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Bosronxe neryunx sieMeHTOB X&K CNOCO6 pasdOXHMHHUECKOro
No¥CKa CBEPXTSMEnbX 3/1eMEeNTOB B YDAHOBOH MMWEHH, O6lydeHHok
HOEAMH KCeHOHa

Merannuueckas ypanonas MHWEHbL Harpeepanach B KBapieBoy Tpy6Ke
nocineposarenlbLHO B TOKe a3ora, BOAOpOZa M BO3AyXa NpH TemMmreparype

0,
850-1100%C, INpoayxkTsl BO3TOHKH OCaXO&IKCh Ha OXIaMARaeMbIX CEOpHA-
k2x, 3a 3 uaca 6b110 coSpano Gonee 90% panHoakTHBELIX atomos Tl , Pb ,
Cd , Zn , Xe , ] n Os , nepBoHadanLEO NPACYTCTBYOWUHX B OGNydeH=-

EOR MuIleHd,
KoadduuneHT OYECTKM OT AKTHHOHAOB CocTaeusa Gonpmwe 108

Pa6ora pumonrena B /laGoparopun saepueix npo6rem OUSIU,

Mpenpaur OBnennEerHOro WHCTHTYTa AnepHHX HCCTenOBaHWM. Ny6ra 1978

Reetz T, et al, . E12 - 11418

Sublimation of Volatiles as a Method of Radiochemical
Search for Superheavy Elements in a Uranium Target
Bombarded with Xenon lons

A metallic uranium target was heated in a quartz tube succesH
sively in the flows of nitrogen, hydrogen and air at a temperature
of 930-1100°C, The volatilized products were deposited on cooled
collectors. After 3 hours more than 90% of the radicactive atoms
of T1,Pb ,Cd ,Zn , Xe , J , and Os contained initially in the
irradiated target were collected. The separation coefficient of acti-
nides was more than 108

The investigation has been performed at the Laboratory of
Nuclear Prcblems, JINR,
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Attempts to produce the predicted superheavy
elements (SHE) by nuclear reactions are presently
being made in several laboratories of the world,
As early as in 1964 Flerov /!’ pointed out that
acceleration of very heavy ions such as xenon
might open up wide possibilities for producing new
nuclei, The bombardment of a uranium target with
such ions may lead to the formation of not only
new isotopes of known elements, but alsoc of new
elements ',

In 1971-1975 an extensive work on the search
for SHE in the products of bombardment of uranium
with xenon 34/ was performed at the JINR Labo-
ralory of Nuclear Reactions., Some attempts were
made to radiochemically separate the comparatively
long-lived isotopes of SHE from the target substan-
ces, In the present paper one of the techniques
used is described, which is based on the expec-
tation that superheavy elements 112-118 should be
relatively wvolatile and even more volatile than their
proposed homologues Hg to Rn . In particular, all
of them might be expected to be more wvolatile than
thallium ", Therefore if thallium and other vola-
tile elements are vaporized from the target material,
the conditions of the experiments seem to be favou-
rable for the separation of SHE., The technique
should foresee the effective destruction of the
crystalline structure of uranium as this considerably
enhances the diffusion of the elements through the



matrix of the material’® ., In addition, it is neces-
sary to provide the efficient separation of volatile
elements from actinides since SHE are searched
for by detecting their spontaneous fission,

The experiments described below were carried
out in the first half of 1975,

EXPERIMENTAL

A 50 pm uranium foil glued onto a copper
backing with Wood’s alloy was bombardecd with a
xenon ion beam of (L.5-10)-10? ions/sec intensity
and 980 MeV energy at a tandem cyclotron for 8 .
hours., The integral ion flux was equal to 4,5 10 °
ions,

Tha target was treated using the sel-up shown
in the figure, It consisted of a quartz thermochromato—
graphic column (2), heated by tubular furnaces (”))
and (6), and of two traps - a low-temperatire trap
(11) and a trap filled with carbon (10) for catching
highly volatile products,

Flydrogen was produced in an electrolyzer,
dried by concentrated sulphuric acid and purified
from oxygen by passing it over a palladium cata-
lyst, The final drying was performed using a liquid
nitrogen trap. The commercial nitrogen was purified
from oxygen by passing it over incandescent copper
and dried in a trap cooled with liquid nitrogen. The
air dried by freezing with liquid nitrogen was supp-
lied by membrane pumps.

The quartz column having an inner diameter of
4 mm contained a quartz sand filter (4) supported
by quartz wads (3), The metallic foils (?) on which
the vaporized products were deposited were also
placed in the column,

To collect gaseous elements the quartz column
was connected with a teflon tube cooled by liquid
nitrogen. The inner walls of the tube were coated
with a mylar film (9) which served to detect sSpon-
taneous fission events. Trap (10) filled with activa—
ted charcoal was placed in front of flowmeter (12),
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7 - metallic foil; 8 - teflon tube; 9 - spontaneous fission track detector

10 - activated charcoal trap;

3 - quartz wadding; 4 - quartz powder, 100-15 pum;
meter,

12 -~ flow-

11 - liquid nitrogen-cooled copper trap;



Before the beginning of the experiment the quartz
column, sand and wadding were heated at a tempe-
ralure of 1100 C in the air flow for 30 minutes and
in the hydrogen flow for 30 minutes. A 1,7um foil
of copper alloy containing 4.5% Ni | 4,5% Al ,

2.5% Mg and 0,7% Cr  was placed inlo the column
and annealed at 700°C for 50 minutes in the hyd-
rogen flow,

Before the experiment the irradiated 20x8 mm?
uranium larget (3) was refined from mosl of Wood’s
alloy by placing it inlo hot water, Afler that the
dry largel was inseried into the quarlz column, The
target was first heated by furnace (5) al 950°C for
60 minules in the nilrogen flow al a gas flow of
20 mi/min (differem nitrides of uranium, mainly U2N3 '
were expected to be produced during lhis process-
ing), and then for 60 min in the hydrogen flow at
1100 "C, Mosl of the nilrides were lo convert to UN,
Then furnace (5) was swilched off, furnace (6) was
moved Oto the lefl and the quartz sand wasoheated
to 870 C in the cenire of the furnace (800 at
the edge of the copper alloy foil) for 60 minutes
in the hydrogen f{low,

Then furnace (6) was lurned off, the column was
cooled Lo room {emperalure afler disconnecting the
teflon tube, the copper alloy foil was removed and
ils gsamma-radiation spectrum was measured, Then
the foil was placed into a spontanecous fission co-
unter, The gamma-radiation specltra of the larget
and of different seclions of the lube were measured
using a lead collimalor,

A oplatinum foil was placed into the column and
the column was connected to teflon tube (8) again,
The largel was healed by furnace (G) 1o 1100
in the hydrogen flow. After several minules the nit-
rogen was replaced by air and the targetowas
healed in the air flow for 60 min al 1100 C, During
this trealment uranium nilrides were expecled lo
vield Uz;0¢4 . Then furnace (5) was switched off,
furnace (Gg was again moved to the left, and the
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sand was heated in the air flow for 60 min at
940° in the furnace centre,

After cooling the system the teflon tube was
disconnected from the column, the ends of the lube
were closed by copper stoppers and the gamma-
radiation spectrum of the tube was measured, The-
reafter the trap was disconnected and the tube was
placed inlo a Dewar wvessel filled with liquid nitro-
gen,

The platinum foil was removed from the column
lo measure the gamma-ray spectrum and placed
inlo the apparatus to measure its spontanecus fis-
sion activity.

The quartz column was cut to several seclions,
and the gamma-radiation spectra of each individual
section and of the remainder of the uranium targetl
were measured,

RESULTS

The wvolatilization yields of some producls from
the target are shown in table 1. The rasults were
obtained by comparison of the over-all gamma-radia-
tion specira of the targel measured before and after
the experiment. The spectrum was measured also
after heating the larget in nilrogen and hydrogen,
Two Ge(Li) y -ray detectors, 40 cm?3 and 24 ¢p?
in volume, were used and the species were (reated
(the energies and peak areas were measured) using
a Minsk-32 and TIPPA compulers. The data on vola-
lalizalion vyields obtained in two series of measure-
menils agree fairly well. After healing in nitrogen
and hydrogen most of volalile elemenls were al-
ready extracled. The wvolalilization rale depends
not only on the wvolatility of the elements, bul also
on the conditions of their transportation in the tar-
gel malerial and on the characler of their interac-
tion with uranium. That was probaby the reason
why only 70% of xenon and a small amountl of
iodine were removed from lhe targel at the first
stage of the treatmentl



Table I

Fercentage volatilizetion yields of isotopes from the target

Isotope Energy After heating in After the experi-
(keV) N, and H, ment
gggg 208 <0.01 ¢ 0.01
239N§ 278 {0.01 < 0.0I
143g, 294 (0,01 < 0,01
I15mg4 492 90 100
III1, 171 - 100
GQmZn 439 85 100
20Q:[,1 387 80 100
13IJ 364 8 20
2I2Pb 238 40 90
ISZTO 228 8 60
ISSxa 253 72 95
IOQRu 497 [¢] 80
136cs 817 0 50
99mTc 140 0 55

Table 2 shows the distribution of individual pro-
ducts at the end of the experiment.

Such elements as Y , La and lanthanides, Ac
and actinides, Zr and Hf , alkali and alkali-earth
metals were either not vaporized at all, or were
irreversibly adsorbed on quartz, All the uranium
compounds, UgNj3, UN and U404, produced during
the experiment are involatile, On the contrary, the
elements of the main groups of the sixth period,
being highly volatile in the elemental state (and in
the form of oxides), were precipitated on the copper
alloy and platinum foils,
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The gaseous Xe and Rn  were caught in the
liquid-nitrogen cooled teflon tube having the inner
mylar coating,

For the purpose of detecting SHE the tube was
stored in liquid nitrogen for a long time,

The elements involatile in the elemental state,
but which form wvolatile oxides could be precipitated
on the platinum foil, These elements are Te,Ru , Os ,
Jr and partly Pt

Table 3 shows the distribution of some of the
products over different zones of the quartz tube,
One can see that technetium and ruthenium were not
desorbed fully from the quartz sand in air at 900°.
Cesium is evaporated from the target material both
in the elemental form and as an oxide, but irrever-
sibly adsorbed on quartz, The behaviour of lead is
somewhat different from the usual behaviour of the
microquantities of this eclement - about 7% of Pb
were deposited on quartz, This may bo due to,
first, the presence of lead macroquantities coming
from the residue of Wood’s alloy, Thus ascldly re-
sults in a partial deposition of lead duae to its re-
action with quartz., In ad-dition, tho (li%tributiq)n‘)of
lead was measured by tracing the isotope 212py,
(E = 238 keV) with a half-life of 10,5 hours, It is
possible that *12pp is in part a daughter procluct
of 224Ra( Ty =3.2 d), while the behaviour of radium
in the elemental state is similar to that of cesium
(see table 3).

The gamma-radiation spectra of the quartz sand
measured aftg{_l, the experiment did not exhibit the
lines due to U, 23 Np, 238Np as well as X-rays of
U,Np, Pu and Am , the areas of their peaks being
< 102 counts. In the targel gamma-radiation spect-
rum the most intensive lines due to uranium anc
neptunium contained 108 counts. Hence it follows
that the separation coefficient of volatiles from ura-
nium and neptunium on the section between the tar-
get and the quartz sand is not less than 104,



Table 2

Percentage distribution of producta

TOOTOPe  derey sliey Phii  geirt ™ irepe {10) fne intheoreer
(keV and on guartz in
the high-tempera-
ture zone
zz: 208 £ 0.0I ¢€0.0I 0 100
239N§ 278 £0.0I {0.0I o 100
14354 294 <0.0I ¢0.0I 0 100
1364 17 £ 0.01 €0.0I 0 100
200 367 80 20 0 0
22y, 238 40 40 0 20
203py, 279 45 55 0 x)
enrn 536 90 I0 o o
i, 171
115w, 492 90 10 o 0
€9z n 439 85 IS o 0
1354¢ 250 0 0 95 s
222pn 3s2 0 0 100 x)
103py 497 0 80 0 20
993, 140 o 55 0 45
1327 228 8 50 0 40
1914, 130 0 100 0 x|
3B, 361 8 80 2 10

*/pye to the relativaly low activity of the isotope, the lines due to
2 -radistion ere unseen in the target spectrum. Therefore the sun

of the ) -activities on the ccllectors is taken to be IOO
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Table 3

The distribution of soms products in zornes I, 2 asnd 3
of the quartz tube in per cent of the total activity.

Isotope Energy Zone I Zone 2 Zone 3
(xeV) without target
99y 140.5 0.02 0.07 0.1
103y 497 0 {0.03 0.2
136¢, 8I7 25 8 I5
212pp(+ 224pq) 208 4 I 2
200 1

r1, IISmIn,

T15%a,. 2%y, | o o o

Gngn J

On the quartz sand filter the concentration of acti-
nides is expected to decrease sharply, but no ad-
ditional experimental data on uranium and neptunium
have been obtained. However, if one estimates the
lower limit of the separation coefficient from uranium
on quartz sand on the basis of the behaviour of
cesium, the total separation coefficient for uranium
will exceed 10_6 . Consequently less than 1.5x10'7g,
of uranium were precipitated on the metallic foils,
which indicates, on the average, one spontaneous
fission event per 50 vyears.

Thus, the sublimation method described permits
the efficient extraction of wvolatile products from a
uranium target at practically complete separation
from uranium and other actinides. This makes it
possible to search -vith a maximum sensitivity for
SHE in the products of nuclear reactions by detect-
ing spontaneous fission events,
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