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IRTRODUCTION

"Service function" of the Instituto de Energie Atomics
Radiochemiocsl Division inecluded chemical enalyees of & variety of
materials such as berylium, grsphlte, uranium and therium ores,
zirconium oxide, etc. Ra&iqactivation~analysia‘was the chosen
approach to the problems évery time it could simplify the sclu=-
tion of the proposed analyesis, especially in the case where mate-
rial of muclear purity should be anslyzed.

This paper describes, briefly, the procedures used for
some of the asnalyses carried out such as: determination of the haf-
nium content in samples of zirconium oxide and zirecenyl chlorides
‘sodium in demineralized water and in the pool water; non-destruc-
tive analysis of sodium in graphite; gold in minerals and ores;
uranium in ores from geld mines and in the reaciorts pocl water
tantalum in ores; chromium in water from dems. Studies are being
carried out for enalyses of cadmium in urasnium oxide of wuclear
purity and fgr'a method determining the proportion of the various
rare sarths elements in & mixture of total rare earthe. A syate-
matie\study of heir compositlon hss been siarted in order ﬁa
verify the peossibility of identification of suspect persone in
criminalistic investigations.

QOID AND URANTUM(Y)

Minerals of gold from operating brazilian gold mines were
analyzed simultaneously for uranium snd gold. Urenium was analyzed



: mou nep rmed by irradiation and gold by
the isotope gold-198. The general technique of standerd irradiation .

was also followed in this case. Radiochemical separations were re-
f quired in this case since various activities were induced in the
ore sempies. Gold-198 and Neptunium~220Q r&di&isetopea, were gcanned
in sepsrate fractions and their amounts caleculsted by comparing

ar: . .u the corresponding phdtapedka with the ones obtained with
stancards, Precision of the &nalyses were from 1% to 10% expressed
‘as standard deviation, for ore samples containing 20 ppm of gold
and 0.1% of U,0g-

HADIOCHEMICAL SEPARATIOHNS

Elements separated: gold and neptunium,

Principle: The method is based on the fact thatw%he strong anionic
echloroauric complex is selectively held by an anionic
resin (Cl-form). The neptunium anﬁ-uther radioisotopes
are eluted with dilute HCl acid.

Irradiated sample: ore samples from Canavieiras Mine, Jacobina,
Bahia, containing 5i0,, Fe and § (pyrite) and As, Au, U,

Na as minor constituents.
PROCEDURE

0.4 to 0.% g ore samples are sealed in polyethylene vials
and irradiated for two hours in & thermal neutron flux of 1012
neutrons/sec,cmz. Standards of gold (as chlorocauric) and uranium
‘(as U308)twere irradiated for the same length of time and &t iden-
tical geometry. After irradiastion a cooling time of 24-72 hours
was obssrved. The irradiated samples were treated with aqua regisa,
centrifuged, and the residue washed twice with HCl 5M and then with
water. The residue was disaaiv&d with Hﬁ@§+ HF acide mixture, fumed
with 32304 acid and finelly leacned with water. The selutions were

_collected together and diluted to 100 ml., For anslyses, aliquots
were taken and the acidity was ascertained to 0.5 M, with HC1.




GOLD DETERMINATION

Small columnz of 0.5 cm i.d. x l,obcm of height containing
1 ml of anionic resin (Nalcite SAR, Cl-form) were used, The resin
was previously conditionated with 5 column volumes of NaOH M, HCl 10M
and HC1 0.1M, respectively. The ore sclution (20 ml) was percolated
with veloeity of about 1 ml/min and then the resin washed with 20 ml
of HCl 0.5M and water. The resin containing the gold (chloroauriec
acid complex) was transferred to & polyetyrene vial and the Au-198
activity determined, Standards containing both gold and uranium were 5
prepared and the same procedure was applied to them and the gold of
the standard solution was sorbed on the anionic resin exactly as
degcribed above. The efluents and washings of the columns were 0ol
lected together and kept for the determination of neptunium (uranium).
The identifgpation_of gald‘was made by gamma-ray scanning and its
purity wes checked by determining the half-life,

URANIUM DETERMINATION

The efluents and washings of the anionic resin column were
warned, neutralized with ammonium hydroxide and treated with hydro-
chloric acid to a little excess. To the sdlution, hydroxilemine
hydrochloride was added until the yellow colour of ferric iron had
fadded, so as to be sure that the reduction of neptunium was com-
plete. The solution was transferred to & platinum crucible and one
mililiter of 20 M HF acid and 20 mg of lanthanum (nitrate) were
added dropwise., After the lanthanum addition the mixture was stirred
during 5 minutes and.centrifuged in & polystyrene vial. The preci-
pitate was washed twice with one ml of a HF 1M + HNO3 1M mixture,
centrifuged sgain and then counted in the gamma scientilometer. The
standard containing both gold and uranium after passing through the
enlonic resin, was submitted to an identical treatment. The ldenti-
ficatfon of neptunium, as in the case of gold, was made by the
ganme-ray spectrum and the purity was checked by half-life. The

decay of Np-239 was followed by integral gamma activity counting of
the precipitate of lanthanum (neptunium) fluoride. The evaluation

of neptunium content, consequently U-23%8, waes made by the areas of
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h peaks,ftheir hei hf; gn&'by the iptegral gamma[acfifify counte -
ing asnd compared with the corresponding data fer the standard,

QEMA&W“

i, For gold no isotopic carrier is reguired,

2. I't was obseérved that neptunium and gold had been separated from

. silics with relative facility by mitacking the ore with aqua regia,‘
&fger one digestion, all the gold and & considersble fraction of
the neptunium were solubilized. So, for the gold determination,
the ‘complete solubilization of the residue (ni@ } with HF ia not
required and the time of amalysis is shortened.

3. Gold is determined by measuring the Au-l98 activity directly in
the anionic resin column, without eny further gold separation, : 3

URANTOM IN THE 10N EXCHANGERS TANKSZM3)

%

The redioactivation techanique for analyses of traces of
uranium fized on the ion exchangers tanks for the purification ef
,the pool water Reactor of Sao Paulo, was applied by Limsm, Abrao
‘and Pagano<2* >. After elution of an aliquot of the ion exchanger
‘Tesin, uranium was extracted by ether (contimious extractor), the §
ether was evapbr&ted and uranium fraction was irradiated withb '
thermal neutrons. The induced neptunium-239 was detected and de-
termined by the technique of Mahluman and Leddiﬁatte(s). With this
anslysis it wes pbasfble to estimate that about 0.5 gram of uranium
was held by the exchanger tank (112 kg of resin) when the new set
of fuel elemente were put in operation end after the resin hed

treated 5.7 x 106 liters of pool water.
%he uranium found in the ion exchanger regin came from 8x-
ternal contaminatigg of the aluminum ¢leadding of the elsmenis (3,6),

TERMINATION OF URANTUM IN THE ATUMINUM CLADDING OF
FUEL ELEMENTS ,(12)

T A

B

The aluminum cladding of the fusl elements that erec deing

made by the Nuclear ‘Metallurgy Division is heing examined for even=

444



tual contamination of the exteranl part of thayalﬁmanum@ Alao the

same type of analysis is belng carried out for the fuel elements
for the sub-critical facility (UQZ pellets in sluninum tubea).

. 5?‘
TANTALUMNIOBIUNM '/

(1)

ores from the Araxd area, State of Minas Gerais, Brazil. The sem-

Tantelum was determined by activation analyses in some
ples contained phosphorus, niobium, tantslum, titenium, ursnium,
iron, mangenese, thorium, calcium and rare earths. They were opened
by scid attack and tantalum was ééﬁermined in the total oxides

(8b + Ta + 1) obtained by Schaeller‘s<8} proceaure af{er LHuThe
ing the tannic acid pmeipitate., The tantslum content in the ore
was determined by comparing the area of i1ts photoslectric peak
(ra-182, half-life 111 days, 0.06 and 1.22 Mev) with thet of a
tentelum standard irresdiated simultaneously in the same geometry,
using a single~chamnnel gamme-ray spectrometer. The same proceduré
was applied for the analyses of varicus flotation fractions of the
game ores. The tantalum content in the original ore was found to
be 0.003% to 0.07% in Ta,0g.

REMARKS

The Schoelleris procedure applied to those ores gave high
results for Kb + Ta when compared with the»tanﬁalum results obtalned
by neutron zmctivation anelyses and the nicbium results from polarogra-

phy.

(1)

HARNIUM IN ZIRCONIUM

Semples of zirconium oxides were irrediated at IEA-RL for
periods ranging from three %o six hours in thermsl neutron fluxes
of lclzn/see.cm?. Separation of both elemen%s(l} was achlieved by .
applying procedures based upon the complex formation of zirconium
and hefnium with sodium triphosphete (Na5P30106H20).




The hydroxides of zircanium-hafnlum were preclpitated by .
adding ammonium hydroxide t¢ zireonium-hafnium sulphates sclutiong,
filtering and wasghing the precipitate with dilute solution of the
precipitant up to a negative test for sulphate. The hydroxides were
dried and two ali uota were prepared for irradiation; to one of %he
Qamples a known ameuut of hafplum oxide was added é end tk samples

1z : :
were *rraaiated in & thermal flux of 10 “n/sec.on™ for three hours,

“he pernenfagt of hafpium oxide was then det erm*nad by the relations

LD, =

o

o3
£

Wiere P, .and P, are the weighte of samples 1 and 2 and €, and ¢

2
the activities ln counts per minute (opm) of samples: P is the

welgnt ol the standard hafnium oxide added to gsample 2. The acti.
#ities were determined at the Hf-181 photopesks of 0.133 Mev.

Purity of zirconyl chloride samples for their hefnium cone

e
tent was checked

by non-destructive analyses by irradiating the
samples and stendards of hafnium oxide for the same length uf time
znd 2t same geometry. Standards and samplés were counted, without
previous chemical separ&ticn, by scanning in gamns gpectrometer

ahd comparing the areas for Hf-181 peak at 0.133 Mev, Complete ana-
iyses could be made in two to four hours, depending on the irradiae-
“tion time. Damples of zirconmiwn with a hafnium content of 0.1% to

P » Pt =
J.5% were cazily analyzed.

eminerslized water {primary system), water from the pood
aad’rgbiffu4~r1n3 demineralized er (secondary sysien), were
| « The amount of sodivm ~remained
o uﬂC “demi ncx&,&z~ﬂ recirvulating water \se»ond&xy a,~tnm _and
5001 2ter was determing by eveporation to dryness of 250 ml sam-
ples in s pletinum crve: vle, the residue trunsferred tco = poly-

sthylene vial with 1 ml of deminerslized water and irrediated in




iF

to 10-2 n/sec.cmz, for irradiation
periods of half to feur hoir, Standards samples of sodium were

thermal neutrcon flux of 10‘L

alsoc irradiated at the same geometry and for thez same length of
time, After irradiation,standards and water residues were trans-
ferred to counting vials and the activities measured by gamma=-Tay
spectrometry, The average value for various gamples was 0.4 ppnm
in sodium for thé pocl water and Q.03 ppm for the demineralized

recirculating pool water {repurification system).
REMARKS

1. For both pool water and répurified poocl water, no che-

mical =mepmration was required in the determination of sodium,

2. In the evaluation of the sodium content in water samples,

n(B) was applied. For each type of

the "internal standard method
water three irradiation vials weré prepared containing the evapor-
ation residue of the water, the evaporation residue of the water
plus an added mass of sodium (internal standard) and the same mass
of scdium (external standard) used as internal standard. The results
of sodium content of water calculated with the internal standard
were in agreement_with the ones calculated vie external standard.

= (
SODIUM IN GRAPHITS (2)

Non dsstructive activation anaslyses of godium were carried
out in samples of some brazilian pure graphites(a). The purity of
national graphites samples were compared with the imported "nucleax
pure!graphite", as for example with the graphite used in the thermal
column of the IEA-R1 Reactor., Amounts of sodium varyihg from 28 to
35 ppm were found in commercial Brazilian graphites while the gra-
phite in the thermal column had a sodium content of 2.5 to 3.4 ppm.
Those graphites samples could be analyzed in about two to four hours,
including irradiation time, and using O.l gram of graphite with a
reproducibility of 3%.
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In order to study the possibility of detecting leakages in
dams by adding chromium salte %to the watler, It was necessary to know

the content of chromium in some river waters., The procedure is Oute
lined as feollowss after the sxidation of chromium to chromate ion
with hydrogen peroxide in hot ammoniacel medium,; 3 liters of water
are percolated through am anionic resin column (10 ml of Amberlite
IR-401, OH-form), The chromate ion is eluted from the resin with
. 70 ml of 2N ammonium carbonate sclution. The eluate is evaporated
%o dryness over an sluminum foll that scts as containper for the
residue. Alternmatively, it will be tried to irradiate directly the
anicn exchanger in which chromate was edscrbed, Standards of potss-
sium chromate mounted in the same way are prepared and irradiated
8t the same geomeiry and for the same lrradiating period. Samples
‘are left to cocl for 6 days after irrediation and the chromium
content iz determined by comperison of the areas under the phatau
peak of Cr-51 (0.3%2 Msv) for the samples and the corresponding
standards. Preliminsry studies indicate that by this procedure it
 is possible to determine less than 0.04 ppm of Cr in water,

‘DETERFIQATIGE OF PROPORTION OF RARE EARTHS ELEMENTS IN 4 MIXTURE OF

0TAL RARE EaRers' 'O/

Mixtures of rare earths elements cbtained through vaerious
steps of rere sarths purificetion sare being snslyzed for their
components using insirumentel technique alone for some element.
oxr instrumental technigue and fasti radiochemical szeparations in
order to annlyze the fourteen elements. Dyspr@a;am, lanthanum and
europium are elemenis in the mix@ara whose determ;natian seems

possible Wwithout previous chemical separstion: for these elemenis
‘short irradiation periods of from five seconds to five minutes, in
a flux of thermal neutrons of about ¥ x 1012 neutrona/sec.cmz, are
 used. ﬁylcn pneumatic rabbltis are used for irrediation and samples
can be counted from 3G seconds to one minute after irrediation

hag stopped,

Presently "library" spectra of pure rare earths radioiso-
topes 1= being formed by using & punched-paper tape readout system,
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Studies have been started in connection with trace-element
characterizatiocn in human hair. ter on the study is to be extended
to other materials such as fingernamils, soll, paint, stc,

EQUIPMENT AVAILABLE FCR ACTIVATION ANALYSES

Presently the avallgble equipment at the Radiochemistry
Divisieon is formed by decimal scalers and Geiger tubes, menual and
automatic single channsl analyzers, multiahanne1 analyzer and Nal
(T1) well scintillation counters. The multichennel analyzer (400
ehannelé) system is provided with readout unitss paper tape printer,
X-Y recorder, computer typewriter, paper tape punch and reader
units and spectrum‘resolvereintegrator. A pneumatic rabbit system
ig located near the counting room in order to allow work with short
half-life radiocisotopes. The corresponding thermal neutron flux,
for this station, is about 3 x 102
power, Irradiations are carried out in nylon or polyethylene rabbits,
for short irradiation periods and for work with short half-life radio-
isotopes, or in aluminum rabbits which are used for leng irradiation

2
neutrons/sec.cm” at 2 Mw reactor

periods, Usually samples are put in polyethylene envelopes of about
one by one centimeter, and the envelopes in the rabbits. Rabbitst?
travelling time is about three seconds.
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