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Ashes of pulverized uraniferous brown coals were embedded in nuclear emulsion. We
examined the active grains, and compiled statistics according to shape and number of the
emitted tracks. The grains fused into spherical shapes are the carriers of the greater part (70,6%)
of the total activity. The average uranium concentration of the spherical grains in our test
substance was 0,659,.

Our investigations on the uranium content of Hungarian brown coals
are closely connected with a research work of wider scope carried out first by the
Institute of Experimental Physics of the University Debrecen and continued
later by the Institute of Nuclear Research of the Hungarian Academy of Sciences
Debrecen, established in 1954. These investigations [1—11] have for several
years been systematically directed by one of the authors (A. SzArLay).

Departing from research methods so far applied, we are reporting in this
paper on investigations with the photographic emulsion method. In some re-
spects, this method has great advantages, of which we have quite profitably
availed ourselves. The track of each a-particle emitted from grains of the sub-
stance embedded in the photoemulsion and containing radioactive materials
becomes observable under the microscope. If we wait for a few weeks after the
embedding and develop the plate only then, the sensitivity of the method
strongly increases and individual chservation of a-particles becomes practicable.
Under the miscroscope not only the track, but also the grain becomes visible
from which the track originates. Thus the method affords an opportunity even
for morphological determinations.

This investigation had for its scope to decide whether the uranium con-
tent is uniformly distributed or whether it is present in a higher concentration
in some morphologically describable grain types when uraniferous coal is burned
in a powdered form and the ash grains obtained placed under the microscope,
which enables discrimination of each individual grain.

For our tests we used ashes of pulverized coal from Ajka. When viewed
by microscope, the grains of ashes may be roughly divided into two groups:
irregular and spherical-shaped ones. Melting point of the coal particles corres-
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ponding to the latter is lower than the temperature of the interior of the fur-
nace. This is the reason why they melt into spherical shapes.

We embedded the ashes in the nuclear emulsion by using the double-
layer method of the autoradiographic technique. The only difference was that
we applied liquid emulsivn as the top layer. The emulsions were prepared by
the Forte Industrial Research Laboratory of Photochemistry of Vic (Hungary)
[12, 13].

The ashes to be tested were sprinkled over a horizontally placed emulsion
of 100 z thickness coated on a glass-plate support which was swelled before-
hand. Then the emulsion for the top layer, previously kept at 5°C, was heated
and poured on it in a layer of 40—50 u# thickness and finally dried by a cold
air current. The sandwich was developed 100 days later, in ID 19 developer.
The fading of silver grains during such a long exposure time is especially
significant, and this is why we found tracks of various grain density.

The sandwiches were evaluated by a C. Zeiss LgOG microscope at 200 x
magnification.

The problems we wanted to solve by microscopic investigations, were
the following :

1. which ash grains contain radioactive substances,

2. what percentage of the total activity is present in a certain type of
ash grain,

3. what is the concentration i. e. uranium content of the individual ash
grains?

For active ash grains we compiled statistics according to colour, shape
and number of emitted tracks, The number of tracks which could be determined
means a lower limit, because some of the tracks are obscured by the opaque
grains. Besides, when grains have greater size, it may also occur that the whole
track is included in the grain. We distinguished grains of spherical and irregular
shapes. Within these categories, there were translucent and opaque ones. The
classification according to shape was very strict and only grains of exactly cir-
cular cross section were classified as regular, since we found among the irregular
active grains a considerable number of grains partly fused or spheres to which
other smaller or larger ones of irregular shape were adhering. This examination
yielded data for the distribution of the activity of grains (Table I).

The grains fused into spherical shapes are the carriers of the greater part
of total activity (70,6 9%,) and the average number of tracks issuing from one
grain is 9,6 9 higher. 66,239, of the total activity is found in the opaque sphere,
which amounts to 93,82 9, of the total activity possessed by spheres. We further
made investigations to ascertain, what percentage of the grains, fused into
spheres, is radioactive. Using a magnification of 330 times, we observed 828
fused grains in 500 microscopic fields, under the square network placed into the
ocular. Out of this number, we found 621 active grains after 100 days of irradi-
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Table I
Distribution of activity in ash grains after an exposition of 100 days
Number of N b Percentage
rai track Y num] of aetivi
Ash grain Nm::::n?:ngdams u:lnii;:d b;c . ve"?g’;ac‘l“s “ numhe:tof :Zacks
ash grains [track/grain] [n_”kumb.ofallzécks]
OPAQUE .+ vvnernnnnss 723 3658 5,05 66,23
Sphere
translucent .......... 37 241 6,51 4,36
OPAQUE . ovvvrrnrsan. 332 1552 4,67 28,10
Irregular
translucent .......... 15 72 4,80 1,30

ation. The quantity of uranium in grains not showing any a-track is less than
1,15 - 10712 g, supposing that the uranium is in radioactive equilibrium with
its daughter products. The uranium content of 75 9%, of the spherical grains
emitting at Jeast one g-track is higher than this.
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Fig. 1. Distribution of the density of grains fused into spheres

According to our measurements, the fused grains carry the greater part
of the activity. The furtker aim of our investigation was to determine their
uranium concentration. For this purpese we had to determine the density of
the grains. For a preliminary inquiry, we made sedimentation tests in bromoform
under the microscope. The majority of spherical grains sank in bromoform,
their density is larger than 2,9 g/em3. We repeatedly ascertained that grains
remaining on the surface either contained gas bubbles, or had irregular grains
of lower density adhering to them. The density of spherical grains with higher
values than 2,9 g/em3 was measured by Stokes law, determining their rate of
sedimentation in pure glycerin. The viscosity of the glycerin was 12 Poise, at
18°C, The determination of the diameter and the rate of sedimentation was
carried out by a horizontally placed microscope of 216 times magnification,
in a special cuvette. The error was comparatively great (159,) owing to diffrac-
tion by the edges of the grains and the difficulty to determine the diameter
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during the motion of the grains. For the same reason, we could obtain reliable
values only for grains of diameters greater than 25 y. The result of the measure-
ments made on 100 grains is shown in Fig. 1. The density of the majority of
grains fused into spheres is ranging from 2,6 to 3,6 g/cms3.

Fig. 2b. Microphotograph made from ash grains embedded in nuclear emulsions

Figures 2a—c are microphotographs made of active ash grains, It is clearly
seen that the majority of irregular grains is inactive. By the number of a-tracks,
we were able to estimate the uranium content of grains. (In the photograph, some
of the tracks are not visible on account of the small depth of the focus). The
number of tracks counted under the microscope is — for reasons already men-
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tioned — the minimum value, thus the quantity of uranium determined in
them should be regarded as lowest estimate. The diameter, mass (calculated
from an average density of 3 g/cm3) and uranium concentration of grains seen
in the Figures are recorded in Table II.
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Fig. 2c. Microphotograph made from ash grains embedded in nuclear emulsions

Table II
Uranium concentration of active ash grains presented in Figures 2a—c
In case of pure U In ?‘I“ﬂibri“_m
. of disintegration
Number of | Diameter Mass of
Fig, tracks of grains in grains
u 10— g quantity of | percentage of U quantity percentage of U
U 10-°g concentration | of U 10—? g concentration
2a 13 23 19,1 0,060 0,31 0,015 0,08
2b 24 19 10,7 0,108 1,01 0,027 0,25
2c >50 12 2,7 >0,228 >8,44 >0,057 >2,11

Analytic investigations [10] proved that the activity of coal ashes is due
to uranium, and they either contain no thorium at all, or if they do, it is at best
10~%/,. Even this latter value is rare. Consequently, we have not taken thorium
into consideration when making our calculations.

For the uranium concentration we give two values. We obtained a mini-
nmum value by supposing the uranium in the grain to be in equilibrium of dis-
integration and supposing the recorded a-tracks to be emitted by the UI, UII,
To, Ra, Rn, RaA, RaC’ and RaF. On the other hand, we obtained a maximum
value by ignoring the equilibrium of disintegration and supposing only the pre-
sence of the Ul and UII o-tracks.
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Furthermore, we estimated the average U concentration of the spherical
ains. Distribution of the diameter was determined by measuring 828 grains
(Fig. 3). The diameter occurring most frequently was about 12 u. The average
number of tracks emitted by vne grain was 5,13 (Table I). The calculations
were based on an average density of 3,0 g/cm3 and the assumption that the
uranium content of 25 9, of the grains was negligible (less than 1,15 - 1072 g).
We found the average uranium concentration of the spherical grains in our
test substance to be 0,65 9, for pure uranium, and 0,16 9, when taking the
equilibrium of disintegration into account.
SzarAY and ArmAssy [10, 11] have ascertained that uranium is in radio-
active equilibrium in coal and thus presumably, it is in equilibrium in the ashes
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Fig. 3. Distribution of the diameter of grains fased into spheres

too. Therefore the reported values for the equilibrium of disintegration for
uranium concentrations seem to be more reliable.

Summing up, we may state that in the ashes of pulverized uraniferous
coals, uranium is mostly contained by the ash grains fused into spheres, which
have a lower melting point. — Qur next task is going to be the chemical and
mineralogical determination of these ash grains.

We are greatly indebted to Dr. A. PoLsTER (Forte Industrial Research
Laboratory of Photochemistry) for the preparation of the emulsion. Likewise,
the valuable help given by Miss Fr. Jost and Mrs. E. MEDVECZKY in the
microscopic measurements is gratefully acknowledged.
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HUCCJIEJOBAHME COOEP)KAHUSA YPAHA B 30JIAX YIJIEM
3. BYHOOWIO, JI. MEJABELKU u A, CAJIAHU
Peswme

Merogom ($oTosMyNIbCHM OBUTM HCCIEAOBAHLI AKTUBHOCTH 301 PA3HBIX yrieid. Meikue
YAaCTHUBLI 30JIbl PACCMATPUBAIUCH NMOA MHKPOCKONOM ; HAOAIOAATUCH ARE TPYNNbl YACTHL ¢
1Apoo0pasHble YACTHIEl U YACTHUBI, MMeLINe HenpasuibHble ¢opmbl. Ilapoo6pasHbie gac-
THLBI UMEIOT 00JIee HU3KYIO TOUYKY TUIABJIEHHS 10 CPABHEHMIO C TEMIIEPATYPOH MpPOCTPAHCTBA
TOPEHHST KOTJIA, MO3TOMY CTAIyM APO0OGPA3HBIMH,

YacTHubl 307b1  BBOAMIMCL B SAEDHYI0 3MYJIbCHIO, H3TOTOBJICHHYIO (OTOXHMUYE-
CKOii mccnegopatensCkod nabopatopueit 3asoga dopta. Ilocne TposiBieHus ¢GoTOIMYIIbCHA
CUMTANUCh TPIKKU. Psan nccrefnosanunii noxasan, uro 70,6%, 0T Beelt aKTHBHOCTH NMPUHALIEXKUT
mapoo6pasubpm npolyKram. Hamu Obiiv 1mpoBeneHbl H3MepEHUsT 110 ONpeNeieHHio pacmpene-
JIEHHSI JUAMETPOB M IJIOTHOCTEH YacTuu,.

AKTUBHOCTH 00HApY>KeHA B 25%, 0T WwapooOpa3HbIX YACTHL, OTHOMIEHHE TPIKOB K yac-

TpeK
THLUAM B cpeiHem 5,13 qacTuma’
nnotHocty vacruy 3,022cm3, cpennee 3Hauyenne auamerpa 12 y. Taxkum o6pa3om MOYKHO OIpe-
JEeNIUTh CPEAHIOI KOHLEHTPAILMI0 YPAHA B AP00OPA3HBIX YACTHIAX.

Coneprxanuem Topus B YACTHLIAX MOXKHO IIpeHefpedb, MOCKONIBLKY aHAIUTHYECKNE HUCCIIe-
J0BAHMUS IT0KA3A/TH, YTO KOHUEHTPALUS TOPHA 110 Kpaiineit mepe 10~ %,. Ecnu npeamnosaraem,
4T0 aKTHBHOCTH YACTHIl BHI3BAHA JIMIUL IPUCYTCTBHEM YpaHa, KOHUeHTpauust ypana 0,65%,
npu pasHoecHom pacnage 0,16%,. MccinenoBanus Canau 1 AnmMamiuy MOKa3blBaKOT, YTO YPaH B
YIJI€ HAXOAUTCS B PABHOBECUH CO CBOMMM NTPOAYKTAMH PACHaja, Mo3TOMY MOYKHO IIPEeANONaraTh,
4TQ 9TO MMEET MeCcTO0 H B 30he, 3HaumnT, 0,169, siBasgercst HanGojee BEPOSTHHIM 3HAYEHMEM.

Ha ocHoBe HAIUMX H3MEPEHUH MOJYYUIOCH CpeaHee 3HAYeHue



