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RADIOACTIVATION ANALYSIS OF SILICON 
DIOXIDE USING ION-EXCHANGE 

CHROMATOGRAPHY 

A. I. Kalinin, R. A. Kuznetsov, 
V. V. Moiseyev and 

V. E. Tsepurnek 

1• Group Separation of Microimpurities with Subsequent 
•y-Spectrometric Determination 3 

radioactivation analysis is at present one of the most promising 

methods of determining microimpurities in hyperpure substances. The 

development of this method tends toward the raising of the accuracy 

and sensitivity of analysis and towards its simplification. 

Success in both directions in many respects depends on the degree 

of improvement of the basic methods of radioactivation analysis, 

radiochemical (analysis), based on decomposition of the s&mole and 

on the isolation of activated microimpurities in the radiochemicaliy 

pure form and 7-spectrometric (analysis), which allows one to conduct 

identification and quantitative determination of the elements by the 

energy and the intensity of the characteristic 7-radiation of the 

radioactive isotopes produced. 

Until recently there was a tendency to contrast these methods 

and to conduct analysis either only 7-spectrometrically or only 

FTD-MT-66-142 -1- 
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radiochemically, although in reality a reasonable combination of both 

methods in a number of cases opens great possibilities for the 

acceleration of analysis. 

This was confirmed, for instance, in the work of Makasheva, 

Maslov and Obukhov [1], where the 7-spectrometric method was used for 

measurement of the activated impurities separated by the method of 

precipitation. Inasmuch as measurement of the radioactivity was 

based on the characteristic 7-radiation, for the majority of the 

elements a thorough radiochemical purification was no longer necessary, 

which considerably reduced analysis time. 

A good example of the combination of the 7-spectrometric and 

radiochemical methods is the work of Samsahl [2] (developing a method 

of chromatographic separation of the activated impurities into 6 

groups suitable for 7-spectrometry) for the activation checking of 

reactor materials and for the analysis of biological samples. 

According to the method suggested by the author, the solution obtained 

after decomposition of the sample was passed through a series of 

chromatographic columns filled with various ion-exchange resins on 

which sorption of the respective elements occurred. The activity of 

the columns and of some of the solutions was then measured on a 

multichannel 7-spectrometer. The time spent on conducting one anal.7cl:; 

was one and a half to two hours. 

For determination of 13 impurities in aluminum by activation 

analysis Girardi and Pietra [3] applied group separation of the element:: 

with the help of coprecipitation and ion and isotope exchange. The 

separated fractions were then analyzed on a 7-spectrometer. 

In this work we suggest the method of fast chromatographic 

separation of the activated elements into groups with the subsequent 

FTD-MT-66-14 2 -2- 



7-spectroscopy of the separated fractions. This method was applied 

for the radioactivation determination of microimpurities in hyper- 

pure silicon dioxide. The method developed possesses a number of 

advantages. In the first place, separation is made from small 

volumes (0.1-0.5 ml) and in small chromatographic columns and there¬ 

fore che time expended on analysis is considerably reduced. Secondly, 

since the final determination is 7-spectrometric, thorough radio¬ 

chemical purification of the separated fractions is not required. 

In the third place the method suggested permits one to determine a 

larger number of elements as compared to the 7-spectrometric method 

without decomposition of the sample, due to the fact that the elements 

in the separated groups are selected so as to exclude the disturbing 

influence of some radioactive isotopes on others when filming 

7-spectra. 

By no means the least merit of the suggested scheme for group 

chromatographic separation is the additional possibility of isolating 

the elements which during irradiation yield isotopes with pure 

ß-radiation or the isotopes which have a low sensitivity of determina¬ 

tion on a 7-spectrometer. The radioactivity of such isotopes can be 

measured on a ß-counter. 

Process of analysis (Fig. 1). Preparation of samples for analysis 
14 

was conducted as usual [4]. After irradiation in a flux of 0.5-1-10 

neutrons/cm2-sec. For 24 hours the samples were mordanted by aqua 

regia, carriers of the elements being determined were added in a 

quantity of ~10 micrograms each, and decomposition was achieved by a 

mixture of hydrofluoric and nitric acids (1:1). fter full decom¬ 

position of the silicon dioxide the solution was evaporated until dry, 

the residue was dissolved in a mixture of hydrofluoric and perchloric 

acids (1:1) and the solution obtained was put in a polyethylene column 
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filled with the resin [AV-17] (AB-I7) in the C10’4-form (the diameter 

of column was 2 mm; the height of the resin layer was 20 mm). The 

solution was pressed to the level of the resin and the column was 

washed with 2.3 N HCIO^. Under these conditions only the gold was 

sorbed on the column, after 

which it was washed out by 

a solution of thiourea. Pre- 

JUmly»»<l aolutloB 

41-fffMLVfora »»in 
I V MCUt ' - 

liminary isolation of the 

gold is necessary since 

during subsequent stages of 

separation significant losses 

of it are observed. 

1 N 
f 

The solution, having 

passed through the first 

column, was evaporated until 

dry and the residue was dis¬ 

solved in 3 to 4 drops of 

1 N HNO^ + 0.5 N HP and put 

in a polyethylene column 

filled with the cation 

Na,KM,Cs CaJr.Sa 
Ver Jfgp 

Pig. 1. Diagram of group chromato¬ 
graphic separation of activated 
microimpurities. 

exchange resin [KU-2xl6] (Ky-2xl6) in the H+-form (the diameter of 

the column is 2 mm and the height of the resin layer is 60 mm). After 

pressing of the solution to the level of the resin the column wac 

washed with 0.1 N HP. On this column the cations are sorbed end all 

the elements pass which form the fluoride complexes (Ob, On 

Mo, As) as do the elements in anion form. The solution was gatnered 

in a teflon cup, sulfuric acid (2 drops) was added to it, and it was 

boiled until the sulfuric acid vaporized; then 10 to 20 milligrams 
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(V) 
of sublimed sulfur was added to the solution for reduction of Sbv 

to The reduction of antimony to a trivalent state is 

necessary in order to avoid the difficulties arising in the further 

course of the separation of elements of this group and caused by the 

behavior Sb^ on the anionite in hydrochloric acid, solutions [5], 

Reduction was conducted with heating on a plate for 10 minutes. 

Then to the cooled solution there were added 2 to 3 drops of 8 N 

HC1 + 1 N HF and the solution was placed in a polyethylene column 

with the resin AV-17 in the Cl"*-form (the diameter of the column was 

2 mm and the length was 60 mm). The column was washed with a solution 

of 8 N HC1 + 1 N HF, which removes the tungsten, arsenic, and phos¬ 

phorus. These elements form the first group. The tantalum, antimony, 

tin, and molybdenum sorbed on the column were washed out with 3 N 

HC10<J+. These elements form the second group. 

The elements which were sorbed on the cationite were washed out 

with 4 N HC1, the solution obtained was evaporated until dry, and the 

residue was dissolved in 8 N HC1 and put in a glass column with the 

anionite AV-17 in the Cl"-form (column was 2 mm in diameter and 

100 mm in length). On this column these elements are sorbed which 

form negatively jc.h9.yged chloriclç complexes (Co, Cu, Ga, Fe, In, Cd, 
•»fjp 

Zn). These elements may be washed out consecutively by 2 H HOI, 

and 1 N NHUOH, and- tfrey 'form th±»d group. 
¡ ff¡j If i * ■ 

The solution/Of'unabsorbed elements was evaporated until dry, 
• f . ■ 

and the residue Was dissolved in 3 to 4 drops of water and was put in 
íf/ i > 

a glass column with’ the anionite AV-17 in the 0H*-form (diameter 2 mm, 

length 20 mm). On this column those" elemêrits are precipitated which 

form the difficultly soluble hydroxides (Ni, Mn, Cr, Ag, TR); they 

were washed out with 4 N HC1. These elements compose a fourth group. 
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Pig. 2. 7-Spectrum 
after decomposition 
silicon. 

of sample of silica 
and removal of 

The elements not precipitated on the column were washed out with 

water, and the solution was evaporated to ? po 4 drops and put In a 

column with the cationite ro-2xl6 in the NH4+-form. Then the alkali 

metals which form the fifth group were washed out with 2 N KH4ci. 

On the column there remain the alkali earth metals which can be wasr.ed 

out With a solution of 0.01 N [BETA] (affM) (pH = 10). They form tr.e 

sixth group. 

All operations connected with the decomposition of t.v. sump 1. .-. 

and with the evaporation of intermediate fractions were conduct,.u in 

teflon cups; for the introduction of solutions into the columns 

polyethylene pipettes were used. 

Solutions of corresponding groups of the elements were cat.-,croc 

in small glass boxes, evaporated until dry, and measured on a 

scintillation -y-spectrometer. In the work we used a -y-spectrometer 

with the crystal Nal(Tl) with dimensions of 40 x 40 mm and a loo-chann- 



amplitude analyzer of [AX-100] (AM-100) type. The spectrum registered 

by the analyzer was recorded with help of a special device in the 

form of a histogram on the tape of a [EPPV-60] (eniIB-60) recorder. 

The time of recording of the spectrum was about 5 minutes. Resolution 

of the spectrometer along the line 137Cs was equal to 10$. Identifi¬ 

cation of the elements was made by the energy of the characteristic 

peaks and the quantitative determination was made by the area of the 

peak. Inasmuch as the elements in the groups were selected so that 

their radioactive isotopes did not give off 7-rays which are suffi¬ 

ciently close to the energies which can not be resolved by a 

7-spectrometer, and inasmuch a. the number of elements in the groups 

is small, the deciphering of the spectra was considerably facilitated, 

and the sensitivity, accuracy, and reliability of the analysis was 

increased. 

Figure 2 shows the 7-spectrum of Si02 sample after decomposition 

and the removal of silicon. In the spectrum are distinctly seen only 

lines E7 = I.75 MeV (24Na; the line with = 2.75 MeV is not shown 

in the figure), = 550 keV (76As) and the X-radiation of 6C keV 

( W). Against the background of the Compton distribution from tr, 
oh 

7-radiation of Na the line with energy of 8Í5 keV (56Mn) is nardiy 

noticeable. There are no other clearly defined lines in the spectra.. 

This sample was subjected to group separation and the correspona- 

ing fractions were then measured on a 7-spectrometer. In Pigs. 3.7 

the 7-spectra of separated groups are given. 

In the 7-spectrum of tne fourth group (Fig. 7) the line with 

E7 = 845 keV' whlch belongs to "6Xn, can be clearly distinguishoo. 

In the 7-spectrum of the third group (Pig. 4) distinctly appear, d 

lines with E7 = ¿to keV (6VCu) and 440 keV (6>lZn), which in the 
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Pig. 3. 7-Spectrum of Fig. 4. 7-Spectrum of 
fourth group. the third group. 

overall spectrum in Fig. 2 are not seen because of interferences on 

the part of ^As, 2i*Na, and ^W. 

In Fig. 5 is presented the 7-spectrum of the first group, in 

which the lines with E = 55O keV and 1.2 MeV (^As) and E = 130 
i 7 

and 60 keV are easily seen. 

The spectrum of second group (Fig. 7) is dominated by the line 

with the energy 560 keV (122Sb), which is not conspicuous in the 

overall spectrum because it is concealed by the more intense line of 

76As (6550 keV). 

In the 7-spectrum of the group of alkali metals (Fig. 6) tnoro 

24 
is only the line with = 1.37 MeV ( Na). In the fraction of tne 

alkali earth metals (sixth group) no activity was observed. 

The quantities of the elements being determined in the sample 

were calculated by means of a comparison of the activity of separated 

-8- 
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Pig. 5. 7-Spectrum of the 
first group.

groups with the acti «>t‘ t.ln'

standards. The standards were pre­

pared from chemically pure metals or 

their compouzvds and were united in 

6 groups in accordeuxee with the scheme 

of analysis. In every group of 

standards the quantities of the ele­

ments were selected with the considera­

tion that after irradiation for 

elements whose radioactive isotopes 

yield haurder 7-radlation a small, 

but clearly recorded activity could 

be obtained, and for elements yielding 

isotopes with softer 7-radiatlon

somewhat larger quantities were taken in order to obtain a higher 

level of activity. This measure allows one to avoid the difficulties

connected with contin­

uous Compton distribution 

from hard 7-radiation and 

to conduct exact measure­

ments of the areas of the 

peaks of the respective 

standards.

Solutions of the 

standards were drawn off 

by a gravity method into 

smaOl polyethylenePig* 6. 7-Spectrum of the fifth group, 

ampules and were dried in a vacuum exsiccator at CO^. The ampules
#•
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were then Eoldf-'red and wor': iîTauiat'.d 

along with the camples. After irradi¬ 

ation the contents of the ampules 

were transferred to teflon cups by 

solutions of various acids (depending 

upon the group), to each of which was 

added 10 p,g of the carriers of corre¬ 

sponding groups of the elements, and 

the solutions were evaporated until 

dry. Then in certain cases a small 

radiochemical purification of groups 

of the standards was conducted, 

mainly of sodium. After purification 

the solutions of the standards were evaporated until dry and were 

measured on a 7-spectrometer under the same geometric conditions as 

were the fractions which were separated from the samples. 

With help of the radioactive tracers it was established that 

the yield of elements in the respective groups, which were separated 

by the suggested scheme of analysis, is 95-100$. 

It is necessary to note that during group separation with 

measurement on a 7-spectrometer no determination of elements yielding 

the pure ß-radiators (52P, 45Ca and others) during activation was 

accomplished. These elements were determined only when using full 

scheme of the systematic chromatographic analysis of impuri-cies, 

which was based on the method of group separation suggeseei rere. 

In the table are given the results of analysis of a serróle of 

silica which were obtained by the method of group separation -with 

measurement on a 7-spectrometer and by means of complete 

Fig. 7. 7-Spectrum of 
the second group. 

FTD-MT-66-14 2 
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Ta 
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Sn 
As 
P 
W 
Ni 
Cr 
An 

Conler/t 

onp.roio c 
sc-pareilrr. wiir. 
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U-10-7 
5.8-iO-* 
5.7 • 10-7 
4 • 10-« 

3.5.10- * 
Í3-10-* 

1.6 • 10-7 
<5.10-* 
<5-10-6 
34.10- * 

4J.10-1 

) 4J.10-* 

310-» 

chromatographic separation of the activated elements with measurement 

on a ß-counter. 

The time spent on separation, without taking into account the 

time for the decomposition of the sample, is 1.5 to 2 hours. 

Conclusions 

1. A method is developed for the chromatographic separation of 

elements into groups suitable for(-y-spectrometric determination in 

reference to the activation analysis of hyperpure silicon dioxide. 

2. Preliminary separation of activated elements inoo groups 

suitable for 7-spectrometric determination allows one to accelerate 

the analysis and to raise the sensitivity and accuracy of y-spectro- 

metric determination. 
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