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M cnos O. 1. E6-2015-24
Pe3ynbT ThI BRICOKOTEMIIEP TYPHOU Iepep OOTKH BBICOKOYIIIEPOAUCTHIX
M TEpH JIOB U3 HIKHEKEeMOPUHCKOrO MEepPHO HCTOPHH 3eMJIH

B p 60te coobmr ercs o H OMOOEHUH CHOHT HHO Aendmuxcs Hykammos (CIOH),
KOHLEHTPHUPYIOLIUXC B JIETYYell 4 CTH 30JIbl IIPH CXHUI HUM BBICOKOYITIEPOAUCTOIO
(rp cuUTOBOrO) M TEPU 1 , XEMOTEHHOW KPEMHUCTO-YIJIEPOAUCTOW MOPOABI U YINIU-
CTOrO CJ1 HIl B cMecH ¢ OypbiM yrieM. B nosydeHHbIX 00p 310 X OHpenessiii CIOoH-
T HHOE JeJIeHHe TPeKOBbIM MeTonoM. Ompenernensl 30HbI oc xnenus CIOH u ux ser-
KHMX TOMOJIOTOB H TEPMOXPOM Torp ¢uueckoil Kononke. Hyknuu, o6H pyxXeHHbIi B
ENOYHOU JIoBYHIKE ¢ T7 /5 = 62 CyT, OC XKJI €TCs C TUIAPOKCHIOM XKele3 , P CTBO-
pserca B p crsope NH4OH + HyO9, 3 Tem neperonsiercs npu H rpes Huu go 100 °C
u oc k1 erca ¢ Agl. Il HHbIN HYKJIHI OTHOCUTCS K T jjoreHu M. Colepx HUE M Te-
PHHCKOTO HYKJIUJ B BBICOKOYIJIEPOTHCTOM (TP (PUTOBOM) M TEpH Jie U XEeMOTEHHOM
KPEMHHCTO-YIJIEPOUCTOI TToposie cootercTyer 10714 I/,

P 6or Bemonnen B JI 6op Topum suepHbix pe Kuwit uMm. I'. H. @nepos OUAU.
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Results of High-Temperature Processing of High-Carbon Materials
from the Lower Cambrian Period of the Earth’s History

The paper reports the observation of the spontaneously fissioning nuclides
(SFN), concentrated in fly ash during combustion of high-carbon (graphite) mater-
ial, chemogenic siliceous-carbonaceous rocks and carbonaceous shale in the mixture
with brown coal. In the samples obtained, the spontaneous fission was measured
by track method. The zones of precipitation of SFN and their light homologues on
the thermochromatographic column were determined. The nuclide detected in the
alkaline trap has T%,, = 62 d. It is precipitated with iron hydroxide, dissolved in
the NH4OH + H2O» solution, distilled by heating up to 100°C, and precipitated with
Agl. This nuclide belongs to the halides. The content of the parent nuclide in high-
carbon (graphite) material and chemogenic siliceous-carbonaceous rock corresponds
to 10714 g/g.

The investigation has been performed at the Flerov Laboratory of Nuclear
Reactions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2015




In paper [1] it was reported about the search of spontaneously fissioning
nuclides (SFN) in brown and black coals from different fields. Volatile fractions,
obtained by burning of 600 kg coal, were united and placed in the neutron
counter [1,2]. As a result, a limit of the SFN content in the original coals was
obtained equal to 10~ g/g.

Further volatile fractions were processed [3] in the thermochromatographic
column in the air stream. Spontaneous fission in samples obtained was determined
using the fission track method. The limit of the SFN content for possible rhenium,
osmium and mercury homologues at the level < 10716 g/g was determined.

The temperature in the zone of coal burning is 1200°C. This gives us the
opportunity to burn mixtures of coal with various rocks which may contain SFN.
There are rocks that can’t be decomposed using water chemistry. The black
shales, graphite widely represented in Precambrian-Phanerozoic history of the
Earth [4] belong to such substances.

In this work, separation and concentration of SFN were conducted by burning
of the high-carbon materials mixed with Moscow brown coal.

1. EXPERIMENTAL

Carbonaceous materials were taken for investigation from Central Asia
fields [4, 5] such as:

1. High-carbon (graphite) material from the carbon-silicon shale zone of the
lower Cambrian period.

2. Chemogenic silicon-carbon rocks of the lower Cambrian period.

3. Carbonaceous quartz-sericite shales of the transition period from afar to
the lower Cambrian.

The samples were burned in the setup described in [3]. Then fly ashes were
reprocessed using the thermochromatographic column in the air stream on the
setup presented in Fig. 1 [3].

The sample (3) of mass 10-15 g was placed in a quartz tube (2) 30 cm long
and 20 mm in inner diameter. The air was fed into a zone of heating by the
membrane pump (/0) with a flow rate of 10 ml/min through the pipe (4). The
sample is heated with tubular electric furnace (/) up to 1000°C. Volatile fractions
were collected at the surface of stainless steel (5) located under the temperature
gradient within the range from 800 to 20°C. The gold foil was placed at the exit
of gases from the column as of collection (6). Then gases were passed through
the traps (7) and (8) filled with the 6 M NaOH solution to capture of possible



Fig. 1. The scheme of the setup for fly ash burning: / — tubular electric furnace, 2 —
quartz tube, 3 — sample, 4 — quartz tube for air supply, 5 — a collection of stainless
steel, 6 — a collection of gold foil, 7 and 8 — traps with 6 M NaOH solution, 9 — carbon
filter, /0 — membrane pump

volatile compounds. The carbon filter was located at the exit of gases from the
column (9). After each experience fractions deposited at different temperatures
were collected. Iron chloride mass of 25 mg was added to the alkaline solutions
and precipitated as the iron hydroxide at pH 8. The precipitates were separated
from solution by filtration through a nuclear filter.

The volatile fractions and iron hydroxides were analyzed using solid-state
detectors (SSD) to determine the presence of spontaneously fissioning nuclides.
After measurements the iron hydroxides were then combined and processed ac-
cording to the scheme shown in Fig. 2.

Iron hydroxide was treated by NH,OH with adding HoO4 at heating. Volatile
fractions were condensed. Agl was precipitated from distillate and cube solution
by adding silver nitrate and potassium iodide in the amount of 10 mg each.
Solutions with precipitates were filtered through the nuclear filter. After drying,
precipitates were placed to SSD.

X-ray fluorescence analysis of samples. Determination of stable elements
was carried out on spectrometer with the Si(Li) detector with 200 eV resolution
on the FeKay » line (6.4 keV). Radioisotopic sources of 19°Cd and ' Am were
used for excitation of x-ray radiation [6].

| Ag+I" | = | Distillate |—| Agl |
Solution, Distillafi
NH4OH +H,0,| — Fe(OH);, = istillation
residue
100°C
Agh+T L Residual e Al
solution

Fig. 2. The scheme of iron hydroxide processing



Determination of uranium. The uranium content was determined by the
track method. The accuracy of determination of uranium was 10%. The detection
limit of uranium corresponded to 1079 g/g [7].

Radioactive nuclides used in the work. The study of the element distribution
on the setup and chemical processing of samples were done with the help of their
radioactive nuclides. "As (T}, = 17.77 d, E, = 595.9 keV), 261 (T} ), = 13 d,
E., = 388.5 keV), 181Re (Ty /2 = 38 d, Ey = 903.2 keV), '%°0s (T /5 = 94 d,
E, = 646 keV), ***Hg (T} > = 46.59 d, E, = 279 keV), and 2**Pb (T}, =
52.1 h, E, = 279.18 keV) were used as tracers and obtained by irradiation of
elements or their compounds on the MT-22, 25 microtrons of FLNR [3,9].

Measurement of gamma spectra. Gamma spectra of samples were measured
using ultrapure Ge and thin coaxial Ge(Li) detectors. Energy resolution was
0.6 keV at the line with energy 122 keV for the ultrapure Ge detector and 3 keV
at the line °°Co with energy 1332 keV for the coaxial Ge(Li) detector [8].

Detection of spontaneous fission. Registration of spontaneously fissioning
nuclides in the samples was made using lavsan solid-state detectors with lavsan
area of 150 cm? and thickness 175 um [3, 8]. The sample by layer about 1 mg/cm?
was placed between two detectors. After a multi-day exposure, the detectors were
separated, purified from the substance, washed and manifestation of traces from
spontaneous fission was held by electrochemical etching with the 6 M NaOH
solution at a voltage of 10 kV/cm and a frequency of 5 kHz [3].

Identification of the tracks as fission fragments was conducted on two detec-
tors. If the coordinates of the tracks coincided, they were determined as traces
of nuclide fission. The registration efficiency was 76% for one of the detectors
and 48% for coincidence tracks. The uranium content in lavsan was at the level
of 10719-10~ ¢ [8].

2. RESULTS AND DISCUSSION

The mass of combustible components and fly ashes obtained after combustion
of mixtures are presented in Table 1.

Table 1. The mass of combustible components and fly ashes obtained after combustion
of mixtures

Sample Carbon material, kg | Brown coal, kg | Volatile fraction, g
Brown coal — 10 12
High-carbon (graphite)
material 5 4 8.2
Chemogenic silicon-
carbon rock 4 4 14
Carbonaceous shale 5 5 10.3




The results of fly ash processing and track distribution from spontaneous
fission on thermochromatographic column are presented in Table 2. The data
obtained from burning of 10 kg of brown coal are shown for comparison.

Table 2. The results of fly ash processing and track distribution from spontaneous
fission on the thermochromatographic column

Temperature, | Sample | U content, | Exposure | Number | Exposure | Number
°C mass, mg glg time, d | of tracks | time, d | of tracks
Brown coal, 12 g

820-650 50 5.107° 80 0

650-250 80 5-1077 80 0

250-150 33 2.107" 80 0

< 150 100 2.107" 75 0

Au 300-100 2 2.1077 83 0

NaOH, pH 9 41 2.1077 83 0

NaOH, pH 9 30 2.1077 80 0

High-carbon material (graphite), 8.2 g

820-650 16 5.107° 75 0

650-250 130 5-1077 75 5

250-150 5 5-107"7 75 0

< 150 100 1077 75 0

Au 300-100 2 1077 75 0

NaOH, pH 9 47 2.1077 72 7 38 2
NaOH, pH 9 20 2.1077 72 0

Chemogenic silicon-carbon rocks, 14 g

820-650 16 5-107° 69 0

650-250 155 5-1077 69 3

250-150 3 3-1077 69 0

< 150 100 1077 69 0

Au 300-100 9 1077 58 0

NaOH, pH 9 45 2.1077 70 6 38 2
NaOH, pH 9 40 2.1077 70 0

Carbonaceous shale, 10.3 g

820-650 18 7-107¢ 63 2

650-250 103 3-1077 63 2

250-150 182 3-107" 63 0

< 150 184 1077 63 0

Au 300-100 42 1077 75 0

NaOH, pH 9 22 2.1077 58 0

NaOH, pH 9 30 2.1077 70 0




Table 3. The element distribution and total number of tracks from spontaneous fission
on the thermochromatographic column [9]

The zone of Elements Total number
precipitation, t°C of tracks/day
820-650 Cr, Pb, Mo 2/63
650-250 Te, Pb, Ga, Tl, As, Cd, S, Zn 10/75
250-150 I, Re 0/75
Au 150-20 I, Hg 0/72
NaOH, pH 8 I, Os, Hg, At 13/72

A break between the first and second measurements was 12 days. The
element distribution and total number of tracks from spontaneous fission on the
thermochromatographic column are given in Table 3.

During an 80-day exposure in the volatile fractions of brown coal there were
no tracks. There were recorded 5 tracks for 75 days of exposure in the range
650-250°C and 7 tracks for 72 days of exposure in iron hydroxide from the
alkaline trap at processing of the high-carbon (graphite) material.

There were recorded 3 tracks for the 75 days of exposure in the range 650—
250°C and 6 tracks for 70 days in iron hydrohide from alkaline trap at processing
of chemogenic silicon-carbon rock.

There were recorded 2 tracks during 63-day exposure in the range 820-650°C
and 2 tracks in the range 650-250°C at processing of carbonaceous shale.

The lighter homologues Cr, Pb, Mo and Te, Pb, Ga, Tl, As, Cd, S, Zn
as well as I, Os, Hg, At of spontaneously fissioning nuclides were observed at
temperatures of 820-650°C, 650-250°C and in the alkaline trap, respectively.

During the 72-day exposure, a total of 13 spontaneous fission events in iron
hydroxides from alkaline traps at the processing of high-carbon (graphite) material
and chemogenic silicon-carbon rock have been recorded. Subsequently 4 events
were recorded for 38 days in exposure. The uranium content in iron hydroxides
was 2 - 1077 g/g, which corresponds to 2 - 10° mg uranium in 100 mg of the
sample. This amount of uranium will give 1 spontaneous fission for 10° days of
exposure.

After exposure, iron hydroxides were processed according to the scheme
presented in Fig.2. The results of measurement of spontaneous fission events in
samples processed are given in Table 4.

From Tables 2 and 4 it is seen that the nuclide observed is dissolved in a
solution of NH4OH + H20O- and distilled at heating to 100°C and precipitated
with Agl, in which 2 tracks from spontaneous fission were recorded for 38 days.

Four tracks during the 38-day exposure in the initial product were observed.
There was a 28-day break between the last measurement and processing of iron hy-



Table 4. The results of measurement of spontaneous fission events in samples processed

Sample Compound | Number of tracks/38 days
Distillate Agl 2
Distillation residue 0 0
Residual solution Agl 0

droxides, so part of the nuclide decayed. The yield of the nuclide was about 70%
at distillation of NH,OH solution with addition of HyO5. 21At, 1311 are distilled
from water solutions at 100°C up to about 100% [10]. The data give us strong
evidence for the assumption that the nuclide observed is related to the halide
element group, which have no spontaneous fissioning nuclides.

Figure 3 shows the dependence of

70.7L0g Nrack the total track number on the exposure
_o.sl ™~ time for iron hydroxides from alkaline
09} traps and silver iodide.

1ol \TI/Z =62d From the results shown in Fig. 3,
1l it follows that the half-life of volatile

L nuclide is equal to 62 d.

-L2p Since the effectiveness of the regis-
-1.3— " tration of matching tracks is 48%, then

60 80 100 120 140 160 180  for 72 days at the 100% registration
td 27 nuclides with T} /o = 62 d would be
Fig. 3. The dependence of the total track detected, which corresponds to 34 ini-
number on the exposure time for iron hy- a1 pyclides in the original samples.
droxides and silver iodide Assuming that 100% of nuclides were
extracted which are in secular equilibrium with the parent nuclide of 7 /5 = 109y,
the content of the one can be determined by the ratio: A\; N7 = Ay N3, which cor-
responds to No = 2 - 101 nuclei. Hence the content of the parent nuclide in
high-carbon (graphite) materials and chemogenic silicon-carbon rocks from the
zone of the lower Cambrian Earth history is equal to 10~ g/g (mass of a sub-
stance is equal to 9 kg). This result correlates with the average content of SFN
in different geological samples [1, 11].
Uranium and transuranium elements do not possess volatility in the experi-
mental conditions presented above. Therefore, the products of sublimation do not
contain known spontaneously fissioning nuclides.

CONCLUSIONS

Experiments on separation and concentration of the spontaneously fissioning
nuclides from the high-carbon materials have shown the following:



1. Spontaneously fissioning nuclides detected are concentrated in fly ash at
burning of the mixture of high-carbon (graphite) material and brown coal.

2. The zones of the spontaneously fissioning nuclide precipitation are ob-
served at the thermochromatographic column in temperature ranges of 820-650°C,
650-250°C and in alkaline traps. Also, in these temperature conditions the el-
ements Cr, Pb, Mo; Te, Pb, Ga, Tl, As, Cd, S, Zn; and I, Os, Hg and At are
concentrated, accordingly.

3. A more volatile nuclide is absorbed by alkaline solution, deposited with
iron hydroxide, dissolved in solution NH4OH + H2O5 and distilled by heating up
to 100°C, deposited with Agl, and belongs to the halides.

4. The volatile nuclide has T3, = 62 d.

5. The content of the parent nuclide in the high-carbon (graphite) material
and chemogenic silicon-carbon rock is 107! g/g.
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