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FOREWORD
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engineer.
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University of California Radiation Laboratory, Dr. J. S. Fritz of Iowa State
College, end Dr. G. John, Mr. C. D. Houston, and Lt. George Latimer of this
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ABSTRACT

This paper describes the results of a comparative study of anelytical
methods suitable for the determination of thorium and zirconium in magnesium
base alloys.

In addition, this paper describes en attempted amalgemastion of selected
analytical methods and ion exchange techniques into a scheme for the quantitative
analysis of thorium and zirconium in these alloys. DManganese and zinec, common
constituents of megnesium base alloys, were carried in the experiments, but only
tc study their interference in the proposed scheme,

The sample i3 dissolved in 12N-HCl snd the resulting solution is percolated
through a column containing Dowex 2-A8 anjion exchange resin, Hagnesium and
thorium pess through the column while zirconium, zinc, and menganese are absorhed.
The latter elements are removed by eluting the column with water, The thorium
and zirconium in the separated fractions can be determined by means of the
complexometric titration methods described by J. 3. Fritz.
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INTRODUCTION

With the improvement of aircraft dependent to a large degree upon the
available materiasls of construction, it i3 inevitable that meny new and improved
materials, out of which various aircraft components can be fabricated, will be
developed. An important class of materials is the one which contsing the sirframe
and skin structurel alloys. Improved alloys are being developed from several
base metals. One of the best is magnesjum and this is being used as the base for
a series of new slloys which contein thoriwm, zirconium, and some rare earths.
These alloying constituents improve the grain structure (zirconjum) and improve
its high temperature strength and c¢reep properties (thorium and the rare earths. )

@uantitative methods for separating and determining manganese and zinc are
well developed. However, no attempt was made to study interferences by thorium
and zirconium in the determinations of magnesium and zine. wuantitative methods
for separating and determining the rare earths are problems of considerable
difficulty and are not considered in this work,

PART A

Comparative Methods for the Quantitative
Determination of Zirconium and Thorjum

l. Thorium

Although the literature abounds with methods for the quantitative
determination of zirconjum snd thorium (c.f. bibliography 1-60), few
studies comparing these various methods have been mede. As Beamish
and Westland point out (128):

"A criticel study of a large number of
gravimstric reagents for thorium would be
a desirable contribution. Each year =
number of new reagents is reported, but
little effort has been made to estimate
their relative values."

Manuseript released by author on 20 August 1956 for publication as a WADC
Technical Report,
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In the time available to the suthor for research on this project, it would
have been impossible to try every method available in the literature; so certain
criteria were used in selecting those methods which seemed best suited to the
situation encountered in this work: (1) the method should be simple and rapidj
(2) it should be as inexpensive as possible; (3) it should be capable of de-
termining thorium in the presence of fifty times as much magnesium and amounts
of zinc and menganese equal to the thorium.

On the basis of these criteria five reagents for the determination of
thorium were selected: oxalic acid, ammonium hydroxide, ferron, benzoic scid,
and ethylenediaminetetraacetic acid.

a, Oxalic Acid

Not only is the oxalate precipitation one of the ¢lassic methods of
determining thorium, it also has the sdventage of being a relatively simple
technique (12,29,57). Rodden and Warf (57) discuss the interferences associ-
ated with this method: (1) The coprecipitation of the rare esrths, zirconium,
and urenium (IV); (2) The photochemical reduction cf the oxaslate complexes
of U0, (3) The reduction of gold to the metezl; and (4) The occulsion of
metals whose oxalates are normally acid soluble, i.e. Ca‘*. Sr“, Ba*‘, Nm’*,
Co**, Ni**, cu**, zn**, ag*, cat*, sn**, Pb**, and 3it4. The precipitations
were made in the following manner:

Twenty-five milliliters of a standerd thorium solution
(details of stendardization are in the eppendix) were
diluted to 200 milliliters and 30 milliliters of 12I -
HC1 were added. Four grams of oxalic acid dihydrate
and a little filter pulp were added to the boiling solu=-
tion. After a few minutes of boiling, the scoluticns
were set aside to cool overnight, The solutions were
filtered through a # 42 paper. The oxalate precipitates
were ignited to ThO_. The results are tabulated in

2
Table I.

WALC TR 56-455 2



TABLE I

Frecipitation of Thorium with Oxalic Acid

mg Th mg Th mg
Added Found Difference
154.5 151.5 -3.0
15445 152.9 -1.6
1545 152.9 -1.6
98.3 977 -0.6
98'3 9803 -0
98.3 97.0 -1.3
20.0 19.5 -0.5
20,0 19.4 -0.6
20.0 19,6 -0l

b. Ammonium Hydroxide

The hydroxide precipitation was selected, bDecause it is potentially
the simplest available method, Complexing compounds such as carbonate, tartrate,
hydroxy acids, sugars, end glycerols interfere, (56). 4n excess of ammonium ion
prevents the precipitation of the alkalis, a2lkaline eerths, zinc, copper, nickel,
and silver; but in many cases multiple precipitations are required to completely
geparate the interfering elements. By boiling thorium solutions containing
sodium azide or sodium thiosulfate, thorium hydroxide is precipitated while inter-
fering ions stay in solution. The addition of hexamethylene tetraamine to a
boiling solution of thorium will separate the thorium as the hydroxide from the
rare earths, cerium, snd partially from uranium, scandium, titanium, or zirconium.
The hydroxide precipitations were made in the following manner:

To twenty-five milliliters of standerd thorium solution was
added enough 6N ammonjum hydroxide to ensure precipitation
(approximately pH 5) of the thorium., The hydroxide was
filtered through a # 41 paper, washed thoroughly with

NH,QH and ignited to the oxide., The results are found _
in Table I1. §

WALG TR 56-455 3



TABLE 11

Precipitation of Thorium with Ammonium Hydroxide

mg Th ’ mg Th mg
Added Found Difference
154.5 152.5 -2,0
154.5 152.3 -2s2
154.5 153.2 -l.3
98.3 98.1 0,2
98.3 98,2 -0, 1
98'3 97.5 -0'8
50.0 S0.4 + 0.4
50.0 50.2 +0.2
50.0 50.2 + 0,2
20,0 20,0 =0,0
20.0 . 1907 -003
20.0 19.8 -0.2

¢, Ferron (8 - hydroxy - 7 = iodo = guinoline = 5 - sulfonic acid}

The literature indicates that ferron is a fairly specific and easy to
use analytical reagent for thorium. Beamish, Mc Donnell, and Ryan (11) claim
that in the pH range suitable for thorium, only silver, mercury, and copper
interfere while lanthanum, cerium, titanium, nickel, cobalt, and uranium do not.
The precipitations were performed in the following manner:

Twenty-five milliliters of standerd thorium soclution were
diluted to 100 milliliters., A few drops of bromophenol blus
were added; then 10% ammonium scetate was added to the
solution until the indicator turned blue, and then enough
dilute hydrochloric acid until the indicator just turned
yellow. After the solution was heated to 70°C, a 0.2%
aqueous ferron solution (4 milliliters per milligram thorium)
was added, and the solution digested for half an hour. It
was then filtered through a # 42 paper and the precipitate
was washed with 0.02% ferron solution. The precipitate

was ignited to Ihoe. The results of these precipitations
are found in Table"II1I,
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TABLE III

Ferron Precipitation of Thorium

mg Th mg Th mg
Added Found Difference
15}.‘.05 150. l.]. "ho 1
1545 151.7 -2.8
98.3 98.6 +0.3
9803 9h'6 "3'7
98.3 95.9 2.4
50.0 46.8 3.2
5040 39.3 =10.7
50. 0 33'9 ) "16.1
20.0 | 19.8 -0.2
20.0 19._5 -0.5
20.0 19.2 -0.8

de Ammonium Benzoate

One of the more recent gravimetric techniques for thorium is
precipitation as the benzoate (45,52). Rao, et. al (52) recommend the use
of benzoic acid to separate thorium from the rare earths. Loucks, et. al
(45) find that zirconium benzoate is quantitatively precipitated with the
thorium. The benzoate precipitations were made in the following manner:

To twenty-five milliliters of stenderd thorium solution

were added 75 milliliters of distilled water and a few drops

of bromophenol blue., The acidity was adjusted until the
solution was just acid to the indicator; 10 grams of NH,Cl

were added and the solution was heated to boiling. One hundred
milliliters of hot 2% emmonium benzoate solution were added,
and the resulting solution was heated for 10 minutes. The
precipitate was allowed to settle, the solution filtered through
a # 41 paper, and the residue was washed with 0.5% ammonium
benzoate, The precipitate was ignited to Thoz. The results
are tebulated in Teble IV,
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TABLE IV

Benzoate Precipitation of Thorium

mg Th mg Th ng

Taken Found Difference
38.3 98.6 +0.3
98.3 98.6 +0.3
3843 98.7 + 0oy
20,0 20,0 +« 0,0
20.0 19.8 +0.2
20,0 20.0 +0.0

e. The Complexcmetric Titration of Thorium

This determination depends upon the competition between the thorium
complex of Alizarin Red-S and ethylenedinitrilotetraacetate jon (ELTA or
Versene). A solution of thorium and Alizarin Red-S hes & pink color between
pHE and pH3. This pink color is not to be confused with the basic color of
the dye ebove pH 3.5. The pink complex is titrated with a standardized ELTA
solution and when the EDTA has removed all of the thorium from the Alizarin
Red-S complex, the color of the solution changes from pink to yellow. Expe-
rience at this laboratory has shown that the color change is sometimes rether
subtle. The details of the titration are given in Ford and Fritz's article
along with a detailed study of the interferences in this method. They ine
clude a list of the pK values for the metals (the logarithm of the equilib-
rium constant for the reaction: Metale EDTA 3=® Metal Chelate %32) The
metals w'ﬁich interfere (24-28) are, Pu** , Cut*, Ni*t,K Fe** , Ti*7, zrth, Ge'”",
v*5, sn4, Bit*t,

Aluminum does not interfere if it is present in concentrations less
than .01M and if the pH at the endroint is near 2l = 2.5, but larger amounts
of aluminum may have to be separated., Anions which form precipitates or
complexes with thorium such as phosphate, fluoride, oxalate, sulfate, and
mendelate cannot be tolerated. Small amounts of acetate do not interfere,
but larger amounts cause & poor endpoint and low results.

" The following ions do not interfere: Ne*, Lit, Be'', Mg**, Ca**,
un?, La*t , co™, Ca*™, za*t, KT, sr*t, or**t, agt, U0,

JADC TH 56-455 6



The initial standardization of the LDT4 solutions was
the most difficult problem. A standard KMnO, solution
(142) was used to stendardize a CaCl solutign (141);
the calcium stendard was then used to stsndardize the
EDTA (134). The stendard thorium solution was used to
check the titer of the LDTA., The two different methods
geave checks to ,0001N. In eddition, since EDTA may be
standardized ageinst a primery standard of weighed zinc
metal (127), the titer was checked in this way and the
results also agreed to 0.,0001N with the other two deter-
minations.

The determination of thorium with EDTA is done in the following manners

A standard solution of thorium was placed in a 250 mil-
liliter beaker and diluted to sbout 100 milliliters. A4
few drops of 0.2% Alizarin Red-S solution were added

and the solution's pH was adjusted to about 2.5. The
EDTA was delivered from & ten milliliter buret calibrated
to 0.05 ml and readable to 0.0l ml. When the pink color
began to fade rapidly, the pH was adjusted to 2.8 and

the titration was continued until the color changed from
pink to yellow., 4ll pH adjustments were made with dilute
HClQ, or NH,OH. The results are to be found in Table V,
A pHametar ﬁnd magnetic stirring greatly a2id the titration.

TABLE V

Complexometric Titration of Thorium

mg Th mg Th mg

Added Found Difference
98.3 98'3 000
98.3 98.4 0,1
98.3 98.3 0.0

Since more detailed studies of this particular determination werse
conducted later, only three determinations using this method are included in
this gection.

f. Comparison of the Five Methods for Determining Thorium

Table VI shows the accurecy and vrecision that thuis laboratory has
achieved with each method.

WADC TR 56-455 7



TABLE VI

Comparison of Methods for Determining Thorium

Method % Precision % Accuracy
Oxalate 045 1.63
Hydroxide 0.40 0.80
Ferron 357 6.67
Benzoate ‘ 0.26 0. 40
EDTA 0.03 0,03

ge Study of Magnesium Interference in the Precipitation of Thorium
Hydroxide

In the investigation of the possible interference of magnesium in
the precipitation of thorium with ammonia, two studies were mede, Cne was
the effect of different weight-percents of magnesium on the precipitation of
thorium at a constant pH; the second was the effect of different pH on the
precipitation of thorium in the presence of a large amount of magnesium.

A series of double hydroxide precipitetions were performed

in the following manner: First various synthetic lg-Th solutions
were prepared in which the magnesium ranged from 0 to 98

weight percent. To these solutions (at least 100 milliliters

in volume) enough NH Cl was added to be equal to five times

the weight of magnes&um present.

A few drops of indicator were added. Three indicators werse
used: Congo Red - pH range of 3 to 5; phenolphthalein - pH
range of 8 to 10; end bromocresol green mixed with methyl
red - a sherp color changs at pH of 5.1. The mixed indica-
tor was preferred because of its sharp color change. 1In
addition one series of precipitations were performed with-
out any indicator.

WADC TR 56=455 8



heagent grade smmonium hydroxide was added until the
indicator just turned to its basic color. The gelati-
nous thorium precipitate was allowed to coagulate snd
settle; then it was filtered on a hard, coarse, ashless
# 41 H paper. The beaker and filter paper were thorw
oughly washed with & solution containing 10 grams of

NH, Cl per liter and enough NH OH to make it besic rela-
tive to the corresponding indIcator used. The hydroxide
precipitate was then dissolved from the paper in a
minimum of 6N-HC1.

The hydroxide precipitation was repeated using only about
2/5 as much NH;Cl. The original filter paper was rinsed
with NH, Cl-NH OH wash solution so that an acid condition
would nét disgolve rart of the reprecipitated thorium.
The precipitate was then filtered end washed. After the
precipitate had dried, it was placed in a weighed crucible,
 the paper was charred, then it was ignited for an hour at
1000°C, The results are found in Table VII and an illus-
tration of these results is found in Figure 1.

. The data presented in Table VII end Figure 1 show that the results of
these precipitations were consistently bigh. It can be seen that the error
increases with increasing amounts of magnesium, lies between 0.1% end 0.5%
of the total metal present, and approaches a maximum of 5-10% of the thorium.

These findings are contrary to the literature (56) which states that
magnesium is held back by sufficient ammonium ion. It may be that it is
necessary to precipitate thorium hydroxide slowly by some means like the hot
solution hydrolysis of ures, The literature is not clear on this point.

WADC TH 56-455 g



Indicator

rhenolphthalein
Phenolpnthalein
Fhenolphthalein
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Fhenolphthalein
Fhenolphthalein
Phenclphthalein
Mixed
Mixed
Phenolphthalein
Phenclphthalein
Fhenolphthalein
Phenolphthalein
Phenolphthalein
Fhenolphthalein
Congo Red
Congo Red

Congo Red

WaDC TR 56=455

TABLE VII

Interference of Magnesium in the Frecipitation

of Thorium Hydroxide

mg Mg Wt. Fercent mg Th mg Th
Added Thorium Added Found
48.7 50.8 50.3 50.3
48.7 50.8 50.3 50.6

48.7 50.8 50.3 50.4

97e 4 342 50.5 51.5

97-4 34e2 50.5 51.1

974 34.2 5045 5kl
122,8 29,2 50.5 514
122,8 29.2 50.5 50.7
122.8 29.2 50.5 51.1
237+5 17.5 50¢5 514
23745 i7.5 50.5 5l.2
2435 17.1 50.3 51.1
243.5 17.1 50.3 51.1
243.5 17.1 50.3 51l.4
475.0 9.6 50.5 51.9
475.0 9.6 50.5 5.1
974.0 4e9 503 53.3
97440 49 50.3 53.5
9740 4e9 5043 5440
9740 ko9 5043 52.2
974.0 4.9 50.3 53.7
740 Le9 50.3 53.6
97440 4e9 50.3 5245
3740 4.9 50.3 52.2
9740 49 50.3 5243

10

% Error

of Th

0.0
0.6
0.2
2.0
1.2
1.2
1.8

0.4
1.2

1.8
1.4
1.6
1.6
2.2
2.8
2.0
6.0
6e3
1.3
3.8
6.8
6.6

Led
3.8
3-8
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From these data no conclusions can be reached about the effect of
pH on the carrying of magnesium.

h. The Study of Magnesium, Manganese, and Zinc Interferences in the
Complexometric Titration of Thorium '

As has already been explained, the complexometric titration of thorium
with ELTi depends upon the competition between thorium complexes of Alizarin
Red-S and EDT4. One must know whether other ions compete with thorium and, if
sc, what ions thus interfere,

Sclutions containing known compositions of thorium and magnesium
(143,144 ) in dilute acid solution ( 1N) were titrated with stenderd EDT4 using
the method described on -page 7 of this pesper. Table VIII gives the pertinent
data teken from the experiments and shows (Fig. 2) the method is free of
interference of mugnesium up to 98 weight=-percent.

TABLE VIII

Complexcmetric Titration of Thorium in
the Presence of Magnesium

mg Mg mg Th mg Th % Error
Added Added Found in Th
A7o5 50.5 50. h "'002
LTe5 50.5 50.6 +*+0,2
142.5 404 404 40,0
142.5 hOuh 40.3 =0,2
142.5 40.4 40.5 *0.2
475.0 10.1 10.1 0.0
LT75.0 _ 10.1 10.3 +2.0
47540 10.1 10.1 C.0
}4?500 20.2 20.2 000
)47500 20.2 20.0 -1.0
None 50,5 50.8 0.6
None 50.5 50.5 0.0
None " 50.5 50.5 G.0
Hone 50.5 5064 = 0.2
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Additional experiments were conducted to determine whether manganese
and zine interfere in the titration. The solutions analyzed in the experiments
outlined in Table IX were initially 12 N in HCl and contained the maximum
expected amount of other elements. Here the first practical difficulty was
encountered. Since the titration was to be performed at a pH of 2.8, the
acid strength had to be drastically reduced. Two methods were tried. The
first was to evaporate the solution to & minimum volume and then dilute the
solution to 100 ml volume; the other alternative was to directly neutralize
the acid by the addition of ammonium hydroxide. DBoth methods were tried, but
in neither case was an endpoint observed in the titration. Although inter-
ference from foreign ions was considered unlikely, the dye, the thorium nitrate,
and the EDTA were analyzed spectrographically; no interfering ions were found.
No attempt was made to test for possible interfering anions, but they were
congidered unlikely.

A second explanation of the difficulty was suggested by Dr. Fritz.
He thought that since thorium hydrolyzes easily, heat or a momentary excess of
base would contribute to the formation of invisible colloidal precipitates of
basic thorium salts. Colloidal precipitates mask the complexometric endpoint
because the Alizarin Red-3 is absorbed on the colloidal particles and this
absorption product has the same color as the thorium Alizarin Red-5 complex.
Since the colloidal thorium does not complex rapidly with the LDT4i, the
absorbed Alizarin-Red retains its pink color in the presence of four (4) times
the required emount EDTi., (It was discovered, however, that an addition of
excess EDTA to the colloidal thorium solution containing no Alizarin Red-S
present followed by back titration of the excess EDTA with a standard bismuth
solution gave the correct results.) In order to prevent formation of colloidal
thorium precipitates, Dr. Fritz suggested that the evaporation of the solutions
be carried out in the presence of HCl0,. When this was tried and no endpoint
was detected, it was decided that the Buffering action of NH,ClO, formed in
ad justing the solution to pH 2.3 dulls the endpoint. Such s pheromenon is
known (26).

A satisfactory answer to this problem was obtained by carefully evapo-
rating the solution to about 30 ml without adding HC1l0,. The resulting solution
was diluted with water to about 100 ml and the pH care#;llx ad justed with NHAOH.
As can be seen from Table IX, this laiter procedure gave good resultis,
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TiBlE T4

Complexometric Titration of Thorium
in the rresence of lianganese, lagnesium
Zinc, and 12 N - #4C1

mg Mg mg M mg Zn mg Th mg Th
Adced Added Added Added Found
43.5 49.5

50 49.5 49.6

50 49.5 49.5

50 50 4945 494

1000 195 4945
1000 56 50 4945 49.7
1000 50 50 495 L9.6
1000 50 50 49.5 L9e6
1000 50 50 49.5 49.5

i. Conclusions and Summary for the Suantitative Analysis of Thorium

This laboratory has found that the easiest and Vbest method for the
determination of thorium is the complexometric titration. One must, however,
observe the cautions deteiled in the preceeding test. The benzoate and hy-
droxide methods were found to be fairly good and they are relatively easy to
perform. The major drawback is the ccclusion of megnesium in thorium hydrox-
ide precipitetes. Although the thorium oxalate precipitaticns are reproducible,
the results are not accurate. Thorium ferronate is difficult to precipitate
and the results are neither reproducible nor accurate.

Even though the ELTA titration for thorium is considered the best
method, it will te seen that work deserilbed later in this paper does not mske
use of the method. Those experiments were performed before the titration had
been investigated and belong tc earlier phases of the work done in this lab=-
oratory.
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2e Zirconium

The diversity of analytical methods for zirconium (61-103) is nesrly
as great as for thorium and the need for a comparative study of these methods
is also as desirable, Here, as in the case of thorium, time limited the
number of methods which could be studied; consegquently, the same criteria
which governed the selection of the methods for thorium governed the selection
of enalytical methods for the determination of zirconium. It should be
pointed out that no allowance was made for one error which iz present in any
determination of zirconium: the presence of variable amounts of hafnium
found in all but specially purified zirconium preperations. Since the chem~
istry of hafnium is so similar to that of zirconium, hefnium behaves as
zirconium does; therefore, all zirconium gtandards were assumed to contein
pure zirconium.

Following the pattern set in the examination of methods for determining
thorium, five analyticel methods for determining zirconium were compared.
Four gravimetric methods were selected: precipitation of the zirconium with
ammonium hydroxide, precipitation of zirconium as the phosphate, and precip-
itations of zirconium both by benzoic acid end by p-bromomandelic acid. 1In
acdition, the titration of zirconium with ELTA was selected to illustrate a
volumetric method.

a, Ammonium Hydroxide

The ammonium hydroxide precipitation was chosen because of its
simplicity. On the basis of the similarities of the tetravalent states of
the elements, one would expect the procedure for the formation of the
gelatinous zirconium hydroxide to be the same as for the thorium, The major
difference, confirmed at this laboratory, is the formation of the zirconium
compound at a lower pH. Since the procedure used for the determination of
zirconium was identical to that for thorium, the procedure is not described
in detail, The results are given in Table X,
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TABLE X

Frecipitation of Zirconium with
Ammonium Hydroxide

aced Found Dsteerence
113.0 11344 ¢ 0.4
113.0 113.4 4044
113.0 112,9 -0.1
5645 5642 -0.3
5665 - 5642 =0.3
5645 56,1 0.4
56s5 56.2 -0.3
5645 5643 0.2
5645 5643 =042
28.4 2847 +0.3
28.4 28,7 +0.3
2844 28.4 0.0
25.8 25.8 0.0
25.8 25,8 0.0
25.8 25.8 0.0
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be Diammonium Hydrogen Fhosphate

One of the classical methods for determination of zirconium is pre-
cipitation as the phosphate followed by ignition to the pyrophosphate, ZrP2O7.
The phosphate precipitations were made in the following menner.

Enough concentrated sulfuric acid (about 11 ml) was added
to 100 ml of & hydrochloric acid solution containing a
known amount of zirconium (See appendix) tc mezke the solu-
tion ten mole percent in sulfurie acid. Twenty milliliters
of water containing 1.5 grams of (NH )2HP0 were added to
the solution., The solution was gtirred, allowed to stand
for at least two hours, (better if chilled overnight) and
filtered through a # 42 paper. The precipitate was ignited
at 1000°C for an hour and weighed as ZrP,0,. The results
are given in Taeble XI,

T4ELE XI
Precipitation of Zirconium as the
Pyrophosphate

mg Zr wg Zr g
Added Found Difference
113.0 119.1 + 6.1
113.0 113.3 4 5.3
113.0 116.6 + 3.6
5645 56.9 + 0.4
5645 56.4 - 0.1
5645 56.4 = 0.1
28.4 32.7 + 4.3
28.4 35.1 + 6,7
28.4 33.2 « 4.8
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There are several sources of error in this determination. Ti, Wb,
Ta, and Ce all interfere (82), Another difficulty is due to the possibility of
a variable composition of the weighing form (70,99).

¢e Ammonium Penzoate

Although the hydroxide has been ohserved to precipitate at the pH
conditien of the benzoate precipitation, the result is the same since the
precipitate is ignited to Zr0,. Since this procedure is identicesl to that used
for thorium, it will not be discussed in detsil., The results are given in
Table XII.

TABLE XII

Frecipitaetion of Zirconium with
Ammonium Benzoate

mg Zr mg Zr mg
Added Found Error
1)3.0 112.6 =04
113.0 112.3 -007
11310 112.7 "0-3
28,4 28,4 -0.0
28.1], 28.1‘. -0.0
28.4 28.4 0.0

ds p=Bromomandelic Acid

A gravimetric reagent for zirconium which has recently attracted much
attention is mandelic acid and its pwchloro and p-bromo-derivatives (61,64,77,
81,86,87,88,90). Mich of the work of Klingenberg, et. al. (36,37,38) has been
centered in development of analytical schemes for zirconium in steels =nd
magnesium-base alloys. XKumins (90) reports that the determination of zirconium
can be made in the presence of Ti, Fe, 41, Cr, V, Th, Ce, Sn, Ba, Cu, Bi, Sb,
and Cd. Hahn (81) extends this list to include separations from Co, Mg, Mn,

Hg, Wi, U, and Zn. The work of Gavioli and Treldi (77) confirms Hahn and Kuminse
The determinations were performed in the following manner:

To about 75 or 100 ml of zirconium containing solution, 0,1M
reagent (50 ml for each .25 gm of alloy sample) was added.
The solution was stirred and then digested et 80°C for twenty
minutes. The precipitate was filtered on a § 1,2 paper and
washed ten to twelve times with water. The precipitate wes
then ignited at 1000°C for an hour and weighed as Zr0s.  The
results are given in Table XIII.
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TAELE XIII

Frecipitation of Zirconium as
the p-Bromomandelate

mg Zr mg Zr ng
Added Found Difference
28.4 29.5 +1.1
28.4 29.2 +0.8
28.4 29.8 +1.4
5.6 59 +0.3
5.6 5.8 +0.2
5eb 6.1 +0.5

e, 'Complexometric Titration of Zirconium with EDTA

Fritz, et al (74,75) at Iowa State College have developed two rapid
titrations for zirconium using EDTA; only one of these methods (74) was tried
at this laboratory end the reader is referred to the originsl papers for the
details of the other procedure (75).

In the method exsmined here, excess standard EDTA was added to the
zireconium sclution along with some thiocurea and the excess EDTA was titrated
with a stendard bismuth solution st a pH of 2.0 until the first excess bismuth
gave a yellow complex with thiourea., This endpoint is a sharp, well-defined
change if the pl has been accurately adjusted.

Ten milliliters of 0.05M-EDTA were added to a solution
containing a known amount of 2zirconium, The pH was ad=-
Justed to 2,0 using 6N-NH, OH or 6§pHCIOh and 1.3 grams

of thioures was added. e excess EDTA 'was titrated with
0.05ypBi(N0 )., until the first yellow color was obtained.
A pH meter oamonitar the pH and a magnetic stirrer are
valuable accessories to this titration., The results are
found in Table XIV.

WADC TR 56=455 20



TABLE ATV

Complexometric Titration of Zireonium
with BDTA and Bismuth

ng Zr mg Zr mg

Added Found Lifference
25.8 25.8 0.0
25.8 25.8 0.0
25.8 25,8 0.0

As has been pointed out on psge 14 of this report, thorium can be
titrated in the same manner as zirconium.

The anions CNS=, F=, PO™"~, Si0,™"", and S0,"~ do ngt interfere if
the solﬁtion is treeted properly (74). 4, As®3, ﬁgfﬂ Mo*®, Nit | Fet3
and Sn*4, interfere (74). Interferences from 41*3, Co*™, Tit4, m*2, Ta*>
can be eliminated by proper treatment of the solution (74). It was found
that the following ions will not interfere with the titrations Ag*. Ba’*.
BQ"; ca"l Cd "0 Cett * Gu“‘, Hg’s K*, Ng*, Li‘l ME"n Mn%*, Latte, Fpt*,
Spttt | ot Uoz*". and Zn¥t,

Some gstudies were made to determine the affect of various amounts

of manganese and zinc on the complexometric titration of zirconium., Tables
AV and XVI and Figure 3, give the data from these experiments.
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TABLE XV

Complexometiric Titration of Zirconium in

the Fresence of Zine

ng Zn % mg Zr mg Ir

Added Zr 4dded Found
10 72 25.8 25.9
10 72 25.8 2547
20 56 25.8 257
20 56 25.8 25.7
50 34 25.8 25.8
50 34 25.8 259

100 21 25.8 26.0

100 21 25.8 25,8

TABLE XVI

mg
Difference

4+0.1
-0, 6
~0J.1
=0.1

0.0
+0.1
+0.2

0.0

Complexometric Titration of Zireconium

in the Fresence of Manganese

mg Mn % mg Zr mg Zr
Added Zr Added Found
10 72 2548 2546
10 72 25.8 257
20 56 25,8 25.6
20 56 25,8 25.7
50 34 25.8 25.7
50 34 25.8 2547
100 21 25.8 25.7
100 21 25.8 2547
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It should be noted that inereasing emounts of zine tend to slow the
color change at the endpoint. Hence, one should be careful that equilibrium
hes been reached before adding more bismth, The color fades slowly in the
presence of 2ine, so that yellow color should persist for at least one minute
when the endpoint has been reached.

f. Comparison of Analytical Methods for Zirconium

Table XVII compares the resulis obtained by these analytical methods.

TADLE XVII

Comparison of Methods for Zirconium

Method % Frecision " % Accuracy
Hydroxide 0.20 0.35
Phosphate 1.32 7. 76
 Benzoate 0.00 0. 00
p-Bromomandelate 0.43 La 62
EDTA Titration 0,00 0.00

Ze Study of Magnesium Interferences in the FPrecipitation of Zirconium
Hydroxide

This laboratory was interested in knowing whether megnesium is carried
down in the precipitation of zirconium hyéroxide. The procedures in these ex=-
beriments were identical to those in the corresponding thorium experiments;
therefore, reference is made to those perticular portions of this paper. The
asgumption was made that zirconium would constitute about one weight percent
of a magnesium alloy.
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TABLE XVIII

Interference of Magnesium in the
Frecipitation of Zirconium Hydroxide

mg Mg mg Zr mg Zr
Added Added Found
5000 5645 62.5
5000 5645 63.1
5000 5645 62.7
4500 5645 62.5
5000 5645 | 63.5
5000 5645 63.2
1000 11.3 12.3
1000 11.3 12,9
1000 11.3 13.0
1000 11.3 12,0
1000 11.3 13.2
1000 _ 11,3 12.5

It is obvious from these data that a large amount of megnesium is
being carried on the zirconium hydroxide. Not only is magnesium included in
the zirconium precipitate, but also one would expect zinc and menganese to
precipitate. Therefore, this method of determination was abandoned.

h. The Ageing of Zirconium Solutions

During the original stendardizetion of the zirconium solutions it was
noted that ignition walues (this standardization procedure is described in the
appendix) of the solution gave a titer of 1.1 milligrams of zirconium per
milliliter of solution while the averasge of five determinations by EDTA gave
e titer of 1.04 milligrams of zirconium per milliliter, The results were
checked asgain using different EDTA and Bi(NO,)_  solutions; this time the titer
value was 1.02 mg Zr/ml., The same solution53 re then used to titrate another
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zireonium solution whose titer was known to be 2,58 mg Zr/ml; the average value
was 2,46 mg Zr/ml. So sll the EDTA and bismuth sclutions were checked against
primary ZnCl. solutions end gravimetrically standardized thorium solutions

and against €ach other., Since everything seemed to te in order, the only possi-
bilities remaining were (1) the complexometric titration was not as accurate

&8 claimed, or (2) the titer of thne zirconium solutions was changing.

In order to determine whether the titer of the zirconium solution re-
mained constant a fresh solution of ZrOCl2 in 0,1N-HCl was prepsred. Immedi-
ately upon completicn of the preparation, three 25.00 ml aliquots were withe
drawn from the solution and snalyzed grevimetricelly by ignition. At various
times thereafter, three 25.00 ml sliguots were removed and analyzed by com-
plexometric titration. The apparent amount of zirconium present decreased for
about twenty-four hours end then became constant. Finally three 25,00 ml aliquots
were removed and analyzed by ignition., Taeble XIX and Figure 4 give the resulis.

TABLE XIX

Ageing of Zirconium Solutions

Method Hours g Zr % Lloss
After fFrepn. Founé
Ignition 0 28.7 0.0
Titration 0.5 28,2 1.8
Titration 1.5 27.8 3.1
Titration 16.5 26,7 7.0
Titration 23.5 25.2 12,2
Titration 43.5 25,0 12.9
Titration 87.5 25.1 12,5
Ignition 88.0 28,5 0.7

The data indicate thaet the zirconium probably coagulastes into some
type of colloidal conglomerates or polymers and reacts only partially or slowly
with EDTA to form a complex., The author has discovered thet this colloidal
condition can be deatroyed by verying the procedurs slightlys
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To three 25,00 ml aliquots of the zirconium solution were
added twenty milliliters of 0.052)N-EDTA end the volume
brought up to 100 ml. Ten drops of 6N-HCl were added and
the solution was heated nearly to boiling for 5 to 10 min-
utes. When the solution had cooled, 1.3 grams of thiourea
were added and the bismuth back-titration made. The rew
sults gave an average titer of 1.1 mg Zr/ml as compared to
a titer of 1.1, mg Zr/ml found by ignition.

Several conclusions about standard Zirconium solutions can be drawn
from these experiments:

l. The solution should be allowed to stend for several days so that
the sorption of zirconium on the glass walls of the container can come
to equilibrium,

2+ The solution should be standardized both gravimetrically and come
Plexometrically.

3+ The reaction of zirconium with the EDTA should be ensured by heat-
ing the two together at a pH which prevents precipitation of zirconium
hydroxide but which does not destroy the zirconium chelste. A suitable
pH is from one to two.

In eddition to these notes on the colliodal nature of zirconium solutions,
Larsen (91), as a result of his rolarographic investigetion of zirconium come
plexes of Alizarin Red-S, has independent evidence of polymer or colloid forma-
tion in zirconium solutions.

i. Suwmmnary snd Conclusions on the (uantitetive Analysis of Zirconium

Two methods were found to be quite accurate and precise. They are pre-
cipitation of zirconium benzoate and the complexometric titration. Of the two,
the titration is the guicker and easier method. One should remember, however,
that zirconium hydrolyzes easily and will form colloidal salts. Also 1o be re=
membered is the slowness of the titration endpoint in the presence of zine.

The value of the hydroxide precipitetion is similar to that of thorium. The
precipitations with ammonium pvhosphate and p-bromomandelic acid have poor accue
racy and only fair precision.

In reading the subsequent parts of this peper, it is again to be noted
that some of the work was done before the investigation of the EDTA titration.
Consequently, one will find various methods being used for the determination of
zirconium.
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PART B
Ion Exchange Separation of Thorium and Zirconium

The similiarities in the chemistries of zirconjum and thorium make thelr
separation and determination tedious and difficult. An examination of the
literature (3,59,104,107,109-114,116,120,139,140) indicates that ion exchange
techniques could offer, perhaps, the simplest method of separating thorium
from zirconium and of separating both of them from other elements, if necessary.
Brown and Riemann (105) have separated thorium, titanium, and zirconium from
one another by utilizing a pH-buffered citrate elution from a cation exchange
resin, Since both zirconium and thorium form polychloro-complex ions, a sep-
aration of these elements might be asccomplished by use of an anion sxchange resin.

If thorium and zirconium could be separated by ion-exchange, they could
then be quantitatively determined by the complexometric titrations already dis-
cussed,

i, Fundamental Considerations in the Selection and Preparation of Columms
Suitable for Ion-exchange

8. Design of a Column

The first factor of importance in ion-exchange techniques is the design
of the column., The material must be such that the columm can resist corresion
by all chemicals which will be percolated through the resin bed., It must be
designed to include all the necessary features required by the experiment, i.e.
vapor jeckets for heating or special reservoirs or receivers. lLast of all, it
st be of such size and shape as to hold the necessary amount of resin. Since
an optimum geomeiry in the resin bed is obtained when the length of the bed is
about 30 times its diameter (117,119), columns are usually long and thin.

In conformence with these restrictions 2 number of designs wers prepared
for this work., In all, some eight basic configurations were built; some of
these were construgted in different sizes., The very smallest, used for the
preparation of Nb/“- free Zr95. was a gravity-flow column measuring 3mm in 4i-
ameter by 3cm in length and having a small reservoir on top. Several reverse
or upward flow columns of both simple and consecutive double units were con-
structed in order to take advantage of the very gentle agitation which this
reverse flow creates in the resin bed. This agitetion is supposed to prevent
clogging due to particle swelling in strong acid solutions. Unfortunately, 1t
was found that the resin floated in 12N-HCl and that only a coarser resin could
alleviate clogging. Another column, similar to a separatory funnel in operation,
was constructed to take advantage of batch-type extraction. The low efficiency
of the batch process did not allow its use, A large number of columns ranging
in capacity from a few milliliters to asbout two liters were constructed to con-
form to the ideal dimensions for a column, i.e, the length should be about thirty
times the diameter, These perticular columns proved to have slow percolation

JADC TR -56=455 29



which is theoretically good but not practical and were subject %o clogging by
swollen resin. Finally, from a consideration of all theoretical and prectical
aspects of column design the column illustrated in Figure 5, was adopted., It
features a fast flow rate which is partially contreclled by the screwclamp., It
has no stopcocks which might clog up or freeze, and has 8 glass frit to suppert
the resin bedes The reservoir cap filled with Amberlite IR-4B removes HCl fumes
emanating from the reservoir during the sorption and rinse eycles.

be The Choice of Resins

A survey of the literature (119) reveals that & large number of synthetic ,
ion~-exchange resins are availeble. They are assocrted according to particle size,
bulk polymeric structure (cross-linkage) and active group; thus it is possible
to select a resin almost tailor-made for any situation. Many firms will also
discuss the manufacture of special resin products.

Although the theory of ion exchenge, including a description of the
structure of different resins snd their various uses is discussed in detail by
Nachod (117) end Semuelson (119), it might be worthwhile to briefly describe these
resins for the benefit of those who are not familiar with them, Ildost resins are
three dimensicnal copolymers. The major portion of the structire is vinylbenzene

CH CH ) while the cross-llnkage is roughly proporticnal to the amount of
1§1nylbenzene (cH CHC H CH CH in the resin, Stenderd resins usuelly have
cross linkase (actuafly percent o? p-divinylbenzene) in the amount of 2%,4%,3%,
12%, or 16%. The product is in the form of spherical beads, whose color is
dependent upon the active group and the ionie form, and is sieved to standard
mesh sizeas.

The active group in the resin structure esppears on the benzene ring.
The cation exchnsnge groups ere principally carboxylic acid, phenolic acid, and
sulfonic acid; the anion exchange groups are usually some form of a quaternary
amine salt. The ionic form of the resin is whatever ion is attached to the active
group, but one ionic form is readily converted into another ionic form by per-
colating a soluticn of the desired ion through the resin bed.

The porosity of a resin is determined by the 2mount of c¢ross-linksge in
the resin structure, Increasing cross~linkage decreases "hole" size in the resin.
The rate with which ions penetrate the resin structure varies with relative sizes
of the ions and the "holes” in the polymer. A large ion such as ZrClg or Cu(NH )
would have more trouble penetrating a resin then would a smaller ion such as 34
Cl™ or Na »

Fvs

The relative affinity of a resin for an ion depends on three factors.
The first is the degree of ionization of the resin which is really a measure of
the active groups aveileble for exchange., The second depends upon the valency of
the exchangeable ions; experiments have shown that the sorption increeses with
inereesing valency. The third depends upon the radius of the ion; again exper-
iments have shown that the sorption increases with increasing atomic weight.
Some of the other parameters which 2lso need to be considered are totzl resin bed
capacity, flow rate, and the geometry of the column.
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A consideration of all theses factors led this laboratory to select
50=100 mesh, strongly basic, anion exchange resins (Dowex 1 end Lowex 2). This
mesh resin permitted both a good flow rate and good equilibrium and it also had
the additional advantagze of not clogging the column when swollen with concen-
trated acid. Resins with porosities (cross-linkeges) of four and eight percent
were used because of the relatively large sizes of the Zr016 . MhClh ’ ZnClh
and Th016 ions.

2e Seperation of Thorium and Zirconium

The anion exchange separation of polychloro»complexes of zirconium and
thorium depends on the fact that the ZrCiXion is strongly sorbed on the columm
while the weaker ThClY passes on through the column with the effluent (109,110,
113,120,139). After The thorium has been completely eluted, the zirconium can
be eluted with weaker solutions of HCl or with water.

In order o establish the actual experimental conditions for separating these
elements, a series of experiments involving the sorption and desorption of
zirconium and a parallel series involving thorium were conducted.

A known amount of zirconijum in 12N-HCl was added to a column (10 mm in
diameter and 45 em long) containing 50-100 mesh resin, This resin was Dowex 1-Z4
and it had been conditioned by pretrestment with 12N-HCl. The column was rinsed
with 12N.HCl and desorption performed with 8N-HCl. The data are found in Tables
XX and XXX,

In a separate series of experiments, a known esmount of thorium

in 12N-HC]l was added to a column of the same specifications.
The column was rinsed with 12N-HCl. The data are in Table XXII,
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TABLE XX

inalyticel Lata for Zirconium Ion

mg Zr
Added

5645
5645
56.5
56.5
56.5
565
11.3
11.3
11.3

Exchange
Experiment mg Zr mg Zr mg Zr mg Zr
Number Found in Found in Found in Found
Sorbtion Rinse Desorbtion {(total)
&ffluent Effluent Effluent
1 2.0 0.3 567 59.0
2 1.0 0.4 557 57.1
3 0.0 1.8 54.9 56.7
4 1.1 0.1 56.1 57.3
5 1.3 0.2 557 57.2
6 l.1 0.0 54.9 56,0
7 0.0 0.5 12,0 12.5
8 0.0 0.2 11.9 12,1
9 0.0 0.1 11.6 11.7
TABLE XXI
Conditions of Zirconium Experiments
Experiment Sorption & Rinse 2 Desorption b
Number Volume Volume Volume
(ml) (ml) (m1)
i 50 25 500
2 50 25 300
3 50 25 500
4 100 200 500
5 100 200 600
6 100 200 600
7 100 400 500
8 100 4,00 500
9 100 4,00 500

a. Sorption and rinse sclutions were 12 W-HCl

b, Desorption solution was 8 N-HC1
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TABLE XXITI

Analyticel Dzta for Thorium Jon Exchange

Experiment mg Th & mg Th P mg Th mg Th ©
Number Found in Found in Found Added
Sorption Ringe (total)
Effluent Effluents
1 22.5 8.4 30.9 30.7
2 23.6 7.6 31.2 30.7
3 22.4 8.4 30.9 30.7

a. The sorption effluent was always 100 ml of 12 N-HC1.
be The rinse effluent was always 500 ml of 12 N-HCI.
c. Two grams of magnesium were added to each solution.

Next & series of experiments wasgs tried in which both elements were
present in the same solution.

In the first set of experiments (A), known amounts of
thorium and zireonium plus approximately two grams of
magnesium weres added to a column (35 ¢m long and 0.7

cm in diameter) fiiled with 100-200 mesh resin {Dowex
2-X8). The sorption was made from 100 ml saturated HCl
solution and the rinse was made with 25 ml of 12 N-HCl,
Desorption of the zirconium was done by percolating 300
ml of Hy0 through the bed. Thorium was determined by
the hydroxide method and zirconium by the pyrophosphate
method.

In the other set of experiments (B), known smounts of
thorium and zirconium plus approximately one gram of
magnesium were added to a column (45 cm long and 1 em
in diemeter) containing 50-100 mesh resin (Dowex 1-X4).
Sorption was made from 100 m)l of 12 N-HCl solution, the
rinse consisted of 400 ml of 12 N-HCl. Desorption was
by 300 ml of H20. Both thorium and zirconium were de-
termined by the hydroxide method.

Table XXIII contains the analytical data from these ex-
periments:
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TABLE XXIIT

Analytical Data for Ion Exchange Separation
of Thorium and Zirconium

Added  Found

A-1 69.4 76.5 15.3 8.0 84.7 8L.5
-2 694 72.8 15.3 12,5 8h.7 85.3
-3 694 72.1 15.3 8.2 Ble7 80.3

B -1 3542 38.6 7.6 8.2 42,8 46.8
-2 35.2 355 7.6 8.6 42.8 bhed
-3 3562 8.4 7.6 9.7 42.8 48.1

One final experiment on elution of thorium and zirconium in the pres=
ence of 50 mg each of mangenese end zinc was conducted.

Sixty ml of 12N-HCl solution conteining known amounts of
thorium and zirconium plus menganese and zinc was absorbed
on the column described in Figure 5. The bed was filled
with 50-100 mesh resin (Dowex 2-X8). In the first exper-
iment the rinse consisted of 240 ml of 12N-HCl and the de=-
gorption was 200 ml of H20. In the second experiment the
rinse consisted of 30 ml of 12N-HCl and the desorption was
150 ml of H,0. The results are found in Table X{IV, Both
the thorium and zirconium were determined by complexometric
titration.

TABLE XLIV

Anelysis of Solutions Containing Thorium,
Zirconium, Zinc and Manganese

Experiment meq Th meq Th meq Zr meq Zr Total Total
' Added Found Added Found meq meg
Added Found
1 <4266 <4306 .6117 +5710 1.0383  1.0016
2 4266 .3311 .6117 .5401 1.0383 0,8712

3 Relative Elution of Manganese, Zinc, and Zirconium
It is known (139) that mangenese and zinc also form strong polychloro-

anionic complexes; therefore, they should be sorbed on the anion exchange resin
with the zirconium. '
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The experiment deseribed below was performed to obtain an idea of
the relative rates of elution as compared to zirconium:

To 100 ml of 12N-HCl containing ZrOClz. ggClQ, and
MnCl, were added tracer amounts of Mn54,“Zn%?, &nd Np 7o~
free“Zr?5, This solution was put into the reservoir of
the column descrited in Fig. 6. A4As the solution percolated
through the column, it passed a G-M tube detector located
at the bottom of the bed. This tube's geometry was lim-
ited by a slit in its lead shield so that only activity
which passed the slit caused a history of its passasge to
be recorded on a strip chart connected to the G-M tube,
When the effluent left the tip of the column, it was col-
lected in a fraction collector which was set to take six
to nine milliliter samples. Each sample was counted for
gamma activity and a number were examined with a pulse
height analyzer in order to determine the gemma spectra
and consequently to identify the isctopes. Comparision
of the volumes, the times, the strip chart records, and
the dats from the fraction collector gave a fairly come
plete history of the elution of manganese, zine, and zire
conium from the column. 4 total of ninety-twc samples
representing an effluent volume of 684 milliliters were
analyzed. Figure 7, taken from the fraction collector
data, shows the relative elution of the three elements.

Lo Surmary and Conclusions on Ion Exchange

Not enough variables have been studied in order that a definite state=
ment cen be made whether or not an anionic-complex eXcheange process will guan=-
titatively separate thorium and zirconium in the presence of magnesium, manganese,
end zinc., The suthor feels that such a separation is possible, However, so
mich time was spent on gquantitative methods that ion exchenge studies were not
completed. The chief difficulty has been that zirconium tends to partially pass
through the column with thorium and as a result the thorium fraction is too
heavy and the zirconium fraction is too light., It may be that an incereased
column length and capacity would alleviete the difficulty.

FART C
Swmmary and Conclusions

This work has had a two fold purpose: first, to investigate and eval-
uate a number of methods for the quantitative determination of thorium and
zirconium and, second, to investigate the feasibility of separating these two
elements by anion exchenge. In both studies, an attempt was made to evaluate
the methods under the conditions which would be present if thorium and zirconium
were components of magnesiumebase alloys. A comparison of analytical methods
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for thorium and zirconium demcnstrated that the precipitation of both elements
as the hydroxides can be subject to considerable error in the presence of mag-
nesium while the complexometric titration of both elements using EDTA showed
no such interference. The complexometric titration has the additional sdvan-
tage of being more rapid and ¢onvenient than the gravimetric methods with their
" attendant digestions, filtrations, ignitions, and weighings., Of the other
methods investigated, the ferron precipitation of thorium, the phosphate pre-
cipitation of zirconium, and the mandelate precipitation of zirconium are found
to be unreliable while precipitation of both elements as the benzoate, and
precipitation of thorium as the oxalate, are good, but lengthy.

The ion-exchange separation studies of thorium and zirconium were not
wholly successful, but the author feels that not enough of the perameters have
been fully investigated, This lack of completeness probably has more than one
cause, but essentially the problem proved to be too complex for one person to
complete in the time available, It is certainly not thought that the failure
of ion-exchange seperations has been proven. On the contrary, there is reason
to believe that a more complete study of problems involved would lead to the
development of a completely setisfactory analyticel separation,
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AFFENDIX

1. Solutions required

B

be

de

f.

Ze

h.

Thorium

(1) L4eT76 gm Th(NOZ), W4H.O in 1000 ml 12§7H01 gsoln. £ 2 mg Th/ml.
34 2
(2) Le76 gm Th(N03)h +4H50 in 1000 ml 0.1N-HCl soln. ¥ 2 gm Th/ml.

Zirconium

(1) 7.06 gm ZroCly .8HpO in 1000 ml 12N-HCl soln. 2 1 mg Zr/ml.
(2) 7.06 gm ZroCl, .8H,0 in 1000 ml 0.1N-HC1 soln. ¥ 1 mg Zr/mi.

Magnesium
83,61 gm Mg0l2,GH,0

10,00 gm Mg } in 1000 ml 12N-HCl soln. = 10 mg Mg/ml.

Mangenese

4.50 gm MnClp,4Ho0 in 125 ml 12N-HCl soln. ¥ 10 mg Mn/ml.
Zinc

1.56 gm Zn0 in 125 ml 12N-HC1 soln. * 10 mg 2n/ml.
Versene

9¢31 gm discdium versenate dihydrate in 1000 ml, agueous soln.> 0.05N
Bismuth Stenderd (primary)

52250 gm. pure bismuth metal dissclved in.enough HNO- to prevent
hydrolysis when diluted to 1000 ml. This solution is8”0.0500 N with
respect to bismuth,

Zinc Standard (primery)

3.2690 gm pure zinc metal disolved in minirmm HC1l end diluted to
1000 ml. This solution is 0.,0500 N with respect to zince.
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i, Miscellaneous

Cther solutions as required in the test will not be listed
except those used in the titrations. They are 6§yﬂ¢10h and

6§;NH40H. Also one needs a 0.2% agqueous solution of Alizarin
Red-S,

2+ OStanderdization of thorium and zirconium solutions by ignition

The procedure for standardization of thorium and zirconium solutions
by ignition is given as follows. One pipettes an aliquot portion of the
solution which is to be standardized into e weighed crucible. The
c¢rucible is placed under s heat lamp and the solution 1s evaporated
carefully to prevent spattering. When the solution has been reduced to
dryness, the crucible is ignited at 1000°C for an hour in a furnace.
When the crucible has been cooled to room tempereture in 2z desiccator,

it is weighed and the amount of thorium or zirconium is calculated from
the ThOp or Zr0, present.
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