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Abstract: Studies have been conducted in the area of the filling hydrosilicate chrysotile nanotubes with heavy
metals, in particular PbWO . Processes of nanotube interaction with solutions of salts of heavy metals in4

various solvents at temperatures up to 100°C and 1 atm. are considered. It has been found that certain soluble
compound capable of filling the internal cavity as well as the space between the carcass layers of hydrosilicate
nanotubes. The experiments deposition technique was developed in the structure of Nanotubular chrysotile
and on its surface and the resulting material is based on modified chrysotile asbestos containing in its structure
up to 30 wt. % PbWO .4
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INTRODUCTION The discovery of carbon nanotubes that have unique

Until recently, the radiation safety of space  travel development of methods for the synthesis of substances
was limited to security issues in the near-Earth orbits. nanotubular structures, as well as ways to manage their
However, the prospect of manned flights in interplanetary performance by means of intercalation compounds of
space is to use a completely new propulsion systems that different chemical nature inside nanotubes. Some interest
do not use the oxidation of hydrocarbons. Today the use in this direction has been given to the synthesis of
of nuclear power plants are important which are so far no nanotubes hydrosilicate structure of chrysotile Mg Si O
alternative source of energy in the case of development of (OH)  and is characterized by a multi-layer structure of
interplanetary space [1]. wall  formed  by the  sequential  build-up  of monolayers

Obviously, in this case, the external space of the light [6-10].
radiation will be added the reactor which is a neutron and Using hydrosilicate nanotube filler justified in this
photon radiation that cannot be effectively absorbed by case more pronounced increase in mechanical strength,
the hull construction materials due to operating limitations temperature resistance and thermal composites compared
of mass. In this regard, there is a need to develop new to a conventional particulate filler. However, to improve
lightweight and efficient material for biological protection radiation- protective properties of the material filler
against ionizing radiation. chemically defined should be applied. This means the

The most promising development of polymer introduction of the nanotube structure or other chemicals
composite material with high strength and radiation- have been little studied.
protective properties over a wide temperature range, In this regard, the aim of this work is to study
resistant to space factors. A polyimide based composite methods of modification of nanotube chrysotile by
matrix [2, 3] nanotube reinforced fibers filled with heavy introducing heavy metal compounds into its structure.
metal salts may be used as such a material. As the
reinforcing fiber material dispersed nanotube fibers of The Experimental Procedure: As a raw material having
chrysotile are most suitable, which has a complex mineral the  structure  of  hydrosilicate  nanotube fibers fine
physico -chemical and mechanical properties [4, 5]. natural  chrysotile  asbestos  Bazhenovsky  field are used.

physical and chemical characteristics, caused the
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Asbestos regrinding through attrition, which yield a The Main Part: The analysis results of XRD showed that
reasonably high degree of splitting fiber bundles into the structure of the nanotubes incorporated in
single nanotube. As impurities in natural asbestos except compounds of heavy metals, may have its own crystal
nanotube chrysotile contained lamellar magnesium phase, but in most cases this is not observed. In
hydrosilicates and carbonate rocks, comprising Mg, Ca, particular, the absence of crystalline phase input salt is
Fe. Last adversely affect the course of chemical processes observed in samples treated with soluble compounds
in the processing of chrysotile metal salts, so their applied.
elimination processing used asbestos in 0.1 M CH3COOH Figure 1 shows the results of XRD patterns of
at 80°C for 1 hour addition, acid treatment promoted the chrysotile asbestos treated with salt solutions Na2WO4,
removal of other impurities, such as Mg (OH) , as well as K2WO4 and Pb (CH3COO) 2. You can see that by treating2

improving dispersion of nanofibers sheaves. The only one of these compounds diffraction spectrum of a
composition and structure of asbestos fibers strong sample of chrysotile remained virtually unchanged, except
influence of this treatment is not noticed. After thorough for minor displacement of the values spacings. Also in the
washing  of  the  reaction  product  in  boiling distilled sample treated K2WO4, a small peak is observed
water chrysotile weighed 2 g was placed in a saturated corresponding polivolframatam potassium crystallize out
solution at 25°C a salt (N WO , K WO , Pb (CH3COO) 2) nanotubes. The relative intensity of the diffraction peaks2 4 2 4

and used as aqueous solutions, or solutions with the salts administered several times higher than those of
addition of ethanol. Ethanol was added to reduce the chrysotile and EDA results showed the presence in the
surface  tension  of  the  solution  and  improve  the material of significant amounts of salts and in some cases
wetting them chrysotile. Next, the resulting slurry was up to 30 wt. %. According to the data we suggest that the
carried out exposure at 80°C for 8-12 hours, which ends used compounds do not form their respective crystal
either saturated solution at a given temperature or lattice due to the fact that they fill the space between the
complete the crystallization of salt. Dehydrated mixture elementary hydrosilicate layers forming the walls of the
was again shut with water in an amount theoretically nanotubes, which were partially confirmed in further
sufficient to dissolve the excess salt  and then centrifuged studies with TEM. However, the sequential processing of
(5000  rev  /  min,  15 min)  to  separate  the  solution. the resulting salts of lead tungstate PbWO  represented
Further chrysotile was washed in several portions of mainly by its own crystal phase.
distilled water a total of 30-100 ml to remove excess salts During the elemental chemical analysis with EDA was
and then dried at 105°C and placed in a second saturated determined that the greatest ability to adsorb in the
salt solution. structure of chrysotile fibers used Na2WO4, K2WO4 and

It  has  been  found  that  even  a  short treatment in Pb (CH3COO) 2 has a potassium tungstate, the fiber
the second salt solution reaction proceeds almost content is able to raise above 30 wt. %. This can partly
completely. Thereafter chrysotile thoroughly was washed explain K2WO4 very high solubility in water, which is
in distilled water, from traces of soluble salts followed by 317.5 g/100 g at 18°C [7] and for heating greatly increases,
drying. but the mechanism of the interaction of these salts with

The samples were subjected to X-ray diffraction chrysotile is poorly understood. Higher quantitative
(XRD) on the machine DRON -2, which is determined by adsorption of potassium in comparison with other alkali
the phase composition of the samples, particularly the metal  salts  are  presented  in the works of other authors
crystallinity input heavy metal salts. Chemical [5, 6]. Furthermore, it was observed that the addition of
composition of the sample as a whole and its separate the working solution of ethanol markedly improves the
components was determined using energy dispersive degree of filling nanotubes salts and salts Value
analysis (EDA) on the device Xmax to a scanning electron distribution within their structure. Max introduced into
microscope. The geometrical parameters and K2WO4 chrysotile was achieved using a solution of it
morphological features of the modified nanofibers were with the addition of C2H5OH in an amount of 15-20 % by
investigated   using   scanning   electron  microscopy, volume, so further study of this phenomenon. Should also
SEM (MIRA3 TESCAN, U = 15 kV) in the SE and BSE consider how intercalation into nanotubes lead acetate, as
modes  and  transmission electron microscopy, PEM its crystalline Pb(CH COO)  • 3H O can melt at a
(JEM- 2100, U = 200 kV). The use of SEM is justified while temperature above 75°C, to achieve the maximum possible
using shooting modes SE and BSE, by which it was easy concentration of salt in the treatment of chrysotile.
to find areas with the highest concentrations of heavy However, at this stage of investigation to achieve a high
metals. degree of filling nanotubes lead acetate failed.
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d)

Fig. 1: X-ray diffraction spectra of the samples of chrysotile treated with solutions: a) Na2WO4, b) K2WO4, a) Pb
(CH3COO)2, d) K WO  and Pb (CH COO)  (  - chrysotile asbestos;  - PbWO )2 4 3 2 4
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Fig. 2: Micrograph of a sample of chrysotile treated with an alcohol solution K2WO4

Fig. 3: The filling of the internal structure of the nanotube hydrosilicate when processing an alcohol solution K2WO4

Table 1: The chemical composition of the samples according to the results energy dispersive analysis

Designation elements wt. %

-------------------------------------------------------------------------------------

O Mg Si W Pb Other Amount

Source chrysotile 54,3 24,4 21,3 - - - 100,0

Chrysotile is treated with aqueous solutions of K WO  & Pb(CH COO) 45,8 17,7 14,6 9,3 8,5 4,1 100,02 4 3 2

The sample treated with an alcohol solution K WO  and a solution Pb(CH COO) 42,1 16,7 13,4 11,8 12,2 3,8 100,02 4 3 2

Fig. 2 performs by TEM micrograph of a sample of of the micrographs showed that the filling of nanotubes
chrysotile asbestos, treated with a solution of K2WO4, can be not only on the internal channel. Fig. 3 is observed
containing 20 vol. % Ethanol. On the selection we can filling hydrosilicate nanotubular structures on the
clearly observe filling nanotubular structure on the interlayer space.
internal channel that looks like the cross- walls " along Fig. 4 shows micrographs of chrysotile treated with
the length of the tube. Apparently, the formation of such an aqueous (a) and a hydroalcoholic (b) was K2WO4
a structure resulted from the evaporation of excess water secondary treatment solution with Pb (CH3COO) 2 to form
in drying the material. However, a more careful treatment the  above-described method   according   PbWO4  made
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a)

b)

Fig. 4: Micrographs of samples of chrysotile treated with an aqueous (a) and a hydroalcoholic (b) was dissolved sodium
K2WO4 and Pb (CH3COO) 2

using SEM mode SE (left) and BSE (right). If the first almost all lead tungstate, introduced in the material
image may be good enough to determine the morphology presented by these clusters. Consequently, pre- entered
of the resulting material, the latter used to identify areas K2WO4 was not properly immobilized in the structure of
with the greatest concentration of heavy elements, the nanotubes.
characterized by high brightness. When analyzing the images ( ) it was concluded that

In the image (s) can be observed crystalline clusters a high enough concentration in the material nanotubes
of heavy metals out of the nanotubes  and on a rough localization modified in their structure or on the surface of
estimate, based on the results of elemental analysis, the heavy metal salts.
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a)  b)
Fig. 5: External fouling  (a) and internal padding (b) chrysotile nanotubes lead tungstate

Table 1 shows the results of energy- dispersive The priority areas for further research provided the
analysis of material samples. According to information receipt and use of natural instead of synthetic chrysotile,
received, practically absent in samples of K + ions  and W which will solve the problem of large amounts of
and Pb is contained in a ratio closer to stoichiometric, impurities, as well as extreme heterogeneity of the
PbWO4, therefore imposed heavy metals are practically geometric dimensions of nanofibers raw materials used.
completely lead tungstate.

PbWO4 content in the first sample was calculated at Inferences: The studies found that off some salts of
20.7 and second 27.9 wt. %. Analyzing this data together Na2WO4, K2WO4  and Pb (CH3COO) 2 potassium
with data on the micrographs in Fig. 4 we can say that tungstate has the greatest ability to adsorb in the
despite a considerably higher content PbWO4 second structure of chrysotile nanofibers, its content in chrysotile
sample, the latter has a better uniformity of distribution has been reached about 30 wt. %. It was also found that
PbWO4 volume level nanotubes. the addition of a salt solution of ethyl alcohol in an

Fig. 5 shows micrographs of chrysotile treated amount up to 20 vol.% A significant improvement in the
sequentially with an aqueous alcohol solution of sodium adsorption process and more securely fastened salt
K2WO4 and Pb (CH3COO) 2 obtained using TEM. On nanotube structure. During sequential processing of
these images, there are two types of nanotube chrysotile with hydroalcoholic solution and sodium
morphology of chrysotile modified PbWO4: a) " fouling " K2WO4 Pb (CH3COO) 2 by the material presented largely
of nanotubes over the entire length of lead tungstate and nanotubes filled internally and / or externally coated lead
b) filling the internal cavities of lead tungstate in the tube. tungstate was obtained  and the content of PbWO4 was

To determine which of these two types predominates reached 30 wt. %.
difficult because the filling degree of internal channels
overgrown" nanotubes remains questionable. However, REFERENCES
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