48 100 4 48 

48 200 4 44 

48 500 4 42 

48 1000 4 34 



Most iron incrustations also· contain some Fe(II). The total Fe 

content lind F~(IT) content of several samples o:fFibrida apat ite .are 

given in table 5. Total Fe. was determined by the o-phemmthroline 

method (Sandell; 1950).. An estimation o:f the .Fe(II) content was ma.de 

by the same gene:r:al procedure., The sample was dissolved in acid without 

heating and the o-phenanthroline-ferrous ·complex was developed wi tho.ut 

the addi tio.n o:f a reducing agent._ 

Table 5 .... -Percent total Fe and Fe(II) in some Florida apatite. 

Sample Total Fe Fe(II) 
(percent) (percent) 

B.L.,-3 0,.26 0 .. 14 

va ... -.7 0 .. 33 0.!>06 

Wa,..-10 o .. 6o o .. o4 

P.V.-5 1.-0 o ... o.6 

In an experiment similar to that reported in table 4 the re.d.ucing 

effect of Fe(II) on U(VI) spikes -was studied. This experiment) the 

results of' which are given in table 6, was conducted at room temperature. 
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Table 6 ~·- =The effect of Fe (II) concentration on U (VI) in the presence 

of dissolved apatit e. 50-ml quantities of 1 .5!:! HaP04 containing 

100 mg of the synthetic apatite, AP ... 3, were used .. 

U(VI) added 
(micrograms) 

Time of standing 
before precipitation 

(hr) 

Fe (II ) added 
(micrograms) 

U in 
precipitate 

(micrograms) 

30 

30 

6o 

1 

4 

4 

100 

500 

The small quantity of uranium recovered (table 6) in the experiment 

with Fe(II) and U(VI) is undoubtedly only partly due to reduction. The 

last few percent of the uranium present are often not separated due probably 

to incomplete wa.shing and other mechanical problems ~ Had this experi~nt 

been carried out at 5° C, any rednction e.ffect would. und9ubtedly have been 

less .• 

Havin,g established the independent effect of both Fe (II) on U(VI)- and 

Fe(III) on U(IV)-spiked. synthetic apatite, the effee t of addition of both 

of these forms o.f iron to a U(IV)-spiked natural apatite :S.!OL.-..-3 was 

examined (table 7). Sample B .. L.=3 contains significant and approximately 

equal amounts of Fe (II ) and Fe (III) (table 5). In this experiment ·cold 

sample solutions that stood for approximately 1 hour before precipitation 

were used,. 



Table (.- -The. effect af Fe(II) and Fe(TII) additions on U(IV) in the 

presence of disso.lved natural apatite. 50...,m1 quantities of 1~5M 

H3P04 containing 100 mg of the natural apatite, :a.L •. -3, were usedc. 

U(IV) added 
{.micrograms ) 

Unspiked 
B.,L.,-3 

42 

48 

48 

Fe(III) added 
(mi.c:rograms) 

100 

Fe (II ) added 
(micrograms) 

100 

U{IV) 
determined 

_{micrograms ) 

13, 13, 15 

56, 55 

6o 

56 

.Pe_:r'cent 
recovery of 

U(IV) 

100 

97 

91 

The ccmclusions that can be drawn :from the experiments reported in 

tables 4 thro-ugh 7 should be emphasized.. These experiments show that inter-

terence of ferric iron can be the cause of serious error unless the condi-

tions of the experiment are carefully ·controlled. In table 4, 100 .mi-crograms 

of Fe(III) is equivalent to 0.-.1 percent Fe in a 100=mg sample of apatite), 

At this level of J!e(III) concentration very little oxidation has resulted 

even. a;f.'ter 4 hours. If samples are dissolved in cold acid and the 

pr:ecipi tation carried out After a reasonably short perio.d. of time (1 hour 

or less) it would be expected that several tenths of a percent Fe(lii) 

could be tolerated without seriously influencing the results •. 

The results f .or sample B.,,L .... 3 are in agreement Yli th the re.sults for 

the synthetic IDA.terial.. The recovery figure on the addition of 100 micro-

graJnS of Fe(Il) is low (table 7), but the expected effect would be to 

increase the U(IV) figure .. Sample B.._L .• -3 conta.ins 16 to 17 mi-crograms of 

total uranium per 100 mg~ there.fore, presl.l.UIIilobly 3 to 4 micrograms of U(VI ) 

that could be reduced~ 
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The problem of solution of materials that are no.t readily so.luble 

in cold 1.,5M H3 P04 vm:s overcome by using cold 1,,.2! HCl.. Treatment with 

this acid readily dissolves all apatite in a short time. Table 8 shows 

the percent U(IV) obtained when five natural apatite samples are disso:Lveti 

in cold L.~ HCL This table also includes data on percentages obtained 

when these materials are dissolved in l.2! HCl containing 1~5 percent 

hydroxylamine hydrochloxide.. The use of NH,20H•HCl gave either comparable 

or higher results than those obtained with HCl alone 11 The pres.ence of 

the hydroxylamine hydrochloride seems to add stability to the U(IV) in 

E?olution and reproducibility to the analytical resultsc. 

Table 8.--U(IV) values for natural apatite dissolved in l.2M HCl 

.Sample 

B.L .. -3 

Durango 

G.".P .. -19 

F.K.-3 

G-25 

and in L2M HCl containing 1.5 percent NH.20H•HCl. 

Percent U(IV) 
HCl as solvent 

o.,ol2 

o .. ooo2 

o.ooos 

0.0015 

0.0014 

HCl containing 
NH20H•HCl as solvent 

o.o12 

0 .. 0002 

0.0009 

0.020 

0 .. 0019 



18 

.A series of experiments was performed to establish the re~c.overy and 

repro.du.cibility of the recovery of U(IV) spikes adqeo, to solutiOJlS of' 

apatite in 1,.2;! hydrochloric acid containing 1...5 percent hydroxylamine 

hyd.ro·ch.loride.. Two different le~ls :of U(lV) ·were f'ir$.t · pre.ei.:pitatea from 

acid.. solution containing hyd.roxylam.:ine hydrochlorid-e Without apatite b·ein,g 

present.. In these blank detenninati .. ons essentially c,omplete :reeov:ery -was 

obtained.- Synthetic apatite . .AP'"'2 which contain.s no l.l..'raniUln and three 

natural carbonate ... flu.orapatite samples were analyzed. :for U(IV) "' These 

.materials were reanalyzed for U(IV) after know additions ~:f U(IV) were 

made to the sa:mple solu.ti()n. In the !Jres.enee of apatite l ess than cqmplete 

recov.ery of' U(IV) spikes was obtained... The results qf th.is experiment 

are given in table 9.. In sUlll!llArizing, it can be stated that the average 

percent recov.ery for these 12 a:rralyses ou 4 different s.ampleS is 79, w:tth 

a range .¢:f values from 67 to 87.. It is worth noting that despite the 

fact that the spike'S -varied ;from 20 to 500 micrograms of uranlu;m the 

standaxd de"V.l.ation from the average percent recovery is only 5~.4• 

Katz and Rabinowitch (1951) point out that there is evidence tor 

U(IV}-flu.oride ion complex :formation, and ,Ahrla:nd.. and. la:rss.qn. (1954) h:a:ve . 

naade a detailed study of U(IV) complexes with chloride, bromide, and. 

thiocyanate ions. It is possible that the :formation of a U(IV}.,.fluoride 

i.o.n complex causes the consiste:at 20 percent lew recoveJ:y in the above 

exp:eriments (table 9) • The apatite used contained from 3 to 4 percent 

fluorine, the carbonate-fluorapatite bein.g at the high enci an:Q. the 

fluorapatite being at the low end of this ra.nge.., 
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Table 9·--,Reccvery of U(IV) spikes from solutions of apatite in 

Sample 
0.100 g 

Blank 
Do •. 

AP-2 (synthetic 
no U) 

Do. 
Do. 
Do., 
Do,. 

.B.L ... -3 
Do •. 
Do. 
DO.;t 
Do . ., 

va.-7 
Do .. 
Do. 

Wa .• -10 
Do. 
Do .• 

1,.~ RCl containing 1.5 percent NU2 0H•HC"l •. 

U(IV) 
in spike 

(micrograms) 

20 
100 

0 

20 
4o 

100 
500 

0 
20 
4-o 

100 
500 

0 
20 
4o 

0 
20 
4o 

U(IV) 
determined 

(micrograms) 

20 
97 

0 

15 
35 
84 

4oo 

12 
25 
41 
88 

370 

4.0 
20 
36 

1...6 
17 
28 

To-tal ti( IV) . 
recovered 
(percent) 

100 
97 

75 
87 
84 
80 

78 
79 
79 
72 

83 
82 

77 
67 

An indication of' possible complexing action was obtained by an. 

experiment using the carbonate-fluorapatite sample :B,.,L~-.3· The U(IV) was 

precipitated and .:filtere.d in the normal way and the :f.iltrate from. this 

operation was then checked :for additional U(IV) • A value o:f Q.,.OlO percent 

U(IV) was obtained :from the :first precipitation (a. low value :for this 

sample). An additional 0 •. 0028 percent U(IV) which was obtained :from the 

second precipitation accounts :for 47 percent o:f the uranium :remaining in 

solution. 
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That a 20 percent deficiency in recovery co.uld be attributed to a 

U(TV) '"fluoride cOmplex was established by comparing the rec·overies of 

kn:o-w.n spikes of U(IV) :f'rom solutions of' trical:cium phosphate and. calcium 

fluoride,. The concentrations of' calcium phosphate .and :calcium fluoride 

used wer.e equivalent to those obtained upon dissolvi.ng apatite as in 

the nonnal experimental procedure. In calcium phosphate alone the spike 

-was completely recovered, whereas with calcium fluoride alone only 8Q 

percent of the spike was recovered~ These e:xper:iments WOUld seem t o. 

establish that a U(IV)-fluoride ion complex is operat.in.g to cause the 

low recoveries,. 

Experiments to study the effect on U(IV) values of :changing the 

hydroxylamine hydrochlori.de concentration in 1_.~ hydrochlo:ric aci·d were 

performed~ The data :from these experiments are given :tn table 10. Several 

different materials were used and 100-mg portions were allowed to stand 

in the eold acid. s.C,lutions with occasional stirring fo-r 1 hour... 'l'o the 

so:lutions containing the synthetic :fluorapatite, ,AP-3, 1 .. 0 ml o:f a spike 

so:lution that :contained approximately 20 mi-crograms qf U(!V) per milliliter 

was added. Sample B"L.--3, a carbonate .. f'luorapatite, wa·s used because a 

fluorapatite of simple chemical composition at this relatively high level 

of U(IV) content was not available_._ The Durango fluorapatite is of 

relatively Simple chemical composition whereas the f l uorapatite F:.K.-3 

is of more complex composition.. The compositions of AP-3, B •. L •. -3, and 

Durango are given in. table 2 .and. that of F.oKs.-3 is given by McKeown and 

Klemic ( 1956) ·• 
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Table 10.--U(IV) values obtained. on solution of Sal!lPles in 1.2!:! HCl 

containing various concentrations of NH~OH•HCh 

Pe.rcent 
NH~Hii>RC 1 . . ~Jfp~ .. 3 ,lJ . • 

in 1.-2M HCl sp1ked to conta1n 
· - 1'10...:02 percent U(IV) 

0 

o .. 75 

1.,5 

15 

0-.015 

0.,.019 

0.019 

o~o2o 

o.o1s 

}} Uranium free .• 

Percent U(IV) 
Durango F,.K ...... 3 

(Total U (Totai U 
B .. L.-3 

(Total U 
0.-016 percent) .0. 0008 7 perc.erl:t ) 0 ,074 percen.t ) 

o.o12 o.ooo2 o~ool5 

0.~012 0 .... 000.25 o.oolo 

O.o.Ol2 o.ooa30 0 .~01.5 

o.o13 o ... ooo2 0.020 

0.012 o .. ooo32 o.oz2 

0.,013 Q.OOQ34 0.030 

The U(IV) values obtained for the spiked .syntheti.c .AP .... 3 and. sample 

B.,Liii""3 ar,e es.sentially constant oyer the range oi' hydroxyl~I!line hydrochloriQ.e 

coneentration;a studie.d.,. This con:stancy demonstrates that the 1.,.5 percent 

hydroxylamine hydrochloride concentration, selected for use as ·A solvent 

for fluorapatite, is well within a range of concentrations that ·ea.:n be 

varied without causing ya;riat.i.o.n in U(IV) values for a numbe,r. of materials .•. 

The. results on the Durango material probably f'all, in a general way, into. 

the pattern of .AP~3 and. B.L.-3. Ho:Wever, the data an Durango are not 

conclusive because of the iow level of U in thi.s material. 

The U(IV) values obtained for the complex material F.K~-3 increase 

markedly with increasing hydroxylamine hydrochloride concentration., This 

kind. of response is a general indication of unsuita.bili ty of a particular 

apatite specimen or grou:p tQ. this type of' U(IV) BJ'l.a.lysis. 
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The lack of constancy of U(IV) values in sample F ... K.-3 is not sur­

prising when its chemical composition is cons:J,dered., The material contains 

over 10 percent rare earths (more than 1 percent Ce) and several elements 

such as Fe, .Mn, and As in the O~OX to o .. .x percent range which could act to 

change the oxidation state of uranium.. This material also contains Co in 

the o.ox percent range and Cu in the O.OO.X percent range. Pannell (1950) 

has sho'Wn that both Co and Cu, along with Mo and silicate, catal~e the 

air oxidation of uranium. 

A possible explanation of the behavior observed with Sai!l1lle F ,K.-3 

is that hydroxylamine hydrochloride in the presence of an unknown catalytic 

agent reduces some U(VI) to U(IV), resulting in an increase in apparent 

U(IV) with increased hydroxylamine hydrochlorid.e concentration. Tha.t this 

type of behavior does not usually occur is shown by the results wi.th A:P-3 

and B.L.-3., It should be noted. that for sample B.L.-3 an essentially 

constant U(IV) value was obtained with all the various s olvents used in 

this work (l.,2M HCl, 1.,~ HCl containing various concentrations of NHaOH•HCl, 

table 10, and 1 .. ~ ~4, table 7). It should also be noted that there is 

appreciable uranium 1 25 percent o.f the total, in sample B,.L . .-•3 that i .s not 

accounted for as U(IV). This uranium is presumably :present as U(VI),. 

.An experiment was eonducted to see if Fe (II) spikes could reduce U(VI) 

when the samples are dissolved in 100 ml of hydrochloric acid-hydroxylamine 

hydrochlo.ride solution,., The synthetic apatite, which is essentially iron 

free, and. a natural apatite, B.L .. -3, containing 0.26 percent total Fe and 

0.14 percent Fe(II) were used.,. The iron and U(VI) spikes were added with 

stirring to the cold sample solution. The cu:pferron preci:pi tation was made 

after approximately l hour.. The results are given in table 11. This 

experiment demonstrates that relatively large qlJ.antities of Fe(II) as 

compared to uranium can be tolerated under these conditions. 
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·Table 11.--The ei'fect of Fe(II) additions on U(IV) values fo.r sampl es 

dissolved in 100 ml of 1.2M HCl containing 1.5 percent NH~OH ~,HCl . 

100 mg sample 

AP-2 

Treatment 

15 micrograms U(VI) + 0~12 mg Fe(II) 

15 micrograms U(VI) + 0.12 mg Fe(II) 
+ o •. o6 mg Fe(III) 

0.31 mg Fe(II ) 

3 _. 1 mg Fe(II) 

]:_/ Less than 2 .. ~ percent Gf total uranium present, 

Percent V(IV) 

0.00030 },/ 

0.00035 y 

0.013 g) 

0.014 §/ 

3} Unspiked values run from 0 .011 to 0 "'013 percent U ~>. 

A comparison of results obtained on natural materials that are soluble 

in both the phosphoric acid and the hydrochloric acid-hydroxylamine 

hydrochloride solutions is given in table 12. With the excepti.on of sample 

.Mor.-11, the results of phosphoric_ acid solution of the sample are highe·r 

than those of' hydrochloric acid-hydroxylamine hydro:chlorid.e" Th.is fib;; 

in with the data on fluoride-complex formation in the hydrochloric acid-

hydroxylamine hydrochloride .medium. On the average these d.eterminat.ions are 

lower by 12 percent than those using phosphoric acid., This is not f'ar out 

o·f line with the 80 percent recovery figure on U(IV) spike experiments_. 

Perhaps the values obtained. us.ing phosphoric acid are also .a, little lo:W~. 



24 

Table 12.--COm:paris·on of' U(IV) values of' na:tural materials using 

two dif'f'erent methods of' sample s olution. 

Dissolved in HC:),.-NH20H·HC1 Dissolved. in Hs:P0-4 
Sample Percent .Percent o.f' total U Percent Percent of' total. U 

U(IV) in reduced state U(IV) in reduced state 

B.L ... -3 o .. o12 71 0 .• 013 82 

o .. oo4o 45 0.0055 57 

Wa.-10 0.0016 21 0.0028 37 

0 .0024 34 0.0029 39 

0 .. 011 48 0.,015 65 

.lvior.-11 0.0009 9 0.0005 5 

W-3841 0 .• 40 48 0.50 6o 

S,ample Mor.-11 is an oxidized material containing an appreciable amount 

of' goethite and theref'ore would be expected to contain little U(IV).. When 50 

micrograms of' U(IV) spike was added to a phosphoric acid solution of' Mor,.-11 

.and the U(IV) pre.cipitated, only 46 mi·crograms of uranium was recovered 

ra.ther than the 51 micrograms that would be expected--a 90 percent recovery .. 

REAGENTS 

All chemicals used were reagent grade .. 

l.,:J!! ortho;phosphoric acid4 

1 .• ~ hydrochloric acid containing 1~5 g o.f' hy4roxylamine hydrochloride 

( Nli20H• HC 1) per 100 ml._ 

6 perc.ent aqueous cup:ferron,. 

Wash solution: Add 25 ml of 6 percent cupf'erron solution and 60 ml of 

hydrochloric a-cid to wa.ter and dilute to 1 liter~ 



Titanium solution~ 0.437 g of titanium oxide, Ti02 , ~ fusecl with 

5 g of potassium pyrosulf:ate,. The product of the :fusion m;r;s dissolved in 

200 ml of water containing 25 ml of c o.ncentrated Sulfuric acid, This 

solution is Oi.luted to 250 ml, yiel ding a solution containing 1~0 .mg of 

Ti per milliliterc 

UraniUJ:ri (IV) spike solution~ A solution of 2QO micrograms of: uran.imn 

per milliter in 5 pe.rcent H~04. prepared fJ:Om 99.9 percent U$0s was reduced 

on a Jones reductqr .and was stO'red in a refrigerator when not in use,. 

Solutions of various strengths were prepared from it by dilution With cold 

5 percent H~04.• Fresh solutions we.re prepared every few days because .qf 

appreciable oxidation. 

The choice oi' solvent dependS on the nature of the sa.m,ple. Cold 

phospho.ric a·eid sh~d be used fo.r carbGrnate-i"luo.ra:patite and any other 

material that will dissolve in this med;i.u.m,.;; The UJ;.~e of hydrochloric a:cia ... 

hydro.xyla.mine hydrochloriae solution is required f:o.r apatite o.f igne~ 

origin or other highly crystalline .flu:orapati te. 

Solution of sample in phosphoric acid 

The sample is ,ground to a fine powder, 0.100 g is weighed, put into a 

100-ml beaker, and 50 ml of 1,.5!! phosphoric acid that has pe.en chilled tQ 

at least 5° C is ad~d.. The aeid is stirred to suspend the sample) the 

beaker is covered and placed in a cold water bath regulated at i4:0. t .o 5q C 

for one hour. The suspension is stirred several times during this period. 

Mc;>re frequent stirring is required fo.r less readily soluble s•plel? ~ 
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Solution of' sample in hyd:ro·chloric acid"'hydraxylam.ine 

hydro.chloride solution. 

The sample is ground to a :fine powder, 0 q 100 g 1.s weighed, put in.to 

a 250':"'ml beaker, and 100 ml of' a solution of 1 .... ~ hydro·chloric acid. 

containing 1 .. 5 percent hydroxylamine hydro.chloride that has been chilled. 

to. 5° C or below is added. The solvent is stirred to s:uspend the saJ!I.Ple, 

the beaker .is covered and placed in the cold water ba.th regulated at 4° to 

5° C. The sample is stirred a t frequent intervals until it is in solution. 

This can take .:from 20 minutes t o l hour. 

Cupferron pre.cipi tation 

The cold sample solution (either method of preparation) is filtered 

with suction through a 2 .. 1-cm g l ass fiber fi lter paper in a Gooch crucible._: 

The beaker and crucible are -washed twice with small quanti ties of water: .. 

The filtrate is received in a 150-m.l beaker sitting in ice water;, 

IIQmediately 3.-.0 .ml of a cold solution of 1,.,0 mg of Ti per m.illiliter 

in 10 percent sulf:urie acid iS added.. This is :followe.d by the addition ·w1. th 

stirring of 3-.0 ml af a cold. aqueous 6 pe.rcent cupferron solution,.. The 

beaker ·canta;i.n.in;g the cupferrate is placed in the :freezing COJ!I.Partment ():f 

a refrigerator for 10-15 min before filtration with suction through a 9 .. .cm 

close-textured filter paper-. The precipitate is washed a total of eight 

times with a cool solution of 6 percent hydrochloric acid and 0 .. 15 percent 

eu;pferron"" The pa;per containing the precipitate iS placed in. a 25-)II]. 

platinum crucible and charred und.er an infrared lantp and then igni.ted over 

a burner .. 
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Determination o;f uranlum 

The ignited residue must be put into a 7 pereent b y volume nitric 

acid sol ution for extraction of the urani.um,. Thi.s may be done by tw\' 

methods, either (a) ;potassium pyro.sulfate fusion or ('b) HF-nitric acid 

treatment ... 

a) Add 0.5 g of ;potassium pyrosul fate to the residue an.d heat oYer 

an open flame at as low a temperature as possible until solution is com,plete. 

b) Add 5 ml of 1+1 nitric acid and 5 ml of !IF to the reSidue ... 

Evaporate to dryness on the steam bath.. Add 1 .m.l of 1+1 nitric acid. and 

again take to dryness,., 

Take up the residue from either method of treatment with enough 1+1 

nitric acid to yield on dilution a convenient vol ume of 7 percent 'by 

volume nitric a ·cid.,.. Warm on the s team ba th to d.i.sso-lve the material a nd. 

transfer the solution and. any insoluble .material to a volumetric flask and 

dilute to yo·lu.me. A 5 •. 0 ... ml aliquot of this solution. is added to a glass.~ 

stoppered test tube containing 9 .. 5 g aluminum nitrate of low uranium content. 

Uranium is then determined by a s t andard ethyl. acetate e~traction~ 

fluorimetric procedure (Grimaldi and others , 1952) .. 

It may be convenient when wo.rking with small amounts of .materia.l or 

with materials that are quite lmv in uranium to take up the whole sample 

in a volume of 5 ml of 7 percent by volume nitric acid,. If · this is to be 

done, 9.-.5 g aluminum ni.tra.te of low urani.um content is added directly to 

the crucible containing the residue from either treatment (a) or (b) given 

above. Five milliliters of 7 percent by volume nitric acid is a@ed and 

the -crucible and contents heated. on the steam bath until the salt dissolves 

and as much as possible of the residue i.s in solution. The contents of 
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the cru:cible .are then transferred. (without wshi:ng) to a g;J.ass..,s.toppe:red 

test tube for extra.etion. 

The data obtained by spike experiments demonstrate that the method. 

outlined in this pa:pe:r; can be used. to estimate the U(IV) :content of 

selected apatite samples.. The purity o.f the sa.nwle :material determines 

the a:pplicabili.ty of the method.. Spectrographic analys.es or other sui table 

tests are suggested to check an unusual content of elements that TN:iy act 

either to oxidize or to reduce ura.ntum • 

. Materials of the carbonate.~flll.Qrapatite type can be put into solution 

with the phoslJho.ric acid treatment. A;na1yses based on this .method of 

solution are on a more secure .footing than those 'based on solution of 

sample in hydrochloric acid-hydroxylamine hydrochloride 11 For"this reason, 

ph(1sphoric acid. solution iB used whenever the sa111ple is readily s.oluble 

in it,. Ryd.rochl.oric aci:d-hyd.roxyla.min~ hydrochloride solution is l.l.Sed 

only on the less solub.le TN:iterials.._ 

U(IV) results should. be evaluated. in te:rms of all the information 

av:ailab1e on a particular material. Knowledge of' the general chemical 

composition of the material, particularly With reference t 0 iron .and. otl.ter 

elements that 111ay act as oxidi.zing or reducing agents, is helpful. 

The reliability of particular analysis may be checked l;>y use of a 

U(IV) spike. l'h.e spike should be recovered nearl y con:wletely if phosph.o.ric 

acid is used to dissolve the sample.., If the .more drastic hyd.roehl()I'ic 

acid-hydroxylamine hydrochloride treatment is required, the spike Should 

be recovered at about the 80 percent J.evel. It should also be noted that 

va.lu.es obtaine.d :wlleJa using this latter sol vent are probably 20 percent Io:1N., 



Experience indicates that l ittle con.fidenc.e can. be pll;!;eed OJl any 

U(IV) figure that is less than 10 percent of t he total uranium present 

i.n the material analyzed..-. Only when spiking experiments i.nd.ieate that 

i .t is a val;Ld result should any significance be attributed to auch a 

low value .. 

The analytical procedure develope.d has been advantageously applied 

to several types of apatite in the course of a s t udy of t b.e geochemi~:rtry 

Of uranium in apatite a.ml phosphorite sarrr,ples; t his s t udy wil l be t he 

The authors 'Wish to a:cknowled,ge their indebtedness to Frank s... Grimaldi 

for his valuable suggestions and.. cri tici.sms throughout the c()urse o.f these 

studies. 'This work is part of t he program. conducted by the U.- s .. Gecrlogical 

Survey on behalf of the Divi sion of Raw Materials o;f the u .• ~S.. Atomic 

En,ergy Commission. 
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