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Abstract 
The hydrothermal dehydration process of tungsten oxide dihydrate samples 
(H2WO4.H2O) prepared by acidic precipitation from alkali tungstate 
solutions has been studied in the presence of residual sodium, potassium 
and deliberately added NH4

+ ions. X-ray powder diffraction (XRD 
Guinier), scanning electronmicroscopy (SEM) and Fourier transform 
infrared spectroscopy (FTIR) have been used to study the resulted 
transformations and the incorporation of cations. It was found, that the 
dehydration route leads either to open structured WO3 or WO3.1/3H2O or 
to monoclinic WO3 anhydride, and the direction is controlled by the 
presence of alkali ions and by the state and precipitation conditions of the 
precursor H2WO4.H2O. Incorporation of dopant elements by soft chemical 
methods looks promising to work out a general process for the otherwise 
fairly complicated techniques of tungsten doping. 
Keywords: tungsten oxide hydrate, hydrothermal dehydration, doping, 
ion insertion 

INTRODUCTION 
Powder metallurgical processing of tungsten requires powders as base material. The 

powder will be transformed to dense metal products by compacting, sintering and 
termomechanical treatments. In the case of W production, the scale of powder particle size 
varies practically from 0.1 to 10 μm and is made mainly by reduction of tungsten oxides, 
tungstic acids or ammonium salts, like APT or AMT, in H2 gas. The size (or size distribution) 
and also the morphology of the grains is of great importance because these parameters influence 
steps of processing and also the quality of the products. 

Different applications of products have different quality requirements. Lamp wires are 
considered as one of the most important products, characterised by great creep strength at high 
temperatures which can be established by soft phase dispersion strengthening. The soft phases 
are potassium filled bubbles of 10 – 100 nm size. As potassium is insoluble in tungsten, K-atoms 
have to be trapped in the tungsten in the small bubbles. This incorporation process, called 
doping, occurs by chemical and physical steps, applying also auxiliary atoms, like Al and Si [1, 
2]. In the present work we wanted to clarify whether the K-atoms could be incorporated into a 
W-oxide lattice by means of soft chemical methods.  

A characteristic feature of a soft chemical method is that solute precursors are mixed in 
solution and then transformed into a solid at lower temperatures than at traditional 
metallographic processes, resulting in metastable phases which remain kinetically stable up to 
relatively high temperatures [3]. Using the structural filiation between mother and daughter 
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phases, tungsten oxides were studied and effective soft chemical methods were found to prepare 
a series of metastable phases [4, 5].  

The principal process for the preparation of this family of tungsten oxides is: 
alkali tungstate solution  WO3·nH2O  tungsten oxide 
In the above scheme the term tungsten oxide covers a wide range of stoichiometric, or 

non-stoichiometric (tungsten bronze) compounds. 
Freedman investigated the acidification of Na2WO4·2H2O and the precipitation of 

various WO3·nH2O products [6]. All WO3.nH2O hydrates are formed of layers built up by 
corner shearing [WO6] octahedra with water molecules between these planes [7]. This layered 
structure is the reason for the properties of the resulted phases, while structure and product 
morphology can be controlled by the details of the acidification (temperature, concentration, pH, 
kind of cation) [8, 9]. 

Acidification by boiling strong acids followed by hydrothermal process led to the 
formation of Li hexagonal tungsten bronze, HTB (non-stoichiometric) [10]. The similar 
precipitation was used for the preparation of tungsten oxide C phases at different pH values of 
the solution at condensation [11]. Acidification at room temperature, at lower pH results in 
stoichiometric hexagonal bronze phases and at higher pH in pyrochlore phases [12-14]. It has 
been found that potassium does not form either phase (hexagonal, pyrochlore) hydrothermally 
[13]. The acidification at low temperatures (5º C) results in stable colloid sols of WO3.nH2O in 
the case of sodium salt as precursor (method first applied by Zocher and Jacobson) [15-17]. Gels 
and microcrystals of H2WO4.H2O prepared at similar conditions are the precursors of 
WO3.1/3H2O and hexagonal-WO3 [18-20]. These latter materials are considered chemically 
clean; sodium is not the main component and its concentration is in the range of 100 –3000 ppm 
in the solid phase [21]. This range of incorporated dopants looks promising for doping elemental 
tungsten for the lamp industry.  

The present paper aims to consider the hydrothermal dehydration of H2WO4.H2O in 
the presence of alkali ions added to the system. H2WO4.H2O precursors were prepared by acidic 
precipitation from alkali tungstate solutions according to both Freedman's and also Zocher and 
Jacobson's methods. 

EXPERIMENTAL DETAILS 

Freedman type preparation 
Tungstic acid hydrate samples were prepared from Na2WO4.2H2O (Carlo Erba 

RPE-ACS) following the preparation route of Freedman [6] 3N HCl solution was added in 
drops to 1M solution of Na2WO4.2H2O. Precipitation occured at room temperature. 
Washing of the precipitates was carried out by 0.1N HCl solution on filter. Sample N2 was 
doped by NH4

+ ions. It was taken from a series of experiments, where Freedman type 
precipitates were allowed to stay under aqueous alkali solutions for a long time. Sample N2 
was stored for 24 months under an ammonium metatungstate  
(NH4)6H2W12O40.2-6H2O) solution. The suspensions in containers were regularly re-mixed 
by hand shaking; AMT was prepared by dialysis in this institute.  

Zocher and Jacobson type preparation 
The precipitation conditions for solute concentrations and temperature suggested by 

Zocher and Jacobson [15] were modified by stirring the precipitate and centrifuging before 
washing as suggested by Furusawa and Hachisu [16]. The details of the preparation are 
described in our previous paper [21]. According to a typical preparation, Na2WO4.2H2O was 
dissolved in deionized water (70 g/l) and the solution was cooled to 5°C. 1N hydrochloric acid 



 Powder Metallurgy Progress, Vol.3 (2003), No 2 113 
 
solution (18 % in excess of equimolar reaction ) cooled to the same temperature was added to 
the solution in several doses. The mixture was stirred for 1.5 hr in an ice bath and for 0.5 hr at 
room temperature. The precipitate was separated by centrifuging. Washing of the precipitate 
was carried out by  an addition of deionized water to the precipitate at room temperature 
followed by stirring. At the end of each washing step, the mixture was centrifuged. Several 
washing steps were applied. 

Preparation of K doped samples 
For the preparation of K doped samples, a method analogous to the Zocher and 

Jacobson preparation route was applied. K2WO4 solution was prepared by solving WO3.H2O 
(analytical grade, prepared in this institute) in KOH (analytical grade, Reanal, Hungary) solution 
in stoichiometric amounts. The concentration of the dissolved K2WO4 salt was 0.11M as 
measured by atomic absorbtion spectroscopy. The K2WO4 solution was cooled to 5°C and 
cooled 1N hydrochloric acid was used for the precipitation. We tried to carry out all the 
preparation steps as similar to the established steps with the sodium containing precursor as was 
possible. However, settling after washing of the precipitates took more time than in the case with 
sodium tungstate precursor. Five washing steps were applied. The potassium concentration, [K]l 
in the 4th and 5th washing liquid was 12 and 7 ppm respectively. Residual concentration of 
potassium, [K]s in the solid product after 5th washing was 3300 ppm.  

Hydrothermal dehydration 
The washed gels and the dried xerogel precipitates were dispersed in water and the 

suspensions were put into hydrothermal reaction chamber. 
The reaction was carried out either in a stirred autoclave (Parr Instruments, Model 

4552), the pressure before heating 10 bar, (Samples A13b/1, A5, A9, A15, A13b/2) or in a 20 
ml Parr acid digestion bomb at autogeneous pressure, see other Samples in Tab.1 The reaction 
temperature varied from 120ºC - 167ºC.  

Characterization 
X-ray powder patterns were recorded at room temperature in a Guinier focusing 

camera using CuKα radiation (λ = 0.15406 nm). The positions of the lines on the film were 
determined by computer-controlled densitometric analysis. Lattice parameters were obtained 
from the least-squares refinement of the d values of 20 reflections in the range 10°< 2Θ < 60°. 
Infrared absorption spectra were taken by BOMEM MB-102 FT-IR spectrophotometer 
equipped with DTGS detector, at a resolution of 4 cm-1, in the range of 400-4000 cm-1; 2mg/g 
KBr pellets were used. The morphology of the dehydrated products was studied by scanning 
electron microscopy with a JEOL-25 microscope. Samples of the strongly adhering powder for 
SEM have been prepared by controlled dispersing of the powder in deionized water. Droplets of 
the mixture were poured on conductive specimens and after drying covered with a layer of 
sputtered gold. 

RESULTS AND DISCUSSION 
Guinier patterns of the phases prepared from Na2WO4.2H2O by the Freedman method, 

by the Zocher - Jacobson method, and also of that prepared from K2WO4.2H2O by the Zocher - 
Jacobson method showed the identity of all the three products with crystalline tungstic acid 
hydrate, H2WO4.H2O, compared and checked with the Joint Committee on Powder Diffraction 
Standards 1986 powder patterns (JCPDS 18-420). However, the morphologies of the products 
are different. In Figure 1 SEM pictures of the obtained H2WO4.H2O precipitates are shown. 
Irregularly shaped crystalline platelets with typical linear dimensions of 0.3 – 0.5 μm and with 
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length/thickness ratios of ~ 8-10 are precipitated by Freedman’s method. Zocher and Jacobson 
type particles are ellipsoidal shaped, much bigger than the Freedman particles, 5 –10 μm in 
length with length/thickness ratios of ~ 20-50. 

 

   

(a) (b) (c) 
Fig.1. SEM pictures of precipitated tungstic acid hydrate, H2WO4.H2O, (JCPDF 18-420) 

products. (a): Precipitated from Na2WO4.2H2O by Freedman’s method. (b): Precipitated from 
Na2WO4.2H2O by Zocher and Jacobson’s method. (c): Precipitated from K2WO4.2H2O by 

Zocher and Jacobson’s method. 

Tab.1. Summary of selected samples prepared from H2WO4.H2O by hydrothermal dehydration 
Sample/ 

Method of 
preparation 
of precursor 

Type of 
precursor 

Dopant Way of 
doping 

Quantity 
of dopant

 

Hydrothermal 
dehydration 

Resulted phase 
XRD Guinier 

    ppm Temperature 
°C 

Time 
h 

 

A13b/1 /Z-J wet gel Na residual 24 120 20 WO3.H2O 
A5  /Z-J wet gel Na residual 41 120 20 WO3.H2O 
A9  /Z-J wet gel Na residual 204 120 20 WO3.1/3H2O 

A15  /Z-J wet gel Na residual 1050 120 20 WO3.1/3H2O 
A13b/2 /Z-J wet gel Na deliberately 

added 
3420 120 20 WO3.1/3H2O 

B2C10 /Z-J xerogel Na residual 3220 140 24 WO3.1/3H2O 
C4/1  /Z-J xerogel Na residual 33 120 24 H2WO4.H2O 
C4/2  /Z-J xerogel Na residual 33 135 24 H2WO4.H2O 
DK1  /Z-J wet gel K residual 3300 140 23 WO3.1/3H2O 
DK3  /Z-J xerogel K residual 3300 140 24 H2WO4.H2O 
DK4  /Z-J xerogel K residual 3300 140 24 H2WO4.H2O 

N2/Fr wet slurry NH4 Incorpora-
tion from 
aqueous 
ambient 

n. m. 
See 

Fig.4b 

150 48 WO3 anhydride 
(WO3.1/3H2O) 

traces 

N3  /Fr xerogel none none n.m. 150 48 WO3 anhydride 
DF1  /Fr xerogel none none n.m. 150 24 WO3 anhydride 
DF2  /Fr xerogel none none n.m. 167 72 WO3 anhydride 

Z-J: preparation of precursor according to Zocher and Jacobson, [15]. 
Fr: preparation of precursor according to Freedman, [6]. 



 Powder Metallurgy Progress, Vol.3 (2003), No 2 115 
 

A summary of preparation conditions and characteristics of products from the above 
H2WO4.H2O precursors after hydrothermal treatment is given in Tab.1. 

Orthorhombic tungsten oxide monohydrate (tungstic acid), WO3.H2O, the 
orthorhombic tungsten oxide one third hydrate, WO3.1/3H2O, prepared and suggested by 
Figlarz and Gerand as the precursor of hexagonal-WO3 and WO3 anhydride, represent the 
list of the hydrothermal dehydration products. SEM pictures of the dehydration products 
can be seen in Fig.2. 
 

  
Fig.2a. H2WO4 (JCPDS 18-1418) particles 
prepared by hydrothermal dehydration from 
Zocher and Jacobson’s type H2WO4.H2O, 

[Na]s = 41 ppm, see Tab.1. 

Fig.2b. WO3.1/3H2O (JCPDS 35-270) 
particles prepared by hydrothermal 

dehydration from Zocher and Jacobson’s type 
H2WO4.H2O, [Na]s = 3220 ppm, see Tab.1. 

  
Fig.2c. WO3.anhydride particles prepared by 
hydrothermal dehydration from Freedman 
type H2WO4.H2O, slightly NH4 doped, see 

Tab.1. 

Fig.2d. WO3.1/3H2O (JCPDS 35-270) 
particles prepared by hydrothermal 

dehydration from Zocher and Jacobson’s type 
H2WO4.H2O, [K]s = 3300 ppm, see Tab.1. 
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It can be seen in Table 1 that open structured partially dehydrated tungsten oxide 
products were obtained at Zocher-Jacobson type precursors even in the case when sodium, 
the generally used cation, was exchanged for potassium. During Freedman type precursors 
the hydrothermal reaction led to totally dehydrated products, WO3 anhydride (monoclinic). 

Recently, we have reported the observation that the dehydration route in the case 
of Zocher and Jacobson type precursors, whether it takes the one hydrate or the one third 
hydrate direction, is sensitive to the sodium ion content in the precursor under dehydration. 
[22]. According to this are the hydrothermal reaction of Samples A13b/1 and A5 led to 
WO3.H2O and of Samples A9, A15 and A13b/2 to WO3.1/3H2O.  

Sample DK1 is unique; as far as our knowledge goes this is the first report on 
WO3.1/3H2O with residual potassium, derived from a potassium tungstate precursor. XRD 
Guinier patterns of Sample DK1 are shown in Fig.3. 
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Fig.3. X-ray powder diffraction patterns (densitometric analysis of the Guinier patterns) of 

products after hydrothermal treatment of H2WO4.H2O precursors precipitated from 
Na2WO4.2H2O and K2WO4 solutions respectively. Both products with [Na]s ≈ 160 ppm and 

with [K]s ≈ 3300 ppm are identified as orthorhombic WO3.1/3H2O,  
JCPDS 35-270. 

As can be seen in the X-ray patterns, the diffraction lines of the WO3.1/3H2O with 
residual potassium are more broadened than those of the one with residual sodium. Lattice 
parameters of WO3.1/3H2O derived from K2WO4.H2O precursors were obtained from the least-
square refinement of the d values of XRD reflections in the range 10°< 2Θ < 60°. 
Experimentally found lattice parameter data and results from the literature are shown in Tab.2. 

Interestingly, from Samples C4/1 and C4/2, Zocher and Jacobson types, 
dehydrated products were not obtained; the reaction products preserved the strucure of the 
H2WO4.H2O. It should be noted that these precursors with [Na]s = 33 ppm were applied as 
dried xerogels in contrast with Samples A5 - A15 with [Na]s = 24 – 3420 ppm, which were 
applied as wet gels. Sample B2C10 with [Na]s =3220 ppm was also applied as dried 
xerogel and dehydration into WO3.1/3H2O did take place. Samples DK3 and DK4 were 
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applied as dried xerogels - similarly to Samples C4/1 and C4/2 - and from these potassium 
doped samples dehydrated products were not obtained, similarly to the sodium doped ones. 

Tab.2. Lattice parameters a, b and c for orthorhombic WO3.1/3H2O derived from sodium or 
potassium tungstate precursors 

Reference Alkali ion, 
concentration 

ppm 

Parameter a 
nm 

Parameter b 
nm 

Parameter c 
nm 

Gerand [19] Na 0.7359 1.2513 0.7704 
Pfeifer [21] Na, 204 0.7348 1.2515 0.7688 

- Na, 1050 0.7347 1.2522 0.7702 
- Na, 3420 0.7347 1.2520 0.7736 

This work K, 3300 0.729 1.254 0.765 
 

In contrast to this, Samples N2, N3, DF1 and DF2 in Tab.1 were found to be fully 
dehydrated, not open structured tungsten oxides. The question arises whether the reaction 
route for total dehydration is caused by applying xerogels as precursors or by the Freedman 
process itself, or by applying a somewhat higher temperature for the reaction. It is difficult 
to form an opinion of the doping effect of NH4

+ ions. In Figure 4 FTIR spectra of Freedman 
type H2WO4.H2O and its derived products are shown. Note peak at 1400 cm-1, plot (b) and 
(c) showing NH4

+ ions inserted into the structure [23]. The peak assigned to NH4
+ remains 

in the spectrum even after a dehydration reaction at 150º C. However, XRD reveals only 
traces of phases other then WO3 anhydride. 
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Fig.4. FTIR spectra of  (a) H2WO4.H2O Freedman type, as precipitated; (b) of H2WO4.H2O 

aged in aqueous NH4
+ solution, [ NH4

+]=0.095 N, for 4 months; (c) product derived from 
H2WO4.H2O aged in aqueous NH4

+ solution by hydrothermal reaction at 150ºC. 
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CONCLUSIONS 
The acidic precipitation of tungstic acid hydrate was carried out at various 

conditions (temperature and rate of condensation, pH value, kind of alkali). The products 
resulted are identified as H2WO4.H2O (JCPDS 18-420) equally, but they show significant 
differences in morphology and in dehydration chemistry at hydrothermal reaction. These 
differences between the properties seem to be connected first of all with the temperature 
and pH value of condensation, and to a lesser extent with the kind of precursor alkali.  
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