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In the early 2000-ies, world leaders in the eld of computer engineering, such companies as IBM, Intel and
Samsung Electronics announced the development of a new technology for the production of boards based on
multilayer lms HfO2 Al2 O3 on a silicon pad using the method of atomic layer deposition. The board has a high
dielectric constant value thus making it possible to produce smaller transistors with increased operational speed,
to reduce leakage current and electric energy consumption. It has been known that hafnium oxide is used in the
production of optical devices, resistors, electronic ceramics, neutron absorption compositions, and catalysts. High
purity of material is one of key conditions for its application. As source material, hafnium concentrate was used
that was enriched to 10% in the form of K2 (ZrHf)F6 salt  the product of fractional crystallization of zirconium
and hafnium uorides in the production of zirconium for nuclear applications. Another source material is a HFO2
commercial-grade hafnium oxide produced at Vilnogorsk Mining and Smelting Works. Key process stages are
fusion with alkali at a temperature of 800 ◦C, dissolution in nitric acid and extraction. The impurities content of
resultant hafnium re-extract is 105% (mass). The prime objective of the process technology is the preservation
of hafnium purity in its oxide production, which is attained by the application of materials and equipment items
having a high corrosion resistance, such as stainless steel, crucibles made of high-purity silicon, reaction vessels
made of zirconium and uoroplastic. Centrifugal extractors allow the key critical process of hafnium extraction
purication to be suciently eective, resulting in obtaining the product of a required 99.99% purity. Physical
properties of hafnium oxide are presented in sucient detail in. Hafnium oxide can by produced using various
methods to be selected based on the requirements to product quality, process eciency and cost considerations.
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1. Introduction

High-purity oxide of hafnium, is used in the new technology boards based on multilayer lms HfO2 Al2 O3 on
a silicon substrate by the method of deposition of atomic
layers (ALD) [1]. The lm has a high value of the dielectric constant, which allows to reduce the size of transistors to increase the speed of operation to reduce leakage
current and power consumption. It is known the use
of hafnium oxide in the manufacture of optics, resistors,
electronic ceramic, the neutron absorbing compositions
of the catalysts. One of the main conditions of its application is high purity material. The raw materials used in
the mineral
, containing 50% zirconium and 2.0%
of hafnium. Zirconium and hafnium are chemical analogues, but nuclear opponents. As materials, they are of
practical value at high purity and the content of the basic
substance is not less than 99.9%. Compounds of hafnium
can only be obtained after passing the allocation of high
purity zirconium for nuclear applications. The content of
zirconium in the hafnium ranges from 4.0% to 50 ppm,
depending on customer requirements and applications.
The content of impurities should be at 50 ppm to the
physical properties of hafnium oxide was the highest. In
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the processing of zircon can be a variety of intermediate compounds of hafnium, which must be cleaned from
impurities. All the requirements on the quality of the
oxides of zirconium and hafnium is only responsible extraction technology, which has found wide application in
the industry of nuclear-pure materials.
Hydrochloric, sulfuric, and nitric acids are used for the
extraction of Zr and Hf. All of the reagents were only
nitrate compounds utilized in the manufacture of fertilizers. Nitrate compounds of Zr and Hf are in stable condition at a HNO3 concentration not less than 400.0 g/l.
However, destruction of tributyl phosphate (TBP extractant) occurs with the formation of mono and dibutylphosphoric acids, which remove the extraction process from
equilibrium, forming undivided emulsions, disturbing the
process condition and the completeness of phase separation [2].
The combination of the extraction technology of separation and purication of Zr and Hf with eective centrifugal equipment made of special steel resistant in a
nitric acid medium with the use of high-purity reagents
made it possible to successfully combine high-purity compounds of these metals in a single technological cycle.
The aim of this work was to develop and optimize
processes for extraction separation of zirconium and
hafnium, the creation of industrial technology of obtaining high purity oxide of hafnium, opening up new areas
of applications in industry.
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2. The methodology of the industrial experiment

The Zircon mineral was sintered with 2 SiF6 and after
fractional crystallization of the double uoride salts of
Zr and Hf, 610% of hafnium concentrate was obtained.
It was washed from the uorine-ion with hot alkali solution. Hydroxide of the metals sum was obtained and
dissolved in 45% nitric acid. The nitric acid solution
with an acidity of 420 ± 20 g/l was directed to the extraction process using 70% tributyl phosphate and hydrocarbons. The zirconium extract was directed to zirconium production, and a 4090% hafnium re-extract was
subjected to repeated extraction treatment on CET-125
extractors (brand centrifugal extractor, rotor diameter
125 mm) to isolate the hafnium compounds and utilize
zirconium. The 100% hafnium concentrate reacted with
phthalic acid to form a loose precipitate that was washed
with water, dried at 150 ◦C, calcined at 850 ◦C to hafnium
oxide.
3. Results of industrial experiment

Dissolution of the hydroxide of the amount of Zr and
Hf in nitric acid is described by reaction (1) [3]:
Hf (Zr) O (OH)2 + 2HNO3 =

Zr (Hf) O (NO3 )2 + 2H2 O.
(1)
As the electrolyte there can be used sodium nitrate up
to 100 g/l. High acidity of the solution was required to
prevent polymerization of the solution in which insoluble precipitates fall out. For the extraction process has
been tested centrifugal extractor dierent designs, the
best results in quality and productivity was obtained in
extractors of the type CET-125.
The versatility of the selected centrifugal extractors is
allowed to put into practice all the processes of extraction, stripping, washing, neutralization, and acidication
of the extractant. Compared to mixer-settler reactors,
the use of centrifugal elds allowed 60 times to reduce the
required time of delamination of the emulsion, 10 times
to reduce the contact time of the phases in the mixing
chamber, with the same eciency of mass transfer due
to mixing intensity. As a result, the concentration of hydrolysis products of TBP decreased by 5 times, which is
hydrolyzed by the action of nitric acid with the formation
of di-, monobutylphosphoric and phosphoric acids by the
reaction [4]:
(C4 H9 )3 PO4 + H2 O →
C4 H9 OH + (C4 H9 )2 P (OH) O3 ,

(2)

(C4 H9 )2 P (OH) O3 + H2 O →
C4 H9 OH + C4 H9 P (OH)2 O3 ,

(3)

(C4 H9 ) P (OH)2 O3 + H2 O →
C4 H9 OH + H3 PO4 .
(4)
Regardless of the composition of the initial electrolyte
(HNO3 = 0.26 mol/l, Zr (Hf) = 50600 mg/l) of an or-
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ganic solution of dibutylphosphoric acid (DBPA) = 0.5
1.6 g/l, DBPK reacts with the microquantity Zr.
The sediment is insoluble in water, aqueous solutions of
acids, as well as in the TBP-diluent system, which leads
to clogging of the sediments of technological equipment
and the appearance of dicultly dissolving emulsions [5].
As a rule, soda washing is used to purify TBP from hydrolysis products, however, it does not solve the problem
.
The concentration of the sediment reaches 3 g/l, which
leads to the extraction of the extractor from the regime.
The introduction of the xed element in the hydraulic
seal allowed the extraction process to be carried out while
maintaining the hydrodynamic regime. This increased
the uptime of the system to 15,000 h. Along with the
physical capture of sediment needed to nd and method
of its complete dissolution, as it can accumulate in the
extractors. Analysis of the sediment showed that TBP
 solvent HNO3, the precipitate is formed only of the
composition Zr (Hf) (NO3 )2 · ((C4 H9 )2 · PO3 OH)2 .
The inuence of reagents on transition metals from the
sediment into the solution was investigated (Table I).
TABLE I
The degree of destruction of dibutylphosphate of zirconium (hafnium), depending on the composition of the
aqueous phase.
No.
1
2
3
4
5

Composition
NaOH
HNO3 (conc.)
NaOH+H2 O2
NH4 OH+H2 O2
H2 O (t◦ )

Contact [min]
60
60
2
60
180

Destruction [%]
1

100
1.0


The degree of destruction of zirconium dibutyl phosphate was determined by the formula
mZr − CZr
γ [%] = 100% −
· 100%,
mZr
where γ  degree of sediment destruction [%], mZr  the
content of zirconium in the sediment, CZr is the content
of zirconium in solution.
It can be seen from the table that completely dibutyl
phosphate of zirconium is destroyed in an aqueous solution NaOH and H2 O2 .
4. Selection of optimal dissolution conditions

Dissolution was carried out at room temperature t =
2025 ◦C. The dependence of the degree of dissolution of
the sediment on the concentration of alkali in a solution
at a constant value for 5 min is shown in Fig. 1.
It can be seen that as the concentration in the solution increases, the degree of dissolution of the precipitate
increases, but from the kinetic dependences (Figs. 2, 3)
it can be concluded that the rate of dissolution (destruction) of the precipitate depends not on the concentration
of NaOH but on the ratio NaOH and H2 O2 in solution.
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Fig. 1. The degree of dissolution of the precipitate of
zirconium dibutyl phosphate (hafnium).

Fig. 4. The degree of dissolution of the precipitate of
zirconium dibutyl phosphate (hafnium) as a function of
the concentration in the solution, τ = 5 min.

alkaline-peroxide electrolyte made it possible to create a
two-phase liquid-liquid system during purication of the
turnaround extractant, dissolve the sediment from the
inner surface and return the metals to the cycle. As a
result of the studies, an ecient instrumentation scheme
was developed for obtaining high-purity hafnium oxide.
The developed technology made it possible to purify
hafnium to an impurity content of less than 50 ppm and
obtain a standard sample of HfO2 .
Fig. 2. Degree of destruction of zirconium dibutyl
phosphate as a function of the duration of phase
contact, for dierent values [NaOH] = 30 g/l  1,
[NaOH] = 50 g/l  2, [NaOH] = 100 g/l  3, where
[H2 O2 ] = const = 21 g/l.

The eect of the hydrogen peroxide concentration
in the mixture on the precipitate dissolution is shown
in Fig. 4.
Investigation of the conditions for the destruction of
the precipitate as a function of the molar ratios showed
NaOH
that with a M
MH2 O2 = 2 maximum solubility of the precipitate reaches 10 g/l for the metal. In this respect, the
precipitate did not drop out for a long time. The use of

5. Conclusions

1. On the basis of the results obtained, an eective
instrumentation-technological scheme for the processing
of zirconium has been developed, which makes it possible
to obtain zirconium and hafnium compounds containing
99.95% of the basic substance.
2. The extraction method for obtaining high-purity
hafnium compounds from nitric acid media allows reducing the impurity content to 50 ppm.
3. Centrifugal extractors such as CET-125 provide
the minimum phase contact time, minimum losses of
electrolyte with organic phase, eective purication of
the turnaround extractant, high degree of separation of
hafnium and zirconium in a single technological cycle.
4. As the working solution for cleaning the extractant, an alkaline-peroxide solution with a mole ratio of
NaOH:H2 O2 = 2.
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