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With the iacrease of interest in the titration of uranium
and other radio-elements, especially in minerals with low content
in these elements, several methods of titration have been recently
developed which make use of nuclear emulsion.

In existing methods for the titration of minerals in solu~
tion, ready-made slides are used, In the present work, we develop
a method in which the solution to be iitrated is mixed with liquid
emulsion; +the slide obtained is compared with another slide con-
taining a standar solution, prepared under analogous conditions.

We shall limit ourselves here to the case of mincrals
which contain sclely elements of the uranium family. The titration
of minerals which contain both the thorium and uranium families, or
the thorium family alone, will be the subject of a later study.

Mothod of Titration

Spread cvenly on a gzlass slide the liquid emulsion mixed
with a standard solution of urenium salt: on another identical
slide, spread liquid emulsion mixed with the mineral solution. The

* This paper will be published in the Aneis de Acad. Bres. Ciéncias, 1952,
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two slides should be prepared jointly in order to make the compari-
son;  equal masses of the emulsion, containing equal quantities of
the solutions should be used. After drying, the slides are left in
the refrigerator for several days exposure, befors they are devel-
oped.,

Before making the comparison between the two slides, histo
¢rams should be made of the number of alpha particles that do not

make part of stars, against the range in the emulsiorr, both for the
standard solution and for the solution to be titrated, This histo-

gram determines by analysis, the percentage of radioactive elements
present.

Fig., 1 represents the histogram obtained with the solution
of uranyl acetate (Baker) used as standard. I+ is seen that there
are two groups of ¢ particles with practically the same number of
tracks; the first group corresponds to U238 and the second group
to U234. This is what one should expect for a chemically pure salt.
As 3.5 % of the particles from the sccond group are due to U235
we sce that the total number of o tracks is 2,035 times the number
of a particles due to U238‘ The histogram of the standard solution
should be made once for all in order to verify its composition,

Fig, 2 gives the histogram of an uranium mineral (uranin-
ite from Brejaubas) which docs not contain the thorium family as
c¢videnced by the fact that no thorium stars were observed. We scc
that there are three groups of a tracks. The first group corres-—
ponds to U238' The sceond group, thr;e times larger than the first,
corrcsponds to U234, Th230 and Ha226 o The third group is due *o
Po210. It is found that within thc statistical crrors the Polonium
group contains the samc rumber of particles as the U238 group. This
is frequently the casc with compact rocks when therc is no sensible
loss of Rn., In such cases (and we shall recstrict ourselves o them),
there is no need for making the histogram of the mineral. The
total number of single tracks is then 5.1 timcs the U238 tracks, In
this number we have included the tracks cerresponding to U

s34 TRy
and Th227 which contribute to the sccond and third group with
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3x0,035 the number of U238 tracks 1.

For the titration itself, one proceeds in the following
manner:

Pirst, count the nuwber of alpha particle tracks per micro-
scope field on the slide with the standard solution., The count is’
made in various fields and the arithmetic averaze Np is obtained.
Np/2.035 is the mean number per field of alphas due to U238'

Count also the number of alpha particle tracks which are
not part of a star, on a microscope field of the slide with the min-

eral solution. Nm is the average rate in this case, Nm/B.l is the
mean number per ficld of alphas due to U238‘
The time of exposure being the same for the two slides,

2,035N,
Sl i L)

gives the relation between the number of uraaium atoms counted in
equal quantities of the radioactive mineral solution and the stan-
dard solution 3.

Knowing the number of uranium atoms per unit of volume for
the standard solution, one can determine the number of the mineral
solution, obtaining then the U238 content of the mineral.

Cnce this content is known, the corresponding quantity of
radium can be calculated, using the equation for the secular equi-

libriume

A, N, = AN (2)
Aa and Ab being the constant of disintigration of uranium and
radium respcctively, Na Tthe number of uranium atoms and Nh the num-
ber of radium atoms in the given mineral mass,

If there is sizable diffusion of Rn in the rock the avcr-
age number of tracks per fizld due to U238 is obtained for thec
slide with mineral solution, in the following way: One multiplies
the average number of single tracks per field, by Tl /T, where Tl
is the number of particlcs belonging 1o the U238 group in the histo-
gram of the mincral and T is the total number of particles in the
histogramn,



Rcsults of Obgervaticn:

In order to verify the method, we have made the following
mecasurcmentss:

1) Comparison betweeon three solutions of uranyl acctate (Baker) of
1/500, 1/1,000 and 1/2,000 conccntrations.

For the counting, 100 X objective and 6X cyecpicces were
used; aproximately 1,000 tracks were counted., The result of the
measurements is shown in the graph in Fig. 3. Taking the 1/500
solution as standard, the concentrations 0,00098% 0,00003 and
0,00048% 0,000015 rcspeetively werce obtained for the C,001 and
0,005 solutions. (The errors indicated are probahle errors).

2) Titration of a uranyl nitrate solution (Baker) taking as refer-
ence a solution of uranvl acetate.

The scetats solution used was 1/4,000 and that of nitrate,
1/1,000. The result obtained for the concentration of nitrate was
¢,001% 0,20003. 45X objective, and 6X eyepieces were used, and
about 1,000 tracks werec counted. It was assumed that in the nitrate
there were only Usyg, Upy, and Usygs as in the acetate (both being’
from the same laboratory).

3) Determination of radium content in +the uraninite from Brejaubas
(M., Gerais).

The solution uscd as standard was 1/4,000 uranyl acetate
(Baker)., The histogram of Fig. 3 was obtained for the mineral solu-
tion, It showed about 200 alpha particles which did not pertain to
the elements U2339 U2349 Th230 and Ra,, e (The majority of them werc
duec to Po),

In measurements made in two clides ecmploying the same
1/2000 mineral solution, the results obtained werc 275 and 263 mg
of radium per ton, respcctively (1,000 track counts made per slide),

These rcsuwts are in accord with thosc of Costa Ribeiro 4,
wao obtained for this mineral a content of 253 mg of radium per ton,
with individual values ranging between 232 and 273 mg.

In all the measurements, the time spent betwecn the pre-
naration of the slides and their development was approximately



three days.,
Preparation of the Solufiongs

Considering ixnat the ncutrality of the solutions of uran-—
ium salts used is important to guarantce the scnsibility of the nu-
clear omulsion.59 all the radioactive solutions cmploycd were neu-
tralized, being previously treated with citric acid. This acid
forms a complex with the uraniumG’7 and avoids its precipitation
when the solution is neutralized by amonium hydroxide 8.

2reparing the Slides:

Take a sheet of gzlass of uniform thickness (preferably one
prepared by Ilford especially for nuclear slides), and cut the
slides into the dimensions desired., A surface of approximately 22,8
0m2 was used in the presente work, Weigh the slides on an acecurate
sc.lns  the reason for the weighing will be obvious from what fol-
lowss

Given masses of the solutions to be compared are mixed
with known masses of the emulsion., The welghing ¢f the emulsion
ana of the solution is recomucnded as being morc precise than meag-
uring the volume; for instance, the measurement of 0.5 cm3 of solu-
tion with a2 »recision pipette of ¢.1 cm3 is susceptible to an error
of 2,5% ., Nearly two grams of cmulsion and about 0.5 cm3 of solution
were uscd per slide,

Plece the mixtures in a bath at 51¢ G for 20 minutes, in
order that the cmulsion should melt, Stir it with a glass rod.
Sproad the liquid over the slides which are placed on a level plane,
and leeve them to dry, To facilitate drying, the plate containing
the slides may be varmed a little by putting a lamp bencath it and
by using a veatilator in order to ecirculate air over the emulsion,

To comparc the thickness of ermlsion in the several slides,
welgh the plates aguin after drying., The relation between the mass
of cmulaion and the mass of the glass gives a number proportional
to the thickness of the cmulsion, This number allows onc to reducc
the results of the counting in the several plates to the same



thickness,

Developing and Fixing:

I - developer ° Distilled water — 1,000 ox3
Boric acid - 35 g
Sodium sulphite (anhydrous)-18 g
Potassium bromide - (10 % solution) 8 cm3
Amidol - 4.5 g
Developing time : 20 minutes
Developing temperatures 282 ¢
IT - Stop baths
0.2 7% acetic acid solution
Time: one hour
Temperature: 28¢ ¢ initially, gradually lowered to 490 C
IIT - Fixing bath:
4C% sodium hyposulphite solution
Temperature: 10 to 152
After fixing the slides are washed in water at 109 C,
which is renewed each half hour.

Counting:

A field is selected, with a diameter which is large in re-
lation to the range of the particles, Count the tracks within the
field, and to this number add half the number of those tracks not
entirely contained within, This sum is the number of tracks per
microscopic field, referred 4o in +he titration method,

on=lusion

[6)]

Th~» method of titration developed in the present work gave

@

3% precision in the conditions of our measurements.,

The following adventages of the present method over other
methods of titration with emulsion are apparent:

The fact that there is absorption of alpha particles only
by the emulsion itseclf presents an advantage over those methods in

which the solution is not Placed directly in the emulsion 1O.
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The advantage over the drop method 11 is in that it is not
necessary to count all the tracks in the regions where the solution
is present on the plates,

The method of soaking ready-made plates in solution pre-
sents difficulties concerning the equilibrium of the concentrations

between solution and nuclear emulsion 12 and the velocity of dif-

] . X .
fusion of different elements in the emulsion 13 difficulties which
do not appear in the present method,

We are grateful to Dr. Alexander Girotto for facilities
in his laboratory at the Departamento de Producgao Mineral, and to
Professor J., Costa Ribeiro, who gave us the samples of the Brejaubas
mineral, We are also indebted to Professor G, Occhialini for inter-
esting discussions,

1 The isotopic composition of ursnium is 99,28/0.0057/0.71 for U /Uy 4/U25 :
Uggg and Upz) being in seculsr equilibrium do emit equal €58 725 >
nufibers of 3 perticles per second (3)). Uozs having e period equel to 1/5 and
en ebundsnce of 0.72 thet of U238 emits O.8§5>)parﬁiclas per second.

In a urenium minersl, besides U234 ond U238, there is Tho 0s Reppg end Pooyg.
The first four elements ere in generel in equilibrium and tge percentsge of Po
depends on the smount of radon reteined in the rock. There sre slso the Up 5,
Pa237 end Th 27 in equilibrium emong themsslves. These sre the elements ngch
produce singfe a trecks.,

< Reppg produces by disintegretion Rn, whose period is 5.8 deys end gives rise
to 8 star. The Reosg sters cen, however, be neglected os comosred with the
single tracks in view of the radon diffusion.

5 1In formula (1) the fsct thet s smell number of Re atoms gives rise to 4 brench
stars iabout i% in three deys ), was neglected. Also the 5-brench stars due to
Th227 Re223 hass & psriod of 11.4 days ), were neglected. For greater times of
eXxposure one should teke these into asccount. The correct formuls for r is then
¥ = 2.035Ny/5.14N, where Ny is now the sversge number per field of sinple trocks
plus 4-branch stsrs plus twice the D _brench sters. The factor 5.14 contsins &
term 0.035 corresponding to Reppz.
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