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Abstract. Influence of some oxygen-containing impurities on the 

spectrometric characteristics and radiation resistance of CsI(Tl) crystals has 
been studied. Borate-ions are shown to be no less dangerous impurity 
comparing to carbonate-, sulphate- and hydroxide-ions. The content of borate 
ions in the trace amount caused the crystal colouring under gamma-rays and 
light output becomes less. A method has been suggested so that the melt should 
be purified from impurities right when crystal are pulled therefrom 
automatically. Grown from the purified melt the crystals do not contain any 
absorption band in the IR-spectrum, which is characteristic of borate-, 
carbonate-, and sulphate-ions, and possess a higher radiation resistance. 
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Introduction 

 
Development in high-energy physics stimulated modern automatically controlled 

processes of growing scintillation alkali-halide single crystals. Institute for Single Crystals of 
National Academy of Science of Ukraine has elaborated and mastered to use in industrial 
production highly-efficient methods of pulling the melt onto a seed and feeding it with melted 
[1] and powdery [2] initial row materials. The methods are so productive that they will soon 
replace the Stockbarger-Bridgman crystal growing method that appears to be out-of-date for 
its low productivity. Controlling the crystallization rate with feeding rate transducer [1] and 
melt level transducer [2] makes it possible to maintain the cross-section of a growing crystal 
with accuracy up to 1% even if very big ingots (over 500mm in diameter) are being grown.  

However, crystal quality does not depend only on crystallization rate stability but also on 
purity of row material. Since the above methods suggest that the crystals weighing several 
hundred kilograms should be pulled from the melt while the melt is being fed in the crucible, 
impurities will be distributed in the crystals according to Pfann equation [3] for zone melting. 
This means that the methods indeed solve the task of homogeneously distributing the 
activator along the ingot. However, to obtain the crystals having minimum quantity of 
harmful impurities (including oxygen) along their length, one should use a very pure raw 
material. For a number of applications and high energy physics, in particular, scintillator 
should allow a very homogeneous light output along their length and resist to radiation rather 
well. For example, inhomogeneity of the light going out of the truncated CsI(Tl) pyramids, 
over 300 mm long, which is required for the calorimeter of the Stanford accelerator, should 
not exceed 6%. The requirement for radiation hardness is determined as no more than 20% 
worsening of light output when a scintillator is exposed to gamma-irradiation dose 104 rad. 
Sulphates carbonates, hydroxides, nitrates and other oxygen-containing impurities are always 
present in the initial raw material and sometimes their quantity exceeds the limits specified in 
standards. Cleaning the raw material from impurities additionally is not always effective but 
always makes the material to cost much more. 
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To provide for uniformity in the 
light output it is necessary first of all 
to assure activator distribution all over 
the crystal as homogeneous as 
possible. The nesessary distribution 
can be ensured if the growth rate and 
diameter of a growing crystal are kept 
constant [7]. Table 1 shows examples 
of thallium distribution along the 
growth centerline for three crystals. 
Deviation in the activator concent- 
ration from the average value most 
often does not exceed   5% in the 
boule cylindrical part 30 mm long. 
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Fig.1. Relative change of light output along 
the pyramid axis 



Such a high homogeneity in distributing the activator and a good transparency of the crystal 
(0.01 cm–1 on wavelength 550 nm) make it possible to attain a high uniformity of the light 
output (~1%) along the scintillator axis comparatively easy. Fig.1 shows an example how the 
light output is distributed along the axis of a pyramid. 

 
Table 1 gives quantities of activator concentration CTl and impurities by CO3

2–; SO4
2– and 

BO2
– as well as radiation hardness value for the crystals that have been grown from both 

ordinary salt and salt mixed with industrial wastes. 
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Table 1. Impurities distributed in height of the crystals and the crystal radiation hardness 
 

H, 
mm 

Impurities content in crystals grown from different 

Salt 100% wastes Wastes treated by Ti 

Tl 

10–2 

mass 
% 

SO�
�� 

10–5 

mass 
% 

BO�
� 

κ 
cm–1 

RH 

Tl 

10–2 

mass 
% 

SO�
�� 

10–5 

mass 
% 

BO�
� 

κ 
cm–1 

(*) 

RH 

Tl 

10–2 

mass 
% 

SO�
�� 

10–5 

mass 
% 

BO�
� 

κ 
cm–1 

(*) 

RH 

10 9.5 1.5 - 0.7 7.7 1.5 0.005 1.6 7.0 - -  

50 9.6 1.5 -  8.7 1.9 0.005  7.2 - - 0.72 

100 9.4  -  9.8    8.2 - -  

150 9.7  - 0.75 9.9    8.3 - -  

200 9.6 2.5 -  9.7 2.3 0.005 1.65 8.2 - - 0.79 

250 9.8  -  9.8    8.5 - -  

300 9.8  -  9.9    8.2 - -  

350 9.9 2.7 - 0.8 9.9 2.3 0.006 1.8 8.4 - - 0.83 

(*) The borate-ions content is expressed in terms of absorption coefficient  (κ1930)  in maximum of 
absorption band at 1930 cm–1 

 

Ti + 0.5	Cs�SO� 	⇄ 	TiO� + 0.5	Cs�S																																Δ��
� = −403.4 + 9.3 ∙ 10��	� 

 

Ti + 0.5	Cs�CO� 	⇄ 	TiO� + Cs�O + C																														Δ��
� = −142.3 + 105.8 ∙ 10��	� 

 

Ti + 1.33	CsBO� 	⇄ 	TiO� + 0.67Cs�O + 1.33	B												Δ��
� = −851.1 + 45.9 ∙ 10��	� 

 
It should be noted that aluminium can be used for purification of melting salts too, 

however low temperature of aluminium melting could cause certain problems when the metal 
is used to purify alkali-halide salts in platinum ware. Contacting directly, the aluminium will 
dissolve the platinum. However, it may certainly be used for melt purification in ceramic or 
qurtz-ware.  

Our experience shows that metal titanium should be prefereble used to purify the melted, 
automatically pulled out, alkali-halide salts. A high melting temperature of this metal 
(1725°C) and its chemical activity as well as structural features of the make-up and feeder 
system [1] make it possible to treat the melt immediately in the process of crystal growth 
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without any complication. The X-ray phase analysis has shown that the powder that is formed 
and deposited on the feeder bottom is a mixture of TiO2 (modification of rutile and anatase) 
and Ti2O3 . The data of table 1 and curve 2 (Fig. 3) show that small quantity of titanium added 
to the melt enable to get rid of sulphate and borate impurities. This method of purification has 
been comprehensively evaluated in growing large-size, alkali metal iodide-based single 
crystals, 400 mm in diameter, such as CsI(Tl), CsI(Na) and NaI(Tl). In the grown crystals 
there was no titanium detected by chemical analysis methods. 
 

Conclusion 
 
The suggested method of purifying melted alkali metal halogenides by means of treating 

them with the metals forming low-soluble oxides is not only simple and highly effective but 
also universal. At present, one can be sure to state that the method makes it possible to 
decrease the quantity of CO3

2–, SO4
2– , OH– , NO3

– and BO�
� ions in alkali-metal iodide-based 

crystals to the concentrations that are beyong the threshold of sensitivity inherent in chemical 
and optical methods of determination. This method of purification may turn out to be 
preferable for obtaining fast scintillators – nonactivated CsI crystals for which presence of any 
above-mentioned impurity amounting to 310–5 mass % is inadmissible. For the time being, 
CsI scintillators having the low-intensive blue component are usually grown by repeatedly 
recrystallizing the melt, which is the main reason for their high cost. We do not see any 
substantial difficalties for using this method to purity the melt in growing optical crystal such 
as KBr, KCl, NaCl whose transmittance in the IR-region is deteriorated by oxygen-containing 
impurities. 

It should be noted that the purification could be applied not only to automated pulling 
with melt feeding but also to the ordinary Kyropolous technique. However, in the latter case, 
the melt is to be prepared beforehand. The process of preparation must cover melt treatment 
with a metal to subsequently let oxides settle down. The final phase of melt preparation 
should include filtering the melt from deposited oxides and other insoluble impurities. 
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