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The conditions of thallium iodide extraction by iodine-iodide solution from the wastes
of coal sorbent and polishing paste (Al,O5 in dimethylsiloxane oligomer), its acidic decom-
position by oxidizing mixtures, and the subsequent voltammetric determination studied
were. Analytical procedures to determine thallium iodide as a major component in the
residual product, coal sludge, and as an impurity in polishing paste wastes have been
proposed. The analysis results have been shown to be free of systematic errors and as for
the random ones, the relative standard deviation S, values of 0.08 to 0.1 are typical.

W3ydeHnl yCAOBUA SKCTPAKIIMOHHOTO M3BJICUEHNSI UOAULA TAJINA MOL-NOAUIHLIM PACTBO-
POM M3 OTXOJOB yTOJBHOIO cOPOEHTa M MOJMPOBaNbHON macTel (Ha ocHoBe Al,Og m ommroxu-
METUJICHUJIOKCAHA), €r0 KUCJOTHOTO PA3JIOMKEHUd OKUCAAKIIMMU CMECAMU U IIOCJIELYIOLIEro
BOJILTAMIIEPOMETPUYECKOTO OIpeaesieHus TaLAuA. IIpeioKeHbl MEeTOAUKY OPeIesIeHUs 1o-
OUIA TAJNJAUSI KAK OCHOBHOI'O KOMIIOHEHTa B OCTATOYHOM IIPOLYKTE M YyrOJbHOM ILIaMe U KaK
nprMecu B IIOJUPOBAJbHOU macre. II0Kas3aHO, YTO PE3yJbTAThl AHANM3A HE OTATOLIEHBI
CUCTEMATUYECKUMHU I[IOTPEIIHOCTAMU, & CAydYalHble HOTPElIHOCTH XAPAKTEePU3YIOTCH OTHOCU-
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TeJBHBIMH CTAHAAPTHBIMU OTKJOHeHHAMu S,, pasabiMu 0,03...0,1.

In all steps of scintillation detectors (on
Nal(Tl) and/or CsI(Tl) based) production,
wastes are formed and accumulated as thal-
lium-contaminated technologic solutions,
pastes, and solid materials. The wastes hav-
ing high and moderate thallium iodide con-
tent are also sources of a valuable secon-
dary raw material.

In literature, a great attention is given
to the analytical control of various produc-
tion wastes. However, there is no data on
the wastes of scintillation alkali halide sin-
gle crystals production. Independently of
the thallium content of those wastes, a very
high toxicity is typical feature thereof,
since thallium is a highest (1st) danger
class. In this connection, an analytical
method providing a high determination ac-
curacy and sensitivety is required to obtain
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reliable evaluation of thallium content, both
as a useful major component and as a toxic
impurity. Before, we have used the solubility
in combination with voltammetric measure-
ments to study the effect of sodium and
cesium iodide concentrations as well as tem-
perature on thallium iodide solubility in
technologic solutions [1]. Basing on the de-
pendences Cy = f(T) and Cy = f(C|7) (where
T is temperature, °C), it has been shown
that it is possible to regulate the thallium
concentration in those solutions according
to the destination thereof. The voltammet-
ric data made it possible also to compare
the efficiency of different methods used to
remove thallium from the production solu-
tions [2]. As to solid wastes and pastes, no
similar voltammetric studies were carried
out. This work is made to study the voltam-
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metry potentiality in the analysis of the
latter materials. Three solid waste types
were taken as the study objects, namely,
the residual product and coal sorbent
(slime) obtained in the course of recovery
pretreatment of Nal or Csl aqueous solu-
tions by settling, filtration, and sorption,
as well as the polishing paste wastes.

To evaluate the thallium content within
a wide concentration range, two variants of
voltammetry were applied, namely, a drop-
ping mercury electrode (DME) in DC regime
(classical polarography) and a stationary
(DME) in AC regime with previous electro-
lytic thallium accumulation as an amalgam
(stripping voltammetry). In the first case,
the TI(l) reduction currents in ammonia me-
dium were registered at the linear voltage
scanning from -0.25 to —0.75 V (LP-7 po-
larograph); in the second one, the Tl anodic
oxidation currents in ammonium acetate
buffer (pH 4.8) at the voltage scanning
from —-0.9 to —-0.2 V (a specialized po-
larographic unit, "Izmeritel” company,
Gomel, Belarus).

Residual product analysis. The prelimi-
nary chemical composition study of the re-
sidual product (paste obtained at the tech-
nologic solution settling) have shown that,
in spite of the water content varying within
wide limits (from 2 to about 40 mass %), it
is just thallium iodide that is the major
component thereof (see Table 1). Besides, a
water-soluble component (Nal or Csl) is pre-
sent. So, in pastes with water content of 2
and 32 mass % (Samples 2 and 3), its con-
centration amounted 8 and 12 mass %, re-
spectively, according to our estimations.

The air-dry residual product prepared to
recovery contains Tl already as the major
component. To determine Tl in macro-scale
amounts, complexometric titration [3] is
used following TI(I) oxidation to trivalent

Table 1. Thallium iodide determination re-
sults in pastes (n = 8; P = 0.95)"

Sample No. 1 2 3 4 5
X, mass % | 93 88 51 55 54
S 0.03 | 0.02 | 0.03 | 0.02 | 0.07

I

* Here and on: n is the number of parallel
determinations; P, confidence level; S,
standard deviation for the content equal to X.

state. This oxidation, however, is difficult
to carry out quantitatively; moreover, ac-
companying metal ions hinder the titration.
Although the polarography is the optimum
method to determine moderate concentra-
tions (n-1078 to 5 mass %), it offers sub-
stantial advantages over other methods
when determining Tl as a macroscale compo-
nents using small weights. This is confirmed by
the metrologic characteristics obtained by us
using the processing of a large data body [4].

To study, the residual product samples
were taken differing considerably in the TII
level. To provide the sufficient accuracy, a
special care was given to the sample pre-
treatment and the opening stage. To that
end, a large (10 to 20 g) mass taken from a
homogenized sample was dried to a constant
mass and ground thoroughly in a jasper
mortar. Then, at least 8 independent deter-
minations were carried out for each sample
in order to provide the sample repre-
sentativity at small weights. To eliminate Tl
loss at the opening stage, a collector (so-
dium iodide) was used. The latter was added
to glasses containing the weighed samples,
the samples were wetted with water and
then treated successively with nitric and
sulfuric acids, both concentrated. TI(III) was
reduced to TI(l) using sodium sulfite.

The coincidence of Tll determination re-
sults in the initial weights (Table 2) has evi-

Table 2. Thallium iodide determination results in residual product

SaIzII:)ple S;mpgle n -iI'—Il'Ia(I:rtlfOSI? S S, X+ XZG;wx,calc. XZG?nax,tab. Feate. | Frap.
AX éfgngHF4 4{(AD0/3’— KX3-}JJIKAA 3—\\JIKA | 3Cq 23w2 |1fgA=3uNenB81uA-314A1B
0.2093 7 86.43 3.8692| 0.05
1 0.2047 7 85.04 6.2906| 0.07 85+2 0.5229% 0.6771% 0.32 | 8.55
0.2154 7 84.33 4.5974| 0.06
0.2102 9 54.02 1.7171/0.03
4 0.1973 8 53.48 1.8775| 0.04 | 58.8+0.7 0.139 5.990 0.21 | 8.42
0.2041 9 53.85 1.7853| 0.03
Functional materials, 12, 1, 2005 163



News of Technology

Table 3. Correctness checking of thallium iodide determination in the residual product by weight

variation
Sample | Sample | Aliquot | Sample | n; |Tll mass| — S2Gr By Ancyec8 RA3X B2G323 Em)3, Furdv3+B
No. |mass, g| volume | mass in fraction ’ ’
V, ml | aliquot X]., % tab.
m, g
1 0.2093| 0.5 |0.0010| 2 | 86.54 | 6.4912 0.317 5.990 0.01 6.94
1.0 |0.0021| 3 | 86.11 |4.0737
2.0 |0.0042| 2 | 86.81 |3.7265
0.2047| 0.5 |0.0010| 2 | 88.16 | 2.3829 2.712 5.990 0.50 6.94
1.0 |0.0020| 3 | 85.44 |9.5245
2.0 |0.0041| 2 | 81.31 |1.6122
0.2154| 0.5 |0.0011| 2 | 86.81 | 3.7265 0.224 5.990 0.40 6.94
1.0 |0.0022| 3 | 82.66 |4.9793
2.0 |0.0043 | 2 | 84.35 |6.5337
4 ]0.1973| 0.5 |0.0010| 2 | 52.71 | 0.4525 5.408 5.990 2.88 5.79
1.0 |0.0039| 3 | 52.35 |0.8079
2.0 |0.0042| 38 | 55.13 |1.3234
0.2041| 0.5 |0.0010| 3 53.07 | 1.3234 | 0.5507" 0.8709" 4.09 5.14
1.0 |0.0020| 3 | 53.01 |1.5784
2.0 |0.0041| 8 | 55.52 |0.5312
0.2102| 0.5 |0.0011| 3 54.86 | 1.6569 | 0.5957" 0.8709" 0.48 5.14
1.0 |0.0021 | 3 | 53.72 |1.1664
2.0 |0.0042 | 3 | 53.48 |2.4593

denced that differences between those data
are insignificant. Thus, the sample repre-
sentativity at small masses can be provided.

To check the determination correctness,
the weight wvariation method was wused.
From the solution of each sample, 2 or 3
aliquots of 0.5, 1.0, and 2.0 ml volume
were taken, corresponding to 0.001, 0.002,
and 0.004 g of the substance, respectively.
The each measurement result was calculated
using the addition method. The data array so
obtained was processes as described in [5, 6].
The results are presented in Table 8. The
homogeneity of sampling dispersions SJZ

using the Bartlett (x2) or Cochrain (G%..)

max.
criteria shows that the distinctions between
the dispersions are insignificant. Compari-
son of the mean values using the F criterion
has confirmed that those differ only insig-
nificantly at P = 0.95. Thus, since the
found TIl mass fraction values are inde-
pendent of the mass, no significant system-
atic error is present when it is determined
in the residual product. The random error
is characterized by the relative standard de-
viation values of 0.03 to 0.07.
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The determination of Tlin polishing paste
wastes and coal sorbent (slime). The
squeezed paste used to polish the single

CHs CHa | CHs
HyC—Si—0—| —S§i—0 | —Si—CH
CHs CHy | CHs

crystals contains aluminum oxide as the
major component, some oligodimethylsilox-
ane of general formula

as well as Nal and TIl as impurities. To
transform aluminum oxide into soluble
state, as is known, it is to be fused with
alkali fluxes at about 1000°C. This tech-
nique, however, does not provide the solu-
bility of thallium iodide as well as does not
exclude its loss as a volatile compound.
When iodides were treated with concen-
trated nitric acid to provide acidic decompo-
sition, a gel-like film was observed on the
glass walls [7]. This observation agrees well
with the data of [8] where it has been stated
that when oligoorganosiloxanes are heated
in the presence of an oxidant, organic
groups at silicon atoms occurs oxidation
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Table 4. Thallium determination results in polishing paste wastes (sample mass ratio to the

iodine-iodide solution volume m:V = 1:5)

Sample [Sample Tl found (mass %) at successive extractions numbered Total TI
No. mass. with Roman figures content ,
m & I 11 111 IV mass %
*1i X X2i Xo i X3 Xgi Xy Xy X;
0.0110 0.0015 0.000041 0.000040 0.0126
2-03 5.1020 | 0.0183 | 0.0144 | 0.0016 | 0.0015 |0.000043 | 0.000041 {0.000040 | 0.000040 | 0.0199 | 0.0153
0.0139 0.0013 0.000039 0.000040 0.0152
0.0424 0.0024 0.000035 0.000021 0.0448
4-03 6.4811 | 0.0447 | 0.0437 | 0.0022 | 0.0024 | 0.000028 | 0.000032 |0.000014 | 0.000018 | 0.0470 | 0.0461
0.0440 0.0025 0.000032 0.000018 0.0466

along with the siloxane chains depolymeri-
zation. This results in linking of the oli-
gomer molecules and progressive increasing
of the substance viscosity up to gelatiniza-
tion thereof. Thus, when decomposition
techniques traditional in analytical chemis-
try are used, the organosilicon component is
not decomposed but, in contrast, is trans-
formed into a form that makes it impossible
to determine the element to be controlled
(in particular, Tl) quantitatively.

The coal slime obtained after purification
of the technologic solution purification con-
tains the coal sorbent as the major compo-
nent, thallium and alkali metals iodides, as
well as the industrial oil in a small amount.

When a water-soluble matrix is treated,
the sample homogenization technique used
for Nal(Tl) and CsI(Tl) in iodine-iodide solu-
tion [9] provides the complete dissolution of
solid TIl. In the case of poorly soluble ma-
trix having a high adsorption ability, it is
not only the complete dissolution of thal-
lium iodide but also the extraction thereof
that should be provided.

The experiments carried out have shown
that thallium can be extracted quantita-
tively out of the polishing paste and coal
slime as water-soluble iodides, namely, Tlls,
Tll=4, or TIlI5.

To that end, a mass of the polishing
paste or the coal slime was placed into a
conical flask, sodium iodide solution was
added, the whole was heated up to 60-80°C,
acidified with concentrated nitric acid till
the solution took an intense reddish-brown
color, and boiled for 1 h under a cover. The
cooled solution was filtered into a volumet-
ric flask. The precipitate on filter was
washed with water till the filter became col-
orless, and then with diluted nitric acid.
The aliquots taken were subjected to acidic
decomposition, similar to that used in the
residual product analysis. The voltammetric
measurements were carried out in ammonium
solution under addition of ascorbic or acetic
acid.

To study the Tl extraction completeness
out of the objects mentioned, the four-time
extraction was used at different ratios of
the sample weight to the sodium iodide ex-
tracting solution volume (m/V). It is seen
from Table 4 that the major fraction of TII
is extracted in the 1st and 2nd extraction
stages, while the Tl fraction in the 3rd and
4th extractions is 0.1 to 0.5 %. It is to
note that the ratio of Tl concentrations in
all extracts (1st through 4th) is the same
for pastes where the content thereof differs
by a factor of 3. The statistic data process-

Table 5. Statistical processing of thallium determination results in polishing paste (n = 3, P = 0.95)

Exp.| Sample m/V Total TI S Graxcate. | Gmax.tab. O-gen F.e F,o.
No. |mass. m, g content , mass ’
%
1 5.1020 1:5 0.0153 0.3700 0.4684 0.7679 0.0731 2.82 4.07
2 8.8086 1:5.7 0.0222 0.3148
3 5.2392 1:10 0.0187 0.1002
4 5.1293 1:10 0.0180 0.2150
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Table 6. Thallium determination results in coal slime (n = 10, P = 0.95)

Decomposition technique [Tl found X, mass % S F e F,. Leale. Lyab,
Extractive-acidic 23.710.8 1.115 2.51 3.18 0.79 2.10
Acidic 24.11+0.5 0.703

ing results presented in Table 5 using F cri-
terion (the dispersions being homogeneous
according to the Cochrain criterion) have
shown that the average total (from three or
four extractions) thallium contents differ
insignificantly. Thus, the proposed proce-
dure provides a complete thallium iodide
extraction out of such a complex heteroge-
neous system as the polishing paste.

In contrast to the polishing paste, there
is an alternative sample pretreatment tech-
nique for the coal slime. To that object, the
direct acidic decomposition using concen-
trated nitric and sulfuric acids is applicable
that differs only slightly from that of the
residual product. This sample pretreatment
technique is, however, more laborious than
the extraction described above. The com-
parison of the thallium determination re-
sults obtained using two independent tech-
niques to pretreatment the coal slime (Table
6) shows that already the single extraction
provides the quantitative extraction of thal-
lium, while the content thereof may be as
high as 40 %.

The studies of the extractive thallium re-
covery out of materials to which the tradi-
tional decomposition methods are not appli-
cable (or too complicated) by iodine-iodide
solution extraction followed by voltammet-
ric determination of thallium (TIl) both in

micro- and macroscale amounts have shown
that the voltammetry is suitable to control
reliably and operatively any solid wastes of
the alkali-halide scintillation single crystal
production.
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BoabrTraMmepoMeTpMYHH KOHTPOJb BMIiCTy TaJiio
y TBEpPAMX BiiXomdaxX BHPOOHHIITBA CIUHTHUIAIIMHUX
MOHOKPHCTAJiB

I'A.Ba6uu, O.Il Kicinw, J.I.®Dininnosuu

BuBueHo yMOBM eKCTpPaKIifiHOro BMIIYUEHHS ioguay Tajiio iog-iomgugHMM pPO3UMHOM 3
Binxoxis ByrinmpHOTO copbeHTy Ta HmONipyBanbHOI mactu (Ha ocHOBi Al,O5 Ta omirogumernicu-
JIOKCAHY), MOT0 KHCIOTHOTO PO3KJAAAY OKHCIIOBAIbHUMU CYMIIIaM{ T4 HACTYIIHOTO BOJBTAM-
IepPOMETPUUYHOI0 BU3HAUEHHS TaJilo. 3alpONOHOBAHO METONUKHN BHUSHAYEHHS 10AUIYy TaJiio
SK OCHOBHOI'0 KOMIIOHEHTA y SaJHIIKOBOMY IIPOAYKTi i ByrinpHOMYy ILiami Ta K OOMIIIKH y
noaipyBansuii macti. Iloxkasamo, 110 peayabTaTy aHadidy He OO0TAEHI cucTeMaTHUYHUMU
noxubKaMu, a BHUIAIKOBI MOXMOKM XapaKTepua3yIOThCHA BiIHOCHMMM CTAHZAPTHUMH Bigxu-

aearamu S,, mo nopisaoroTe 0,03...0,1.
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