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INTRODOCTION

The determination of gold and uzrsniup by radiosctivation
analysis has heen made in separated materials. These two elemants are fre-
quently mzscciated in oras (1,2,3),1n the refined products of uranium (3} and
ig uranium slloys (j)p A method which would allow 8 simultanecus analysls of
both elemants in a simpla gperstion would be opportune, and this method has
been developed, in the present work, by anscciating the activation aenalysla
and ion exchange techniguea.

Mahlman and Leddicotte (4) have determined U-238 by
radioactivation, and the Xp-239 formed on the U-238 (n.gamma] reactlion wap
soprecipitated with lanthanum fluoride. On the cther hard, Au-1%2 asctivated
by (n,gamma) resction in the analysis of orea has been isolatsd from the ore,
sfter golublization; the method waa solwvent axtrection after the addition of
gold carrier, and determining the gold in the metallic form (5,6)}.Thie method
ism troublescme, nesds addition of gold carrier and requires complets elimi-
nation of the nitrate fion, otherwise the reduction of gold to metal will not
ba quantitativae.

Gold in submicrogram or macrogram lavel can be adsorbed
oh activated cardon (F,8)}, Hchweitzer and Blahop (8} called attention +0 the
fact that thiz adsorption is alwmost independent of the pd of the 80-
luticna, although the carboo hae the teadency to duffer the sclution %o & pH
of T,5. They claimed an adscrption of 93% for solutions of pH 11 and 97 %
for golutions of pH sero., The adsorption is made on batch equilibraticn gnd
the beet tlme for adecrption Le ¢ne hkour,

The c¢hloroguric acid and cyanide snlonic complezens of
gcld are well retained on anionic ion exchanger (9,10). If the adeorption of
those anlonlc cooplexea of gold on the ion exchange 1s easy end saletive, on
the other hand the deporption la difficult, and this had prevected a larger



2.
uae of anionic resains for the anslytical procedurss for gold.

Suagman, Nachod and Woed (9) studied ths adsorption of
the adaorpiicn of the chloroauris acid on strong anionie ion axchange, hut an
eluent for the desorpilon was not indicated.

Lima, Abréc apd Pegano (11,12) used the radiosetivetion
technique for analysis of traces of uranium that was filxed on the fon exchan-
gers tankas for purification of the water of the Swimning Fogl Reactor of Sao
Faulo.

After elution of the ion sxchanger, uranlum was ax-
tracted by ather, tha ether was evaporated and uranivm was irradiated with
neutrong, the neptunium-23%9 was detscted and determined by the technigque  of
Mehlmgn and Leddicotte (4). Lima "et al" {11,12) had began to study the da-
ternination of gold and vranium in orea, by activation analysis; they tried
to determine both elements but they called atiention to  the fact that tha
method was precarious and the precisicn wes poor when counting the irradiated
ore, without previous chemigesnl processing, Owing to the previouns conalder-
atione the present author developed the mathoed presenied in thia paper in
which the analyeis of umsterials conteining both ione, uranium and gold ara -

made.

INSTRUMENTS AND EEAGENTS
For gaoms scanning 1t was used a one channel pulae a-

nalyser {Inst. Energis AtSmica); a Linesr Amplifier Techniesl Measurement
Corp., AL-4A; a model 1Bl=A decimal scaler, and & s¢diug 1odide=thallium acH
vate well scintillation crystal, Model XT-100 both from Nuclear Chicaga

Corp. The atandardigation of the gamma counting syater was made by using Pb=-
210 {0,047 Mav), G4-109 {0.087 Mav), 8Sn-113% (0,393 Mev) and Ca-137(0,662 Mav}

AQUTrC{s ,

STHONG ANIONIC RESIN

Falcite SAR {Feticnal Aluminete Corp., U.S.A.)}.The ton
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exchanger was conditiovnated with 1.0 M EaOH, 10 M HCl and 0.1 M HCl,

STANDARD GOLD SOLUTION
Spectrographic pure metallie gold waa dissolved with ague regla

and tha nitrate ion was completely eliminagted by fuming with hydrochloric acid.
Thie atandsard solution had ite aeldity ascertained to 0.5 M HCL, '

STAHDART UHANITM
4 atandard of uranium was prepared by csleination of uranyl ni-

trate, in s platinum cruecible, to Ujﬂa which was ueed for irradiation.

SOURCE MATERIAL FOR ANALYSIS
The ore snalysed were samples from the Mina de Canavieires, Jacg

bina, Bahia {1), which was formed by 8i0,, irom, sulfur {pyrite), areenic and
gold, uranium and sodlum being present as the minor components.

The best method tc open emall aliguote of the ore i1s the fusion
wlth sodium hydroxida, leaching with hot woater and neutrallzation with hydro-
¢hlorie seild, Therwe la c¢ccagulation of hydeted gilleca if the aolution is left
undisturbed for some days, but by inereasing the acldity of the mixture the -
precipitation of sllica may cceur in s few minutas, In this case it 18 india-

pensable to desicicate the mixture by fuming with agid, using cleaaical me=
thoda (13). The ailica precipitated with hydrochloric ancid, on steam bateh ma
waghad with acid, then with water and the precipitate had no sctivity. The

operation of silica inasolubllization is time consuring snd can be avoldsed with
out any inconvenlenhcs,

An agid attack of the cre was made with an attempt %o ilnveatiga
te how the opening of the ore should be conducted. For this;, a 0.1 g of the
irradisted ore was scanned on o gamma-apestromater, after allewing the ore to
cool for s 24 hours perlod., The following photopeaks were detsctedd Kp-239
{0.106; 0.230 and 0.323 Mev), Au-158 (D.412 Mev) and Na-24 (1.38 and 2.76 Mav}
(fligure 1),



Np-235 wae formed by decay of U-239,after {n,gamma) ra
action on U~238 (4)}. The four peaks of Rp-23% are 0,106, 0,230, 0,276 and
0.%23% Mev (14), Beyond the peaks of Xp-239 only Au-196 has an important con-
tribuition, begause the peaks of 5i-31 (0.52 Mev) will not show up after the

eooling pericd,

After acanning the irradiated ore it waz attacked with
agua regia, evaporated ¢ mlmost dryness, lesched with 5 M hydrochlorie scid
and centrifuged; the residue, characteristic of Siﬂz, WaAB Once more  scannsd
oen the gamma aclintilometer. It wea noticed that only the pesks of neptunium
were 5till present butnot the ones corresponding to Au-198 (fig.2). The con -
clualon is that the acid attack of the ore makes soluble all gold and a con-
giderable fraction of the neptuniua since the scanning of the aclution 4did
ahow that Np-239 was present, For actual analysla an acld attack of the ore
wad made and the residus was solubilised with a mixture of nitric and hydro-

fluoric acids-

The disruption of the ora by atepa, i.e., firat with
aqua regiag and then solubilizatiion of the residus with & nitric and hydro -
fluorie acids gixture had te be more efficient and less troubleacme than  the
direct digeation »lth nitrie apnd hydroflucriec acide mirxture.

PROCEDURE

Reutron irrpsdiationm

Aliquots frem §.5% to 1.0 gram of the cre were put in
pelyatirene vial and irradlated for #wo houra in a flax &012 neutronsfaec.cmze
Standards of gold {as chlorcauric acid) and uranium {as Uﬁnﬂ} ware 1rradiated
&t the pame time and with identical geometry, After tho 1rradiasticn a egool

ing time of 24-T2 houra waa observed,
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Ore digeaticn

Aligquods of irradieted ore, weighing about 9.3g, were
attackad witk Aqua regla, centrifuged, and the resaidue washad twice with & M
bydrochlorie aoid and then with water, The residue was then dissolved with
nitric and hydreflucrie scide mixture, fumed with sulphurie ascid and finally
leached with water, %The sclutions were collected Sogether and diluted to 100
milliliters. For analysie aliquots were itekan and the scidlty was ascertaip
ad with hydrochlorie acld %o .5 X,

GOLD DETERMINATION

5mall columne of O0.% ¢r of diametar by 1.0 cm of
haight, with one milliliter of anicole resin in chloeide form were uged, Some
enalysls were made by adding gold as ieciopic carrier at paximum of 1,.5ng and '

vtbhera without gold as carrier.

After %he realn had been lcaded 1t waa washed with 20
millili%are of 0.5 ¥ hidrochlorlio acid and then with water until absance of
hydrogen jon in the washings. %The reein with gold was transferrad %o ancther
polyatirane vial that would f£i4 the wall in a gapme=-socintilomaster and the Au-
198 activity was counted., Standards containing both gold and uraniuom wore
prepared and the same procedure was applied to shem and the gold of the
standard sclution wae aorbed on the anionic resina exactly as deascritbed above,
The efluents and washings of $he column were colaoted together and kepé for

the determination of neptunium {(uranium),

GOLD IDERTIFICATION

The identification of gold was made by gaomA = eneTEY
acanning apnd its purity wae checked by determining the decay via integral
gamma ray counting. PFigures 3 and 34 show the gamms scanning of g£old standard
and gold snalysis (ores). The gold ore content wam evaluated %y +the aress
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under the peskes (1%}, by their heights and alao by the integral gamma ray count
ing, ¢omparcd with the same measurements made with the standards. .
Table I presents the regsults of gold enalysia of two

g ganpleld, expressed in miercgram of gold per gram of oro,

URANITM DETERMINATION

Tha efluents nnd weshings of the anionie resin eclumn
¥org Yarmed, neubraliszed with amooniwo hydroxide and freeted witk hrydrochlorie
acld untll 8 litfle excasg., Teo %he scludion, dydroxilanine hydrockloride vag
added onil! the yollow anlor of ferric iron had fadded ic be awre that the rg
Zucticon of neptunium wae coamplete. The selution was transferred 0 a platicom
sragible and one milliliter of 20 M hydroflucric acid and 20 milliprssme of lan-
thanum {mit*ato) were edded dropwise. After the lanthanum additiom the mixtuwe
w33 atirped durimg % minvtes and centrifuged in & polystirens whal.

The preoipitete was waghed twlee with one milliliter ofa
(¥ hydrofluoric-mitrie agids wmixture, eentrifuged again and then counted im the

gamma scintilomater.
The standard comtatning boith Fold awd wraniwn, as mention
ned above, after peasing througzh the amiocedc reein, wes subhided ¥ gp identical

tregtment.,

FEPTUNIUM IDWNTIFICATION

The identificasion of neptunium, ss in khe oese of gold
ae nada by ths gamgs BUGT 5] ipeciTyh and the puriiy was cheeked Wy hali-lide.



T

The decay of Np-239 was followed by integrel gaosa
activity counting of the precipltate of lenthanua {neptunium} fluoridu. 4s in
the determingtion of gold, the evaluation of neptunium content, conscguenily
U-238, was made by the areaa of the peake, their heipght, and by tha ipotepral
gamms astivity counting, compared with the correaponding daits for ths stondand
Takle 1 presents the results of uraniuve snalyeis In two asoplasz of orc. Tle

results were expressed in percentage of U}OB'
DISCUSSTIOR

I% ie cbeerved thei neptunium and gold had teen sepa
rated from silice with relative facility by attacking the ore wiih agua Tegian.
After nne digeation all the gold and a coneiderable fraction of the napvaniua
were golubilised. Using strong anionie resin for retention of gold the chiaoe
roauric¢ scid complex is sorbed aven g% a very low concentration, 7ithout ads
ditlon of lsotopic carriex. Othay impuritles were eliminated fyowm the resin
by washing with hydrachloric acid,

The coomon oethods where gold is eeparsted by ool =
vent extraction (ether or ethyl acetate}, then precipitased by reductiion o
metallic gold, requires 20-40 milligrams of gold carrier. The chlcoroasuric g=
cid is strongly fixed by anionie resin(chloride form} from its solutions with
hydrochloric acid concentration ranging from 0.1 to 12 M (i0) and ithe resin
may be counted directly. Another advantage on fixing gold in the anionie re
8in ie that these morptlon is good even in the presenca of nitric acid{iﬁ};hqg
aver, in the common procaases of reduction it is imperious %o oumplets the
elimination of nitrate ion, atherwise the reductlon to metallic gald 18 nat
quantltative,

With reapect¥ to the ore opaning it is better %o proceda
by steps, i.e.; first with agus regla, then the scolubillzaticn of the residue
vith pitric-hydrofluorie acide mixtura, In thia way the desagregnlion of the
ore ia more efficient and lags troublesome than direct digestion with aliric
bydroflucric mixture.
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The separation of gold from the activitise of the
irradigted uranium was checked by using a synthetie wnixture containing 26 mi-
crograma of gold and 200 miorograms of lrradiated uranium in 20 milliliters of
golution and anelyaing this mizture by the pame method as for the ores.

Tha acidity cof this mixture wae ascertained to
0.5 ¥ with hydrochlorio acid and then passed through an anloniec resin column,
in ehloride form, 0.5 cm of diameter by 2.0 cr of height, with a flow of 2 mil
liliters/minute, The column was washed with 10 milliliteres of 0.5 ¥  hydre -
chloric acid and then with water untll no oore hydrogen ion could be detected,
in the washingps. The resin was transferred to a plastic vial and waa =acanned
with the aid of the gamms agintilometer. PFigure 3 ahows thls ecannlng, where
only the peaks corresponding to Au-198 are preaent. The column efluents and
washings were concentrated eimply by evaporation on a hot plate, transferred -
tc a plastic vial and ther scanned with the gamme-scintilometer. Figure four
shows this scanning where only the Np-239 peaka sre preaent,

Flgure 44 was obtained by acanning the £fluent of
an anionic resin column in chlorida form, to which ths irradiated uranium atan
dard was pasead. Experiments made by uging aclutiens with a lower concentra =
tiong of gold and uranium had shown that isoteple carriers of geold and non -
isntopic carrierfor.neptunium {lanthepum) were Aispensabls vuen the BREDAra-
tion of thoae elements wae made with the sid of Bn snionie resin. Mahlman and
Leddicotta's method could be simplified by omiting the hydroxzides precipltation
and precipitating the fluorldes directly, since 1t was not necessary the sepa=
ration of Pu~239 {(alfa emiter).

The precision of the methods 1s the one for radiag
activation analyois, 1.e., from 1 to 10%, accordingly with the standards devia
tion presented on Table I,
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SUMMARY

Gold and uraniom, frequently found together in thasame
ore, were gqualitative and quantitatively enalyased by means of Au-198 and KNp-
239 riclides formed by nuclear reactions afier irradiation in & neutron flurx,
Gold wae separsted from neptuniue and figeion products with the ald of a
atrong anionie reein, without the addition of gold isotopic ¢arrier and ofnon
iaotopic carrier for neptunium. Eeslde thiz edvantage, the seéparatiocon made
with the ald of anionic resinms 13 a very aeasy and simple operation in con-
trapt with ihe golvent extraction of gold {%,6).

The aficiency of the sepsrations and the purity of iso-
lated radioisotopes were checked by gamua=~ray spectrometry and measurament of
the half-lives,
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TABLE 1

Reaulta of gold and ursnium ore

determinaticon
Semple A gnld* uracium
- U0 ¢
ne 1 20,40 0,110
2 21,40 0.110
3 24,40 0,120
4 21,40 0.110
5 24,80 0.110
6 24,70 0,130
Average 22,85 3 2,00 0,115 3 0,008
Sauple B
n® 1 20,80 0,140
2 17.90 0,130
3 19,20 0,120
4 17,60 0,120
5 17,50 0.120
2 17,30 0,130
7 17,50 0,140
8 13,30 =
Average 18,44 £ 1,21"" 0,128 ¢ 0,008""

* picrograms/gram of ore
** gtandard daviatian
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Figurs 3
Seanning of tra gold istandard
fixed pn the anionis reain.
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Flgare 4
Sdamming (of the

resin efluants,

3 ipny cqncentrated by pvaporation.
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Figure 44
Jeanning of resin efluenta,
concentrated by evaporation
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