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Factors ensuring high quality crystals 

 

First order factor  

Growth technique 

 methods for synthesis of crystals 

 growth conditions 

 growth mechanism 

Initial materials  

 methods of a synthesis and purification  

 impurity composition 



Traditional Czochralski Technique 

seed 

• High temperature gradient (10-100 K/cm) 

• Perfect cleavage of CWO, ZWO, NMO 

  thermoelastic  stress destroy crystal 

• High local superheating of melt up to 200 K 

• Evaporation and decomposition  melt 

 



By the contrast  in The Low Thermal Gradient Czochralski Technique (LTG Cz) the growth 
conditions are  selected in such a way that the temperature gradients 
become small and the solidification front becomes fully faceted  

•During the entire process the grown crystal stays 
inside the crucible  

•Temperature gradients within 0.1-1 deg/cm.  

•Temperature fluctuations in the melt, usually causing 
crystal inhomogeneities, are not developed 

•Thermoelastic stresses in crystal are low 

•Evaporation and decomposition processes are 
suppressed by the pipe socket, which works as a 
diffusion barrier 

•Weighing control at all the stages of the process 
including the seeding  

•Crystal dia./crucible dia. ratio up to ~0.8 
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Phases of production BGO in NIIC, 
Novosibirsk  
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Bi-oxide synthesis and production at NIIC   

Electrolysis to refine

Pb ~ 10-3%

Raw 
bismuth 
Bi1;Bi00

Melting and Cl removing Pb ~ 10-5%

Metal

Vacuum distillation Pb ~ 10-6%

Pb
residuals

residuals 
Ag; Au; 
Cu; Ni

Metal

Double stage bismuth oxidationOxygen

Used electrolyte; anode
residuals Fe;Zn; Pb

Selected material

Ready for use bismuth oxide

Large 
size 

fraction



Properties can be drastically differ 

 even for very low level of impurities   

NIIC NIIC  Furukawa,Japan 
`Element 

% wt Bi2O3 

BMO 1-60 
Bi2O3 

BMO 2-118 
Bi2O3 

Lot 04.11.17 

C 1.10-3 3.10-3 3.10-3 

Na 7.10-6  n.d.(5.10-6 ) n.d.(5.10-6 ) 

Mg n.d.(5.10-6 ) n.d.(5.10-6 ) n.d.(5.10-6 ) 

Al  3.10-5  3.10-4  3.10-4 

Si   2.10-4   6.10-4   4.10-4 

Cl 9.10-4 3.10-3 5.10-4 

K 3.10-5 n.d.(5.10-6 ) n.d.(1.10-5) 

Ca 2.10-5 n.d.(5.10-6 ) n.d.(1.10-5) 

Cr n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Mn n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Fe n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Cu n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Zn n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Ge n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Ag 5.10-5 5.10-5 n.d.(1.10-5) 

Te n.d.(1.10-5) n.d.(1.10-5) n.d.(1.10-5) 

Sb n.d.(5.10-6 ) n.d.(5.10-6 ) n.d.(1.10-5) 
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Polyhedral Crystallization Front of   
Big Sized BGO Crystal 

Krishan Lal et al. Journal of  

Crystal Growth 197 (1999) 865-873 



120 mm dia. BGO cylinders 

BGO crystal 

120 mm dia., 130 mm height  

PHR  at 662 keV  

better than 10%: 

Due to high uniformity of crystals and low light absorption scintillation 

parameters almost  does not worse with increasing of crystal dimensions 



Radiation Hard Crystals for BGO Veto Shield of the Imager IBIS  
  as one of two main gamma-ray instruments on board of the ESA mission INTEGRAL  

(The International Gamma-Ray Astrophysics Laboratory)  launched in Oct 2002 

 The area to be shielded is about 8000 cm2 

 Bars dimensions : 20 x 90 x (310-345) mm3 

 20 krad radiation environment (induced by 
ionizing particles) for the lifetime of 5 years 

 Due to features of light collection, top-quality 
transmission properties are needed. 
Attenuation length has to be better than 3 m 
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BGO crystals for PoGOLite International Project 
(A High Sensitivity Balloon-borne Soft Gamma-ray Polarimeter)  

 Flight: 20013   Total weight of BGO >300 kg  

 

http://www.particle.kth.se/pogolite 



Radiation hard BGO  
for Hard X-ray Imager and the Soft Gamma-ray Detector, to be onboard 

the 6th Japanese X-ray Astronomy satellite ASTRO-H 

 

 

2011-2013:  About 15 types,  100 pieces totally 





2006- Evaluation of CdWO4 crystals grown by the  

2008:  LTGvCz as detectors for high sensitivity double beta decay 

experiments was perfomed.    
CWO Ø 20x20 mm - Ø70x70 mm 

 

The following advantages of LTG Cz are essential for 

 2 decay experiments: 

• Good scintillation parameters; 

• Large maximal crystal size; 

• High yield of successful growth runs;   

• High utilization ratio of charge (~0.8) 

CWO for neutrinoless 2 decay search  
Collaboration with Institute for Nuclear Research, Ukraine 

Max Plank Institute (Germany), INFN (Italy), CNRS (France) 

2009:   Trial Growth of 106CdWO4 crystal was performed 

2011: Trail growth of 116CdWO4 crystals was performed   



Main problems associated with growth  

CdWO4, ZnWO4, ZnMoO4,  Na2Mo2O7 crystals 

 High tendency to crack under the action of 
thermoelastic stresses associated with the existence 
of the cleavage plane. 

 High segregation (distribution) coefficient for  
iron group ions: 

1) Re-crystallization does not improve properties;  
2)The residual crystal parts hardly could be utilized  

 The volatility of the components of the melt results in 
changing stoichiometric ratio Me/(W, Mo) in the growth 
process. 

 Deviation from stoichiometry in oxygen does not 
investigated properly 

(Zn,Cd)WO4 => (Zn,Cd)WO4-x + x/2O2 
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Refining  

Cd, 

CdWO4 

Synthesis 

CdWO4  

NIIC, 

Novosibirsk 

NeoChem,  
Moscow 

Charge
: 

: 

Growth of isotopically enriched 106CdWO4 and 116CdWO4    

Crystal,  

year 

106CdWO4 

2009 

116CdWO4

2010 

Raw charge:  265 g 2140 g 

isotope content 66,4 % 82 % 

Crucible:, mm Ø40х100 Ø70х190 

Growth direction [100] [100] 

Crystal diameter: ~27 mm ~45 mm 

Crystal weight:  230,5 g 1868 г 

Residuals in crucible:  33,7 g 267,7 g 

Losses: 0,79 g 2,8 g 

Utilization factor:  87 % 87,3 % 

Technology of growing crystals CWO by 

LTG Cz allows to solve the problem of 

obtaining crystals for the next stage of a 

possible experiment with detectors 
116CdWO4  

116CdWO4 

106CdWO4 

crystals 106/116CdWO4 
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Purification and pilot production of WO3 in NIIC  

 

 

                   PTA 
 

                 Activation             NH3 + H2O  
                              

                       MTA   
 

             Dissolution  рН 3-4     

         

            Filtration                     H2SiO3 and  other    

                                   .  

                  Solution  MTA 

 

               Precipitation                 NH3            

                                                                       PTA (in recycle) 

            PTA        Filtrate                  Evaporation 

 

          Activation                                   Concentrate      

          and                                               of impurities 

          re-crystallization     

                                                  NH3 + H2O 

 

             PTA                           Aching                   WO3 

PTA – paratungstenate of ammonium [(NH3)10W12O417H2O] 

MTA- metatungstenate of ammonium [ (NH4)6H2W12O40] 

Element Initial

probe

Probe

5

Probe

6

Ag n.d.(1×10-7) 4,0× 10-7 n.d.(1× 10-7)

Al 5.0×10-5 ≤5.0×10-6 n.d.(4×10-6)

Be - n.d.(1×10-7) n.d.(1×10-7)

Ba 1.2×10-5 n.d.(1×10-5) n.d.(1× 10-5)

Ca 1.1×10-4 1.2. ×10-5 1.5 ×10-5

Co 2.0×10-5 n.d.(1× 10-6) n.d.(1×10-6)

Cr 3.5×10-4 n.d.(1× 10-6) n.d.(1× 10-6)

Cu 1.1×10-5 n.d.(3×10-7) 3.6×10-7

Mg 1.9×.10-5 1.4× 10-5 1.7× 10-5

Mn 3.4×10-5 2.8×10-6 4.1×. 10-7

Ni 8.7×10-6 n.d.(1× 10-6) n.d.(1× 10-6)

Element Initial

probe

Probe

5

Probe

6

Ag n.d.(1×10-7) 4,0× 10-7 n.d.(1× 10-7)

Al 5.0×10-5 ≤5.0×10-6 n.d.(4×10-6)

Be - n.d.(1×10-7) n.d.(1×10-7)

Ba 1.2×10-5 n.d.(1×10-5) n.d.(1× 10-5)

Ca 1.1×10-4 1.2. ×10-5 1.5 ×10-5

Co 2.0×10-5 n.d.(1× 10-6) n.d.(1×10-6)

Cr 3.5×10-4 n.d.(1× 10-6) n.d.(1× 10-6)

Cu 1.1×10-5 n.d.(3×10-7) 3.6×10-7

Mg 1.9×.10-5 1.4× 10-5 1.7× 10-5

Mn 3.4×10-5 2.8×10-6 4.1×. 10-7

Ni 8.7×10-6 n.d.(1× 10-6) n.d.(1× 10-6)

ElementElement Initial

probe

Initial

probe

Probe

5

Probe

5

Probe

6

Probe

6

AgAg n.d.(1×10-7)n.d.(1×10-7) 4,0× 10-74,0× 10-7 n.d.(1× 10-7)n.d.(1× 10-7)

AlAl 5.0×10-55.0×10-5 ≤5.0×10-6≤5.0×10-6 n.d.(4×10-6)n.d.(4×10-6)

BeBe -- n.d.(1×10-7) n.d.(1×10-7) n.d.(1×10-7)n.d.(1×10-7)

BaBa 1.2×10-51.2×10-5 n.d.(1×10-5)n.d.(1×10-5) n.d.(1× 10-5)n.d.(1× 10-5)

CaCa 1.1×10-41.1×10-4 1.2. ×10-51.2. ×10-5 1.5 ×10-51.5 ×10-5

CoCo 2.0×10-52.0×10-5 n.d.(1× 10-6)n.d.(1× 10-6) n.d.(1×10-6)n.d.(1×10-6)

CrCr 3.5×10-43.5×10-4 n.d.(1× 10-6)n.d.(1× 10-6) n.d.(1× 10-6)n.d.(1× 10-6)

CuCu 1.1×10-51.1×10-5 n.d.(3×10-7)n.d.(3×10-7) 3.6×10-73.6×10-7

MgMg 1.9×.10-51.9×.10-5 1.4× 10-51.4× 10-5 1.7× 10-51.7× 10-5

MnMn 3.4×10-53.4×10-5 2.8×10-62.8×10-6 4.1×. 10-74.1×. 10-7

NiNi 8.7×10-68.7×10-6 n.d.(1× 10-6)n.d.(1× 10-6) n.d.(1× 10-6)n.d.(1× 10-6)

Inorganic Materials, 44, No. 12,  

pp. 1330–1333 (2008). 
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2010 : Growth of large size radiopure  ZnWO4  crystals 

 

Collaboration with 

● Institute for Nuclear Res., Kyev  

● Max Plank Institute (Germany)    

● INFN (Italy) 

RHR ~10%  at gammas 662 keV 

for Ø40x40 mm cylinders    
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 Проект LUMINEU 

Luminescent Underground Molybdenum Investigation for NEUtrino mass and nature  

• ICMCB (CNRS ) 

• UNIVERSITE PARIS-SUD (CNRS ) 

• CEA, Commissariat à l’énergie atomique et aux 

énergies alternatives  

• KINR, Institute for Nuclear Research of the National 

Academy of Sciences of Ukraine  

• NIIC  

• UHEI, Heidelberg University, Seminarst (Germany)  
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First results   growth ZMO crystals 

Prokhorov General Physics Institute, 
Russian Academy of Sciences 

Institute for Scintillation Materials,  

Kharkov, Ukraina  
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MoO3 purification scheme 

Solution 

Dissolution  pH 7-8 

calcination 

evaporation 

precipitate 
contaminants 

 mother liquor 

crystals PMA 

solution 

Dissolution       pH 5-6  

         Solution     pH 8-9 

Dissolution    pH 6-7 

Solution  

solution 

cooling 

MoO3 

ZnO      

NH4OH   

MoO3      
NH4OH   

MoO3 

separation 
sediments 

(NH4)2С2O4   

0 2 4 6 8 10 12 14

-1,0

-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

1,0

Th(IV) ?

U(VI)  ?

precipitate

solutionV(V)

W(VI)

Cr(VI)

Si(IV)

P(V)

 Fe
2
(MoO

4
)

3

 ZnMoO
4

 CaMoO
4

 SiO
2
 

Fe(III)

Zn(II)

Ca(II)

pH



23 

Purification of MoO3 (sublimation process) 

• The temperature up to 700°C 

• Рump vacuum 

• Starting material MoO3 (metallic impurities 10-100 ppm) 

• Single entry sublimation reduces the content of:  W, Fe, Cr   

      more than one order 

• Productivity the laboratory setup  1-2 kg/week 
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Modified MoO3 purification scheme 

Solution 5-10% 
Mo 

Initial  MoO3 

Evaporation 

Filtration 
  

2 purification step 

1 sublimation 

2 sublimation 

Solution (NH3 + H2O + MoO3) 

Fltration 
  

Filtration 

Crystals  PMA-1 
Calcination  

Crystals 2 PMA-2 
Solution 5-10% 

Mo 

Evaporation 

Calcination  

HP  MoO3 



 ZMO crystal growth in NIIC  

 

MoO3 

Preparation 

charge mixture 

Crystal  
 growth 

Cutting 
processing 

Sublimation  

Purification 
 in aqueous  
solutions 

waste 

 Rejected crystals, 
residuals  

ZnO 

Rejected blanks 

raw material   100 MoO3 Zn100MoO4 crystals  

milling 



ZnMoO4 residues, sludge 

Thin grinding 

A solution of ( H2O + H2O2 +  ZnMoO4)  

stirring solution 

A solution of [( H2O + H2O2 +  ZnMoO4) +  
(NH4)2CO3 

filtration 

A solution of      (NH4)2MoO4 

Yield: 80% 

evaporation 

Calcination  
solid precipitate(NH4)2MoO4 

ZnCO3 
(1-5)%MoO3 

  

MoO3 

Irreparable loss less than 10% 

Extraction of MoO3 from ZnMoO4 residues, sludge                               Scheme 1 



ZnMoO4 residues, sludge 

Thin grinding 

A solution of ( H2O + H2C2O4 +  ZnMoO4)  

stirring solution 

filtration 

A solution of MoO3 

H2C2O4 2  (oxalic acid) 

evaporation 

Calcination  
600C 

ZnC2O4             

(1-5)%MoO3 

  

MoO3 

Extraction of MoO3 from ZnMoO4 residues, sludge                              Scheme 2 



Zn100MoO4  : one of the most promising candidate  

for the search  of neutrinoless double-beta decay 

MoO3 synthesized in the NIIC SB RAS  

ZnO HP grade produced by UMICORE. 

Growth of ZnMoO4 along [001] from stoichiometric charge 

MoO3 commercial, HP grade   

ZnO HP grade produced by UMICORE. 



ZnMO4 crystals grown along [001] direction  

ZMO crystal grown with 

 the charge utilization factor ~90% 

Growth 

interface 2012: Project LUMINEU 

(CNRS, France) 

Luminescent Underground 

Molybdenum Investigation for 

NEUtrino mass and nature  
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The results of ZMO crystal growth 

 



The results of LMO crystal growth 

  



Isotopically enriched  Li2
100MoO4 crystals 

Isotopically enriched crystals 

first crystallization 

 Isotopically enriched crystal 

second  crystallization 



Extraction of MoO3 from Li2MoO4 residues, sludge                        Scheme  

Li2MoO4 residues, sludge 

A solution of (Li2MoO4 + H2O) 

A solution of (Li2MoO4 + H2O  
+  Zn(С2H3O2))  

stirring solution 

filtration 
  

precipitate ZnMoO4 

The following processing steps  
according to the scheme  

solution     
Li С2H3O2 

Yield:   99% 

Li2MoO4 residues, sludge 

MoO3 

Thin grinding 

Decomposition (HNO3 + H2O) 

filtration 
  

solution 

H2MoO4 

drying 

Calcination  

 neutralization 

(NH3) 

 crystalization 

 filtration 

 solution         
(1-2 g/l Mo) 



Synthesis and purification of raw Li2CO3                                         Scheme  

solution 

Initial  Li2CO3 

A agitation of (Initial  Li2CO3  + H2O) 

filtration 
  

precipitate Li2CO3 *XH2O 

Calcination  

solution 

Initial  Li2CO3 

A agitation of (Initial  Li2CO3  + H2O) 

filtration 
  

precipitate Li2CO3 *XH2O 

Calcination  Li2CO3 



  ZnMoO4 ZnMoO4 Zn100MoO4 Zn100MoO4 Li2MoO4 Li2MoO4 Li2
100MoO4 Li2

100MoO4 

232Th ≤ 7.3 ≤ 1.4 ≤ 8.0 ≤ 9.0 ≤ 21 ≤ 18 ≤ 2.7 ≤ 11 

228Th ≤ 26 ≤ 4.6 ≤ 8.0 ≤ 21 ≤ 21 ≤ 18 ≤ 8.4 ≤ 6.2 

238U  ≤ 13 ≤ 2.6 10(4) 39(7) ≤ 37 ≤ 48 ≤ 4.9 ≤ 11 

234U  ≤ 20 ≤ 3.0 11(6) 43(10) ≤ 21 ≤ 46 ≤ 6.7 ≤ 11 

230Th  ≤ 28 ≤ 1.4 ≤ 17 ≤ 24 ≤ 21 ≤ 18 ≤ 2.7 ≤ 11 

226Ra   ≤ 26 2.8(15) 14(3) 23(4) ≤ 37 130(19) ≤ 6.7 ≤ 11 

210Po  575(18) 1.32(3)

×103 

809(32) 2.39(5)×

103 

195(41) 76(25) 230(20) 60(10) 

235U  ≤ 19 ≤ 2.6 ≤ 13 ≤ 19 ≤ 21 ≤ 18 ≤ 4.9 ≤ 6.2 

Radiopurity ZMO, LMO (μBq/kg) 



Na2Mo2O7 LTG CZ - first result 

 



Crystallization  from melting  

Crystallization  from water 
solution 

 

Purification of Na2CO3 

Pure Na2CO3 after  
decomposition of NaHCO2  
 

NaHCO2 

Na2CO310H2O 
Pure Na2CO3 after 
decomposition of 
Na2CO310H2O 
 

Crystallization  

Initial  substances NaHCO2 Na2CO310H2O 

Probable routine simple 



Crystallization  from melting  

Crystallization  from water 
solution 

 

Purification of Na2CO3 

( first results) 

 

Pure Na2CO3 after  
decomposition of NaHCO2  
 

NaHCO2 

Na2CO310H2O 
Pure Na2CO3 after 
decomposition of 
Na2CO310H2O 
 

Crystallization  

Rude Na2CO3 

Ck- 190 ppm 

 

Ck- 9 ppm 

Ck-32ppm 



NMO crystals  



Conclusion  

• Synthesis und purification of starting materials is an important 
stage for growth crystals with extremely high characteristics. 

 

• A complex variant initial materials purification allows to growth 
crystals for search rare events 

 

• LTG СZ is a good crystal growth technique to search rare events.  

 

 

 


