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The method for deep purification of CH#Cd and Pb, consisting in the filtration-distillatio
combination is offered. It is shown that these prhoes are very efficient for deep purification
of natural Cd and enricheli°Cd, and archeological Pb (Black Sea, near Crimageddto |
century B.C.). A reached level of the content & thost harmful elements, such as Ni, Cu, Fe,
Mg, Mn, Cr, V, Co, Th, U, Ra, K, Rb, In, La, Lu, Ssi< 1 ppm. The pilot batches of high-
purity Cd, '°Cd and Pb, applicable for production of scintihati monocrystals
(Cd,**°cd,Pb)WQ and (Cd\*°Cd,Pb)MoQ are obtained.

1. Introduction

To produce high-quality scintillators (C&Cd,Pb)WQ and (Cd°°Cd,Pb)MoQ, the level of
initial component contamination should not exceeeksal ppm. The most harmful elements are the
following: Ni, Cd, Fe, Mg, Mn, Cr, V, Cd and radm&e elements. An increased content of Ni, Cu
> 0.2 ppm and Fe, Mg, Mn, Cr, V, Co > 2 ppm leadsthe coloring of crystals and to the
deterioration of their scintillation properties. &'lboncentration of radioactive elements, e.g. Th, U
Ra, K, Rb, In, La, Lu, Sm should be << 1 ppm, asirtlpresence in crystals increases the
background of a detector. Analysis of the contatnaevel in the available natural Cd, enriched
1%cd and archeological lead has shown that the irpepntent in them exceeds by tens and
hundreds times the requirements to the initial netefor growing single-crystals of tungstates and
molybdates of cadmium and lead.

The purification procedure should provide both itiiaimal losses of initial materials and the
total waste conservation in the process of refiningarticular for'°Cd, taking into account a high
cost of this material. One of the methods of deepfipation of these metals is a vacuum
distillation [1-3]. The interest in distillation idue to the fact that this method enables reaching
high degree of purification with a high yield of atologically pure product. The goal of
investigations is to develop the methods and deviaepurification and production of a pilot batch
of high-purity Cd,*°®Cd and Pb, as applied to the problems of desigoingpw-background
scintillation detectors with the use of tungstades molybdates of cadmium and lead. The paper
presents the results of experimental investigatiomsthe behavior of impurity elements in the
natural Cd, enrichet?®Cd and archeological lead.

To account for the above-mentioned requirementkwedfinal product purity and to provide
minimal losses of initial materials, the proceddeeloped for deep purification of Cd atfdcd
was based on our own earlier investigations onc@mium purification by vacuum distillation
[2-4]. In this connection, for the given case wevehahosen an approach consisting in the
combination of prefiltration and 2...5 distillationSxperimental investigations on the optimization
of temperature and time regimes were carried otht aicheological lead. For this purpose special
devices for lead filtration and distillation werew&loped.
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2. Analysis of the behavior of impurity elements ircadmium and lead

The basis for the method of metal purification he difference in the compositions of a
separated mixed liquid and a vapor formed fronThiis difference is characterized by the value of
relative volatilitya of the component to be separated (with referemdke purification process this
value is named as a separation factor). For the odsa diluted ideal solution the expression
determining the ideal impurity separation fact@rgpon molecular evaporation is given in [5]. The
calculated values of ideal impurity separationdest; for cadmium in the temperature range from
600 to 900 K are given in [3]. For lead the samleutations were performed. For calculations the
values of element vapor elasticity taken from [@€r&vused.

The determined values of ideal impurity separatamtorsa; in Cd and Pb in the temperature
range from the melting point to the boiling poiatvie shown that the spectrum of impurity elements
includes light volatile impuritiesu( << 1), heavy-volatile impuritiesi{ >> 1) and several impurities
with o; ~ 1, belonging to the difficult-to-remove impues. For harmful impurities in the
scintillation detectors, the number of purificati@petition, calculated by; values, is 100 and more
that implies an effective purification of cadmiunmmdalead from these impurities by vacuum
distillation.

The results of calculations on the behavior of unity elements in the process of Cd
distillation are given in [2, 3]. Investigations mecarried out on the dependence of the efficiaricy
Cd melt purification from the light volatile impties on the residue fraction and the dependence of
the efficiency of Cd condensate purification frohe theavy-volatile impurities on the distillation
efficiency at a given temperature. Analysis of thependences has shown that more than 10
purifications of the melt from light volatile impities with a; << 1 will occur upon evaporation of
Cd < 10 %. For the heavy-volatile impurities with>> 1 more than 10-fold purification of the
condensate will occur upon Cd refining to the corsdge of > 95%.

So, for the deep purification of Cd and Pb mordgueble can be realization of the process of
step-by-step purification from light-volatile andedvy-volatile impurities with wastes of basic
metal (10-15%) that has been earlier realized &unal cadmium refining [3]. To provide minimal
losses of initial materials, in particutfCd, for the given case we have chosen, insteauecitep-
by-step purification, a method consisting in thenbanation of prefiltration and distillation with
subsequent casting of distillates in the form oasuged ingots.

The obtained results of calculations of the efficie of cadmium and lead refining were taken
into account in the development of improved distiin devices and in the choice of temperature
and time regimes of distillation purification preses.

3. Experimental investigation of the processes ofupfication of natural Cd, enriched
1%¢d and archaeological Pb by vacuum distillation

3.1. Materials and methods of purity control

The initial materials for purification wergranular Cd of ChDAgrade (spec 6-09-3095-78),
enriched"%°Cd and archeological Pb.

To exclude the ingress of background impuritieso itthe metal being refined in the
purification processes we used high-purity accessmaterials and equipment. A crucible and a
condenser of distillating apparatuses are madeigi-purity graphite of MPG-7 grade, and a
heater, heater components and screens are maltle spéctrally pure graphite, corresponding to
spec 48-20-90-82. The content of regulated imm@sith such graphite is 6.2-10* mass %. An
inert atmosphere for filtration of Cd ahfCd was the highest-grade argon gas corresponditing to
State Standard 10157-88 with an argon volume tractp less than 99.995%.

Quantitative analysis of samples determining thpurity content in the initial and refined
metals was performed by the ICP-MS and AAS metl{obdemical laboratory of LNGS, Asserqi,
Italy), as well as by the LMS method (NSC KIPT, kkia, Ukraine). The AAS method was used
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mainly to determine the iron content in cadmiumthessFe concentration measured by the ICP-MS
method was too high. It is because the iron is@are overlapped with the isobaric interference
from the *®Ni isotope and doubly ionized*Cd and'*Cd. The accuracy of impurity content
determination by the above-mentioned methods is 3@%.

3.2. Experimental procedure, results and discussion

To develop the process of deep refining'8d with minimal losses and a high product
yield, we carried out preliminary investigationgith natural cadmium. For this purpose a
distillating apparatus and a filtrating apparatusvpling condensate casting in measured ingots
with an initial metal charge to 250 g were devetbpad fabricated. The crucible and the condenser
of this distillating apparatus are interchangeabé permits to repeat distillation without remayin
the distillate from the condenser.

The process of high-purity cadmium production cstesl in the following. The initial
cadmium (about 200 g) with an initial impurity cent (Table 1) was preliminary filtered, to
minimize losses, in the pure argon atmosphere um@msure in the apparatus chamber ~ 120 kPa.
As a result of filtration, oxides of impurity mesadnd slag in the form of a film remained on the
surface of filtrating apparatus plate. Then thenther was evacuated and in the process of refining
the pressure in it was maintained as®1®a or lower. Cadmium, preliminary refined by lion,
was subjected to two distillations with a distilbat fraction more than 98% in each process. During
the process cadmium was evaporated at 630...650 KK@mensed at 530...550 K.

Condensation at such temperatures leads to thialgautification of the condensate from the
light-volatile impurities (Na, K, S, P, As, Se @thy removing them into the chamber volume
through the little hole in the condenser. The headtile impurities (Fe, Ni, Co, Si, Cu, Al, Au,
Ag, Pb, Tl, Sb, Bi, Li, Sn, Mn etc.) were concetgrhin the residue in the crucible. After refining
by distillation, cadmium was cast in the measumgbis. The similar procedure was used for
refining *°°Cd with 2...5 distillations depending on the degrépuwity of the initial material.

Table 1. Impurity composition of natural Cd andiemed*°°Cd before and after purification.

.| Concentration in natural Cd (ppm) ConcentratioHi8d (ppm)
Impurity
element b_e_for(_e ?‘.ﬁef. b_e_for(_e _after_
purification purification purification purification

Ni 30* 0.3* /< 0.2** 0.6* 0.6* /< 0.2**
Cu 47* 0.3* /< 0.2** 5* 0.7*/ 0.5**
Fe 0.4x** 0.17*** | < 0.5** 1.3%x* 0.4*** | <0.4**
Mg 30* < 0.5* /< 0.05** 12* < 0.5* /< 0.05**
Mn 0.2* 0.1* /< 0.3** 0.1* 0.1* /< 5**
Cr 0.2* 0.1* /< 1** 9* <0.5* /< 0.1**
V <0.005* < 0.005* /< 0.08** <0.005* <0.01* /< 0.08**
Co 0.3* < 0.003* /< 1** 0.02* <0.01* /< 0.1**
K 8* < 5%/ 0.7* 11* < 10*/ 0.04**
Pb 1000* 3* /<1 270* 8* /< 0.3*
Th <0.001* < 0.001* <0.001* < 0.001*
U <0.001* < 0.001* <0.001* < 0.001*

* |CP-MS - Inductively Coupled Plasma - Mass Speuoetry analysis

**LMS - Laser Mass Spectrometry
*** AAS — Atomic Absorption Spectroscopy

For purification of archeological lead by vacuumnstilation, a special apparatus was
developed providing the metal vapor condensati¢m time liquid phase with a high efficiency and
high product yield > 95%. Surface contaminationstahoxides and slag, similarly as for cadmium,
were removed by prefiltration of the initial metdhen the metal was placed in the crucible and
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heated to working temperatures (~ 1220 and, as a result, it was evaporated and passedhie
condenser. During the distillation process the lead purified from the heavy-volatile impurities
(Mn, Ni, Co, Cu, Fe, U, Th etc.), and the lightatile impurities (Ca, Mg, Tl, K, As etc.) were
removed through the special hole due to the higipezature (~ 102®) in the condenser. After
that the pure metal was formed in ingots in theicgslevice.

The impurity concentration in archeological leadalfle 2) was determined by the LMS

method. Analysis of the impurity composition shawgood purification of Pb from Ni, Cu, Zn, Ag,
Sb and other impurities.

Table 2. Impurity composition of archaeologicalddeefore and after purification.
Impurity Bgfor_e A_fter_ Impurity B_e_for(_e A_fter_
clement purification, purification, clement purification purification,

ppm ppm ppm ppm
Mg 0.09 <0.04 Cu 6.3 <0.1
K 0.5 0.35 Zn 2.6 <0.2
Ca 0.56 0.3 As <0.1 <0.1
Y, <0.07 <0.07 Ag 34 <0.6
Cr <0.09 <0.09 Sb 5.4 <0.6
Mn <0.08 <0.08 T <0.8 <0.8
Fe <0.09 <0.09 Bi <1 <1
Co <0.09 <0.09 Th <0.7 <0.7
Ni <0.2 <0.09 U <0.7 <0.7

Analysis has shown that the residue after filtraiio the form of oxide film is enriched with
separate impurity elements. So, in this case, aityito the case of cadmium, filtration servesms a
additional purification element.

Comparative analysis of the obtained results ewdghat the refining by vacuum distillation
in combination with filtration is an effective meitth of deep purification of cadmium and lead. The
purification procedure under consideration provides several impurities more than 100-fold
decrease of their content — to the level requicedaf material used in fabrication of scintillators
(Cd¥°cd,Pb)WQ and (Cd'°°Cd,Pb)MoQ. Also, a high product vield (> 96%) is reached and
irreversible losses are decreased. It has beenl fthat the highest efficiency of purification takes
place after the first distillation. Depending ore timitial material purity, the required purity ldye
under similar distillation conditions, is reachedrbpetition of the distillation process.

In Fig. 1 presented are the samples of high-pimiggts of'°°Cd and archeological lead after
filtration, distillation and casting.

4. Conclusions

Based on the analysis of earlier calculations efliehavior of impurity elements in metals in
the process of their purification with the distiitmm procedure, the methods and devices were
developed for deep purification of C4°Cd and Pb. A combined effect of filtration and idlistion
on the deep purification from harmful impurities svavestigated in experiments. The use of the
complex process for purification of C#%Cd and Pb provides more than 100-fold purificafimm
harmful Ni, Cu, Mg, Co, Fe and radioactive imp@sti As a result of investigations, the pilot
batches of high-purity Cd%°Cd and Pb with a product yield > 96% and irrevéeslbsses < 1%,
applicable for production of high-quality scirgitors (Cd:°®Cd,Pb)WQ and (Cd*°®Cd,Pb)MoQ
were obtained.
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High — pure enriched *°°Cd

Fig. 1. Ingots of high-purity”Cd and archaeological Pb.
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