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Inorganic sorbents are more selective in comparison with commercial ion exchange resins towards
of metal ions. However, inorganic sorbents characterized not high kinetic properties. One of the
way to increase the kinetic rate of inorganic sorbents is to reduce the particle size of these
materials, other way is synthesizing inorganic sorbents as porous products from powder materials.
A sample of such inorganic sorbents is titanium phosphate of various compositions.
Studying the properties of microfilters based on composition titanium phosphate - porous titanium
has been developed. The sorbents based on acidic titanium phosphate Ti(HPO4)2∙H2O were used for
filtering solution with Fe(II) content. It is found that the number of impregnations with inorganic
sorbent modificator is important and influence filtration process. The obtained results
demonstrated that after the first impregnation of porous material with a smaller pore size, it is
possible to obtain such sorbent as a mass content of powder material. By varying the ionic form of
titanium phosphate, the porosity of titanium, the amount of impregnation, it could be possible effect
on the sorption Fe(II). The sorption properties of titanium-titanium phosphate microfilters were
studied by potentiometric titration in the NaCl-NaOH system, as well as the sorption of Fe2+ ions.
The degree of purification for Fe(II) from solution with a concentration of 10 mg/l is 64 %.
Application an electric potential to the microfilter of porous titanium - phosphate titanium
increases the degree of purification of Fe(II) to 88 %.
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1. Introduction

Inorganic sorbents (IS) are more selective
of ion exchange in comparison with ion
exchange resins towards of metal ions.
However, ion exchange resins in comparison
with IS has generally better kinetics. One of the
known way to increase the rate of ion
exchangers (IS) is to reduce the particle size of

these materials, but practically, usage of
dispersed materials for columns is impossible
due to the high hydrodynamic resistance. This
problem can be solved by synthesizing IS in
porous products from powder materials, in
particular, from sintered titanium powders
(Shablovskyi, 1996).

In this work, acid titanium phosphate
(TP) with the composition Тi(НРО4)2∙Н2О has
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been used as sorbent (Chubar et al., 2016).
This material is characterized as a highly acidic
polyfunctional properties with a layered
crystalline structure (Kumar, 2013). TP is
suitable for application in separation process for
heavy metals and ammonium from
multicomponent solutions, as well as basic
compounds from the gas phase (Somya, 2020).
An important advantage of porous titanium
materials is property of electrical conductivity.
By changing the magnitude and sign of the
electric potential to the material surface, it is
possible to change the value of the isoelectric
point of ionogenic groups of TF and, therefore,
to change their sorption capacity and selectivity
(Trublet et al., 2019, Shablovski, 2011).

Purpose research: studying the sorption
properties of microfilters with composite
titanium-titanium phosphate under an electric
field.

2. Materials and methods

Microfilters based on porous titanium and
titanium (IV) phosphate for research were
obtained according to the following scheme:

1. The sieving process of the initial
titanium powder and pressing of porous
samples. The pressing was carried out at a
pressure of 50-100МPа.

2. The sintering process of porous
samples was carried out in vacuum chamber at
temperature 1200 °С, holding time - 2 hour.

3. Product titanium spongy powder
was dissolved in low concentration
orthophosphoric acid at 105 °С in the presence
of a catalyst. As result, a homogeneous solution
of titanium phosphate (III) was produced.

4. The technique of repeated
impregnations of porous material with sintered
titanium powder with solution TP (III) was
used.

5. The process of oxidation on air of
titanium (III) to tetravalent titanium with the
formation of acidic titanium phosphate with
composition Тi(НРО4)2∙Н2О was followed.

All experiments were carried out on
porous titanium materials (diameter of disc was
30 mm and thickness 2 mm) the average pore
size 100, 60, 40 μm. Initial concentration of
solution TP (III) for titanium was 5%.

3. Results and discussion

The mass changes of TP (IV) in porous
titanium materials depending on the number
of impregnations with a solution of TP (III)
are given in Table 1. It was shown, that the
mass content of TP (IV) in materials
reaches 20 %.

The repeated impregnation of TP (III)
leads to increasing in the content of TP (IV)
in porous materials: with a pore size of
100 μm from 2.0 % to 12.9 %, with a pore
size of 60 μm from 4.3 % to 18.3 %, and with
a pore size of 40 microns from 7.0 %
to 20.4 %.

The obtained results demonstrated that
after the first impregnation of porous material
with a smaller pore size with a TP (III)
solution, it is possible to obtain such a mass
content of TP (IV), which can be obtained for
a filter with a large pore size only after the
second or third impregnation. Based on these
results, it can be concluded that TP (III) is
precipitated primarily in smaller pores.
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Table 1. The mass changes of TP (IV) in porous titanium materials versus numbers of
impregnations with a solution of TP (III) with an initial concentration of titanium
Cinitial = 5 mg/l

Pore diameter, μm - number of
impregnations, times

m initial, g ∆m TP, g Content PТ, %

100 μm
1 impregnation 6.05 0.12 2.0
2 impregnation 6.04 0.42 6.9
3 impregnation 6.65 0.71 12.5
4 impregnation 6.59 0.85 12.8

60 μm
1 impregnation 5.36 0.38 7.0
2 impregnation 5.27 0.58 11.0
3 impregnation 5.62 0.79 14.0
4 impregnation 5.20 1.06 20.4

40 μm
1 impregnation 5.07 0.22 4.3
2 impregnation 4.62 0.43 9.2
3 impregnation 4.69 0.69 14.6
4 impregnation 4.57 0.84 18.3

This conclusion is confirmed by the data presented in Table. 2. According the data, we could
note the mass changes in the pore size from the number of repeated impregnations of the initial
porous titanium with a TP (III) solution.

Table 2. Dependence of the pore size of microfilters on the number of repeated impregnations
with TP (III) solution

Sample, Number of
impregnations, times

Pore diameter Dmax.,
μm

Avarage pore
diameter
Daver.,μm

(Dmax–Daver)/Dmax,
%

Initial material 17.6 12.7 27.8
1 impregnation 11.2 8.2 26.8
2 impregnation 6.1 1.9 68.8
3 impregnation 3.7 0.5 86.8

Initial material 140 121 13.6
1 impregnation 140 96.4 31.1
2 impregnation 140 93.7 33.1
3 impregnation 49.2 22.9 53.5
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As can be seen from Table 2, the
maximum pore diameter of the porous
element Dmax = 140 μm practically does not
change even after 2 impregnations, the
average pore diameter changes
insignificantly. And only after the third
impregnation, the pore diameter decreases.

The picture is completely different for a
titanium porous element with smaller pore
diameters. For example, it is possible to
reduce the initial maximum pore diameter
from 17.6 μm to 3, μm, and the average
diameter from 12.7 μm to 0.5 μm by three-
fold impregnation with TP (III) solution.

The sorption properties of titanium-
titanium phosphate microfilters were studied
by potentiometric titration in the NaCl-NaOH
system, as well as the sorption of Fe2+ ions in
the concentration range 1-3 mg/l.

Typical curves of potentiometric
titration are shown in Fig. 1. It can be seen
that for TP the titration curves are
characteristic of highly acidic polyfunctional
ion exchangers.

It should be noted that, in contrast to the
literature data (Chubar et al., 2016), which
indicate that the process of exchange of H+ for
Na+ in the initial area occurs in the pH range
3.5-4.0, in our study a similar process goes to
2-2.5 pH units are lower. This fact could be
explained with the high dispersion of TP
particles.

It was found that the exchange capacity
(EC) of the materials in the acidic and neutral
ranges is not directly dependent on the
amount of TP introduced in pores. This fact is
explained by the blockage of some of the ion-
exchange sites in the pores of the initial
material. Also, ion-exchange sites can be
replaced by Na+ ions only in the alkaline
region.

Fig. 1. Potentiometric titration curves
of microfilters titanium-titanium phosphate in
0.1 N НСI - NaOH: solution system: 1 and 2
– is mark 3-times and 4-times impregnation of
the titanium framework 60 μm pores with a
solution of TP (III)

The results of process of sorption of
Fe(II) ions on microfilters with TP in H+ and
Na+ forms given in Table 3.

As could be seen from Table 3 the
varying the ionic form of TP, the pore
diameter of porous titanium, as well as the
amount of impregnations, it is possible to
reduce the content of Fe(II) of the
concentration from 10 mg/l to 3.55 mg/l. The
removal degree for Fe(II) from the initial
solution was found 64 %.

When an electric potential is applied to
the titanium-titanium phosphate microfilter,
the degree of solution purification from Fe(ІІ)
increases to 88 % (Table 4).

Since TP has a positive surface charge,
for the three-phase system: electrode-ionite-
solution in the pores of the microfilter during
cathodic polarization, OH-ions are generated,
which leads to an increase in the diffusion
coefficient of ions and, consequently, to an
increase in the sorption of Fe(II) ions.
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Table 3. Results of sorption of Fe(II) ions on microfilters titanium-titanium phosphate,
Cinit.= 10 mg/l
Pore diameter, μm - number of

impregnations, times
С equl, mg/l EC, mg/l Adsorption, %

Н-form  100-3 4.60 0.380 54
60-1 5.26 0.980 47
60-2 5.00 0.640 50
60-3 4.60 0.450 54
40-1 4.80 0.500 52
40-2 4.60 0.480 54
40-3 4.48 0.320 55

Na-form 100-1 5.26 1.970 47
100-2 5.71 0.510 43
60-2 4.80 0.600 52
60-3 4.60 0.390 54
60-4 4.60 0.320 54
40-1 5.26 0.620 47
40-2 3.55 0.560 64
40-3 4.50 9.350 55

Table 4. Sorption Fe(II) on microfilters titanium-titanium phosphate (pore diameter 60 μm, 1
time and 2 time impregnation, Nа+- form, Cinitial= 5 mg/l) at different values of potentials

Filter – 1 impregnation, potential 500 mV
1 2 3 4 5

2.85 2.34 2.10 0.96 1.74
43 53.2 58 80.8 65.2

Filter – 1 impregnation, potential 600 mV
2.49 2.43 1.35 1.28 0.90
50.2 51.4 73 74.4 82

Filter – 1 impregnation, potential 700 mV
1.80 1.74 1.20 0.93 0.60
64 65.2 76 81.4 88

Filter – 2 impregnation, potential 500 mV
2.10 2.49 2.04 1.20 0.93
58 50.2 59.2 76 81.4

Filter – 2 impregnation, potential 600 mV
1.35 0.93 0.90 2.25 1.65

Filter – 2 impregnation, potential 700 mV
3.0 2.10 1.83 1.74 1.20
40 58 63.4 65.2 76
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4. Conclusions

The effect of the pore structure of
titanium-titanium phosphate microfilters and
application of electric potential on sorption
Fe(II) during filtration has been studied. A
process of impregnating porous material of
sintered titanium powder with a titanium (III)
phosphate solution with an active inorganic
sorbent (acidic titanium (IV) orthophosphate)
has been developed for microfilters. It was
shown that the usage of titanium - titanium
phosphate microfilters allow to reduce the
content of Fe(II) in the solution to 64 %, and
with application electric potential to 88 %.
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ДОСЛІДЖЕННЯ СОРБЦІЙНИХ ВЛАСТИВОСТЕЙ

ФІЛЬТРУЮЧИХМАТЕРІАЛІВ НА ОСНОВІ КОМПОЗИЦІЙ

ФОСФАТ ТИТАНУ – ПОРИСТИЙ ТИТАН
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По відношенню до іонів металів неорганічні сорбенти є селективнішими порівняно з
промисловими іонообмінними смолами, але ці сорбенти характеризуються невисокими
кінетичними властивостями. Одним із способів підвищення кінетичної швидкості
неорганічних сорбентів є зменшення розміру частинок цих матеріалів, іншим способом є
синтез неорганічних сорбентів у вигляді пористих продуктів на основі порошкових
матеріалів. Зразком таких неорганічних сорбентів є фосфат титану різного складу.
Розроблено спосіб модифікації мікрофільтрів на основі композицій фосфат титану –
пористий титан. В досліджені було використано сорбент на основі кислого фосфату
титану (ФТ) складу Тi(НРО4)2·Н2О. Знайдено, що важливим є кількість просочень
(імпрегнувань) модифікатором поверхні пористого мікрофільтра. Варіюючи іонну форму
фосфат титану, пористість титану, кількість просочень (імпрегнувань), можна впливати
на ступінь сорбції  Fe(II) з розчинів під час фільтрації. Сорбційні властивості титан-
титанфосфатних мікрофільтрів досліджували шляхом потенціометричного титрування в
системі NaCl-NaOH, а також сорбції іонів Fe(II). Ступінь очищення від Fe(II) розчинів,
концентрація яких складала 10 мг/дм3, становить 64 %. При накладанні електричного
потенціалу до мікрофильтру пористий титан - фосфат титана, можна підвищити
ступінь очищення Fe(II) до 88 %.

Ключові слова: адсорбція, неорганічний сорбент, фосфат титану, іонний обмін,
мікрофільтр, пористий титан
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