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A b st r ac t  

The conditions of preparation of stoichiometric MnWO4 by a precipitation method have 
been investigated. The composition of the solid phases obtained under different conditions 
is investigated by X-ray, thermal, IR and atomic absorption spectral analyses. On the 
basis of the pH and concentration dependences of the precipitate compositions it is 
established that, irrespective of the initial solution concentrations, stoichiometric MnWO4 
with a W.'Mn atomic ratio of 1.0 is formed during precipitation in the alkaline region. 
The excess of Mn 2+ and WO42- does not affect the precipitate compositions. A complex 
mixture of polytungstate ions is obtained in acid media (pH below 7.5), and the further 
decrease of the pH value is accompanied by an increase of the contribution of the 
polytungstate ions having a higher tungsten content. The drop in the W:Mn ratio of 
precipitates obtained in the strongly acid region can be attributed to the higher solubility 
of the polymeric ions under these conditions. 

1. I n t r o d u c t i o n  

During  r ece n t  years ,  in te res t  in me ta l  t u n g s t a t e s  has  increased.  This  is 
a t t r ibu ted  to  the  fac t  tha t  a l a rge  n u m b e r  of  t h e m  p o s s e s s  va luable  p r o p e r t i e s  
and  a re  p r o m i s i n g  as  n e w  ma te r i a l s  fo r  m o d e m  technolog ies .  A ser ies  of  
t u n g s t a t e s  a re  a l r eady  wide ly  app l i ed  to  the  p r e p a r a t i o n  of  single c rys ta l s  
fo r  l a se r  appl ica t ions ;  o the r s  a re  s u p e r c o n d u c t i n g  and  have  g o o d  emiss ion  
cha rac te r i s t i c s  a l lowing the i r  use  in m o d e m  e lec t ron ics  [1, 2]. The t ungs t a t e s  
of  d ivalent  meta l s ,  s o m e  of  which  are  ut i l ized as  industr ial  l u m i n o p h o r e s  
[3], a re  of  spec ia l  in teres t .  

The  p r e p a r a t i o n  of  d iva lent  m e t a l  t u n g s t a t e s  in a t h e r m a l  w a y  is desc r ibed  
in a la rge  n u m b e r  o f  pub l i ca t ions  [ 4 - 7 ] .  Oxides  or  eas i ly  d e c o m p o s i n g  sal ts  
and  t u n g s t e n  t r i ox ides  a re  usua l ly  appl ied .  The  p r o c e s s  t akes  p lace  to  
c o m p l e t i o n  a t  a b o u t  and  a b o v e  1000 °C. The  da ta  on  the  p r e p a r a t i o n  of  
t u n g s t a t e s  b y  p rec ip i t a t i on  are  scarce .  This  is exp l a ined  by  the  difficulties 
a s s o c i a t e d  with  the  p rec ip i t a t i on  c o m p o u n d s  of  a s to ich iomet r i c  compos i t ion .  
I t  is k n o w n  tha t  the  c o m p o s i t i o n  o f  the  p rec ip i t a t e s  d e p e n d s  s t rong ly  on 
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the state of tungsten ions during precipitation [8, 91. It is also known that 
in the aqueous solutions of  the tungstates used polycondensation processes  
occur  which lead to complex equilibria between different isopoly tungstate 
ions. The kinds of ions and the quantitative ratios between them depend on 
a number  of  factors such as pH value, temperature,  W(VI) concentration 
etc. [3, 10]. 

Karagjozova [ 11, 12 ] has investigated thoroughly the polymerization of 
Mo(VI) in concentrated paramolybdate solutions and has assumed the existence 
of homologous series of polymolybdate ions. 

The presence of  a similar homologous series in the case of polytungstate 
ions is also supposed.  

The purpose of the present  work is to study the polymerization of  W(VI) 
in aqueous solutions with a concentration of 0 .1-0 .4  M and to estimate the 
possibility of  obtaining Me(II) tungstates by precipitation. The equilibrium 
between different forms of  polytungstate ions is studied on the basis of the 
Mn(II)-W(VI)-H20 system. 

2. Exper imenta l  detai ls  

Precipitation was achieved by slow addition with continuous stirring of 
aqueous  solutions of manganous(II) nitrate to sodium tungstate heated to 
60 °C. The pH of the initial solutions was maintained constant during the 
precipitation process  by addition of  10% NH3 solution or 10% HNOs. The 
composit ion of the precipitates obtained was investigated by X-ray, thermal, 
IR spectroscopic and atomic absorption analysis. 

3. Results  and discuss ion  

Figure 1 presents  the dependence of  the composit ions of  the precipitates 
(in terms of the W:Mn atomic ratio) on the pH value during the precipitation. 

Obviously, irrespective of the concentration of the initial solutions, the 
W:Mn atomic ratio in the precipitate obtained is 1.0 when precipitation takes 
place in the alkali region (ph--7.5) ;  i .e .  a light green, dense, well-filtered 
precipitate of  stoichiometric MnWO4 is formed in all cases. The investigations 
show that the excess  of  Mn(II) and W04 e- ions does not  affect the precipitate 
compositions. The data from analysis of the solid phases obtained at lower 
pH values during the precipitation evidence the occurrence of much more 
complicated processes.  The W:Mn atomic ratio rapidly increases and passes 
through a maximum at about  pH--6 .0 .  Simultaneously, the amount of the 
precipitate obtained essentially decreases.  Similar results were also obtained 
by Pit~juga et  al .  [13] after mixing aqueous  solutions of  MnCle and Na2W04 
without correction of pH. When the pH value during the precipitation is 
below 5.5, the colour of  the precipitate changes, and at pH below 5.0 the 
precipitate is single phase and contains pure tungstic acid. 
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Fig. 1. Dependence of the compositions of the precipitates on the pH value: A, 0.1 M; A,  
0 .3  M; O, 0 .4  M. 

Fig. 2. Diffraction patterns of samples obtained under different conditions (0 ,  MnaO4; O, WOa): 
top, 5 0 0  °C, p H = 9 . 0 ;  s e c o n d ,  500  °C, p H = 8 . 0 ;  th i rd ,  5 0 0  °C, p H = 6 . 0 ;  four th ,  500  °C, 
p H = 5 . 5 ;  fifth, 100  °C, p H = 9 . 0 ;  b o t t o m ,  100  °C, p H = 6 . 0 .  

According to Karagjozova [12], in the paramolybdate solution there is 
a homologous series of polymolybdate ions which are dependent on pH. 
This suggestion has been confirmed by our studies on the Mn(II)-MoO42--H20 
system. Precipitates with the following stoichiometric composition were 
isolated and characterized: MnMoO4.1.5H20, MnsM%O12- H20 and 
MnaMo40,5"H20 [14]. However, all efforts to obtain tungstates with an 
analogous composition have failed. Evidently, much more complicated equi- 
libria between the polytungstate ions are present in this case and it is difficult 
to establish the boundaries of  their existence. 

Our investigations have shown that in the alkaline region there are 
tungstate ions with the composition WO42-. With rising concentration the 
boundary of their existence is shifted towards higher pH values. In the acid 
region there is a complex mixture of polytungstate ions with a higher tungsten 
concentration. The decrease in W:Mn ratio of  the precipitates obtained in 
the strongly acidic medium can be ascribed to the higher solubility of polymeric 
ions under these conditions. An analogous effect has been observed with 
molybdate ions [ 14 ]. 

The above conclusions were confirmed by X-ray, IR spectroscopy and 
thermal analyses. Figure 2 presents results from X-ray studies of  samples 
obtained under different conditions, dried at 100 °C, and then calcined for 
4 h at 500 °C. 

It is obvious that the precipitates obtained in acid medium and dried 
at 100 °C are amorphous. The samples precipitated in the alkali region are 
relatively well-crystallized phases. The thermal treatment of the samples leads 
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to the formations of well-shaped crystals of stoichiometric MnW04 (ph = 8.0) 
or of a mixture of MnW04 and W03 (ph=5 .5  and 6.0). The presence of 
Mn304 in the sample obtained at pH = 9.0 can be attributed to the copre- 
cipitation of certain amounts of Mn(OH)2 under these conditions. The results 
from X-ray analysis are confirmed by the IR spectra shown in Fig. 3. Comparison 
of these spectra leads to the conclusions that the precipitates obtained differ 
in composition and contain no free initial substances. 

The sample precipitated at pH = 8.0 is characterized by distinct bands 
at 504, 574, 651, 681, 725, 808, 874 and 915 cm -2. The intensity of these 
bands abruptly drops with rising temperature due to the formation of a new 
phase. This process is accompanied by a visible shift of the height and 
position of the absorption bands within the 700-1000 cm -I  region, which 
is demonstrated by the spectrum of the sample calcined at 500 °C. 

It should be pointed out that there are bands at 5 9 1 , 7 3 1 , 8 0 1  and 882 
c m - '  which are specific to pure MnWO4 only and are described in detail 
by other authors. 

The results on the sample precipitated at pH = 6.0 and dried successively 
at 100 °C for 6 h and at 500 °C for 4 h are quite different. In both cases 
the IR spectra are characterized by the absence of  distinct absorption bands. 
This confirms the conclusion that under these conditions the dried samples 
contain a complex mixture of polytungstates, while the samples calcined at 
500 °C contain a mixture of MnWO4 and WOs. 

Figure 4 shows the results from differential thermal analysis (DTA) of 
the samples obtained by precipitation at pH = 8.0 and 6.0. 

The DTA curve of the former sample is characterized by an endothermic 
effect at 225 °C followed by a broad indistinct exothermic effect. The former 
effect is a result of the dehydration of crystaUohydrate formed during the 
precipitation, while the latter effect is associated with crystallization of MnW04. 
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Fig. 3. IR spect ra  of samples  precipi tated at  p H = 6  (curves a) and p H = 8  (curves b): upper  
curves, 100 °C; lower curves, 500 °C. 

Fig. 4. DTA curves  of the samples  obtained by precipi tat ion at  pH = 6 (curve a) and pH = 8 
(curve b). 
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The TG curve of  the sample  shows  that  the crystal  wa te r  is 8.3% of 
the whole  weight.  This allows the sugges t ion  that  the  compos i t ion  of  the 
precipi ta te  obta ined  is close to MnWO4.1.4HzO. 

The DTA curve o f  the second  sample  exhibits  a b road  indist inct  exo thermic  
peak  fol lowed by a p r o n o u n c e d  exo thermic  effect at  420  °C. The fo rmer  
can  be a t t r ibuted to decompos i t ion  of  po ly tungs ta tes  and crystall ization of  
MnWO4, while the latter m a y  be assoc ia ted  with crystall ization of  WO3 fo rmed  
in an excessive amoun t  under  these  condit ions.  

The results  obtained lead to the conc lus ion  that  the compos i t ion  of  the 
precipi ta tes  depends  s t rongly  on the precipi ta t ion  condi t ions  and the con- 
cent ra t ion  o f  the solutions used. Pure  MnWO4 can be obta ined  in the alkaline 
reg ion  only, where  there  are simple WO4 z -  ions. The precipi ta tes  fo rmed  
in the acid reg ion  conta in  a complex  mix ture  of  polytungsta tes ,  whereas  a 
precipi ta te  o f  tungst ic  acid is observed  be low pH = 5.0. 

Addit ional  investigations have shown that  the conc lus ions  abou t  the 
M n ( I I ) - W O 4 2 - - H 2 0  sys tem ar  also valid for  the p repara t ion  o f  tungs ta tes  
o f  o ther  divalent metals,  such as zinc, nickel, cobal t  and  ca lc ium [15]. 
However ,  these conclus ions  cannot  be appl ied  to the sys tems  Me 3 + - W O 4 - H 2 0  
where  the appea rance  of  tungs ta tes  o f  the type  NaMe(WO4)2 and  Me2WO6 
is possible.  
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