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The alpha racicactive comoonent of hot perticles frow the
Chernobyl fallout was analysed for cases studied orevicusly by
gamma srsctroscopy. Correlations setablished from the absolute
alpha activity determination and high resolution analysis
provided information on actinides release during accident and on
some aspects of the Chernabvl reactor fuel composition.
Unexpected features revealed during the analysia of cne specific

particle are presented.

*rzeprowadzono analize alfa radioaktywnasci dla goracyzh
czastek badanych ugrzednio metodami gpektrcskopii Gansa.
Bezwz gyl edne pomiary aktywnosci alfa i analiza skladu izotopowsgo
pozwolily ustalic korrlacje prowadzace do wnioskow o emisjii akty-
niddw w awarii czernaobylskiej i niektdrych aspsktach sklsdu
paliwa reaktora. Przadatawionc wyniki Szczagotone) analizy
czastki, dla ktorej zaohserwowano specyficzne wlasnosci.

[lpopesen ananus afvda PpPAIHOAKTHBHOR KOMWTOHHEHTH  4ARN
FOpPAMMX MaACTHU C o©Cadka TOCHe YepHOSHALCKOR ABapHM, KOTOpLe
fpexae SunyW HMCCASZOBRANH METOJAMHM FAMM2 CHWBKTPGCKOMMM.  Hapmpenun
alcanwTHHX afbda AKTHBHOCTHEA H AHANHI HIOTOTHYECKOrO COCTapa
AaAH CBEAEHHN 0 IMMCHH AKTHHHAOS PO BPEMN ABAPHM, A TAKNE O HEKO-
TOPHX ACTEKTAX CBN3AHHUX C “epHoSHMRbLCKMM peaxTopor, JeTamuno
NpeacTad leN aHaOH) OAHOR YACTHIH, NPOABUAMCE NEKOTOPME MUTEPECHME
APAGHHA .



1. Intr=cuction

Early ananouncement [1] of the presence of hot partaicles in the
Cherngbwl radiocactive +Ffallout was +followed bv a number of
datailecd studies performed in several european laboratories.
FReported resultzs [2-7) vield rather consistsnt picture regarding
the or1gin and bulk properties of analysed particles. In ocur
raport {2 we have presented resulits and conclusions abtained
from the gamma spectroscopy analvysis of &5 species collected in
Poland. We have then indicated a parallel wark an algha
apectroscopic analysis of hot particles referring to later
publication., The present work summarizes the results obtained in
nearly two vear studies 1n this respect. It bhas been early
recognizad and abserved (3,21 that the particles containing nen-
~voglatile radicisctopes (Ce.Zr) are predominantly small fragments
of the reactor fuel with abundant algha radicactive products
formed by the neutron activation process. In the present work the
alpha radisactive content of particles waa studied for cases
analvsed previously by jamma spectroscooyvy. Thus krowing from the
measursd Zerium and ruthenium isotope ratios the history of a
specific fuel element, from which the particle has originated it
was possible ta establish some general correlations allowing to
gain further infarmation on particle formation process and
behaviouwr of actinides in extreme conditions of the accident.
Another sbjective was *o check earlier conclusions [2]1 on the
reactor fuel composition, as well as more practical application
concerning the direct estimate of the alpha radiocactive component
activity in the fallout affecting the environment.

2, Femaryg oo propertieg pf bot particles.

It has been generally accepted that the name "hot particles"
denotes small radicactive Ffragments, which with rathaer high
deposition rate contributed to the radicactive fallout, and
wiere due to large specific activity distinguishable and ssparable
from the continuous radicactive back-ground. The results obtained
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by various groups show consistently the presence of two main
cateqories of particles:
- monoelemental predominantly containing ruthenium radiojsotopes
~ fuel fragments including the non-volatile fission products
with mostly depleted volatile elements, and varying amount of
rutherium.
The frecuency of occurrence reported by different authors (X, 2,561
is obviously sensitive to the detection threshold during a
search: the high threshold strongly favoura by order of magnitude
more active ruthenium particles. Nevertheless the rapid decrease
of the number of hot particles per area unit when moving along
the radicactive cloud trajectory was immediately apparent
indicating high deposition rate. This feature is naturallvy
related to particle’s eize and density. FReported sizes varied
considerably (3] and often wera not correlated with the activity
indicating presence of other core materials [~ 1 carbon,
zZirconium or silica. Devell has shown (31 that Ffor ruthenium
particles sizes of few micrometers measured for the radicactive
part correspond to the diameters calculatad Ffrom the measured
activity assuming carrier free ruthenium as the only companent.
Recent studies (7] confirmad the metallic form of ruthenium with
possible traces of oxygen localized only at the particle’s
gsurface. In our analysis we used the .optical micrescopy to
determine sizes - obvious difficulty is how to isolate an obiect
from the rest of a sample., For moat cases our separation
procedure was successful ending with an entity, which was claarly
all of Chernobyl origqin.0ur confidence is based on saveral avents
when a large fize particle aof several hundred micrometers, after
separation and microscopic analysis, could be fragmented into two
or more parts sharing the initially observed activity. Of Ffive
ruthenium particles three did not seshow a partitioning of the
activity. in other two cases the Ru radicactivitv was divided
unevenly into two (threes in one case) parts. The fragmentation of
the fuel like particle led to much more even partition of the
radigactive content except +for the ruthenium component which
again did show atrong clustering. Table 1 lists properties of
three fragmented fuei-like particles determined from Qamma
Aeasurements. For particles HE® and MZ21, axcept for ruthenium
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content all propertiss of two fragments are the same ags 1n
the original particle, but for sarticle MZ two fragments seem to
arise from fuel of different burnup indicated by diffrrent cerium
and ruthenium isotope ratios. Thwe latter zase might represent
examplie aof particle “zrmed in time of accident by embedment of

different fuel rad froagments intc some nonradicaztive material.

Table 1. Froperties of fragmented fuel-like particles established

from Camma measurements (sge text).

Code mname Total *4Ce 9%y 1%%0 1

Faricle activi- rovYeE 109 P 143
ty CBgl Ce Ry Ce Ce
M2 313 0.44(1) 0,07(1) 0.50(2) 0.82(2})
a 240 Q.38 0,07{(1) 0.36(2) Q.82(2)
b 4% 0.&64C4) 0.22¢(4&) 0.37(3) 0.32{46)
HS9 15937 o101 Q,.09(1) GLEL L 0.79((1)
a 380 0.,34¢2) 0.08(1) N,44(3) 0.81¢3)
b 13 0,333 0.02(1) 0,4004) Q.8X(8)
M21 Ioa 0.76(1) 0,211} 0.45¢1) 0.85(1)
240 Q.75(a4) 0,24 (2} 0.&49(3) Q.BS(4)
b 130 0.71¢4) - <0.04 0.85%5¢5)

Gizes determired for particles studied in the wcandinavian
fallout (3] are much smaller and generally correspend to the size
estimated from the observed activity. In our optical microscopy
analvsias we cbserved 19 particles of ditferent shapes with scilzes
varying between 20 and &00Q wm. The large size fuel likes particles
often did shou a structure of thin reguiar plates, but some of
them looked very similar to monoelemental ruthenium particles,
which exclusively represented three-dimensiconal , porrous
conglomarates cf irregular crystals. In fact this surprisingly
large size of cbjects travelling by air for many hundreds of
kilometers led us to suggestion that the bulk part of nonradio—
active material of ruthenium particles were Ffragmants of the
reactor graphite moderator., The guestion is related to atill open
problem of formation amechanism of monoe)l amantal ruth.nium‘



(tmolibdenum) particles. It is well Frown £33 that even aquite
large sice inclusions gof ruthenium and melybdernum are formed in
an irradiated fuel., vet it is surprizing that the bulk of
ruthenium activitv bound in particles has shown uo in & highly
purified form with no trace of other non-volatile elements
activity, On the other hand most of the ruthenium activity was
released from the reactor in a form of wvolatile oxides and we
suygested the possible formation meéechanism of some of pure
ruthenium particles as deoxidaticn process of ruthenium orxides 1n
contact with burning graphite moderator followed by immediate
condensation of metallic ruthenium, We reinspected our data on
1%%u /%Ry isotope ratios, which show distinct values foar
particles originating from fuel rods of various burnup. For 37
cases of monoelemental ruthenium particles the wvalues are
distributed around the average of 0.235 with variance ¢ = 0.033.
For 19 cases of fual like particles with ruthenius content large
enough tc determine the isotope ratio the distribution is much
more scattered yielding somewhat lower average of (.20B8 but with
significantly larger wvariance ¢ = (0.0B&6.8imilar tendency 1s
observed for the data presented by the Warsaw groua (4], This
could indicate partial mixing of ruthenium activity originating
from different fuel rods prior to manoalemental par+icle
formation, which would be compatible "with suggested abcve
faormation mechanism. It has to be mentioned that the si:ze
{activity) of ruthenium particles was found to be not correlated
with ruthanium isctope ratio, which also reflects the burnup
time. In fact the largest observed particle of T0Bkhgq activity
has shown relatively low value of ‘aﬁRu/‘OﬂRu = Q,.08t1(2y. DOn the
other hand the ruthenium clusters contained in fuel like parti-
cles undoubtfully represent inclusions formed in an operating
fuel. Except for particle size there are two other properties
distinguishing particles collected in Scaﬁdinavia from these
analysed in Poland. First, as follows from systematics presented
by Deavell (3] the depletion of volatile cesium was significantly
less prominent for acandinavian particles, second, the data on
isotope ratios obtained by Robertson {4] show nearly perfect
correlation of deu/m’Ru and ***ces**'Ce activi ty ratios. This

has not been a case for particles studied by us and we concluded



[2) that at least 1n some parts of the reactor core the foel
composition was siznifizantly different from the cslaimed uran:wum
fuel with 2% 2*®U enrichment. In summary it is possible that wLhe
particles deposited in foland originated from dif+erent pi:eot
of the Chnernocbyl reactor than those transported to Scandinav: :.
The strongy depletion of cesium would swygest tSat the 1:z:zal
temperature of this part could be higher: a pessidble cesiom
suyrface adsorptiaon effect, if any, coﬁld te only more sightflos—t
for particles of larger size. In this context =an intersstinog
question was raised bv Devell [Z) whether wvery small s.:a
particlies of non-vplatile elements were present in the fallcowt,
or otherwise whether anvy vaporitaiion of Lthese elements took
place during the acecident. FRecently published results (%1 of
analysis of long lived activities gresent in air filters e:pased
in Frakow during first days after =zccident indicate that wveew
small, but detectable amount of Ce and Zr (Nb) racio:sotopes wes
continously present in the radioactive cloud. This activity czn
reporesent the vaporized Ce and 2Zr since 1t shaows the same
transport properties as the bulk actiwvity of volaciie
radicisotopes.

The alpha spectroscopy analysias presented in the next secht:o~s

yielded +further puzzling ohservationa.

3. Experimental grogedure

The analysis of alpha emitters in hot particles invclved two
steps. First, the aim wag to determins as accurataly as possible

the integral absolute alpha activitv of a specific particle sno

[

correlats it with properties estahlished 1n =arlier Qama
measuremants (2]. In a second step thin sources were preparszg o
parform high resolution alpha spectrascopnic studigs in order <o
identi1fv and determine relative vyields of all radicac%ive
actinides preseat imn a garticle. The measurements were periaroad
in vacuum chamber using surface barrier silicon detzctors of =I5
keV resclution for S.E MeV o energy and active area diameters of
S and 20 mm. Except for the absolute alpha activity measurements
the sourcas ware placred as clgee as possible to the detectar

since the activities were very low extending the measurement tic-e
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to ten —cavse 1n some cases. The large size 1solated hot particles
ware fraogmented by pressing between twoc glass oplates and the
fragmen*s were picked up from the Jlass with a scotch toce.
Usually, the particles were easily breakabls and a typical
spectrum cbtained from such a thick source 15 shown n Fig. 1.

The counts corresponding to alpha particles are well separated
from the low energy but much more i1ntense electron pulses. Cases
for which the spectrum indicated significa, t absorprtion were not
considered in this part of analysis. Alpha yield was determined
for the solid anjle callibrated source to detector distance and
the absclute “‘Ce activity was measured with the ggamma detector
sheclhing again the Ce/
than 20% of ariginal particle activity was lost in the above

& 41 , -
e/ ce isotone ratic. For most cases leas

described spurce preparation gprocedure, To obtain thin scurces
the scotech tape with fragmented particle was roasted on a
blatinum plate in a temperature of ™~ S00°C. Next the material was
washed out with hydrochloric acid and treated with squa regla,
Some particles were easily soluble. but 1n a number ot cases only
part of the radicactive material could be dissolved. Later the
sclution was 2vaporates and dry remaing were dissolved im Q.1 N
HzSU‘. The solutions pH was adjusted with NH‘UH to value of ~ I.&
and electroplating was performed using the polished platinum ar
etainless steel disk as a cathode according to procedure

described by Yaffe [10].
4. Experimental results and discussion

4.1. The absolute alpha agtivity measurements.

For 20 fuel—-like particles of different burnup history the
absolute alpha activity could be determined. Five examples of
monoelemental ruthenium particles prepared Iin a similar way for o
mgasurement did not show any trace of alpha counts. On the other
hand an extraordinary particle (code name M44 in [21) of very
short burnup time and showing exclusively cerium isgtopes »
ragiation dig indicaté eagily measurable alpha activity. Thus it
was natural to correlate the observed absclute alpha activity

with Ce radioisotopes, specifically with the '‘Ce long 1lived

10
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obtained

results and Table Il gives numerical values for ahﬂf“‘Ce

(T1/z= 284 d) isotope activity. Fig, 2 displays the

activity ratig including cerium isotope ratia established froum tha

gamma analysis.

Table II1. Integral alpha activity content determined for wvaricus

fual-like particles {(as measured in October 1984&).

Particle td40e a, . f8al® Trer_ >
code name B o7 t44ce
HSZ 0,175¢4) 0. 004 (1) 2,847}
M44 0.190(2) 0.14 13

Mz, ¢, 441 (10) 0.15(a) 37010
1S9 0.513¢&) 0.094 5.0
M20 0,553¢11) 0.089 5.4
M30 0.52317) 0,53 25
HS14 0. 632(5) 0.22 29
M24 0.675(17) 0,17 27
HS12 0. 4688¢7) 1.37 187
HS11 0.4698(19) 0,30 154

"3 0.709¢12) 2,27 79
M29 0.716(10) 0.43 sa
KOt 0. 720(15) 1.39 62

M1 0.722(28) 1.40 84
K02 0.722(15) 0,52 106
M12 0.7%0(8) 1.14 72
HS7 0.756(17) 0.47 8s
M21 0.760(12) 0.1474) 146(5)
M4 0.781(12) 1.52 &3
M1 0.781(29) 0.59 63

“Unless marked the uncertainty does not exceed 10%

All measurements were performed within first two weeks of October
1984, ana the alpha activity was not corrected for possible
decay. From the high resolution alpha analysis it turned out that

at this date on average about B0% of the aeasured a counts
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correscond to the activity of  *Ca (T _,= 162.8 d), but for

particles of short burnup time the long lived a activity
provails. Tak:ng the average observed alpha rate one gets the
relat:or allowing to estimate the total alpha activity +from the
known -onter: of the ‘**Ce radicisotope in the fallout.

A o = 1.1 x 1072 A (***Ce) at the end of April 15986, which
is aksut 20% higher than the vield estimated Ffrom the core
inven<aty [112. After the decay of the 242om component the
remaining longy lived activity will amount aporox. to 15K of this
initia. value. In Fig. T the o**'Ce activity ratio is displayed
versus tne carium isotope ratio, which approximately determines
the bue-mup =1me of a specific fuel element. Although the
correlation i~ general is evident, the wvalues are acattered
showlng +eatures resembling the previausly discussed 21
correlat:on of cerium and rutenium isotope ratios. Here the
results may be affected by somewhat different behaviour of
actinides and cerium in physico-chemical processes taking place
durinay “me accident, but the effect should not be drastic in view
of earlier established (21 nearly perfect constancy ‘of the
relat:v2 yield of zirconium and cerium in various particles, The
most natural explanation of acattered va.ues of the w*ce
activi<v ratia 1leads again +to conclusion on different fuel
composition 1n various fuel rods of the ‘reactor. Particles of
comparable burnuc time show the o/**‘Ce ratio sometimes different
by factz= S5 it is interesting that the largest values were
chaerved for particles with code names HSi) and HEL2, +for which
especirally large %Ry ratic has been observed [z

L . o £ 13 . . .
indicating predominant Pu like fission.

4.2.Hiz- resolution alpha studies.

For number of particies the thin source preparation procedure
worked very well and the obtained alpha spectra gave the
identification and relative yields of various actinides present
in an irradiated fuel. Fig. I shows example of a spactrum
obtained for a particle of relatively long burnup time n€ approx.
800 days.

14
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Fig.3., High rasclution aloha soectrum meagsured for the particle of relatively long
burn up time (ses text). Spectrum is a sum of measurements parformed in first
three months of 1988. Upper part has shifted and expanded scale to emphasize
weak lines. Results of guantitative analysis are given 1n Table III.
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The ast:vity values obtained from whe guantitative analveis are
given in Table [II and compared with cquantities +rom the

gstimated core invertcory L[1131.

Table I.?. Compositian of par*icle K0! established from gamma and

aipha spectroscopy analysis {(corrected “or aecay to Zé&

Aprail (122:23),

Fadiz:z:tope activity [Bqgl Alewy)  Afo,p) mass o3l
[ L 1 .

ait*cey adtoer

A0 e LMiv, i

1415 EAN- S 1.9 1,75 7. 5010
1-s 22424 {00 e ~L ow10”
oe - —
Trls INaLI) 1,15 - i FTR Es
ez e PR 1.04 1.8% 2,5210
1522 AL 1,37 1.5 2.441077
s tay 760 .22 0.63 a. w107
-y . —4
-7 e.2:7) G 0T 0. 091 2.7%107°
T 4.2¢4) G016 3,050 0. 91077

nIE -7 -5 -7
¥ 9.=(2)x10 T 10 2,510 e
gt - -= =7 : —=
="u S,=T)HI0 T T.TAL0 T . 7.8x1G 4,110
n39, 240 - -4 - —=
752402 T ShaoT !l aasx107Y saxte”t zL7ka0
cay, o7z - = - -7
8 T TRy 1.7 (D10 Y 6.4x10 b.2010° % ziexio
247,284, 2 -3 -8
= TS (1N10 1.2210 - 1.2%10
242 = -3 -a
“Tom 2.5615) 9.6210 7.8x10 2.1x10

The azreament is fairly good and this selected example represents
a partizle of a tvpical +Fuel composition with wanium as
predominant mass component (note discussion below). The chanqe of
relative vield cf various alpha lines was followed within twe
vears o+ measurements and gave thzm 163 = X days for the &.1 MeV
line decay in perfect agresment with +the "3Cm half-11i+fe. The

unressl ved i and ***am 1lines did show a gsystematic slow

inzrease of intensity, which is naturally attributed " to the

241

growing in activity of Am thus indicating a  presence of the

16



py with activity roughly cerresponding to the .zlus e pes. s

in the csre inventorv, From th2 shase and zentraic snergy 2F --e
. 243.244
line marted as **Cm we deduce the predeminant contribut: oo
Zse . . 292_ .
of the Cm isotope. Besides the th chaim deca.  alohs l:ikmscz,

several other weak linea are marked in the saec<-um 2f Fig. =,

but the identifications bhave to bLe consideres as tertati.=.

L T41.242 2
23 u, 4124 Fu  =znd “-’-‘-m lirsz

W

Whereas *~he observed traces of

are naturally expected, the mare exotic **Cm line could =

i

merely a statistical fiuctuation, Similar quarntitative snralysis

performed for alpha spectra of other particless gave resui®

1]

summarized in Table [V, Here the data are ordered with 1nZreasing

particle’s ”“Ce/“’c.‘e ratio listed in a seccrz coclume. TA
290,240

1]

values of the Pust**Ce activity ratio gives 1~ & thi-:z

column ware obtained from the data of Table [IT with <ne

’sog'oPu content established fraom the high rescluticon spectrz

aczounting properly for tha ."Cm comoconent decav. Thace values

are scattered around the average aof 5.9 x 1% whien 18 ratrer
close to the calculated core inventory value. The szatteriny :n
general reflecta cbservations made 1n the above ciex.ssion of *re
absplute alpha activity data, but more spec:ifis nfIv-Matian S
obtained when considering also other components crzsert :n alc*e
spectra, for which the relative vields are jiven 1n ma2vt zoluens
of Table IV. The summsd activity of %y anc *PF. Lzz  nsec far
normalization of other components sinmce the vnrassl.ed linas of
both isctopes appear in all measured spectra. The xa%h: and

241 244 .
“*Cm are also unrescived doubletts

Am, as well as 2490 and
and the **’Cm activity is corrected fcr the T ,= :&2.8 d decay
to the s Aaril 1984 azcident time.

Comparing in Table IV the data obtained for particles of sim:i:lar
cerium isgtope ratio one notices clear indication of varving fv=l
composition. The particles of comparable burrup time show
differen: relative yvields of various actinides. Ajain ramarkatlie
is the ccepositicn of particle HS12, which indiceting unuswallv

23,240

high vieid of Pu shows consegquently signif:cantly hiy-er

o, Excepticnally the data cbtainag for

as.2e0,,

relative vield of the
particle HS57 sugyest approx. factor 2 reduction oY =he
component cousing abnormally high relative visics of othar

249,244

actinides. The activity af unresolved Cm is nct given 1n

17



Table [V, MNumgrical results of high resolution analysis of alpha activities

in hot particles.

23&U°'

230

Part, ‘g 239,200, 23/ 1., 243 es 23,2040, ™

coae  1ce 1aa,, 239240, 239240, 239,240, 39240, 239,249,

nase ¢ 107H ¢ 0%

core  0.571 6.4 ~ 12.2 - 0.12 -

il'wudll

HEZ O.I7Sc4)  2.847 - - - - -

MO4  0.190¢2) 120D ©.08(2) 0. 0813} - - -

M2 0.3B(H s 0,241} 1,0¢3. - - -
0.45(4) 5.3 1.2 %.3(8) - - -

HS?  0.813t&) Z,5{13  0.21¢1) I - - -

NZO  0.S33C(11)  4.1(2) 0.19¢1) 0.22¢3)  0.030(5) - -

H3A 0.5E3(17) 3,33 0.4S{T 5.9(3  <0,04 - -

HE1a 0.6320S)  4.12) 0.47(7)  11(1} 2.09(3) <8 0.48¢0)

HSIZ 0.868(7) 14D 0.92¢8r  29(1) 0.21(2) - -

ME 0.70%(12)  B.2(3F  0.7248F  1&c1) - - -

KDL  0.720€15) &.3¢2)  1.28(2}  20.4¢2) ©.274(8) 7.0(3}  <0,005

ME 0722178 B.8(7) 09D 28 ¢2) 0.1318) - 0.13¢7

22 0.733(7) - 1.07(21 12.3(2)  G.Ba{I} A 104} 0.Z8¢4)

MIZ 0.780(8) B3.3¢3)  1.08(3)  23<0) o.tattr <3 <0,03

HS?  C.7S8017%  3.0(13  1.4(D) 41c% O.a5e4) <2 0. 2104

NI 0.7BLI2T) AP 072N 22 0.78(Z <4 0.30¢5}

M 0.781012)  S,4421  0.8043) 2041 o002 <2 <6.02

a' &s deteralned fros Qaaea mespurssant in ref.2.
b} corrected for 'l'm- 142.8 decay to 24 April 1996,

c} taksn aw average from the ""u, U activity.
d) on April2s. 1984, The ™U activity calculated fros

in Ref.L11].

18
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the calculated care inventory {111, and the data of Table IV f:ve
quite scattered values for long burnup time particles. To scre
extent the production of theseé neutron rich Cm 1sotoobes 1S
sansitive to the distribution of the neutron flux within the

243,244
Cm obserwed

reactor core, but the unusually high vield of
for the particle M22 is rather striking. This garticle has besr a
subject of particularly detailed analysis sinte it indice-eas
ather unespected features as will be presented in a subsequs~t
gection.

For two particles the activity of 3% could be detected and
in both cases similar yield of the 284 was observed: +or five
other cases upper limits are indicated. The amount of the zaﬁ)
obaserved in particles KOl and MZ22 exceeds by nearly two orders cf
magnitude the value expected for an irradiated fuel, and tne
absence of the ™y activity suggests its outside reactor oric:n
or particularly small comrcentration of the Y in *his sSpec1riC
fuel elements. Also the presence of the T °Th listed in the l:s¢
column is surprising since being a product of the vranium natursl
decay 1t ia not produced in any other process within the reszceoe
based on uranium fuel. The traces of the *Ih were also obser.22
and one cannot exclude apricri the presence af the U, Th
background, but ite source would be completalv urunderstood. Ecih
Th and U activity appear irregularly and in uncorrelated way: tme
centrol rune in which the whole procedure was performed witho.t
any hot particle material, as weall as separately far Iwo

ruthenium particles did not show traces of such activity,

4.3. Analysis of particle M22,

The Q9amma analysis did not reveal any particular features f:-r
the particle with code name M22 [2]). It indicated rather lcng
burnup time with the cerium and ruthenium isctope ratic o
0.735(7) and 0.222(14) correspondingly, as well as significant
depletion of ruthenium and cesium. In spite of very small sire
{“20Lm) the absolute alpha activity could not ba cdetermined sirce
the obtained alpha spectrum indicated strong absoretion, On <he
other hand the particle was relatively sasily soluble as not:ic=d
by observing the radicactivity during the standard gpgrocedu-e
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applied 10 a preparat:on of thin source. The result of 1.5 hour
Rlectroslating was surprising yielding predominantly the activity
of Pu 1sotopes with onlvy traces of curium lines. The
electronlating was repeated using new stainless disk catrnode and
readiusting the solution’s pH to J.&. The cobtained new scurce
revealed an 1ncreased relative yield of curium lineés; identical
procedure was repeated eight times until all radigactivity was
gs«tracted from the solution. F19. 4 shows examples of alpha
spectra measursd for sources obtained Ffrom ei1ght subsequent
electrozlatings, The chserved systematic variation of different
aipha emtters vyield 1s quite puzrling especially when an
identical orocedure applied for numerous other particles did not
show any 2 dependence of mlectroplatings efficiency, It is hard
to speculate on possible explanation of the cbserved effect since
the difficulties in controlling electro-chamical procass are
sarticuiarly obvious for trace activities. Instead we tried to
exploat the observed feature in an elemzntal analysis o
partizle’s M2A2 composition. The gamma and aloha sp2cwra for  all
e:ght sources were measured at callibratec positions with respact

*o detectors. The cbtained variations af different radioisotarce

yi2lo ars displayed in Fig., 5. Of three observed gamma emitte-s
the **Ce anc *®zr (*®Nb) show similar behaviour with distanct
oeaks oF efficiency in electroplatings Ne 3 and 4, bu* the vyiald
of the '*Cs is much more constant. On the other hand the
actinides behaved guite differently, and among theam the plutonium
snows distinct property with nearly 5% of its total yield being
extracted in first three electroplatings. The behaviour of
plutonium supports conclusion that all particle material has ceen
dissolved and merely electrochemical processes are responsibie
for observad feature of eaxtrapolatings efficiency. Except for
uranium all other actinides vyield increases smoothly reaching
maximum at electroplating RNo &, but cln;er look indicated
strikinyg difference in behaviour of alpha linaes attributed to
24200 and "%, This effect is reemphasized in the bottom
right part of Fig. 5 showing the variation of relative vields of
Curium isctopes in subsequent electroplatings as measured in
October 1987. Wheraeas at first two points tha ratio
28 244cm/?*%Cm shows values similar as coserved in many other
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Fig.4, Examples of alpha spectra obtained from subseauent electro

plantinya of radiocactive material of particle MZ2,
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2.z . ;
249.2¢4Cm sharply increases starting with

particles, the vield of
@lectropliating Mo 3. It is hard to conceive any possitle
mechanism leading to isotope affect, and natural suspicion was
that some cother alpha activity contributes ¢o 1lines identified
priginally as B4R T or 43, Ta chtain additional
information the variation in time of different aloha lipes was
followed for neariy two years of analysis of all ei1ght scurces.
In first two sources containjng predominantly plutanium activity
a slow but systematic increase of the 5,5 MeV alpha 1l:ne
intensity was observed. Imnigdiately after electroplating
procedurs this line is assumed to be pure a8, activity and the
increasing in time intensity ia interpreted as growing in the

2etoy deéctay, Thz quantitative analysis

*am activity from the
allowed to decuce the value of the “*'Pu activity as iven in
Table ¥ , which lists the established compositian of actinides in
particle M2Z2 compared with values calculated +From the core

invantory {111,

Teble V. Compasition of actinides establishad in particle M22Z2,

Radiqisotope Activity relative @ Mass relative to
to 2B°Pu and 2":"F'n.v. zaopu and 2‘°Pu
Particle M22 Core inventory(11l
B’B,adopu 1 1 1 1]
i 0.67(3 0.49 a.3x107°
4py, 102U1H) 83 1.1x107*
*am 0.40(2) - 1.3x107%
2432440 0.86(3) - 1.4x107*
**cm 12.5(3) 12.2 4.0x107*
2%y 0.046(2) 0.0012 1.5x10*
™y ©.037(2) - 6.5%107" ¢
% m 0.25(1) - 1.4
221h 0.023(3) - 2.2x10*
al)
as determined for 26 April 1988, .
b

‘contribution of Pu isotopes taken from core inventory, +for Cm
isotones assumed as S50% each.
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243.244

The S.2 M3V alpha lin2 1dentified wiih the Cm activity did

nat shzow any change 1n time 2f the intensitvy with respect to the
: 2

long 11ved 2302490, The decav of the a.1 MeV ‘ZCm lipe was

followed = lzoakiny 3% 1ts intensity relat:ive %o 3ll ather lines.

The dets:led measurarssctse were performed only for selscted alpha

souress, The leszzt ssoare fit of these data gave the decay haidf

Jives o~ 1detd)y, 1STie). 1ARZ(4), 171(32) ama 31&65(11) cdavs for

alokas z2surces froem electroplarings Mo 1, S0 £, 7 and =}
ragsoectively. Comnared to the 1462.8 4 2ch half-life somewhat
lower va2lu2s at noints 1 and 3 are well accounted Ffor by the
abowve d:scussed growth of the *am activity, but +the higher

valug oJ-zerved for saurce Ne 7 could indicate a presence of wvery
weak leray lived comnonent. However +«his result 12 1nconclusive

:nd zliezriy the bulk ¥ the 6.1 MaV alpha line 1ntensity has to

. . 242 :
b2 jgzntified with  the Cn activitv., In sommary the twa
auestions following from the analys:s of the MZID csrticle remain

. 243,2 ]
wnznseerad, First - why the “Cm activity cechponent ac 20

large 2md second - why does it behave 1n diffarent way 14

gleciroznenizal processes than tha z;sz. The anly cthsr
actinide, which zould be considered at the S.8 MeV 243.244-
anergy 1= the z‘pcf, but such consideration seems to be even more
exgtic.

The clarification of these questions exceeds the scientific scoce

af this oaper and probably involvment of reactor auperts could be

helpful.

S. Conclusions.

The presented analvsis of alpha arctive component 1in  haot
particles from the Chernobyl faliout gave the aguantitative
relatien allowing to deduce the integral aloha activity from the

1**Ce gamma emitter activity present in the

fnown value aof the
fallout., In ganeral the actinides behaved in ophysico-chemical
processes in a similar way as cerium, preserving the activity
ratio, which is only by ™~ 204 higher than estimated from the core
inventorv. For humber of atudied cases the wvarious actinide
yields carrezpond to the history of specific fuel elementa

deduced from earlier gJamma analysis, For some particles the

2k
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resulis reemphasize the validity of earlier conclusion [ 2 2 on
fuel composition. Detailed analysis of one specific particle
posed unanswered questions, which may also relate to fuel
composition. Comparison with results obtained in Scandinavia led
to suggestion that hot particles deposited in Poland could
originate from the different part of the Chernobyl reactor.
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