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Fi g . 1. Schemat i c view o.f the 
device f or obtain i ng а mi xed 
gamma-neutron f i eld. 1 - Brems
strahl ung t a r ge t, 2 - l ead con
verter, 3 - s ampl e s, 4 - s t an
dards, 5 - pl exi glass cube , 
6- Au- f o ils, 7- phot on beam. 

Fig.2. The dependence of pho ton 
~ (t) and neutron (2) f lux densi
~ ties on the dist·ance from the 

bremsstrah lung target. 

spectra we r e accumulat ed Ь у а spectroscopic system including 
а 25 cm 3 Се (Li) detector coupled with а LP-4900 pulse-height 
anal yzer (NOKIA ELECTRONICS). Each spectrum was measured during 
20 min at a ll decay times, with the sub sequent treatment using 
the computer program PROBA designed to calculate the energy 
area, FWНМ and error for each peak found / IO/ . Standards were 
prepared Ь~ micropipetting а standard stock solution of the 
REE into the capsule used for samples and Ьу diluting to а known 
volume with di s tilled water. The total amount of standrtrds and 
samples that can Ье irradiated is chosen with precaution against 
the e ff ec t of neutron self-shielding / 5/ . Fig.3 illustrates the 
gamma-ray spectra obtained from а REE sample irradiated in 
graph i te cube of the s ame microtron МТ-22 during 6 hours after 
4-day decay (1) and from the same sample irradiated in а mixed 
gamma-neutron field for 3 hours after 5-day decay (2). 
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Fig.З. Oe( Li) gamma-ray spectra f r om 
а sample irradiated in neutron (1) 
and mixed gamma-neutron (2) f ields. 
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RESULTS AND Drs·cuSSION 

In taЬle 1 t.here are listed the sensitivities covering es
sentially all the radioactive products of REE. Тhе sensitivities 
have been extrapolated to the epd of а 3-hour irradiation in 
а neutron field only and in а mixed ganпna-neutron one and expr.es
sed -in counts per second per 1 mg of the element. Тhеу were 
also normalized to а ~tandard doze rate. Тhе neutron activation 
wa.s carried out in tЪе graphite moderator surrounding the ura
nium bremsstrahlung target / ll / . Тhе maximal t:Ъermal neutron 
flux in its centre is 4к108 n/cm 2 ·c. Тhе data presented in tab
le 1 were obtained for 5 ml of water solution containing О. 4mg/ml 
of each REE. Two runs of gamma-ray measurements чеrе carried out 
after а one-day decay for Dy., Er, Eu, Gd, Pr and after 2 d.ays 
for the remainder. Тhе contents of La, Т~ Но, Lu were .d·etermi
ned only via (n,y-) reactions for ьo·th graphite and lucite modera
tors. In those cases the sensitivities obtained in the graphite 
moderator were а factor of 1.4-6 better than in the lucite mode
rator. For У, Се, Nd and Dy irradiation а mixed flux is prefe
raЬle due to the (y,n) reactions. In the cases wЪere radio
nuclides (141Се, 153 Sm, l52mEu, l59Qd and l7Syь) were produced 
via both (n,y)-and (y,n) reactions the detection sensi.tivity 
for neutron irradiation was comparaЬle to or lower than Lhat for 
irradiation with а mixed flux. It is difficult to evaluate the 
differences in sensitivity for elements, obtained in neutron 
and mixed gamma-neutron irradiations for it depends on many fac
tors such as neutron flux density, neutron spectra, isotope 
abundance, the value of resonance integrals, the shape of the 
excitation function for the (y,n) reaction, etc. In many cases 
the interferences can Ье neglected or easily Ье accounted for 
Ьу other gamma-ray lines due to the radionuclides. Some data 
on the interfering anc!. reference peaks are summarized in taЬle 1. 
The radionuclides are listed in the order of gamma-ray energies. 
The calculations are carried out using the well-known data ta
bulate.d in 1121 . When the same nuclide arises from both (у, n) 
and (n,y) reactions simultaneously, the mixed gamma-neutron flux 
is difficult to correct for Ьу using just few standards and of 
monitor foi1s as shown in Fig. 1. In this case it is convenient 
to use the new standardization method proposed in / 13/, Тhе REE 
conten~ of rock samples was determined Ьу irradiation with а 
mixed flux and, for checking, also in а thermal neutron field, 
too (taЬle 2). The results show а fairly high degree of consis
tency. With the application of the method of REE analysis des
cribed in this paper only one irradiation is needed for the de
termination of all REE. А smaller number of у -spectrum measu
rements are required due to the (y,n) reactions used. Вesides 
REE , several elements such as Nb, Zr, etc., that are not conve
nient for determinat ion Ьу thermal neutron irradiation сап Ье 
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ТаЬlе 2 
Concentra tion s of some REE f ound in ores Ьу neutron and 
mixed neutron- gamma act i vation 

Samples 

КТ-779 

КТ-818 

КТ-819 

Contents of elements,ppm 
Elements ne\1-fron- ~~ - Пiixed 

Се 

La 
Sm 
УЬ 

ть 

Но 

Lu 

Се 

La 

Nd 
Sm 
Eu 

ть 

Се 

La 
Sm 
Eu 
Но 

+ 2760 -80 
2400'1 •.90 

830± 40 
540 t 30 
104 ~ 10 
85 ! 20 
60 ! 7 

22000 t 600 
18000 :t 500 
6200 '1 250 

560 ! 50 
410 t 40 

120 ! 10 

53000 i:. 900 
47000 t 1000 

3500 t 300 
590 t 50 
350 t 30 

2820!85 · 
2soo±1oo 

850 ±50 
500 :!: 50 
100 
90 

55 

• 10 
! 22 
+ 8 

21 000 :t ·800 
19000 ! 400 

6400 t 200 
630 ! 60 
480 :t 35 

140 :t 15 

53000 t 1000 
46000 t. 11 00 

3700 t. 250 
610 t 40 
380 t 40 

eas ily a na l ys ed s i mult aneous ly . The sens itivity depends ma inly 
оп the acce l e r a t or beam powe r . As for the mic r ot r on, i t can Ье 
s uccessfully a pplied fo r the analysis of REE or es Ьу th~ de scri
b ed method . 

П1е aн tho r s thaнk grea tl y Prof . Yu.S . Zamyatnin for his 
>t inшl at. ing d i s c н s s i o п s and cr i tica l comments t hroughout t his 
wo r k . 
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