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Abstract

Metal diborides, such as ZrB2 and TiB, are an important subgroup of metal borides. The
most prominent features of metal diborides are high melting temperature, high hardness, high
thermal and electrical conductivities, good wear-, thermal-shock- and corrosion-resistances
compared to oxide ceramics. In the present study, self-propagating high-temperature synthesis
(SHS) conditions of ZrB:-TiB2 composite powder mixtures were investigated. Reactant powders
were prepared to give composite powder mixtures with the ratios from 90 % ZrB2 — 10 % TiB:
to 10 % ZrBz2 — 90 % TiB2. Synthesized SHS products were leached in HCl media to purify their
ZrB: and TiB2 contents. It was observed that the results of the experiments to synthesize nearly
50 % ZrB:2 — 50 % TiB: gave acceptable results, whilst minor boride phases could not be detected
for the composite powders conducted to obtain 90 % ZrB: or TiB2 with 10 % TiB2 or ZrBo.

1. Introduction

Borides are an important subgroup in advanced ceramics. Compounds of boron with
metals or non-metals are called borides. ZrB2 and TiB2 compounds of the IVB group metals have
the general characteristics of this group such as high hardness, high melting point, high thermal
conductivity, high electrical conductivity, low density and high chemical stability. With respect
to these features, they are used in a wide range of applications such as metallurgy, aerospace and
nuclear applications. The IVB group metal borides can be produced by carbothermic synthesis,
metallothermic synthesis, molten salt electrolysis, and powder metallurgy methods [1].

Zirconia (ZrO2) and zirconium silicate (ZrSiOs) minerals are the most important sources
of zirconium and zirconium-based compounds. These minerals are predominantly located in
the USA, Australia, Brazil, India and Russia, and the world reserves are estimated at about 56
million tons [2]. The most known sources of titanium are rutile (TiO2) and ilmenite (Fe—TiOs)
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minerals. These minerals are found in the USA, Australia, Sri Lanka, New Zealand, Uruguay
and Mozambique, and the world reserves are estimated to be about 600 million tons [3]. The
elemental boron was first discovered in 1808 by Gay-Lussac and Sir Humphry Davy. However,
for the first time in 1895, Henry Moissan isolated 86% pure boron by reducing boron oxide
with magnesium. The Moissan process is still common for commercial production of high
purity amorphous boron. Higher purity boron can only be obtained by the decomposition of
BCIs [2]. 76 % of the world boron reserves are in Turkey. Colemanite (50.8 % B203), ulexite
(43 % B20s), and borax (36.5 % B203) are among the minerals with the highest content of boron
by weight. The reserves in Turkey are mostly colemanite and its amount is around 1.4 billion
tons [4].

A composite material is a material system consisting essentially of a mixture or
combination of two or more macrocomponents, which are insoluble in each other and have
different shape and / or material compositions. The collection of the best properties of the
composite materials in a material, which usually is not available on its own, is a significant
advantage. Composite materials have features such as high strength, high rigidity, high fatigue
strength, high wear resistance, high temperature capacity, high corrosion resistance and high
thermal conductivity. These superior features make it possible to find composite applications:
aerospace, space industry, automotive industry, chemical industry, textile industry, and many
field applications [5].

Most of the diborides are compounds of transition metals. Since metal diborides are high
temperature materials, they are included in the group of refractory hard metallic compounds
such as carbides, nitrides and silicides. The most stable diborides at high temperature are
titanium, zirconium and hafnium diborides. Metal borides, which contain excess boron element,
are metal borides with the highest melting temperature. On the other hand, the melting
temperature of metal-rich metal borides is so low that it is close to the melting temperature of
the metal in its structure [6].

Although there are various phases in the Zr-B system, the phase ZrB: is thermally and
chemically the most stable one [7]. ZrB2 has properties such as high hardness (17.9 GPa), high
melting point (3250 °C), high thermal shock resistance, high electrical conductivity (electrical
resistance, 9.7 Q - m), low density and high chemical stability [8]. Some thermodynamic
properties of ZrB: are as follows: AH29sc = =322.6 k] / mol, AG 28-c = —318.2 kJ / mol, S29sc =
-36.0 ] /mol - K, and AHFusion = 104.6 k] / mol [6]. TiB: is a transition metal boride, which is
containing 31.1 % boron by wt. of the Ti—B system. The melting point of TiB2 is 3215 °C. TiBz is
also a compound with metallic bonds similar as zirconium ceramic compounds and, it is
crystallized in hexagonal structure. TiB: has high hardness, high abrasion resistance, high
electrical conductivity and good corrosion resistance against acids and molten metals [6, 9].
Both ZrB: and TiB: powders have unique features, ZrB2and TiB: advanced composite ceramics
are candidate materials for combining their high technological properties.

Many synthesis techniques are available commercially or in laboratory scale for the
production of ZrB: and TiB2. Carbothermic [8, 10, 11] and self-propagating high-temperature
synthesis (SHS) [12, 13] of mixed oxides of zirconium and boron, mechanical alloying [14, 15],
synthesis from elements [16], sol—gel [17] and aluminum melt reaction [18] processes are among
the most remarkable processes to synthesize ZrB> and TiB.. SHS is an alternative method, which
is used to produce intermetallics, advanced ceramics, refractory materials, carbides, borides and
nitrides. This process presents many remarkable aspects such as short processing time, low
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energy requirement, carbonless products, and ceramic powders having nano scale grain size and
low cost. In a SHS process, the ignition starts the reaction and it propagates through the mixture
[19].

In this study, the production conditions of TiB>—ZrB. advanced ceramic composites by
using SHS method were investigated. Experiments were conducted in two stages including SHS
and leaching in acid media to purify SHS reaction products.

2. Theoretical background

The advanced thermochemical simulations of the reactions were investigated in detail
including different ratios of initial mixtures, as well as different initial temperatures in order to
reduce the number of experiments. In addition, the adiabatic temperatures were calculated for
each system by using Fact Sage 6.4 thermochemical simulation software. Reductant selection in
SHS experiments is one of the most important parameters. According to the Ellingham diagram,
more electronegative elements can reduce more electropositive elements. As can be seen from
the Ellingham diagram (Figure 1), Mg can reduce TiO2 and ZrO:. Mg has been selected as a
reductant in this work because aluminum and aluminum oxide based products and residual
impurities cannot be removed by acid leaching, and further TiB: and ZrB: powders cannot be

purified.

AG (jmole)

Zr+H02=F10 -

Mg +02=2MgO

T (C)
Figure 1. Ellingham diagram.

The specific heat concept is used to determine whether metallothermic reactions take
place spontaneously. Specific heat is used to determine the heat released during the reaction
and to determine if it is sufficient to separate the metal and slag from the obtained density by
different densities. Reaction specific heat value is calculated by means of reaction enthalpy (at
25 °C) which is divided by the total weight of the molecular weights (MW) of products (Eq. 1):
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MeiO + Meun — Mer + MeiO,

AGR = AGMeno — AGmeio < 0. (1)
If the specific heat value of the reaction is lower than 2250 ] / g, the reaction will be insufficient
to separate molten metal-slag mixture, if it is higher than 4500 J / g, the reaction will be very
intense like explosive and if it is between 2250 — 4500 ] / g, a controlled and spontaneous
reaction can occur [20, 21].

Adiabatic temperature and specific heat values of ZrB: and TiB: reactions are given with

Egs. 2 and 3:
ZrO:2 + B20s + 5Mg — ZrB2 + 5MgO,
Taa = 2120 °C, Qspecific Hear = 2663.38 ] / g. (2)
TiO:2 + B20s + 5Mg —TiB2 + 5MgO,
Taa = 1964 °C, Qspesific Heat = 3949.23 ] / g. (3)

The adiabatic temperature 7.« has an important role to indicate whether a reaction self-
propagates or not. It must be higher than 1527 °C [20, 21]. In thermodynamic calculation step,
the effect of Mg addition on the reaction adiabatic temperature was investigated firstly. Figure 2
reveals the change of 7.« with the addition of Mg. According to the figure, adiabatic
temperature increases up to 5 mol of Mg, after 5.5 mol Mg addition it decreases, so Mg addition
ratio from 3 to 5 mol, gives the highest adiabatic temperature values.

TiO2 + ZrO2 + 2 B203 + <A> Mg

C:\FactSage\Equild.res 08May15

2000 B I
- I I
1B00 . | |

1600 | I
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i)
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o600 |
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1
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11

"

02

£ :
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d 1:*5 M 07
Mg Addition (mole)

Figure 2.Effect of increasing Mg amount on adiabatic temperature.

SHS reaction of TiB: and ZrB2 are shown with Eq. 4. The adiabatic temperature and
enthalpy of Eq. 4 was calculated as 1957 °C and —-2030.9 kJ / mol, respectively:
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ZrO2 + 2B203 + TiO2 + 10Mg — ZrB: + TiB2 + 10MgO. (4)
Mg is used as a reductant, because SHS products must be purified in HCI containing aqueous
media to obtain clean TiB2 and / or ZrB: phases. MgO dissolution reaction in an aqueous HCl

solution is given with Eq. 5:
MgOs) + 2HCliag — Mgg*? + 2Cl g™ + H20w). (5)

TiO2 + ZrO2 + 2 B203 + <A> Mg
C:\FactSage\Equil.res 08May15

Rl ool A A dadn
gt

T T L |/n\_- - T T T T T

04 | / : .

02
BiLIG#1)

Products, (mole)
\

Mg Addition, (mole)

Figure 3. Thermochemical predictions of SHS products for the SHS reaction of TiB2-ZrB..

After the determination of optimum adiabatic temperature condition, in the second step
of thermochemical modeling, possible SHS products were simulated for TiB2—ZrB: system via
Fact Sage 6.4 database (Figure 3). It clearly shows Zr, B and Ti phases can be obtained after 10
moles Mg addition, also a high amount of Mg containing phases are determined. Thus, in order
to eliminate magnesium and magnesium borate phases leaching step was applied.

3. Experimental

The aim of the experimental work is to examine the production parameters of zirconium
diboride-titanium diboride powder mixtures by SHS method. Experimental studies conducted
in this direction consist of two stages. In the first stage of the experimental work, the
production of ZrB:-TiB: ceramic powders was carried out by using B203 as boron source,
titanium oxide (TiO2) as Ti source, zirconium oxide (ZrO:) as Zr source and Mg as reductant. In
the second stage of the experimental studies, the removal of the MgO, MgsB20s phases in the
obtained SHS products by leaching were investigated. The impurities in the B203, which was
used during experiments, were given in Table 1. Metallic magnesium reductant was 99.7 % pure
and its sieve analysis was shared in Table 2.
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Table 1. Impurities in B2Os, which
was used in SHS experiments.

Fe Ca Mg Ni Co  HzBOs
105 ppm 1485 ppm 507 ppm 45 ppm 58 ppm 1.2 %

Table 2. Sieve analysis of magnesium
powder, which was used as reductant.

Size range, pm Weight, %

+500 0.19
=500 +250 0.00
-250 +150 0.39
-150 +106 18.18
-107 +75 37.55
-75 453 20.16
-53 +45 12.55
—45 11.26

PANalytical PW3040 / 60 brand X-ray analyzer was used to determine phases contained
in the SHS products. X-ray analysis was performed at a scan angle range of 20° to 90° for each
sample. Prior to the SHS experiments, ZrOz, TiO2, B20s and Mg powders were weighted in
various stoichiometries. These powders were dried at 100 °C then the blends were mixed in a
turbular mixer for 15 min to prepare initial powder mixtures. The powder mixtures were
compacted after charging in a copper crucible. W resistance wire was placed on the mixture
surface and the crucible was closed by using a graphite lid. Then, reactions were initiated by
passing electricity through the wire. After, SHS reactions finished, sponge like sintered green
product was obtained. Increase in the quantity of magnesium resulted in the evaporation of
magnesium due to overheat that was generated by the increase in specific heat value of
reduction reaction. The increase in the addition of boron oxide resulted in the increase in
magnesium boride formations. The block diagram of experiments was given in Figure 4 and
initial conditions of experiments were given in Table 3.

Calcination of H3BO3 :

Mixing Twrbula Mixer for 30 Minutes
at 800°C —=>

ZiB24B203+Ti02+Mg

g

Leaching SHS P
Leached Product ¢= <= SHS Product h rocess

Step

Grinding (B203)

Figure 4. Block diagram of SHS experiments.
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Table 3. Compositions of SHS reactant mixtures.

Aimed composite Component, g
ratio, wt.% ZrO; TiO2 B:0s Mg

90 ZrB> - 10TiB2 23.20 296 41.90 31.92
80 ZrB-—20 TiB. 20.64 5.92 40.12 33.33
70 ZrB.—-30 TiB. 18.04 8.89 38.32 34.31
60 ZrB.—40 TiB. 15.46 11.85 36.53 36.14
50 ZrB:-50 TiB. 12.89 14.82 34.74 37.54
40 ZrB: - 60 TiB. 10.31 17.78 32.94 38.95
30 ZrB.-70TiB. 7.73 20.74 31.20 40.40
20 ZrB.-80 TiB. 5.15 23.71 29.30 41.70
10 ZrB:—90 TiB.  2.57 26.67 27.57 43.16

Exp. No

O 00N OVU b W N~

Akkas et al. investigated the SHS of ZrB:. They conducted the experiments to understand
the effects of the initial molar ratios of Mg and B203 on the SHS experiments and the effects of
temperature, duration, solid / liquid ratio and acid concentration on leaching experiments. They
determined the optimum SHS ZrB: production condition as ZrO : Mg : B:Os3 (1 : 3 : 6) molar
ratio using 1.88 M HCI solution at 1 /20 = S / L ratio at 80 °C for 60 min [20]. Turan et al.
reported optimum titanium diboride production conditions via SHS process as 20 g of milled
SHS products were leached in HCl media under experimental conditions as HCI concentration
of 9.3 M and solid / liquid ratio of 1 /5 at room temperature. Detailed information concerning
the leaching conditions can be found elsewhere [21]. According to these data, nine initial SHS
mixtures were prepared at the different ratios of TiB2 and ZrB: from 90 % ZrB: — 10 % TiB2 to
10 % ZrB2 — 90 % TiB: (Table 3).

4. Results and discussion

The product weights of reaction products of the different ratios used in the SHS process
were given in Table 4.

Table 4. SHS product weights.

Aimed composite Initial total Final product

Exp. No. ratio, wt.% wt., g. wt., g.
1 90 ZrB2 - 10 TiB2 90.0
2 80 ZrB>—- 20 TiB2 90.3
3 70 ZrB2 - 30 TiB2 719
4 60 ZrB> — 40 TiB2 71.8
5 50 ZrB2 - 50 TiB2 100 91.2
6 40 ZrB2 - 60 TiB2 94.9
7 30 ZrB> - 70 TiB: 57.0
8 20 ZrB2 - 80 TiB2 97.5
9 10 ZrB2 — 90 TiB: 60.3

11
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All of the products obtained as a result of SHS experiments are black-spongy. Mainly
TiB2, ZrB2, ZrOz, TiO2, MgO and MgsB:0s phases were detected in the structures. Figure 5 gives
the X-ray patterns of products formed according to initial ratios. When XRD patterns of SHS
products were examined, TiB2 phase was not observed in samples with small amounts of TiO:
(10 and 20 wt. %) in the initial composition. ZrB2 phase was not detected in the samples with

the same amount of ZrO2. Table 5 shows ratios by weight and the phases detected.

L

EHE 1 SHS 5
| v
= o I |
& a v E \ R "le
1 | n | 1 ! * L e * b | . 0a? » - A |
o AR N e an W ] ey S I‘-u-—m-rk\“—-"- T . — Y SO T —
SHS 2 i L |sHz 6
L)
™
| : .
* 0g vl j ;'- N M T : - ! ¥ .. 3 . \
.--~.—.--I et L WP N e N L e N N T L T T TR e e—
- - - . L
SHS 3 'I' SHE 7 |
<5 . - R | can B * 3
L i 11 i I\ : ,\_._4 .__,'.-ru-...lﬁh_._-m.ﬂwfl"ww_..r\_ﬂ\...-_-—-—u-
oy b e g —— - - - : =
SH: 4 . SHS 8
" "
. !
o l° -t - " " . o : ¢ T : \ ‘ :
T |1 - S, VI T I A e AW, R e
SHS © | °
é TB2 O TiO2 @ ZrB20 202 \
L]
. ' . [ L
¥ MgO 7 M338205 1D -G W S0

Figure 5. XRD patterns of SHS products. Experiments 1 — 9.

Table 5. Phases in SHS products detected by using XRD.

Composite
ratio, wt. %

Phases

90 ZrB2 — 10 TiB2
80 ZrB2— 20 TiB2
70 ZrB2 — 30 TiB2
60 ZrB2 — 40 TiB:
50 ZrB2 — 50 TiB2
40 ZrB2 - 60 TiB2
30 ZrB2 — 70 TiB2
20 ZrB2 — 80 TiB:
10 ZrB2 — 90 TiB2

g
O 0N U WN o~
Z
o

ZrB2, ZrO2, MgzB20s, MgO
ZrB2, ZrO2, MgzB20s, MgO
ZrB2, ZrOz, TiO2, TiB2, Mg3zB20s, MgO
ZrB2, ZrOz, TiO2, TiB2, Mg3zB20s, MgO
ZrB2, ZrOz, TiO2, TiB2, MgzB20s, MgO
ZrB2, ZrOz, TiO2, TiB2, MgzB20s, MgO
ZrB2, ZrOz, TiO2, TiB2, MgzB20s, MgO
ZrO2, TiO2, TiB2, Mg3B20s, MgO
ZrO2, TiO2, TiB2, Mg3B20s, MgO
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Leaching experiments were carried out using HCl acid solution to obtain zirconium
diboride and titanium diboride powder purified from the powder mixture obtained by the SHS
method. The experiments were carried out in one step with 10 g samples. The amounts of
products left in the filter cake after leaching were showed in Table 6. The results of X-ray
analysis on the remaining filter cake after leaching were given in Figure 6.

Table 6. Weights of filter cakes.

Exp. No. Filter cake, g.

1 6.22
2 5.62
3 6.14
4 3.37
5 7.96
6 7.34
7 7.85
8 7.91
9 7.77
" |Leach 1 Leach 3
.| :
: 1 1 1 o * 1 0 * .
At Wb ey -\’_"'_""L'\"""'" ﬂ:'*'ﬂ'u'u-h-ﬂ'-ﬁ#—*—-m;—_—-
®{Leach 2 Lezach &
-
|
H J‘.H'-- I"'"-FM.IW*—W" wl H—'ﬁ-’hﬂ-""u"‘""—' - “I’:.‘..m___'jl-_._-u_.:_n.ﬂ [N S N ——
Laach 3 | Laach 7
e W - 3 - " " v - o T & '|I . . o 5
.:ﬂ-ﬁ'-_”lwkh#lmlw e e
Leach 4 Leach 8
o # - ¢ . . @ : ] . iy
ﬂﬂ'ﬂﬁi\—#—ﬁl-\-——*‘ e e N B et et |
; : " .I_eanh‘:"
$ TB2 O TiD2 @ ZB10 2702
®
YMgO @ Mz3IB206 e ": ® | . » s

i u'wlww_ﬂlha_f&-tw—
Figure 6. XRD patterns of filter cakes.
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When the XRD patterns of the filter cakes were examined, it was observed that the
magnesium oxide, which was present in all samples, was eliminated as a result of the dissolution
with HCI acid at 80 °C for 60 min. It has been found that only trace amounts of magnesium
borate (MgsB20s), which is another impurity present in the structure, were largely eliminated
and trace amounts remained in some samples. It was observed that the ZrB: phase did not occur
in the samples, where the amount of ZrO: was low (10 — 20 % ZrO: addition experiment). In
addition, ZrO2 and TiO: were detected in trace amounts in the final products. Table 7 shows the
phases detected by means of XRD on the filter cakes after leaching. Table 8 presents chemical
analysis of 4, 5 and 6 experiments.

Table 7. Phases in filter cakes detected by using XRD.

Composite
Exp. No ratio,Pwt. % Phases
1 90 ZrB:2 — 10 TiB2 Z1B2, ZrO2, Mg3zB20s
2 80 ZrB2— 20 TiB> Z1B2, ZrO2, Mg3zB20s
3 70 ZrB2 — 30 TiB2 Z1B2, ZrO2, TiO2, Mg3zB20s
4 60 ZrB2— 40 TiB2 ZrBz, ZrOz, TiO2, TiB2, MgzB20s, MgO
5 50 ZrB2 - 50 TiB: ZrB2, ZrOa, TiB:
6 40 ZrB:2 — 60 TiB2 ZrB2, ZrOz, TiO2, TiB2, MgzB20s
7 30 ZrB2 — 70 TiB2 ZxB2, ZrOz, TiB2, MgzB20s
8 20 ZrB2 — 80 TiB2 ZrOz, TiOz, TiB2
9 10 ZrB2— 90 TiB> Z1O2, TiB2, Mg3B20s

Table 8. Chemical analysis results of filter cakes.

Exp.No. %Ti %Zr %B %Mg

4 30.56 3855 23.28 0.14
5 32.85 34.04 24.67 0.01
6 34.20 30.20 17.52 0.12

It can be easily understood from the XRD patterns that the samples having the optimum
conditions have removed the majority of the impurities containing MgO and MgsB20s. The
samples, numbered 4 and 5, have little amounts of TiO2 and ZrO2. SEM micrographs of the SHS
products and the leached filter cakes were taken for experiments 4, 5 and 5. The SEM
micrographs in question were given in Figure 7. According to Figure 7, SHS experiments
samples have 48 pm particle sizes. Than leaching step was applied and particle size of sample
reduced to sub micron scale.

14



M. Bugdayci, et al. Nano Studies, 2018, 17/18, 5-16.

Figure 7. SEM micrographs of selected
SHS products (left) and filter cakes (right).

5. Conclusions

As a result of SHS experiments, it was observed that ZrB: and TiB: phases were not
synthesized in the samples containing very low amount of ZrO: and TiO: in their initial raw
materials, respectively. According to XRD results SHS products consisted of ZrB:, TiB2, MgO,
MgsB20s phases. Moreover, there were unreacted ZrO2 and TiO: phases remaining in low
amounts as well. The undesired MgO and MgsB20s structures in the SHS product were removed
by leaching at 80 °C with HCl acid for 60 min. It was observed that the experiment, which was
conducted to synthesize 50 % ZrBz2 — 50 % TiB: containing composite powder gave the most
acceptable result.
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AmnoTtamus

B xpucrannax LiF mabmiofanocs n3MeHeHUe AuaMeTpa OTIIeYaTKa WHAEHTOPA U JJIUHBI
Jydedl MAUCIOKAIIMOHHOM PpO3eTKH IIPU OKCIO3UIUM B CHJIBHOM 3JIEKTPUYECKOM IIOJIE.
ITpencraBieHHBIE Pe3yIbTAThl CBUAETEIBCTBYIOT O TOM, YTO B IEIOYHOTAJIOUIHBIX KPHUCTAJIIaX
peanusyeTcsa AUCIOKALMOHHBIN MeXaHU3M MacCcOollepeHoca.

Her emuHOro u CroXXuUBLIETOCS MHEHHS O MexaHu3Me (OPMHUPOBAHUS OTIIEYaTKa IPHU
VHJIEHTUPOBaHUM Kpuctajuia. Hapsaxy ¢ TpaguliMOHHBIMY IIpeACTaBIeHUAMH, YTO gedopMalius
KpUCTa/JIa IIOJ, BO3JEMCTBHMEM HHJIEHTOpA SBJISAETCS CJIEICTBUEM pPa3BUTHSA BBICOKOILIOTHOM
IVCIOKAUMOHHON CTPYKTYphl [l], cyliecTByeT MHeHMe, YTO MacCOIl€peHOC Ha HavaJlbHOMH
CTQAVH MHAEHTUPOBAHUA MOXXeT OBITh OOYC/IOBIEH TOUeYHBIMU AedeKTaMu (BaKaHCHUAMU WU
Me>XXy3eJIbHBIMU aToMaMu) [2].

Panee, mpu paccMOoTpeHMHM MUKPOMEXaHU3MOB O00pasoBaHUS OTIEYaTKa IIPHU
WHJEHTUPOBaHUM MOHHBIX KpPUCTA/IJIOB, HaMKU OBLI CHAeNaH BBIBOJ, 4YTO Yy4acTue B
MaccOIlepeHOCe MEXYy3eJbHBIX aTOMOB He MOXET O0ecIeuuTh HaOII0faeMyl0 Ha OIbITe
BBICOKYIO CKOPOCTHh [IedOpMUPOBaHUs; TaKue OOJbLINE CKOPOCTH BO3MOXXHBI TOJBKO IIPU
CKONBXeHUH puciaokanuil. Hambonee BepOATHBIM MEXaHM3MOM MacCOIlepeHOCa IIpU
WHJEHTUPOBAaHUU SBJISETCS 3apOXKJeHUe II0J, MHAEHTOPOM MeXy3eJbHBIX IPU3MaTHYeCKUX
IVICJIOKAIIMOHHBIX TIeTeNIb U UX JajibHellee ABIKeHNe B 00beM Kpucrasia [3].

Hacrosmas pa6oTa sBIseTcs IPOJODKEHHEM STUX HCCIeJOBAHHN U MBI IIPUBIEKaEM
TAKO¥ HEMAJIOBOXHBIA M OTIMYUTENbHBIN ITapaMeTp L[eJOYHOTAJIOMUJHBIX KPHUCTAJJIOB, Kak
3apsAz AVCIOKAIl M.

B moHHBIX KpuCTa/ylaX AUCIOKAIUK HECYT DJIeKTPUYECKUM 3apsAf, 3HaK U BeJTHMYHHA
KOTOPOTO 3aBHCAT OT IPUMECHOTO COCTaBa M TeMIIepaTypsl KPUCTANIA, a TaKXKe OT CKOPOCTH
IBYDKEHUsS TUCIOKAIUM ([UHAMUYECKUH 3apsif) U BpeMeHHU II0CjIe IPeKpalleHus UX [BIKEHUs
(cratmyeckuit 3apsaz;) [4]. BuemHee siexTpuueckoe Ioe BO3ZEHCTBYyeT Ha [JBIDKEHUE
IVICTIOKAUMHI U, TAKUM 00pasoM, BIHAET Ha Te ¢pU3NIecKue IapaMeTphl, KOTOPBIE OIPeesioT
YIPYTOILJIaCTUYECKHE U CHIOBbIE XapaKTEPUCTUKY NOHHBIX KPUCTAJLIOB [5].

Jna uccmemoBaHua ObUTH BBIOpaHBI ABa TUIA KpUCTaLIOB LiF, orTauuaromuxcsa 3HAKOM
3apspa puciaokanuil. JluHelHas IJIOTHOCTh JUCJIOKAIIMOHHOTO 3apsaja, Ipefiel TeKydecTH U
MUKPOTBEPZOCTh UCCIeAyeMbIX KPUCTA/LIIOB IIpuBeZeHs! B Tabmume 1.
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Ta6muua 1. CBoiicTBa McCIeOBaHHBIX OOPA3I[OB.

[Tpenen JIuneiiHadA MIOTHOCTH
MuxpoTBepAOCTb .
OG6pasipl | TeKydecTH 3apsfa UCTOKALMit
H ITla
o, MIla g, Kyn/m
LiF-1 5.0 1.50 +2-101
LiF-2 7.4 1.75 -1-10"

B skcmepumeHnTax ucnosb3oBasics MukporBepzomep IIMT-3 ¢ mpucnocobienuem zmyis
IIPUJIOXKEHUS BBICOKOTO 3JIeKTpudYecKoro moiud. Kak mpaBwmio, B IOZOOHBIX 3KCIIEPUMEHTAX
IIPUMEHAETCS OZHOPOLHOE JJIeKTPHYEeCKOe II0je, BEKTOp HANpPsSKEeHHOCTH £ KOTOpOro
IapasulesieH WK NePIeHIUKY/IIpeH HHIEeHTUPYeMOil TTOBepXHOCTH obpasia [6]. B Takoit cxeme
B HEKOTOPBIX IUIOCKOCTSAX CKOJBXKEHUA OTCYTCTBYeT COCTAaBJIAMOIAA IOJA £, Ha KOTOPYIO
pearupyer KpaeBasd dYacTh [AMCIOKALMOHHBIX IIeTelIb, OOpPAa3yOIIMXCA IIPU JIOKAJIBHOMN
nebopmanuy (M3BeCTHO, YTO BHHTOBBIE MAMCIOKAIMM 3apafa He HecyT [4]). B mammx
SKCIIEPUMEHTAX DJIEKTPUYECKOe TI0JIe CO37aBaJIOCh MEXy CTAIBHBIM MHAEHTOPOM, K KOTOPOMY
TIPUKJIABIBATIOCH IOJIOXKUTeNbHOe Hampsokenuwe (U = 3.5 xaB), u HwkHell (3a3eMJIeHHO)
IIOBEPXHOCTBIO O0Opasua. MHAEHTOpOM CIyXWI CTaJIbHOH KOHYC, C BepIIMHOM B BHJIE
chepuyeckoro cermenrta BbicoTOM 60 m paguycom kpuBusHbl 140 Mxm. Takas reomerpus
o3BOJIsIa (POPMHUPOBATh OYEHBb CHJIBHOE HEOJHOPOAHOE 3JIEKTPHUYeCcKOoe IIojie B JIOKATBHOI
o6acTy KpUCTaljla HEIOCPeACTBeHHO mof uHpeHTOopoM (£~ 40 x3B / cm). U riaBHOe, uTO
cocTaBiAoomas £ IpUCYTCTBOBAIA BO BCEX IUIOCKOCTSIX CKOIBKEHUS.

O6pasusr pazmepom 10 x 10 x 1 mm3 BBIKaIBIBAIMCH IO IIOCKOCTAM cmaiHocTu {100}
[Iupoxoit rparbio oOpasel IOMeNAICA HA HABUIEHHYIO cepe6poM KepaMUYeCcKyIO IOAJIOXKKY,
KOTOpas 3a3eMJIAIach. Y KOJIbI MHIEHTOPOM HAaHOCHJIUCH Ha IIPOTUBOIIOJIOXXHYIO BEPXHIOIO I'PaHb
(001) mpu Harpyske nHa unzentop P = 0.5 H. [lone BkIIOYasOCh B MOMEHT, KOTZa WHAEHTOP
Kacascs obpasiia.

CxemMa JHMCIOKAaIMOHHBIX IIeTeIb, BO3HUKAIOIUX B IUIOCKOCTAX CKOJBXKEHUS IIPHU
napentuposanuu rpanu (001) xpucramra LiF, mpencrasinena Ha Pucynkxe 1. JlmaronanpHbre
«xpaeBble» myun poseTku /1 (Bmomb <110>) m xopoTkue «BuHTOBBIe» nyun /2 (Bmonb <100>) u
IIPeJCTaBIAIOT COOOM BBIXOABI HA IIOBEPXHOCTh KpAeBBIX X BHUHTOBBIX COCTaBJISIOLINX
IVICTIOKAIMIOHHBIX TTOJIyIIeTeTh B IUIOCKOCTAX cKombxeHus {110}ss u {110}90, coorBeTcTBeHHO [1].

[001]

a h
< P [100]

! 1
| ~ - '
1 Sc”” [010] Ao SR N
- s Vd
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/ !
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1
'

Pucynok 1. PacnionoxeHnue AMCIOKAaIMOHHBIX IIeTeIb, BOSHUKAIONUIMX
B IUIOCKOCTSIX CKOJIBXEeHUA IpU yKose nHaeHtopa B rpanb (001) xpucrania
LiF: a— {110} u b— {110}4. KpaeBble KOMITOHEHTHI II€TEIH OTMEYEHBI TBOMHOM

nuuue. CHUMOK ¢ WUIIOCTPUPYET KdPTHHY TPABJIE€HHA BOKPYT HHIEHTOPA.
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JluHe#HyI0 MJIOTHOCTH AMCIOKALMOHHOTO 3apsifia U3MepsIX 10 pPa3paboTaHHOMY HaMH
MeTozy [7]; mapaMeTpsl AUCIOKAIMOHHOM PO3eTKHU BOKPYT OTIIeYaTKa WHAEHTOpa (AMaroHasp U
IIyOWHA OTIeYaTKa, JIMHA KPaeBBIX M BUHTOBBIX JUCIOKAIIMOHHBIX JIy4eil) Olpesiesisin IoCe
XMMHYECKOTO TpaBleHusA oOpa3lia C TIOMOINBI0O OITHYECKOro MuKpockoma. Kaxzas
9KCIIEPUMEHTAIbHASA TOYKA IIOJyYeHa IyTeM ycpeLHeHUsI pe3yabTaToB 20 YKOJIOB UHAEHTOPOM.
OrHocuTenpHas ourmbKa He mpessIniana 5 %.

Bty mpoBesieHbI [1Be cepUU SKCIIePUMEHTOB:

1. M3mepsnachk 3aBUCHMOCTh AuaMeTpa OTIIeYaTKAa WHIEHTOpPAa U AJWHSBL jTydeit /1u /2

PO3ETKU OT IIPOJO/DKUTENBHOCTH HaTrPY)KeHU.

2. OTH ’Ke u3MepeHUs IIPOBOJUINCH IPU IPHIOKEHUW K OOpasly OJHOBPEMEHHO C

MeXaHU4YeCKON HarPy3KOM SJI€KTPUYECKOTO IIOJIA.

260
’..__.——0.-°‘.,. 1a
240 -
220 -

200 ~

I, mkm

180 -

160 -

140 T T T T T T T T T T T T T
0 50 100 150 200 250 300
t, sec

Pucynoxk 2. 3aBUCHMOCTD IJIMHEI KPaeBbIX JIydell AUCIOKAIMOHHOM
PO3eTKH OT BpeMeHU BO3Z,eCTBUA HATPY3KU Ha MHAEHTOP [JIT
LiF-] (xpussie 1 u la) u LiF-2 (xpussie 2 u 2a). Kpussie 1 u 2
6e3 mosist, la u 2a — ¢ mosem. Harpyska Ha unzenTtop P= 0.5 H.

3aBUCHMOCTH JJIUHBI /1 KpaeBbIX Jydeil AMCIOKALMOHHOM PO3eTKH OT BpeMeHH (I )
BO3J€MCTBUS HArpy3KM Ha HHJEHTOP B JJIEKTPUYECKHM II0jeM U 0e3 Hero IIOKa3aHbl Ha
Pucynxe 2 gna xpucranos LiF-1 (xpussie 1 u la) u LiF-2 (xpusste 2 u 2a). Jlnuna nxyqeit /1 B
II0JIe BO3pacTaeT INPU IIOJIOXKWUTETBHOM (KpuBas la) M yMeHbIIAeTCs INPHU OTPHUIATEIBHOM
(xpuBas 2a) 3apsze puciaokanuil. Bennunna spdexra cocrasnser 13 u 11 %, coorBeTcTBEHHO
(u3MeHeHme /2 WO JEeHCTBUEM DJIEKTPUYECKOTO IO OBLIO HE3HAYUTENIBHBIM, Ha yPOBHE
IIOTPELIHOCTH).

OueBuzHO, yTO M3MeHeHUe /1 CBA3aHO C HEIOCPEJCTBEHHBIM BO3ZLEICTBUEM BHEUIHETO
9JIEKTPUYECKOTO TI0JIs Ha 3aPOXKIAIOUINECS 1107, MHAEHTOPOM U 3apsDKAIONU[Hecs IIPU ABIDKEHUU
KpaeBble KOMIIOHEHTHI II€TejIb; B HAIIUX SKCIEPUMEHTaX IJis ITOJIOXXHUTENbHO 3apsDKeHHOM
IVICTIOKALMY COCTABJIAIONINE MEXaHMYECKUX U DJIEKTPUYECKUX CHUJI B IIOCKOCTAX CKOJIBXXEHUS
MMEIOT OJHO U TO )Xe HallpaBjleHHe, U OHU CKJIa[bIBAIOTCS, a JJIA OTPUIATENBHO 3apsKEHHBIX
IVICTIOKALIMl, HATIPOTUB — BEIYUTAIOTCS.
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Kax mokazanu sKCIepHMeHTHI, 3JeKTpHYecKoe II0Je BIMAET Takke M Ha pasMep
OTIIeYaTKa M, CJIeJOBaTeJbHO, Ha 3(¢EeKTUBHYI0O MHUKPOTBEPJOCTh: AHAMETP OTIeYaTKa
yBeJIMYMBAeTCHA, KOTJAa 3apAf JUCIOKAIMM IIOJIOKHUTeJIeH U yMeHBIIaeTCsA, KOrjJa OH
OTpHUILATEIbHBIN; PAa3HUIIA COCTABJIAET OK0JIO 8 %.

3aBucuMocTh / 1 C TeuyeHWeM BpeMeHHU () NPUIOKEHWS HArpy3Kd BBIXOAUT Ha
HachbIIIeHUe, ¥ 4YeM TBep)Ke KPUCTa/UI, TeM OBICTpee IIPOMCXOAUT ITOT IIpoliecc. BpemeHHas
3aBUCUMOCTE dbdeKTa IMoad Ha PasHBIX THUIAX KPUCTAJUIOB TAakkKe pasjIMYHA: B CilIydae Ooiee
TBepbIxX KpucTasuioB (LiF-2 ¢ orpuiaTeIbHEIM JUCIOKAIIMOHHBIM 3apAoM) 3G deKT IoJIg yepes
300 c wucuesaer. Yro ke Kacaerca «maArkux» kpucrawnoB (LiF-1 ¢ mnonoxurensHbIM
IOVICJIOKAIIMOHHBIM 3apAfOM), TO pasHHIA B JIMHE MAMCIOKALMOHHBIX JIydeil, BbI3BAaHHAdL
IPUJIOXKEHHBIM IIOJIeM, IPaKTHYeCKM He H3MeHAeTCA BO BpeMeHH, II0 KpaiiHeil Mepe, 3a
KOHTPOJIMPYEeMBIH HaMU TTePHO/I.

JlivHa [IUCIOKAIlMOHHOTO JIyda PpO3eTKU OIpefesgeTcs PacCTOSHHEM OT IleHTpa
OTIeYaTKa M0 JUAUPYIOMeH NUCIOKAIlMH, IIOJOXXeHHe KOTOPOH OIIpefiesifeTCa PaBeHCTBOM
IOBIDKYIIEH CHIIBI (MEXaHUYeCKOH U 3JIeKTPUYECKOi), AefCTByIomell Ha Hee BO BHEIIHUX IOJIAX,
U CHUJIOH COIPOTUBJIEHUA, OIpefeasdeMOi CBOMCTBAaMU KpHUCTa/UIMYeCKoil pemreTku. M3
pesyJIbTaTOB, IpeCTaBlIeHHBIX Ha PucyHke 2, ciemyer, 4TO BKJIaf 3JI€KTPUYECKOH CHIIBI, B
cyIydae KPHCTAJIOB C ITOJIOKUTEIBPHBIMH AMCIOKAIMAMH, CO BpeMeHeM He M3MeHAeTcs, TOTAA
KaKk B CIy4ae OTPHUIATENbHBIX AMCIOKAIIUH CXOZUT HA HeT. BhIACHEHWe IPUYMH TAaKOTO
IIOBeIeHN TpebyeT OTeIbHON pa3pabOTKU U BBIXOJUT 32 PAMKU JaHHOU PabOTEL.

Taxum 06pa3oM, ITOTyYeHHbIe Pe3yIbTaThl IIOKA3bIBAIOT U3MEHEeHNe IIapaMeTPOB PO3eTKU
BOKPYT OTIeYaTKa IpH HHAEHTUPOBAHMM KPHUCTA/UIa B DJIEKTPUYECKOM IIoje U
CBHZETeIbCTBYIOT B IIONB3y IIpeZCTaBIeHHH, 4To AedopManusa KpHUCTalaa IIOJ, BO3ZeicTBHeM
COCPeIOTOYeHHOHM HATpPy3KU IIPOUCXOIUT IIyTeM 3apOKIeHUs 107, NHAeHTOPOM MeXYy3eIbHBIX
IMpU3MATUYeCKUX JUCIOKAIVOHHBIX IIeTelh M UX JaJbHEHIIero CKOIbXeHUd B 00BeM

KpHUCTaJLIa.
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Abstract

The work presents the result of experiments on synthesis, investigation and thermal
behavior of a new compounds — double condensed phosphates, concretely: acidic di- and
triphosphates of gallium-silver and scandium-silver, AgSc(H2P207)2, AgScHP3O10 and
AgGaHP3010, and double cyclotetraphosphates of mentioned metals, AgScP4O12 and AgGaP4On,
obtained by us during investigation of polycomponent systems. The systems M>O-M"Os-
P>0s—H20 were studied in the temperature range from 130 to 250 °C. The method (so-called
Acad. I. V. Tananaev’s method) of synthesis of double phosphates from solution-melts of
phosphoric acids was applied. It was established the crystallization ranges of some condensed
phosphates of scandium-silver and gallium-silver and found the thermal behavior of the
synthesized compounds via thermogravimetric investigation.

1. Introduction

Many original studies in the field of phosphate’s chemistry, notably in the field of
chemistry of condensed phosphates of rare earths metals have begun in the 19th c. Later, the
German school of chemistry has been very forceful and dynamic in the domain of condensed
phosphates. Starting from the pioneer works of scientists a lot of number of condensed
compounds, in fact — inorganic polymers were synthesized in the world; a great number of
innovative researches in 20th c. are really valuable and were appreciated [1 — 7]. Among a
variety of processes of condensation of phosphoric anions one of them leads to the
prearrangement of cyclic, oligomeric or polymeric structures of condensed phosphates [2, 7].

Above all, chemistry of condensed phosphates advanced much rapidly for the causes of
the development of advanced methods of analysis and of the important application of
phosphates materials in several technical domains, including nanotechnologies. The chemistry
of inorganic compounds of phosphorous has advanced intensively in the last time also for the
purpose that condensed compounds of phosphorus are greatest applicable, useful and
convenient to promote development of the chemistry of inorganic polymers, and last but not
least — they are reasonably presumed as best fertilizers, detergents and as materials used in
engineering, construction and other areas, such as raw materials for creation of phosphates
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glasses, thermo-resistant constituents, effective applying nourishments, cleaners, cement
substances, ion-exchange ingredients and also catalytic agents [1, 6, 7]. The composition and
thermal properties, as well as the vibrational and luminescent properties of condensed
compounds determine their use in quantum electronics. The biomaterials appear on the base of
hydroxiapatite and polyphosphates much rapidly for the causes of the development of advanced
methods of analysis and of the significant application of phosphates materials in several
technical domains, including nanotechnologies.

2. Experiments

Last decades we reported about our studies in the open systems M20-M"03—-P>0s—H-O
in the temperature range 130 — 550 °, where M! is an alkali metal or silver, and M™" is Ga, In or
Sc [1, 6, 8 — 11]. Various experiments revealed that by crystallization from melts of
polyphosphoric acids the following double condensed compounds (namely the series of new
inorganic polymers) were obtained: double condensed di- and triphosphates,
cyclotetraphosphates, cyclooctaphosphates, cyclododecaphosphates, at the molar ratio P20s :
MBLO : M"™,03=15:25:1.0;15:5:1.0;15:75:1.0;15:10:1.0[10-13] and 15:3.5:1.5; 15:
5:15,15:6:15;15:75:15;15:85:1.5;15: 12 : 1.5 [13 — 14]. Obtained condensed
phosphates were examined in details by thermogravimetric analysis.

The thermogravimetric analysis was performed by DTA using Q1500-D derivatograph
with heating rate of 10 °C / min. in air atmosphere and up to maximal temperature of 800 °C
(sometimes to 1100 °C). Some compounds were examined by paper chromatography and the
phases were identified by X-ray phase analysis — results will be presented in the work [15].

3. Results and discussions

The obtained data are the result of thermal studies of synthesized condensed phosphates.
The thermogravimetric investigation of the acidic double condensed triphosphate AgScHP3O1o
obtained at 155 °C and molar ratio Ag2O : Sc203 = 5 (6; 6.5) was revealed two endothermic
effects: I at temperature 200 — 210 °C, which corresponds to the elimination of crystallization
water and II at 470(480) — 515 °C, which apparently corresponds to the detachment of
chemically allied water (mass loss at mentioned temperatures see in Figure 1), the III effect at
530 — 540 °C links to the melting process of tetraphosphate according to the scheme:
2AgScHP3010-0.5H20 — 2H20 — AgScPsO12 + AgScP20y.

o
‘ad: =
. - Figure 1. Thermogram of
% i A - R Y R R AgScHP3010-(0.5-1.0)H:0.

The examination of the acidic double diphosphate of scandium and silver AgSc(H2P207)2
(Figure 2) synthesized at 155 — 165 °C at the molar ratio Ag20 : Sc203 = 7.5 (8 — 10) prove the
evidence of the decomposition by the scheme: AgSc(H2P207)2 — 2H20 — AgScP4Ono.
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= J4i Figure 2. Thermogram of acidic
E; 0 565° diphosphate of scandium-silver
= — 7 — AgSc(H2P207)a.
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Thermogravimetric study of the obtained double cyclotetraphosphate of scandium-silver
AgScP4On2 indicates that there is no mass loss. Endothermic effect at 625 — 640 °C shows the
melting / decomposition of the compound according to the following scheme: AgScP+O12 (630 —
640 °C) — AgScP207 + polyphosphoric acids melts (Figure 3).

aT

\ 6400
Figure 3. Thermogram of

| \[\
L double cyclotetraphosphate of

T 400 o) S5 e scandium-silver AgScPsOn.

Mass loss, Mola H.0

The most stable phase is at relatively low temperatures from 130 — 150 °C, and even up
to 165 — 170 °C. Taking into account the circumstance that the arrangement of cations Ag—Sc
for double and triphosphates (in other words, typical X-ray images from single crystalline areas
of double oligophosphates of scandium-silver samples) have not been reported in details and
hence are not given in the database of file index for Testing and Materials (American Society for
Testing and Materials — ASTM), our X-ray data was compared to similar compounds of Ag—P
and our standard data models for similar double condensed phosphates of gallium, indium, and
scandium with alkali metals. In analyzed samples, there are not revealed any initial
components: M2COs, Sc203, AgNOs and / or their hydrates, as such they are already completely
irreversibly reacted during synthesis process. Based on found and pursuant literature data [1 —
7] and also our synthesis conditions, experiences in this field, and to our standard data models
[11, 13 — 16], the compounds structural composition will set up in our work [15]. Phases’
identification was given in accordance with standard data of the ASTM’s International Center
for Diffraction Database.

4. Conclusions
Comparing the results of double phosphates of scandium, gallium, and indium and alkali
metals with literature data, we conclude that condensed compounds of scandium-silver,

according to their composition and structure, coincide with phosphates of Ga—Na and Sc-Na
and / or Ga—K, and are not similar to corresponding compounds of rare earth elements.
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34033 KR00)(M6Jd0L Zn-0Lbd> KRS Cd-0L 0MEIdOL IHDNRKAHM IR 3(MIFIRIdS
VdoR3BI6o™O Sprulina platensis $0(M3dSLOLMS6 FIRBN30®HIdOL 3G (MGILT0)

9. ©9W509)35830¢00, b. doms35dY, 9. 30bEHMoO,
B. 33939, 5. MBgME0dz0em0, . GHvyemmdo

9. 96MHM™b035930¢0b Lob. BoBozob 0bLEBHOEWEO
0. X 53560330000l Lob. MdOEroLOL Labgerdfogm Mboggdlodg®Eo
d00l0, LodsOM39gE™

domgdmos 2017 fierols 30 bemgddg®ls

5bmBo30d

d9LHogwoos Sprulina platensis-ols ¥)x6H9JO0L F0gH oNMbgdols Zn-obs s Cd-ol
53999990Mgdol  3OHmEglo 9339993 9M9dmdo 3w EH03060900L 30639030, MMEILL3
0000MJY0 JomAsboL 3mb396GHM3E0s 895096 20, 30 s 40 Ty / ¢0-Ub. 48 Lo-0sbo
37 G0306900L 99099 399Mm30bs (goedEbs®ol oGm0 omMmbgdols GmJlozmemmds,
6MI9go3 72 Lo -0Lm30L IOV 93EME0Dom. oo A5dMI[3930 M 8950096y,
99Lodsdobo, 4.40, 12.83 s 4.21 Zn s 0.86, 4.52 s 0.65 Cd 33y / 3-L FdGso domdslols
fmbolsmgob.

ddodg o GH™MJLozmo  womMbgdol  Bgdmddggdol  2sdm33wg3s  “Yx MOl
LoMEbol MBsMbMOSBY MbsTgEMM39 domMmJodom™Mo s sBswoBEH03mMo JgommEgdol

399myg969000 oMo gbl  ghHm-gmo  39ML3gJGH0ME  F0dsMIgdSl  Logmabarol
d99LHogwgwo  d9336096M90900Lomzol  (Life Sciences). slgoo sdm33w93990L  J99900
90LsbMgds d93609MH MW LMY FoEYMTsl 03 dgoMmEIdol 93 ds3905bY,
OHI9003 30056005 omMmbgdol 0mbgdol sddsly s YEHMJL0Zo3E0sDY sbs Fsmo
6295600306 godmygmaols Lszombgdols dgufogersby [1].

3bmdoos, MHm3  JmbmJdmwo  @ommbgdol  0mbgdol  Bsfformdmogo  dds
bmM3090©gds 139305 0HIOMWO  30egd0m. MXEIOL LoEgMEbol MBsMmOIBMBdSBY
ddodg s AH™MJbozMmo WoMMbIdoL 0MbIdOL 253 gbols Fgbfogarsd sB39bs, GMA Fsmo
©93030G0 0§393L 39390Mm0oBIol J0dEobsMYMdOL Lbgoslbgs (33000wgdgdls HMyme 3
MX609do, 51939 — g MOYSbOBITo, 85dob GMmEILsEg  FoMdo  3MbEIbEGHMsEo0L
99d0bg935d0 0mbgdo 539696 FHMJLozME s 39MEIBMYIBME M30L9dgdL. d39bsIgmen
mx®9gdo  3dodg  @ommbgdol  LoFoMmdg bgwl  MHgmdls  dsod  0630d0MJOSL o
do@Mmbmb®0gdol ®M393sL.

3bmdoos, MHmI  ueOx-I)H3569 PgodEgbotgadl  Fgmdwosm  I9MHM3Mb
bma09mmo 3dodg s GHMJLOIMOO oMMbYdo, MMIWIdoE 9O MO Lydodo dsmo
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MXOIo0L  Logmgbewolomgol, dsa®sed Lsdodos 08  3mEbswo  MmMAB0DIGdoLIMZ0U,
OHMIwgdog 59 MXMHIOIO0m 0339090056 [2]. wrmex-0()3569 dozdmfiysedigbstyg Sprulina
platensis {56050l 30Eboeo MxGgol 39ML39JE0MeE dmEgwl 08 33¢g39d0L5mM30U,
OMIWIdoE 9393000900 MXMIIO0L s WOoM™bYdOL  MMMN0JOHJTIIILMB.
3600369035600 ol Bog@MmMo, O™ 53 §ysed39bseol MxXMIOOL 390090 FOWIMOS
3900mbgd0m, (300 O W030EIPOm, OMIWgdog HoMIMo©AI69b  omm™bgdols
0mbgd0l 330l 396@®M9dL [3].

Sprulina platensis-ols XM9OI0M6 oMb YdOL 0Mmbgdol  MOHPogMNJdggdols
36m39930L JuHogwrs 3MEEH03060930L b0 3530 Fglodwgdgwl beol JOHMOMmMIMSE
d0300Mm®»  0bgmMIs30s  Fomo  931FM0Mgdol,  0630d0MgdoLs s Logmabarol
MBos®0SbMOOL  Tglobgd, o3 993303l Sbgmo  FgmEgdol  dsdmygbgdol
d0B5639HMmboMdSL.

$0bs9gds6g 650l Jobsbos 3dodg wommbydol Zn-ols s Cd-ob bbgzssbbgs
3063965309000 oGZ0MMY 3339053 2M90MmTo 3MwEH03009dwo Sprulina platensis-
ol 50mdsLom oMMbBIBOL GOHMMDO30 5349990 IOOL 3OMEgLOL FglHogwrs 0bsdogzsdo.
d0mdslol  BOHEOL, 933N0 gdoL,  0b30d0MGOOLS S 93EGHMEODOL  EMDBYdOL
(5m©YbMdM030 2obLEBOZMS MBOHMBZIYMBOWO 0Ym WHdMOIBHMM05T0 53CIMB0MYINO
5GHMIMNM0  SELMOE0MWOo  sbsErobol  dgmmEol  godmygbgdom  [4].  9Ju3gMH0dgbEHTo
390myqgbgdmwo  3Hgdbozs 8goEegs 9909y  8mfymdommdgdl:  dobodomEmgedGHmOL,
6HMIgo3 99090Mms mmbo 250 de ImEermdols dobols 30cob®ero 396D mGoLoYH,
3060396 GHMM0 BommGgdol b530Mgo0LYYD, GMIgwois MBEOMBlgmymas 3000 o
3obomgdsl, s UVTL-12-250 bgerbsfyml  d5BsHg 09ddboer 93390930  29693ml
0960 GH0M9O0L AMYMmdOEMOL, MMIGE0E )30 93 2o6Mgdmb 3596 2 % BsbdoMmdsol
3993339 Md00.

99b396M0896GH0  800ObIMGMdEs  mmbo  0bodOMOYOBHMMOL  AsdMmYygbgdom,
OHMIgddoi dmmoglis Lsdmdom 093390530 @oMgdm. ol FoMdmoagbs w@obEowsd by
Zarruk-ob 39dbmmao00m 3B 3mmygb® blbs®l s Sprulina platensis-ol
9350%g IPPAS B-256 058bBsqdve Sprulina platensis-ob d50mdsbols, HmIgeoa domgdv)eno
0ym  OMlgomol 39360909055 53950900l 5. 3. BH0FoM0sHI30L  Lob.  I3gbsergome
R0BoMmmyool  0bLEGHOGMGH06 [5]. 90539 939330 B396 Fogh  sdbodmE
5b5EMmaom®mo  99950099bcrmdol 1 @ 9339953 29M9dml  ogds@oe 900 Ty Lggero
3m0dmygboboMgdmwo Sprulina platensis @5 B50G300M MmmMbo d0bodOMEMGodEHMEOmOL Mmmb
996%Gmsdo 200 I MHoMmEYbmdom MomMmgMedo. dobodomMgoddmemo 1 9693mm3bs
3MbE®ML, d0b0doMmGgsdGHMOdo 2 3339053 396M9Iml ©9ds@s 800 Zn s 800 Cd 93 / v,
dobodomGgod@BHm®do 3 — 1200 Zn s 1200 Cd 83y / ¢ @5 dobodom®mgsddm®do 4 — 1600 Zn
@5 1600 Cd 939 / . 9db396M0896@E0L 3080bsGgMdS 6 ML [6].

15330930 WomMbBIdOL Zn-obs s Cd-ob 9993390 bLbsMGdo ITBsEs oo
B59mgdol, ZnSOs+-0Ls s Cd-aeroEobs@ol, gosdmygbgdom, MMIGEms MromEIbmdss
B90mm 50f9M0wo bsdo Jgdmbzgzolomgzol, dglsdsdols, d9sygbs: 20 — 20, 30 — 30 s
40 - 40 933 / @0-b. Lo3MbEGMME™ (83390530) 256M9dm dgoEe3ws Sprulina platensis-b.

00Mm©95dBH™OMdo  BosGH300m)mo  dobors  JgoEo3s 0339093  go®gdml,  Sprulina
platensis-s, d0mAsLOL s oMMbms F9d33egE0 b59Mgd0L LdgbBoH BlbsGOL.

99396009630 GH9MIOMEs 396MHY39BH030 BMBIGHOMYOOL, gobsmgdols s 32 —
34 °C $993965G“6M0l 306H:Md)dT0. 53Mgm39, MMV 0BMIGOMEs BidgbBool pH.
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15330930 doMmdsLol 60ddgdolL s©gds s0fiYgm BOMEMYGodBHMEMOL Lsdwdsm 970080
Bo»30056 24 Lo-0b 8999y s LEMEEIOMPS Y39 24 bo-do. 503dgdo S0LVJdIMOS
mmbogg  30mMJoBHMM0sb, mommgmwo 20 I-ob  Gsmgbmdom, 0My3EbgdMO.
OLAOWIGHO® O WOMBOMHSQ TMHJPMES WOMBOODIGHMOT0. Sfmbogn  FdMow
60939330  53MIMEoMgdo  Zn-obs s Cd-ob 8999330 gwmds  450BMTs  5EGHMINO
30LMMBE0E0 5B5oBoL JgmMmEOL godmygbgdoo [7].

3MGH0306900L 99-3, 99-4 s 89-5 ML 3OM39LYd0 Fob3z0MIM©s F9dgabsocs,
X96 bLL3gbB0YdO oMRIOMMEES BOMEMYSJBHMEMGOTo 3 s 4, I99I 30 — dOMOJodGHMOOL 2
bm39bBosE.  3mbGHO®MEol  Lldgbbos  9g-6 Oglsg  0bs@bmbgds  Sprulina
platensis-olomzol Tsboloomgdge 0bgdMm0g IF3969 FgOL. 9Ju3gMH0Tg6GHT0 53 9Bo3bY
0630006935 IbMEME 30D H5© I0THBOMIOMOS.

Mo d99bgds  93BHME0BOL  TIBILOIMIdGJ  BHJLAHL, ToLomzol  LsobEgMglims
d0mdsLol  3mbEGHMMEOL ggagdool Fgx3sligds. gbMowdo 1 Fomdmopgbowos Sprulina
platensis-ols 3@ @GH03060900L 3OMELBJ0 doMIsLOL (33w0EgdOL TJEIMYOS 3MBEOMMLY s
99b3960896¢3do.

3b®0wo 1. 3d0dg womnmbgdom Zn-oms s Cd-00m ©s@GH3060¢)
0330093 39M93mdo 3 EH03009do Sprulina platensis-ols
00mdsLom 5399E0MYO)0 0MmbgdoL 3Mb(396G 30900 83 / Q.

dy /oo dy /ew dy /@ dy/ @
d0mdslss 1 d0MIslss 2 d0Mdsls 3 d0Mdolss 4
L5500900
30 GHO300WO | 5379FIWOHIINWO | 532)0ILOMIONO | $37)FNWOMHDIIO
3MbGHEOMEo Zn+Cd Zn+Cd Zn+Cd
24 430 520 560 430
48 280 570 27 404
72 570 420 90 340
- - 933 M0Ho 933 ™0Ho 533M0bBo
96 910 - - -
120 650 - - -
933/% | 933/ | 93v/d | 93> | 93B/d | 3B/
Zn Cd Zn Cd Zn Cd
24 - 2.28 0.85 3.08 0.83 3.86 1.02
48 - 3.05 1.29 - - 3.35 2.10
72 — 4.40 0.86 12.83 4.52 4.21 0.65
3mb6@OMmmo  9430839690L  domdsbol  BEOoL  653s@Gs  Sprulina  platensis-ols

399 G0306900Lm30L 3339003 296Mgdmdo s 9dudg@modnb@do, MmEaLsg 9339053 doMgdmdo
0535300 Wommbgdol bLbsMgdo. 3w EH03060900L 3OMEILTo  WomMbgdol
Sprulina platensis-ols 30m3sLoL (X M9EIO0L) YYOHMOGOMJIIJOS 83390 A5TMObIEJdS
00mdsbob 653s@Gom, OMIGWLSE 393MmbGHOMEGd® 3w EH03060900L 3OM3gLdo domdslol
Lobxgdol FdMso fmbol 360d3690mdol goblsbrgmoom.

990092900 dmyzs60os Hmame 3 3bMowedo 1, oy — bysmbyg 1, bosg 6583969800
99b3960dgbGHOL  ALZgEMds s d0MAsLoL beMol doB39bgdgd0, 0630d0GMYdOLS s
953G ™0Bol O™, 539990 Jdo Zn-obs s Cd-ob MHom©gbmdgdo.
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3bMowo 2. pH-ob 33000 gds bbgaalibgs 3063963 ®sEool erommbgdoom
G300 3339053 250900 30mdsliols BGOL 3GmigLdo.

pH-2 pH-3 pH-4
Zn 20 9y / Zn 30 3y / Zn 40 3y / H-1
SR + o + o + o 3(*)[13)@6)(*)@0

Cd203y/¢r | Cd300y/¢r | Cd403y/w

I 9.65 9.73 9.75 9.61

I 9.73 9.73 9.60 9.80

11 9.93 9.74 9.66 9.93
533)™M0Ho

I\Y 8.0 9.50 8.39 9.71
933MWODO | 9533HMWODBO | 533M0DO

bogwo) | bHnwo) | (Leo)
\ 9.70 - - 9.80

gb®owdo 2 9dmygzsbowros wommbgdom Zn-oms ©@o Cd-o0  ©G30OHM

bm396Bosdo pH-0l (33¢00gds 3w G030609008 3OHMEgLdo. 03039 ©OTM30IOEYdS
035b5B0bMm© FoMdmaqboos LryMsmby 2.

pH
10.00 ﬂ
9.95
9.90
9.85
9.80
9.75
9.70
9.65

9.60

9.55 |

9.50

9.45

QI

MO0 2. om®bgdom Zn-oms s Cd-000 G300 byiidgbHosdo
370 E03060900L 3OMm3EgLdo pH-0b (3300w 9d0l ©0bsdogs.

Bo@oMgdmmo  9dudgmodgb@ol  96033bgrmgsb  dggal  FoMdmoyqgbl  Sprulina
platensis-ols 3dodg WomMMbgdom sGHZ0MMN  5M98MmTo  3MEEH03060930L  3MM3gLoL
06300069d0Ls s  93GHMWoBoL  A5dMIN3930 OIEZ0MM30L 08 MBYOOL  ©oYIBY,
OMIwgdoag 9sGHMIMNMO sLMMdEO00L sbs5coBol FgmMmEOolL  1LyFSEgd0m  FoboLLBEIGS
WOMBO)M5Q oMM domdsliols bodwdqddo.
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Na(I)-0, Ca(II)-0L, Mg(II)-0U, Rb(I)-0Lo KRS Cs(I)-06 0M6IdOL 353 I6S
Cr(VI)-0L 0)565MdOLSL 3IRB030@ISIR  Arthrobacter species 55ISIH0)IdbI

®. ®BgEwod30o, 9. IsBs030wwo

9. 96QMHM™b0 353300l Lob. oBo3ob 0bLEBHOEWEO
0. X93560330¢00U Lsb. MdOEroLOL Labgerdfogm Mboggdlodg®Eo
d00ol0, LodsOM39gE™

domgdmos 2017 fierols 6 ¢0g39dd9ML

bmB(300

d9LHogwoe odbs in vivo s in vitro 3o6™d9ddo Na(I)-ob, Ca(Il)-ol, Mg(II)-ob,
Rb(I)-obs s Cs(I)-ob 0mbgdols qo3eqbs Cr(VI) + Arthrobacter species 61B 6 Arthrobacter
globiformis 151B  05J¢96090%g. Na(I)-ol 0mbgdols go3wgbs 396 0465 s0dmPBgbogro, bogom
bbgs 0mbgdol go3wabol 9539dEHMOMds gdm®Bogds 999y 96300 9g3GMmdsL: Ca(ll) <
Mg(II) < Rb(I) < Cs(I).

dglsg35¢00

605930l d03OMdI0MEMYoMMo dEyMIsMgMds ddodg s GHMJLOZMNG CoMMbm
006900l F9M00 MoMm©bmdol Bgdmddggool F9gas® 39b0EOL (330w gdgdL, G5
605530L LsgBIMOL IOOBINMEOGOILMIBSS 39306 ME0. 8d0Tg WoMMbldo 306356 e
M35 9M05d03 S J9Moddboro Lobomsg 0bEHYbloIMms© 93530060 Jd056 Boswayol
09050039690  JobgMome @  MmMPsbme 60309 gdgdL.  Jodom®mo  gargdgb@gdols
AMJLmabMOMBOL, 30M 3360w MdoLs s bbgs mzslsdMHolbom LsFoMms IYObLIL
29090m33390 396M9IMDBY SBEHOMBMYIOM0 IEHZOMOMZ0L D3P0 s JoLO og390mMgdOL
bgebgdo. 256Mgdm  s®gdo  dmbzgMow  @ommbms  0mbgdOLHYYD  doMEMAOMGS©
39009bolomzols  36033bgem3zsb  496gdmgdsls  FoMTMoagbl  d03MMmEmYBoBIGOOL
5MLgdMds.  dMbgd®m03  2oMmgdm  30MHMdYddo  F03MMMOY60BAGOOL Boge  WommbldoL
d0mbMMIE0S  IIMZ0IINN0S IO RodBHMODY, Tom  FmMol  Lbgs  ommbms
00b693bg3.  @oBHIMSGHMIO0ID  3bmdowos, MMI  Fobysbmdol  mJlosHo  Boswaogdo
1593509630560 JOMIoL 0IMBOCODOMGdIMO FMOIOL MgmJlLooEosl 0f393L [1], beaagom
Ca(II) D6Hob 9g6H0odM® 5JE03mdL, 35d0b OHmMEaLsi bbgs ombgdo (Hg(Il), Cd(II), Zn(II)) dsb
00OyMmbogab. gM99s©YdoMO  doJBHJM0gdol  Arthrobacter LybgMOJOL  FGMAOSD
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Amgbogmedo  Cr(VI)-ob ©gdmdbozsgos dobo Cr(Ill)-s s6©sddboom. dosom  MHoisbgl
009379036905 o9OMdMwo Arthrobacter oxidas 61B o Arthrobacter globiformis 151B
JoOomo  9Bodgdo,  MO®IWadoi3  godmygmazoe  0dbs  LodoMmzgwmlb  gbm-gMmo
©500b63M90o MHga0Mmbol dsBoEHol 60ddgd0sb. JOMAoL MsBsMmdOLLL s5bodbwyew
9359909 dgLHogeroe 0465 0mools s 39696mTol 0mbgdols dmddggds [ 2 — 4].

$0obsdgdstg dOmAsdo Cr(VI)-ob 0bsmdobsls gobGmo sg®mdmen Arthrobacter
species 61B-obs o Arthrobacter globiformis 151B-ob 35d@96M090%g B396 3096 dgLfogero
0465 b3y ommbms 0mbgdols, 3960dm, bod®omdol(I), JswgomdoLI), 9Powdol(l),
000 doLs(I) s BoabomdolL(II) 493¢gbs M EH®mI00LGIMO-bHomo  Lobsmerol
139JGHOMBZM300L FgMEOom. 9Ju39H0TI6EHJOO BIMEIOMES OMYMO G In vIvo, 0y — In Vitro
306md9ddo.

3bmdoEos, ®MmI OMB0EOoIo  JoToMMOIE  FoISJBHOIM0S. ol QsdM0Yygbads
OMaMO3  BMEGMYgIgbGgool  BH9gdbmwmyosdo, obg — gsMIs3933H039do.  3gbondo
0693580 RIOOME 3930 (39JIMo  9egdgbBHos.  9H-9hHmo oo  MOOSJEHOIMO
0bmEM30 ¥Cs g58m0g9gbgds Lbogme 0m9cMmsdosls @s Bsdgaboghm 33wg390do. dogbordo
dogo Moo  539gMIgbGHgool  LEHM®MIGHMOMwo  3MA3MmbYbBH0s. 00  BGHOLEMgLYO
393609 9g39bBH0s, MHMIGE0E ©IIO0m 293 9bsls 9Bl  gmeEliolberdsMmgms o
B9M3M LobBHYIsbY. 3930 do dMbsHogmdl My MgEol dgddMmBOL  A5TEHIMO0IBMdOL
9320530530, AsL 593 9630 IMR0O S 56F056MGO0MO M30L9dgdO0.

993960396& Mo bsfogro

994396008963 9dd0  godmYgbgdme 0dbs ommbgdols dgdgao bsgHmgdo: KaCr07,
NaCl, RbCl, CsCl, CaCl.. s MgCl: (sigma). Arthrobacter species 61B o Arthrobacter
globiformis 151B 37w@&0306090000 0ym 153399 256M93mdo [5].

Arthrobacter-ob &o3ol 05J3gMm0gd0l HBOEOLLL 153390 296M9dmdo Bosogolsmzols
LoFoMmm dobgMsEgdmMeb ghmo dgyzsboer 0dbs 3mdsdo 1 Fbmerme Cr(VI)-ob ombgdo 4
dg / 3¢ m@gbmdom, 3mdsdo 2 — Cr(VI)-ob ombgdo 4 Iy / dgw + 3.56 g / A bo@®omdol
0mbg00 (1533900 FoMgdMm M35 Fgo3o3ws 1.5 3y / 8w bo@®moAL s TsBHYo0m 0gbs
dgyzsboero 156 8y / Ow). 3medsdo 3, GmamO3  LSIMBGHOME™Io, d5J@9M09d0
01690696 BEBbIOEH M 153390 do6Mgdmdo. Arthrobacter species 61B-ols 990mbgg3590
BOOOL 3OM39LOL boby®mdwogmds 99oygbos 24 boo-b, bowm Arthrobacter globiformis
151B-obsmgol — 63 bLoo-U.

391Md3900 BHoMOYIMPS MEHM00LGBYMHO-bow o bobsomwol b3gdG®mdgdmby
Citra 10e &oereol 200 — 800 63 LogMdgms stgdo.

990092900 5 35000 g3bLxd

bmGomndy 1 bsB39bgdos Cr(VI) + Arthrobacter species 61B-obs s Cr(VI) +
Arthrobacter globiformis 151B-ol b3gd&©9do s, s0gmag, Cr(VI) + Arthrobacter species 61B
+ Na(I)-obs o Cr(VI) + Arthrobacter globiformis 151B + Na(I)-olb ol 13g9d@&Mgd0, H™Igdo;
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in vivo 306Hmdgd0do 230P39693L, gbmo dbGog, Cr(VI)-obs s, dgmég dbmog, Cr(VI) +
Na(I)-ol b90mom domomgdmwo 3mb3Egb@MoEogdol 153390 490M9gdmdo dgyzsbolisl Na(I)-ols
3o3Wwgbsl Arthrobacter + Cr(VI)-bg. m6M039 Godol dod@GHgMoolbsmgol dgdmbggzsdo (1)
Cr(VI) + Arthrobacter species 61B-obs @ Cr(VI) + Arthrobacter species 61B + Na(I)-ob o (2)
Cr(VI) + Arthrobacter globiformis 151B-obs o Cr(VI) + Arthrobacter globiformis 151B +
Na(I)-ob 39dEBH®M9gd0 365gdGH03Ws© 9OHMTb ML g8mbgzg3s, BoE 035Dy dommomgdl Gmd in
vivo  3060HMmd9g0d0, MHmamem3 24 Lo-ol, sbggg — 63 Lo-ol bsbyMdewogzgmdom dogddgMool
DAoL 9d3L35cgbEH0b0 JOHMToL d5gGIM0gOdMb T939300609dsDg BEOOL 3MM3gLdo
Bo@®0omdol 0mbgdo 453cgbsl 396 sbqbab.

5.0 o
4.5
6 1l T|'| i § 40
W I é i
5 i | 'J‘..n T il E 3.0+
111 i I [ .|‘ | 2551 Pedp Arthrobacter sp_ §1B+Cr(V1)
8 ] r "' | il = 'a rl.h;?::j;ﬁ:;?r'ﬁ%ij_r
c 44 | “ 1 ‘|Hy 151 24 hour +Cr(Vi) +Na(l)
@ il | } [ _l_ ago 400 500 500 700 800
% ‘J |||""J wavelength (nm)
2 34 B L [
g ] ! Arthrobacter glob/'formis 151B +Cr(VI)
2. D e . S
1 Arthrobacter globiformis 151B
14 +Cr(VI)+ Na(l)
| 63 hour
0

200 300 400 500 600 700 800
wavelength (nm)

bmGoomo 1. Cr(VI) + Arthrobacter globiformis 151B-obs s Cr(VI)
+ Arthrobacter globiformis 151B + Na(I)-ol 80560mddol bdgdGeMgdo.
Bobs@ao: Cr(VI) + Arthrobacter species 61B-obs s Cr(VI) +
Arthrobacter species 61B + Na(I)-ols 800560ddob bdgd@dgdo.

B90mm  50bodbM  d5dBH9M0gdby dgbfogeroe odbs, opMgmgg, JowEowmdol(II),
md00dol(I), 39Homdols(I) s 3s360930L(II) 0mbgdol as3argbs in vitro 306HMd9ddo,
Omgbsg Cr(VI)-ob 0obsmdobol aob®oown Arthrobacter globiformis 151B- (b6 ol
bsbaMdeogmds 63 Lo) o Arthrobacter species 61B-U (Mol bsby®derogmds 24 Lo)
3053900  bbgosbbgs  3mb3gbBH®moEool JswwgowmdobdI),  ®doomdol(l),
39P0wdoLs(I) s 8536030L(II) 0mbgdl. m®m0gg G030l dogdGHgMogdol Y MgIdol Hmbs
33030 ®BgdM©S, bmm wommbols 3mbagbdHMogos og3zwgdmes 10 — 150 ddmero
0b@ 935 do.

bmomgdby 2 s 3 bobggbgdos  Lbgoolbgs  3mbagb@®msgool  3seEowdol,
M000wdol, 39H0mAols s 39360930l 0mMbgdOL 253w gbs sbodb B5JEJM0JODY.
OMamO3 50 LYOHSMYGO0EID  BBL, ommbms 0mbgdol  3MbEIBEHMEo0l  BEOOLLL
d096mgdol 0bEHIBLOgMds I30MHYds. MBOM TgBHo® U 33W0wgds Arthrobacter species
61B-0Lm30Lss M35¢LsBObM. 9539dBHOMdOL FJobgz0m 030 FgqLedsdgds 90y MORUL:
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Ca(II) < Mg(II) < Rb(I) < Cs(I). ®s3 89gbgds Arthrobacter globiformis 151B-b, 30 ddmeo
3M6396G®5305009  9839IGHMOMIOL  Gogo 030395, ©og  Arthrobacter species 61B-ol
0900bg3935d0, bmwm MBdm Jo@swo 3:mb6396¢ 930990l ©F5EJO0m WoMMbmMs 0mbgdol
3939690l FmMob A5bLlb3s390s 6530905 0 33060390s.

6.01
3.9

5_0_'%;: Arthrobacter globiformis 151B +Cr(VI) + CA(ll)
\ + Mg(ll)
4.5 1 + Rb(l)
Q | II.“‘I
3401 | i | + Cs(D)
m - I| a
835] W
2351 B
2,0] WS
< 1 Cs Qk -
2.5 I
] --._-__-v_—_—_fEZ__t;-_ __-:—__:::__::______
2.0- o
1.5 4+—— . ! ' ) '

0 20 40 . BID I 80 I100I‘|20I140I160I
[C]mM
UH500 2. Cr(VI)-0b 0565md0oLols obOm@o s9Mmmdvye

Arthrobacter globiformis 151B 35d&q005%9 35¢030doL(1I),
39H0dol(I), H®md0odols(I) s Bsabomdol(II) gog3agbs.

4.
4. Arthrobactersp 61B +Cr(VI) + Cal(ll)
+ Mg(ll)
3 & + Rb(l)
» ' \ \ + Cs(l)
3] . .
§ 3.0 _%
E w—=__ v !'\.:'___-_______———_-
2.5 = T
2.0 S e
] —4 Mg
4 - RD
1.5 4 T T T T T T T T T T T T T 1 Cs
0 20 40 60 80 100 120 140
[CImM

B0 3. Cr(VI)-ob 0565mdolsl 0B s960mdrye
Arthrobacter species 61B 359@9005%9 35¢03030L(1I),
390093oL(I), ®md00dols(I) s doabomdol(II) yog3egbs.
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1. Arthrobacter

2. Arthrobacter species

618 + 10 mM Mg(TT)

3. Arthrobacter globiformis
100%  151B+ 10 mM Mg(II)

1. Arthrobacter

2. Arthrobacter species

61B + 10 mM Ca(IT)

3. Arthrobacter globiformis
151B + 10 mM Ca(II)

100%
64% 89%
I I 5%
/ l
p /
) 1
1. Arthrobacter 1. Arthrobacter

2. Arthrobacter species
618 +10 mM Cs(T)

3. Arthrobacter globiformis
151B + 10 mM Cs(I)

100%

64%
” ﬂ 54%
7 : n /

2. Arthrobacter species

61B + 10 mM Rh(T)

3. Arthrobacter globiformis
151B + 10 mM Rb(I)

100%

72%
l 60%
7 l_/

Lm0 4. I0sbmngdol 063 gblogmdol 3Gm39b@mwro
fowo Mg(II)-ob, Ca(II)-ol, Rb(I)-obs s Cs(I)-ol ombgdols
10 33mero 3063396 O9300L odsEHgdom Arthrobacter
species 61B oo Arthrobacter globiformis 151B 85d96093%g.

bmomby 4 6583069000 Fmsbamgdol 063 9bLogmdol 3Mm39bdmwo fowo Mg(Il)-ol,
Ca(II)-ob, Rb(I)-obs s Cs(I)-ol ombgdol 10 8dmwo 3Jmb3EabEGHMsE00l  ©TsEHJd0m
Arthrobacter species 61B-obs ©os Arthrobacter globiformis 151B-ob  35d@9M0q0%g
(@9Lodsdolo, 366.30 s 361.44 63 Fowrol LoyMdggdbg). MMAMOE 58 LML BIBL,
5060360 0Mmbgdol y39wsbg odseo 3mbEgbGMmoEool sdsdolsl goblibgsgqdmwos
365 Fbmerm 53 0mbgdoL A53egbols 30M(396E™wo oo, 50539 — BogdGHYMH0gdl TmEOLsE3
50330603905  aoblbgogqgds.  Arthrobacter species 61B 053960909  dmsbomddol
06@9bLogmdolL 3OM3E9bEMEo fowo 439wsbg 653¢gd0s 39B0dol ombgdobsmgols (64 %),
boeom y439wsg 99¢0 — 39 30dol ombgdobomgol (89 %). Arthrobacter globiformis 151B
0543900900l Fgdmbgzgzsdo 3MM39bGWwo ool (33e0wgdol Moyo 030395, MmEmbo,
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Effect of ... ions on Arthrobacter species bacteria cultivated in presence of Cr(VI).

Gogbzomo  3600369wmdgd0  goblibgogzgdmwos:  39Bomdolomgzol  — 54 %, bmeom
3o 30gdolsmgols — 65 %.

350gMHds

33935 @obbmOogm©s  dmms  OHMLbmeggwol  LodoMmzgwmlb  9Hmabmero
1539360960M BMbEOL FobsBLMMO TbomOFIMHom (MsbEoL # FR/218 018/16).
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Y0658b@0L IRNIIBSAHIR(O 0333IK56LOL
ROL3IALOS RS 13IIBEA IR FSbOLOSN)ISIR()

d. 3080690330¢0 1, 8. Bobgwsdg?, m. bsBodg?, m. 3900e0sdy?

11599 30M LEBMYSOMIGDS ,39MOGOM”
d00l0, LodsOM39gE™

2150650660 530D030L Y356 ESTIbEHO
Logo®mz9geml ¢gdbolzmeo mbogg@bodg@o
0d00ol0, BodosOM39gEM
chixladze_manana@mail.ru

3009090 2017 femols 13 g300d96L

bmB(300

63500 boboldmos  9@s30sbol  MmGYBmms s Jumzowms  gergdGHMmEo
00390560l ol3gMLooLs s 13gJGHOMo  FobslosmgdEol  (3m©bol  dB0d369eMds
bbgo@ollbgs 99350090500 @S 3oMMWMA0SMS  oA96s30.  3960dm, sMhgHowos
500530560L  fobsdbMmol  0839sblols  Eol3gMLbooly s  B3gdGGMwo  Fsbslosmgderols
39B™a30L 9OMN-9MmM0 IgOMPO. 89093900 HoMdMEIBOE0s AMR0 3o Loboom.

99JGHOMRASTEHIOMIOL IGO0 MobsbTo®, domEMY0NH MmMmYs60BIdo gbols
3960 2593509005 doMoMbYqdo s JuMmzogdo — Lobbero, wodxys, 3MmFol §3gbo, GsMo,
053H9603330060L Lomby, 39600900 — MoEYYB oLobo F9YJds OO MIMEIbMdOL Fywrols
@5 95050 d3M5Mmdol dJmbg 0mbgdoLgsh. (31O  9gdBHOMYSIBHIMYO0s bgMH3o
Jumgoo, 3bodo, dz3obsHMEIEs s 3960. 3960L gegdEHM™sdESOMds dol Loldgbg s
B953000L  8EYMIMYMBSBYS sTM3Z0EIOM0. MoMEIBMIM030 Tgi3elgds 0dols, vy
OMAMO  5GIMPIL  ©Ibl  mEbsro  Mmd0gdBHId0, 9B Bdomermyom®o  LolEgdgdol
99JGHOMASTGHIOMIOL (L)  godm3zargzs  LYTEEIgdl  0dErg3s  g9303mo  obobo
B350 3MbJ30Mmbo®m9d9b, v 50O 593l 350MEIMYOLL.

0Lg-ob 3600369 Mds  TMIOEIOMEP0S MOZOBMBOIWO  JE9dGEwo  FMBEHJdOL
3M6396GH®Mo30sLy @  d3MvMdsBY.  gargdBHPmdodool  mzswlsHMobom,  3mEbswo
MO2960bd0 MXM90IO0m ©d JEgdBHOMOoGMs bBlbosmgdom F93LgdIeo LolEgdss. dob
dog®  99gdBHOMo ool JoBIMGdsdo  FMbSJogmdgb  ™Miz30LGBsEo  FMbEgdO:
3M5MOY0Mo FMmEg3wgdol 0mbgdo s MMABMO T553900L, (30e0gdoLs s Lbgs
656 Boghoms ombgdo, slggg — ddmwo dMbGHJd0 ©s 3dodg 0mbgdo, GMIGEms
3305 Md5(3 O30S S 360d369eM356 go3e9bsly 396 sbabL Blg-0ol LowoybY. FoM9TY
99dGHOMwo 390l dmddggdolsl domwmaon® LobE)dgddo dgdgae MO0 3MmEglo
9090656 gMdL:
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Dispersion and spectral characteristic of front shoulder impedance.

(1)  9wgd@HOHMmo 39w0l Bgdmddggdom doldo sMLYIMNWO M930LYBIE0 FMbEHgoo —
00bg9d0 0§gygd9b dImHglemoggdIen dMdOSMOLL, 500d3Mgds JgdBHOIwo ©abo o
399Mm0ogmxzs  LoMdM, GMIol LOOEIE ITIMI0PIOME0s MdOYIEHOL  SJBHOMO
§0b50Mmds%by.

) 9waddOwo ggwo dmgdgEgdl BN FbGHIobY, GMBgwmsg 56 Fgrdewrosm
0530BMBOO PO A0DIb, s  sbgzg 00  FMbEHPRDYE,  OMIgwos
3OIOPPOWO0L 569  do0sb  TJBEMEME0s. BBl  Food  MmGH0gbEH0MYdL
10363900, 569 0f393L 3P HOODYOL.

XIS, JLMZoMs, MOABMMS, ) JWosbo MMABODIoL Bdug-ol (b
§0b50mdOL) 2olsBmIs Fobido 5EHM9d9b 39)T0g 96 33¢s LobMLMOEM EIBL, MMAEOL
LobdotMg 3950090 39039000 ~ 101 33-U s0fggL. 3m©doz0 ©IBoL Asdmyqbgdolsl dlg-ols
LoFoMOHm BLOBNLEGHOM 2obmIgzs I9ddMBYdOLS s JEgdBHOMEIOOL M MDYl ToMoEO
bsobbol 259m 30MMHJLS© 45d69WgdME0s. 939 F9BOEOW0s 6ol dmddggdom
MXOJIOMS IH0sHJOOL LETodMMGds. (330090 bl godmygbgdolisl gl LoGmvIEggdo
9339000050 9306, M5YBsE (3390 ©Ibol 0B d0MMERBOBIOL 0d39wbLO
3905609000 bs30q000.

30MMOYsb0BIMs 08390sbLO Fgaqds 5JGH0MMO0 s (350N FoboMBGOOLSRSE.
A9350M0 F0bsMmdol s®LGdMds s0blbgds F90I0 oMgImgdom: Y Gmgol Joabom
3MLgdMo 30GHM3IHBTs IBOL 396020 9GS, Boasd MXEMJIO0 9GOHPNT6gOLOR6
3500gmi30¢00s 39906569000, HMIEGOO J9(30¢JI0M (3O 25FEIMGd0S, MOL dodms sbigo
LoLEBHYIJOL 59300 9gdBHOMEI35Mds. TJuodSFOLO®, o035 BBsdo BFMOBYdS L 56
RsBsdo 9365 a < 0. d0MmMmMPsb0Bms 0339bLL sbslosMYdL 933000ME 2odMLsbvyeo
©obL39gMLos. 39MHIME, 33W90 60l LObBoMmOL BOPILME ghms dobo db0d3zbgwMds
d30oM©Ids. b 299mf39Mos OMYMOE  9dBH0mo  Fobsmdol (sdBHommo  Fobswmdol
©oL3geLos  TIBILOIMPIJ0S  3MEbso  MmMRb0BIgdoLsM30L), olg  BH935IMO
§0bsmdol 89030609300m, 3 smH0DYd0L 939dE0L TglmliBgdol 3sdm. sdodmad 0839sblols
©960L LobJoMm By sIM300YOMEGO0L, Z = Hw), 3MOR03L 389050 BIb300L Lobyg 5g3L.

00Mm@MA0MOH0  LoLGHJIOL  FOWIgM  MOYBMGOL  SbY3g  vd3  L3gdBHOWo
dobolinsmgdgEr0 — IMI0IOIGds BoBSTo dZ3MOL 3MMbgLs s oL LobdotMgls memob,
a=1f(w), H0dgeoa MBOM OOME0s, 083905bLoL OL3gMLoOL dMMEML JgsMmgdoom.

50bB0TBs305, MMI 0839BLOL  OL3gMLOOL s LB3gdGHOMEo BsbslosmgdEOl

3583030 RIS BmMIosb I30M90  A5IbMHGOOL @OMLE 30 LoMAbMdEs©

033905, 980@MA o0 dglfogemsl  36033b9emgzsbo  vYowo  MFoMogL  Lbgsolibgs

©5935Q090900Ls @O 3omMMY0gdol  ©0sAbmLEO3oL  LxgOmbo.  Dmyowi,

00mdlemz0wqdol  3300Mdol  Fgdmbgglzsdo  EOL3OLOS  MIBEIMIB  JOMgds, MoYbS3

0990 ,,3mEbOo 3mbEIBLHGHMMGOO — NN IO0 S TBMEME MINOHO FobsOMdIMs

®Bgds. 5d0GH™MI oL3gOLOOLS s 1B3gJBHOWWO TobslosMYOEIOL o8Mm33e93 LTIl

0dw93s  993585bM®  B0MEWMAO0MOHO  mdogdBHoL  Jumzowol, v MmORBML

LoMEbolvybsMmOIBMdS.
3y d0mBOBOIMBTS  BHIONMLMZTS YOOIl 3bM39bIG0s6MdOL
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AmnoTtamus

B pabore 65U M3y4YeHBI BOIPOCH! PACUIM(PPOBKH CIOKHBIX CIIEKTPOB raMMa-U3TyYeHUs
OMOJIOTMYECKUX MAaTepHaJOB, OONyYeHHBIX B KaHAJIaX fANEepPHOTO peakropa. Mudbopmarus,
IOJy4eHHasd C IIOMOIIBIO IIOJTYIPOBOJHHUKOBBIX JIeTEKTOPOB M IIPOTPaMMHPOBAaHHBIX
AQHAJIM3aTOPOB IIOKAa3bIBaeT 3HAYMTEJIbHOE YyBeIWYeHHe TOYHOCTH OIpeZeeHus B HHUX
COlep)XaHUA XMMUYECKMX 3JIEMEHTOB  MeTOZOM  MHCTPYMEHTaJIbHOTO  HEHTPOHHOTO
aKTHMBAaLlMOHHOIO aHAJIN3a.

W3BecTHO, YTO pa3BUTHE U COBEPIIEHCTBOBAHME TaMMa-CIIEKTPOMETPUU IIO3BOJIIET
CYLIeCTBEHHO  YBEJIWYUTh  CEJIeKTUBHOCTb W  TOYHOCTH  CPAaBHUTEJIBHOTO  MeTOAA
MHCTPYMEHTAJIBHOTO HEWTpPOHHOro akrupanuoHHoro aHammsa (MHAA). Ilpu npumenenun
TaKOTO MeTOJa BMeCTe C HCCIefyeMbIM OOpasloM OOJIy4aeTcs H CTaHAAPT CPaBHEHUA C
M3BECTHBIM COJZlep>KaHHeM OIIpeJieIIeMOTO XMMHUYeCKOTO 3JIeMeHTa, IPUTOTOBIEHHOTO Ha
ocuoBe (denondopmanpmeruguoit cmonsr (PDC). HMsBectHO TakKe, UYTO NPUMEHEHIHE
norynpoBogHUKOBeIX Ge:Li  pmerexropos (IIIIJ]) yBemwumBaeT YHUCIO OFHOBPEMEHHO
ollpezieITeMBIX B OTHOM OHMOJIOTMYeCKOM 00paslie XMMHUYEeCKUX 3IEMEHTOB 4TO, B CBOIO OUepenb,
yMeHbIIaeT KoIu4ecTBo Heobxomumoro nus MHAA marepusia.

Ananu3 wucciemyeMoro oOBeKTa IPOMCXOAUI CIeAYIOIIMM OOpa3oM: OOJyYeHHBIH B
KaHase sapepHoro peakropa (fIP) Guomornueckuii o6pasen nmomemasncs Ha moBepxHocTh Ge:Li
IeTeKTOpa, B HalleM cJydae INpou3BoAcTBa dpaniysckoir ¢pupmsl Enertec EGL-20 VF, c
o6vemom 114 cm® u paspemenuem 2.1 k3B gnsa sueprum 1333 k3B or paguonykiauza *°Co.
OrHomenne ¢oronuka K KOMITOHOBCKOMY paBHO 44. JlerexTop OBUI OKpYXXE€H CBHHIIOBOM
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3aIUTOM CTeHOK TOoMmuHONH B 10 CM, YTO 3HAYMTENBHO YMEHBUIAJO BHEIIHBIH (POH IIOTOKA
SHEpruu OT pa3nuuHblx npoxykroB pacmagza U, Th u “K (dorommka mpupomHOro
IIPOUCXOXAEHUS), KOTOpble IIPU [JIUTEIBHOM CYeTe MOTYT BHOCHTH 3HAUHMTEJIbHBIH BKJIAZ B
raMMa-CIIeKTpe.

OpgarM w©3 BaxHBIX (AKTOPOB TaMMa-CIIEKTPOMETPUYECKUX M3MEepeHHIl SABJIAeTCS
KannOpOBKa CIIEKTpOMeTpa. Bompockl KagnOGpoBKU U pacdeTsl 3(G(HEeKTHBHOCTU PasHBIX TUIIOB
Ge:Li gerextopoB o06CyxzmeHst B paborax [1-5]. [nxa o06paboTku ramMma-CIeKTpOB
HCCIelyeMOro OGMOIOTUYeCKOTO MaTepHaa M CTaHJapTa CPaBHEHU, HAKOIUIEHHBIX C IIOMOIIBIO
IIIT/I, 6511 MCHONTB30BAaH MHOTOKAaHAJIBHBIM IPOTPaMMUPOBAaHHBIN aHAIM3aTOp (PaHIy3CKO
¢upmsr Intertechnique IN-45, xoTOpHIii TO3BOJIAET OBICTPYIO 06PABGOTKY (POTONMKOB C BEIYETOM
BKJIaga OT okpyxxaromero ¢ona. C momompio Teneraiina M-700 u camomucia mpoucxomguia
3aIlUCh HAKOIUIEHHOHN IudpoBoil mHbopmanuu. OnpeneneHneM SHEPrUM U WHTEHCHUBHOCTHU
(bOTOIIMKOB yCTaHABIUBAETCS IPUCYTCTBHE PA3IMYHBIX XUMUYECKUX JIEMEHTOB B HCCIETyeMOM
OMoIOrMYeCKOM MaTepuase.
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Pucyno 1. 3aBucumocTs 3¢ HeKTHBHOCTH perucTpanuu
raMMa-KBaHTOB OT UX SHEPTUU C UCIOIb30BaHHEM
IIOJTyTIPOBOSHUKOBEIX AeTeKTopoB EGL-20 VF.

3aBUCHMOCTh OIIpesieleHHON HaMu (oTo3dPeKTUBHOCTH OT DHEPruM TaMMa-KBaHTOB
IJI  BBIIIEYKA3aHHTO [JeTeKTOpa C MCIOJIB30BAaHWEM CTAaHJAPTHBIX OOpasIOBBIX TIaMMa-
ncrounnkos OCI'U, mpusesnena Ha Pucynxke 1. Otu 3pdexruBHOCTH OBLIN OIIpeieIeHbI HA ABYX
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Pa3IUYHBIX PpacCTOSHUAX OT Kpucranmna: 12 m 120 mm. Bugso, uro sddexTuBHOCTH
ImpezcTaBigeT (QyHKIIUIO SHEPrUU U3JIy4YeHUA U B obracTu sHepruu ramma-ksantos oT 200 mo
1300 k5B onwucsIiBaeTcs SKCIIOHEHITUATBHON QyHKIINEH.

B macrosmee Bpema B MHcturyre Ousuku uM. O. AHIPOHUKAIIBUIN TaMMa-
CIIEKTPOMETpUYEeCKHEe U3MepeHUs, BMecTe C JPYTMMU IIpUOOpaMH, OCYLIECTBIAIOTCI C
nmomomsio Closed—Coaxial Ge-gertexropa (Canberrafirm), o6meM axTHBHOI 30HBI KOTOPOTO
cocraBisier 138 cm3, orHocurensHas oroaddexTuBHOCTh paBHAerTcs 30 %, oTHOmeHUME
dboTonmMuKa K KOMITOHOBCKOMY PaBHO 58, a paspemeHue cocraisgeT 1.8 kaB ot smHeprum 1333
kx3B. B xauecBe aHaM3aTOpa UMITYJIBCOB HCIIONIB3yeTcsa aHanu3arop Inspector—2000.

s pa3pabOTKM CeJIeKTUBHBIX METOJOB OIIpeJeIeHUs PpasJIMuYHbIX XHUMHYEeCKHUX
5JIEMEHTOB B OuosIormyeckux Marepuanax MerogoMm VMHAA rtpeGyercs meranbHOe M3ydeHUe HX
CIIEKTPOB TaMMa-M3JTy4YeHUd, TaK KaK OHM MMEIOT OYeHb CJIOXKHBIM 3JIeMEHTHBIH COCTaB, 4TO
3aTpyAHIET KOJIMYeCTBEHHOe OIIpefeleHrue XUMHYeCKOro 3jeMeHTa. Jlma oOpabOTKM Takmx
CIIEKTPOB CYIIeCTBYIOT CIlelinanbHble MeTons! {4, 5]. B pabore [5] mmt 06pabOTKH CIIEKTPOB,
monydeHHbIx ¢ nomoupio IITIJI, pa3paGoTaHbl KOMIIIEKC alIapaTypsl U KOMIIBIOTEpHOE
IIpOorpaMMHOe obecIiedyeHuUe, a TaKxKe P IporpaMM oopaborku ramMma-ciekTpos aiaas MHAA, B
KOTOPOM raMMa-CIIeKTp IIPe/ICTaBJIeH, KaK CyMMa TpeX KOMIIOHEHTOB:

S(x) = X1 AiPi(x) + B(x) + 6(x),
rge A; — mapamerpsl crekTpa, P;(X) — KU IIOJHOTO IIOIJIOLIEHUS SHEPIHM raMMa-KBaHTOB,
B(x) — ¢onoBas cocrapnsromasi, a §(X) — CTaTHCTUYECKAas MOTPEUIHOCTH (IIOTPEIIHOCTA B
Pa3HBIX KaHAJIaX CYUTAIOTCS HE3aBUCHMBIMH).

O6paboTka raMMa-CIeKTpOB — DTO Pa3jOXeHWe MX Ha KOMIIOHEHTHI M CTaTUCTHYeCKas
OLlEHKA WX IIapaMeTpoOB C IIOMOIIBIO MeTOZJA HAMMEHBIIMX KBazpaToB [6]. PesymsraTsr
06pabOTKHM IIPeJCTAaBIAIOTCA B BHUIE DIEMEHTHOTO COCTaBa INpoOBl B eguHMIAX T / I. B
HEKOTOPBIX HAllIUX SKCIIEPUMEHTaX OIlpefieJieHre TaMMa-dHepruy PafUOHYKINAA IPOU3BOLIIH
KaK TpaJyMpOBOYHOI KPUBOM C IIOMOILIBIO CIIeIIMATBHBIX CTaHAapTHBIX ucrouHnkoB OCI'Y, rak
Y IpU IIOMOIIY JIMHEWHBIX YPaBHEHUM, IOTyYeHHBIX C MCIIOJIb30BAaHUEM MeTOZda HauMEHBIINX
KBaJpaToB [JIf IAHHOM KajMMOpPOBKM CIIEKTpOMeTpa. lakoe ypaBHeHWe, yCTaHAaBJIHMBaIollee
3aBHCHMOCTD MeX/y dHeprueit ramma- kBaHToB (E,) u HomepoM KaHana (N), uMeeT BU:

E,=a+ bN,
rie a u b — nocrossHHBIE KO3 PUIIMEHTH! 11 ZaHHOH KaIUOPOBKU CIIEKTPOMETpA:
a= E_y — bN,
_ 2iL.(By~Ey)(N-N)
S, (-w)

MaxcumanbHas omubKa, JOMyleHHas BO BpeMs Ollpefie/ieHusI SHepruy, paBHsaeTcs 2 — 3 kaB.

OHepreTUYeCcKHe CIIEKTPraMMbl U3Jy4YeHHUsI OMOJIOTMYeCKUX MaTePHAIOB B 3aBUCUMOCTH
OT BpeMeHU OOJy4eHUs U BBIAEPXKKHU, moxydeHHble Ge:Li meTekTopaMu BBICOKOTO pa3pelleHus,
KakK ObIJIO OTMEYeHO BBIIIE, XapaKTepU3YIOTCA O4YeHb CIOKHOH CTpyKTypoii. [loatomy Gynem
paccMaTpuBaTh BCe JeTalM II09TAalHO. B Havaje, IOC/ie TIpeKpalleHus obIydeHus,
PafiOaKTUBHOCTD OMOJIOTUIECKOTO MaTepuaia obycioBIeHa KOPOTKOXXUBYIUMU
paguonykiaumamu: 38Cl, 2*Na, #K, 32P, >*Mn, %Br u T.m. W3-3a TOro, 4ro wucciemyemsle
6uosoruyecKkre MaTepuaisl B KaHanax P o6Gny4yanuch B MMOJTHOM IIOTOKEe HEHTPOHOB (CIIEKTP
IeeHus), KpoMme (n,y) peakuuii BO3MOXHBI M JApyrue, Hampumep, (n,p), (n,a) u (n,2n).
Hab6niozmaemsie B raMma-crektpe paguoHykiauzas: *2Co u >Fe o6pasyiores 1o (n,p) peakiusM Ha
Hyxrugax %8Ni u >*Mn.

45



Gamma-spectrometric measurements of biological materials radioactivity ... .

Tabmuua 1. AnepHo-dusudeckue XapaKTePUCTUKI

PadOHYKINAO0B HEKOTOPBIX XMMUYIECKHX JJIEMEHTOB,

OIIpeAeii€MbIX B MCCIE€NYyEMBIX OGHMOJIOTUYECKUX MaTepuajax.

aa}
m
© g
(=}
S| S5l Egé = g &
5| §5| 5§ & 5 &, e g
5 Q [e]
g E B E % o B 5 Ny
5| & 2| § & o a g g
o | § B 88 & @ = S 3
E < & H 9 S 9 q F
g é“ &l g & i 8 ol
g &~ 2, g o ® O
;i A =] (7} = SRl
O & R
UV =
s
m
1099.3 (56.5)
Fe | 5Fe 0.29 1280 + 50 445 meusn
1291.5 (43.2)
Zn | %Zn 48.63 760 + 20 264 nenp | 1115.4 (50.8)
Br 554.3 (70.8)
82Br 49.314 260 1.47 neus
776.6 (83.5)
Rb | %Rb 72.1654 427 + 11 18.7 mens | 1076.6 (8.76)
264.6 (59.6)
Se 75Se 0.88 51800 + 1200 | 120 mensn
279.5 (25.3)
Ba | ¥'Ba 0.1058 8800 + 900 11.5 nens 216.1 (100)
Cr | 5Cr 4.3452 15900 + 200 | 27.7 nensn 320.1 (9.83)
657.8 (94.5)
Ag | 1mAg | 48.1608 4700 + 200 250 meun
884.5 (72.6)
Hg | 2%Hg 29.799 4900 = 100 46.9 neun 279.1 (81.4)
604.7 (97.6)
Cs | 3Cs 100 26500 + 1500 | 2.06 rox
795.8 (85.4)
Sb | %Sb 42.75 4100 + 100 60, 2 neun | 602.6 (97.8)
1173 (100)
Co | %Co 100 18650 + 1700 | 5.27 rox
1333 (100)
889.3 (100)
Sc 46Sc 100 17400 £ 1100 | 83.9 menn
1120.5 (100)
Au | 23Au 100 98800 + 300 2.7 neHsn 411.8 (95.5)
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B cmekTpax raMMa-M3JIydeHUS UCCIeLyeMBIX OMOJIOTHMYEeCKUMX MaTepHasioB depe3
8-10 pHell mocie TIIpeKpalleHWs OOJydeHUs WHTEIPATbHBIM IIOTOKOM HEHWTPOHOB B
10" meiiTpoH / cM? BCe Xe NOMHUHHUPYIOT BbINIeyKa3aHHbIe CPaBHUTEIBHO KOPOTKOXXHUBYIIUE
PafMOHYKINBI, MeIIalollye OIpefeleHUI0 KOJIMYeCTBA MHTEPeCyIOIUX HaC JOJTOXUBYIIUX
pasuoHyKauzoB. Ilo aToit mpuynHe MBI HaYWHAIN IIPOBOJUTH M3MepeHu: depe3 3 — 4 Hezmenu
IIOCJIE IIPEeKPAIleHHA 00y YeHUA.

CumraeM, uro m 6e3 IOKaza PHUCYHKOB MOXKHO YCIIEIIHO OXapaKTepU30BaTh CIIEKTPHI
raMMa-u3JTydYeHHUs WCCAeAyeMbIX OHOJIOTUYeCKHMX MAaTepHayoB, €CIH Pa3gelIuTh WX Ha
HeCKOJIBKO YYaCTKOB SHEepPIHUu:

- o 500 3B,

- ot 500 mo 1000 3B,
U Jasblie

- o 1500 xaB.

B o6mactu smepruit mo 500 k3B B ramMma-crmexTpe IIPUCYTCTBYIOT CleZAyIOIIUe
paguonykaugsr: 31Ba, 5Cr, "Au u 7Se. O6macte 200 — 400 x»B 3aHATa B OCHOBHOM
doronmkamMu pasuoHykiauza ~Se. Jlnd ompeneneHus cojep)kaHWs ceieHa Oblna BeIOpaHa
sHeprusa 265 k3B, OKpecTHOCTH KOTOpPOH CBOOOZHA OT MeEIIAOIIMX IIHUKOBBIX ODHEPIUi
PafUOHYKIUIOB IPYruxX 31eMeHTOB. KopoTko paccMOTpuM TONBKO Te (OTOIMKH, KOTOPEIE
IIpe/ICTaBIAIOT CYMMY HECKOJIBKMX OYeHb OJIU3KUX SHEPrUi Pa3sHbIX PaJUOHYKINUOB.

®otonuk c sueprueii 280 k3B ob6pasyeTcs B pesysibraTe HaJOXeHUSA ABYX DHEPTHUH,
npuHagmexamux ~Se u *®Hg. Ilpu konmdyecTBeHHOH OlleHKe PTYTH IO JOJTOXUBYLIEMY
paguonykiauny 2%Hg HeoOXoZuMO BBeCTH TIIONIPABKYy, YYHTHIBAIONIYIO BKJIAaZ OT 7°Se,
PafiIOaKTUBHOCTh KOTOPOTO ompezeseTcsa o sHepruu 265 xoB. Kosdpdurument mompasku B
sTOM ciry4ae paBHaercs 0.42.

B o6mactu smepruit 500 — 1000 k2B B cmexkTpe raMMma-u3TydeHHUA OHMOIOTUYIECKHUX
MaTepHaJIOB BHIIEIAIOTCSA DHEPTUU CIeAYIOIUX PaguoHYKINA0B: 8Br, 1225b, 1245b, 11mA g, “Mo u
#Sc. Dueprusa 603 k3B mpencTaBifeT CyNepIOSUIMIO SHEPTUH ABYX PafHOHYKIUIOB: '24Sb u
134Cs. [lns onpeneneHus KoaudecTsa Sb GblIa MCIOIB30BaHA IIOIIPABKa, CBI3aHHAA C DHEprueil B
795 xaB or 3*Cs. B pmamHOM ciydae koad¢uiueHT nomnpaBku paBHserca 1.61. TpeGyercs
BBeJleHMe IIONPaBKU U JJIA onpefeneHus Sc 1o sHepruu 889 kaB. B okpecTHOCTH yKazaHHOTO
3HAUYeHUA DHEPruU IPOMCXOAUT HAJOXEHHWe TraMMa-IuHuu oT ''""Ag, papHoir 884 xoB.
BBopuTcs mompaBka, CBA3aHHAA C dHeprueit 657 kaB, koTopas npuragnexur 1'™Ag, cBobomHOI
OT BKJIAJOB DHEPTrUH APYTHX PAaSUOHYKIUIOB. B sTOoM cirydae Ko3(pPHUIIMEHT IOIpaBKU
pasHsercs 0.58.

Oneprerndeckuii uaTepBan 1000 — 1500 k3B xapakTepusyeTcs sHEPTUAMHU CIeZYIOUIUX
paguonykiaugos: %Rb, ¥Fe, Zn u %Co. B cmekTpe ramMma-msinydyeHHs OHOJIOTHIECKUX
MaTepHaJoB IPUCYTCTBYyeT pamuoHykaup “Sc c osHeprumeir 1120 x»B. Ilostomy mpu
ollpefie/IeHUMN MHTEHCUBHOCTH CHUTHAIA PAJUOHYKIUIA ©Zn HYXXHO BBECTH COOTBETCTBYIOUIYIO
nonpasKy. IlompaBounstit koaddunuer B jaHHOM cirydae paBHaeTca 0.80.

B Ta6muue 1 npuBeneHsbl smepHO-GU3NYECKUE XAPAKTEPUCTUKU OFHOTO M TOTO XKe
O6uonormyeckoro  obOpasla, OJHOBPEMEHHO  OIpeJeieMbIX HAMHU  JOJTOXUBYUIUX
PafUOHYKINIOB XUMHYeCcKux d1eMeHTOB: Fe, Zn, Br, Rb, Se, Ba, Cr, Ag, Hg, Cs, Sb, Co, Sc u Au.
B mociesHeM cronbie TaOauIBl INIpUBeleHbl 3HAYEHUA ODHEPTUU TaMMa-M3JIyYeHUs, IIO
VHTE@HCUBHOCTH KOTOPBIX BeJIMCh PACcCYeThl COZEepXKaHUA XUMUUYECKMX 3JIEMEHTOB B
6uosorn4yecKkux Marepuanax [6, 7].
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B zakimoueHue ciexyeT OTMETUTh, UYTO IIpaBUJIbHAA MAEHTU(MUKAIIUA CIIEKTPOB raMMa-
W3Iy4eHUs W yd4eT BKJIAJAa «MeIlAloUX» SHEPTHHl B TaMMa-CIIeKTpe PaZUuOHYKJIHUAOB B
OUOJIOTUYECKHUX MaTepHajaX MMEIOT BaXKHOe 3HAaYeHHe B IOBBIIIEHWM TOYHOCTY OIpeJieleHus
comep>KaHUA CIeJOBBIX XMMUYeCKUX 31eMeHToB MeTtosom MHAA.
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Abstract

The merocyanine molecules formed as a result of photoinduction with the ultraviolet
light are structured as nano-particles, the micelles. The originated micelles deplete the base
solution off merocyanine molecules and spiropyran molecules start to transform into the
merocyanine molecules to restore the thermodynamic equilibrium. The merocyanine molecules
formed photochemically are added by the molecules formed to restore thermodynamic
equilibrium. The coloration of the system continues at the expense of the internal energy
without consuming the radiant energy. By doping the composition in the polymer by using the
innovative method developed by the authors, highly photosensitive and energy-saving polymer
films with the ability of optical properties photo-regulation were obtained. Such a saving of the
electrical power is quite significant when recording and reading large information massives.
Therefore, it is purposeful to use such polymer films as a photosensitive system in modern
computers recording and processing the data, molecular machines, etc.

Introduction

The work is based on an increase of effective photosensitivity of some spiropyrans
(spirochromens) in a liquid-crystal matrix, which previously was discovered and studied by the
authors [1].

The principal structural detail of the equipment used in molecular electronics and
photonics is an electronic switch, or bistable compound, which can exist in two,
thermodynamically stable isomeric forms. A transfer from one isomeric form into another
under the external impact is followed by a reversible change of its physical properties, which is
used to record and read the coded information. In terms of informatics, these structures are
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associated with the concepts of logical zero (0) and logical one (1), while the regroupings
between the bistable structures are associated with the information shifts.

Some important advantages of the bistable photochromic molecular systems to other
types of switches are: ecological purity of the energy, i.e. the light, needed to initiate switching,
swift response (at a femtosecond level), availability of modern optical equipment (lasers,
radiation detectors), etc. The photochromic molecular switches can be used as the basis to
make: three-dimensional data storage and processing systems, regulated filters of optical density,
logical units of the molecular machines, different kinds of sensors (e.g. chemosensors used to
detect heavy metal ions), containers delivering the drugs in a living body, etc. [2].

Results and discussion

A photochromic molecule is made up of two units: a photoantenna, which absorbs the
light quantum, and a functional unit, which responds to the changes induced by the absorption
in the photoantenna. In such systems, the light plays the role of a trigger mechanism. The
spiropyrans among the photochromes are distinguished for preparation easiness and wide
structural variations that allows obtaining the compounds with desirable thermodynamic,
kinetic, spectral and photochemical properties. A photo-initiated isomerization of spiropyrans is
given in Figure 1.

HaG CH3 HaG 3
i o 3 NO3
NO3 ‘
. hv., . A
R R /

Figure 1. R = CzH2n1, n=1 - compound I, and n=14 — compound IL

A photoinduced regrouping of spiropyran cyclic structure in coplanar merocyanine is
followed by the changes of such physical properties of the compound, as dipole moment,
polarization capability, absorption, irradiation spectra, etc. The macroscopic properties of the
compound change as well.

A photoinduced isomerization of spiropyrans is characterized by a high quantum yield of
direct and inverse reactions and record-high coefficients of two-photon absorption for both
isomers. This fact made it possible to create the first prototype of three-dimensional molecular
memory, with the volume of information recorded in it by using the ultraviolet light reaching
~ 10" bit / cm3 [3].

Surface activity of photoinduced merocyanine of some spiropyrans is important. A
spiropyran molecule, which contains a long alkyl radical at a nitrogen atom, in terms of the UV
light photoinduction, is transformed into amphiphilic, merocyanine molecule: with zwitterion
(lyophilic) and non-polar (Iyophobic) fragments. Surfactant molecules in a polar solvent with
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the balance between the lyophilic and lyophobic fragments of a molecule (length of alkyl
radical > CsHi7 and < CisHs7), at a certain temperature and in terms of critical concentration of
micelle formation, self-organize into nanoparticles, the micelles [4]. The physical-chemical
properties of nanoparticles differ from the properties of both, the individual molecules and the
massive body. As a result of the study of nanostructures united as stable supra-molecular
structures under the influence of intramolecular forces, it is possible to create and develop the
desirable nanomaterials with properties better than those of the natural materials [5].

Let us consider a system, which represents a nemato-chiral liquid-crystal composition
doped with a spiropyran with a long alkyl radical (R = CisH29) at the nitrogen atom and
photoinduced reaction taking place in it. The initial single-phase equilibrium solution is
colorless. Immediately after switching the UV light, the solution is colored and the originated
merocyanine molecules, under the influence of the lyophobic forces, self-structure into the
micelles. At this moment, their Gibbs potential is minimal. A nanophase is formed in the
solution. At a macro-level, the solution remains single-phase and homogenous, but it is double-
phase and heterogeneous at a nano-level. At a given temperature, before the irradiation, the
solution consists of a matrix, spiropyran and small number of merocyanine molecules, which
are in thermodynamic equilibrium with the spiropyran. In terms of the thermodynamic
equilibrium, Kr < Ken, where Kr is a constant of a thermodynamic equilibrium and Keris a
constant of a photochemical equilibrium. During the exposition with UV light, the
thermodynamic equilibrium of the composition is violated, the system approaches the
photochemical equilibrium and the solution gets colored. The formation and increased
concentration of the merocyanine molecules in the irradiation process is followed by their
structuring as micelles. The critical concentration of micelle formation, due to its inversely
proportional relationship with the alkyl radical length, is low for the compounds with a long
alkyl radical and micelle formation starts as soon as the trigger is switched. The pseudophase
formed at the nano-level in the base solution, the micelles, deplete the base solution of
merocyanine molecules and spiropyran molecules start to transform into the merocyanine
molecules to restore the thermodynamic equilibrium. The merocyanine molecules formed
photochemically are added by the merocyanine molecules formed to restore the
thermodynamic equilibrium, i.e. the process is realized at the expense of the internal energy
and the system coloration continues without consuming radial energy. During the photo-
reaction described above, at the moment the trigger is switched off, before the relaxation
process starts, the photochemical equilibrium in the system is established, while
thermodynamic equilibrium is violated. The recording of the coded information must be
occurred during thermodynamic equilibrium, since this is a photochemical process. To save the
recorded information, it is necessary to control the duration of the relaxation processes by
means of solvent polarity, temperature and etc.

For practical use, it is comfortable to place the spiropyrans in the solid media, e.g. their
integration with a polymer matrix and preparation of photosensitive systems to record, store
and read out the information or creation of three-dimensional optical devices. Clearly, the
polymer matrix must have satisfactory physical-mechanical properties: high transparency,
compatibility with the spiropyran and free volume for the isomerization of an integrated
molecule. The experiment has demonstrated that immediate placement of the molecule in the
polymer leads to the constrained free movement. The reaction of discoloration taking place in
the dark is no more of the first order and the possibility of nanostructuring, the micelle
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formation, is limited. By means of the study, we concluded that the degree of structuring is
particularly high in a self-organized liquid-crystal media. Therefore, it is better to place the
spiropyran molecule in the polymer not immediately, but by means of a liquid crystal. With
this thought in mind, we realized the microcapsulating of the liquid-crystal composition doped
with spiropyran in polymethylmethacrylate (PMMA) by using the innovation technology
designed by us [6].

0.8

o
o

Absorbance

=]
B

0.2

300 400 500 600 Tl
Wavelength (nm)

Figure 2. Absorption spectra of photoinduced spiropyran
doped nemato-chiral liquid-crystal compositions integrated
with a polymer by microcapsulating 1 — R = CHs
(compound I) and 2 — R = CisH2 (compound II).

The experiment has demonstrated that between two equimole compositions, one of
which is doped with a short-radical spiropyran and another is doped with a long-radical
analogue, when the spiropyran is transformed into merocyanine, in terms of the same
exposition, the height of the absorption band of the latter composition exceeds that of the
former (Figure 2), i.e. in order to obtain the same quality of the recorded information, less
radiant energy is consumed in the latter case. This result was clearly seen when recording the
image on the polymer films (Figure 3).

Figure 3. a — doped with compound I and b — doped with compound II.
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At using the method of microcapsulating, based on the innovation technology designed
by us, all properties of the composition in the capsule are preserved and the degree of freedom
of a molecule is high; the process of nanostructuring is not constrained, the course of the
relaxation processes, for example, the spontaneous reaction of discoloration, is of the first order
(Figure 4), etc.

Absorbance
L)

450 550 650 750 850 950
Wavelenath (nm)

Figure 4. Process of dark decoloration of photoinduced by UV light
of polymeric films. Shortwave band corresponds to merocyanine
and longwave band corresponds to Bregg selective reflection.

The saving of the electrical power at studying the laboratory samples is insignificant, but
it is quite significant during recording and reading out large information massives.

Nemato-chiral liquid-crystal compositions doped with dinitro-substituted spiropyran in
position 6-8 (compound III) turned out to be interesting.

In case of two electro-acceptor NO: groups, in the molecule of compound III, C-O bond
is disrupted right in the initial state. Therefore, the solution in the dark is colored, i.e. the
thermodynamic equilibrium is shifted to merocyanine, Kr > Kru. Negative (inverse)
photochromy, typical to these compounds, is used to create two-direction optical switches, data
storage and processing systems, as well as in the fields of biology, military (for a soldier’s
uniform camouflage), etc. [7 — 9]. Micelle formation of compound III in liquid-crystal matrix,
starts as soon as the solution is prepared, without a trigger. It is evidenced by the anomalously
high solubility of the compound (with 20 wt. %). For a short-radical analogue, this value is one
order less [8]. We studied the kinetics of the spontaneous reaction of the solution discolored
with visible light in nemato-chiral liquid-crystal matrix, at a room temperature (Figure 5). The
absorption band of spectrum consists of two peaks, as the coloration reaction starts. The
shortwave peak, trans-trans-cis-isomer (TTC) purportedly, is higher than the relevant
absorption band of longwave trans-trans-trans-isomer (TTT) (Figure 6).
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Figure 5. Dark coloration of discolored solution of compound
IIT in liquid-crystal matrix (between the curves, 7= 1.5 min).

Figure 6. R = Ci4sH2 — compound III.

After some time, the two peaks reach the same height and then, the longwave peak starts
increasing and the shortwave peak starts lowering and merging with the longwave peak,
evidencing that at restoring the thermodynamic equilibrium in the solution a short-term life
TTC isomer is transformed into stable TTT. Nanostructuring of the system increased the life
duration of TTC isomer to some minutes (Figure 5).

In the non-micelled solutions of compound III, with a short radical at a nitrogen atom,
due to the short life of TTC (7= 95 ps), observation of this process is possible only by using a
superfast equipment, so called flash photolysis [11].
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Experimental

We observed the process of saving the radiant energy in the nemato-chiral liquid-crystal
compositions doped with short- and long-radical spiropyrans, microcapsulated in polymer films.
Spiropyran  6-nitro-2H-chromen-2-spiro-2'-N-alkyl-3', 3'-dimethilindoline and all its
derivatives examined in the work are synthesized by us [10, 12]. We used certified liquid
crystals by Merck firm to make liquid-crystal compositions.

For practical use, as mentioned above, it was necessary to place the composition in the
solid polymer media by microcapsulating method and prepare photosensitive films on their
basis [13]. For the light generation of the image, we irradiated the photochromic polymer film
with mercury lamp HG 100 AS and 340 — 420 nm wide-band filter. The image was deleted by
using the same light source, by using a 540 — 630 nm wide-band filter. We studied the
absorption and reflection spectra by means of optic-fiber spectrometer Avaspec—2048, Avantes,
linked to the computer.

Conclusion

The equipment used in molecular electronics and photonics can be switched and
operated by using the radiant energy: the information is recorded by using the ultraviolet (UV)
light and is read with the visible light or fluorescence; however, electrical power is consumed in
any case. The work proposes highly photosensitive and stable molecular switches created by
microcapsulating in the polymer of nemato-chiral liquid-crystal compositions doped with long-
radical spiropyrans. They help saiving the electrical power needed for the photoinduction
occurring during the photochromic transformations.
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2OMMEMS 0M6I30L (Ag(T), Co(Il), Ni(II), Zn(IT) RS Mn(II))

003R36d> B056(MdSIBIMO0L Spirulina platensis 06&d5IBIA()
IXAIRISNL GOR3ZIINR 3(M33(M6I6BTdbI IRNBMS-
00LRIGO-LOKRIRO LOLSOROL 13I3B@ML3M3000)

9 QIW)GSIZ00, b. Bowqs35d)

9. 96MH™b0 359300l Bobo 3ol 0bLEOGHMEHO
0. X 53560330000l Lsb. MdOEroLOL Lobgwdfonm MbogzgdlodgdEo
0d00ol0, BodosOM39gE™

30090905 2018 ferols 2 0geoll

bmB5(309

d9LHogwoe 0dbs wommbms ombgdol (Ag(l), Co(Il), Ni(Il), Zn(II) s> Mn(II))
3930965 3056MdsdBgMool Spirulina platensis-ols 0b@odGH Mo MxM9Id0L 30d30mb9gbEHJdBY
MEGM00LBIO0-bowwo Lobsomwol b3gdGHOmlzm300m. bsbzqbgdos, MM s0bodbmwo
ombgdols Spirulina platensis-ob 0b6GoJGHMM0O  YRMHIOIOOL (39 3gM  3m33MbgbEYdbY
3930960L 95399 OHMd900 9OHTbgmOLogb goblibgeggdmwos.

L3oOMWOobs  GOHPMXOI0560 s BdMF3Mm3560  FOLRYM-A)369  Hgodzgbotrgs,
GHIol 25dmygqbgdsz L MROM 9GO 3M3MEscmo bgds XsbdMMgwo 1533900
o63mgdsdo, 09903E0bsdo,  GsMTs30580,  BbmEFgdbmermaogddo s  5.8.  syM9039,
1306MME0bs Jglhogarow 0dbs, MM bmzgEms MXM9IdOL HBMEOL BEGHOIMWsEMMO
[1]. ob, B39e09gd®03, 009me3gds fgerols g3mbolEgdsdo.

L3oOHWobs  8bgdol  gMHo-9hHo  30M3go  BMEGHMLBObMYHBMOO  MORBO0DI0S,
OIgbsi 9999905 3960ddbsl Lobsmrols 9bgMa0s MMM 9@ sdMEMo 3MMELYdOL
39939md0m. 1B30OHYWObIL M3FH0TIMMHO BOEOL Os3sDPMmbos pH = 9 — 11. w«dzgugl
©Omdo 990390900 (53393990) 98 803OMMEMAB0DAL 0Ygbgdbgb MmamEE 15339dL.
©OIoLOMZ0L 03039 FoBbom dolo  2s9myqbgds SBOOZMYWO  BHMIGOOL (TS,
Kanembu) dog® bgds. dolo Jodom®o 890saqbeomds 8903936 3ogdl (50 — 70 %),
Bobdomfiyeqdl (15 — 25 %), dgmE3erger 3bodm3z9b 855390L, 303900bgdLs @S JOHOMO©
GOl 303m30560bl (14 — 17 %). ob dwogho §ysedo blbso  96¢30sdz9625300.
130303056060 36Mmd00s, HMyme 3 08mbmMHo LolEgdol LEGodMwsGHMOo [2].
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3056MdJBHgM0gdL 2560980 omMMbBYdOL sOBYOMBOL 0BEOIOGHMMJISQO MZE0b.
96m3gddo [3 — 5] B39b dog® Tgbfiogaroe 065 Lbgoolibgs wommbms in vitro d3ombm®mdE0s
Q9 533ME0M9ds 59 §Yoe0d(396560Ls S oo JOMOMOIWO 30EP0L — B0 3M3056060L doge.

fobsdgdotg  dOmIs  Fggbgds  bmaoghmo  @ommbol  omboll  go3wgbsls
305bMdSJBHgMo0L Spirulina platensis 0b@od@vIOH0 MxMHJOIO0L (35¢3gMe 3md3MbgbEH OBy
MEGM500LBIO0-bow o Lobsmnwol b3gdEHOMmzm3oom.

9939608963930 BHOMIOMS dobglgb@weo bsomMgdoom 89Jdbogro dmdogo
39650900l Mg700d0 MFY39BH0 doMdsBH0Md0m + 32 °C $Hgd3gmo@nmsBy. §gowdigbsmols
3 GH03060905 Homdmgds Zarrouk-ob [6] 9339093 go0gdmdo (pH = 9). 603wdgd0l 50gds
bmM3090©JdMEs 6 oL 8999y (BEIEOMbIGME BsBT0). Fmsbmddol 13gd@™gdols
BoGg®s Spirulina platensis-ol 0b@odGHme MxM9IdHg wommbms 0mbgdol go3wgbol
d9qLobogemo  gobbméizoges 300 — 850 63  GHowol  Log®mdgms  0b@gMzsrdo
MEGM00LBIO0-bowwo  Lobsowol  1B39dBHMmdg@®dg Cintra 10e  (Bmbsizgdoms
0b@gezowo: 1.254, 13s606900L LoBJsMg: 150). 9du3gmH0d96EHd30 godmygbgdme odbs
Jo8omms Lumnms wommbms ombgdo: Co(Il)-ol, Ni(Il)-ol, Zn(II)-oLs s Mn(II)-ob
Jm®0@gdol, bmwm Ag(I)-ol 998mbgg35d0 bo@®mo@ol Lsbom. yzgas blbsto dmdbsws
MMBol oLEBHOWOMmGdM fgsebg dmeogmowgbol 396 Fgerdo.

bmGomgdbg 1 s 2, GMymOE Jooeomo, (omdmoygbowos Spirulina platensis-ols
d0960mgdol b3gdEHMo 380 — 850 B FBHor ol LogMdgms Os35BMmbdo (Mo 1) s LBy
09)00LS(II) s 39603baol(I) 0mbgdol 493egbs (3G©gdo 2 — 6).
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BLBEOLIMS WIMIDY 2oIBMI0E0s FOE@ol Loa™Mdg, beem MmOmPObsGHMs WgMdby
— 00560mgdols 063 gblogmds. GMAMmOE LYYMIMOEIL hBL, JmsbmJdol 0bE9blogmdol
doJb0dMIgd0  Es0dBoMm3zqds 410, 440, 628 s 681 bBI GHowol LoyMdggdby.
0B JOGHMO0B 36MmdoE0s, ®MI gl 06E9bLogMdYd0 Fgglsdsdgds 39OMEH0MBbMOEIIL,
Spirulina platensis-ols 005 FOWSL — B03M305B0BL s JEMmOMmToL.

5035655, MM 000l 0mb9dOL TsEHJdOLSL BNl 06EHIBLOZMBds 58 BHowrmols
Loa®A)xdbY F3060©YdS. FbmJdol 0bEHIBLOZMBOL (3300EGdS IROJLOMPS FHY300LS WS
130¢9bdol 0Mmbgdobomzolsg [7]. gl (33E0Egds  5BHIMGOL  goblibgogqdwmer  bslosml
Lbgoolbgs  ommboll 0mbol  Jgdmbgzgzsdo. Gyzools @s L3owgbdol Jmsbomddols
1399dBHM9d0L F9MGOOLOL 5MBRBES, MMT Y305 MBOM 9539dEMM© dmddggdl Spirulina
platensis-bg, 1L30gbdMb TVgoMgdom OMamOE 440 63 GHowreol Loa®Mdgbg, Losss
3596000569390 JEMOHMBOOLY S 35OMEH0bM0YdOL 1B3gdEHM9gdo, obg — 628 s 681 6
G900l Loy™md)gdDbY, HMIgdoE F9qLsdsdgds Bo3ME0BLS WS JerMOMBOEIU.

00)D00LsRob  49bLb3s3900m,  39MHEbOl  0Mmbgdol  sdsBHJOoLOL  FmbmJdols
06@9bLogmds  FoBHMEomdL s U oodboMmgds 410, 440, 628 s 681 63 GowrEol
Loa®dggdbY3, Gog 0oL  FsBz9690gos, MHMI  JMOHMBOEOL, Fo3MmE0sbobols @
390 GH0bM0©gdoL 06¢3)gbliogmdsBg 3963 9339dGMo Bgdmddggdl.

abaogLbo 33093900 2ogM3gws Lb3oslb3s Wommbms 0mbgdol 9n9JBHIOMdOL
dgLobfogemo ©@d 9emMAsbgomsb  glooMmgdws.  mommgmwo  9du3gModgbEHo
AoOodMOs 3-x9O.

BmEs0m9dbg 3 — 6 FoMmdmaqbowos wommbms 0mbgdol — Ag(I), Co(II), Ni(II), Mn(II)
s Zn(l) - go3wgbom Jmsbmddol 06 bLOgMdIOL 330 gds e MOMBOEIOU,
1303030560605 s 396OME0bMoEIdOLsmM30L. 410 B Fowreol LogyMdg JumGMmagoob
d05bmddol 303l Gqlodsdgds.
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Influence of metal ions ... on cyanobacteria Spirulina platensis intact cells constituents.
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boeosmo 4. Spirulina platensis-g9 commbms ombgdols
393w9bs 440 63 ool Log®dol Lobsmerol Fmsbmddsby.
LGO6IO GO 3MTOWGds 56 509FoEJds 6 — 7 % -b.

O3 brOs00sb 3, BBl (s Hmame3 339 93060369m) 53 Gowrmol bogMdgby
39603b0ob 0mbgd0LIM30L Fsbmddols 0bEHIBLOZgMds odErmdl, bozgwrol ombgdobsmgols
00mgdol s 033egds, begom Co(Il), Mn(Il) s Zn(II) ombgdobsmgols 306396@GMsE00L
BM©s 0f)393L b Jdol 06 gbLogMdOL Fqd30609dsL. 53 Bsdo 0Mmbosb yzgw sty dg@ s
33X090S 0535380690905 0¥D0LMD, Y39eoBg 653000 30 — 3B EHMSD.

3b65¢rMyomEo @omos 440 63 Goer®ol Loa®Mdgby, HMIgEwoE JormOmBowols s
390mGH0bM0@gdol Fmsbmngdol gogmm0sbgd 3038 Fomdmoygbl. 440 63 GHowwmol
Loa®Agbgz 390EboL 0Mmbgdol sds@GHgdom 0b6@9blogMds 0BMPYds MRO™ 83390065,
30069 410 63-%g, bmewem Co(II)-ob, Ni(II)-ob, Mn(II)-obs s Zn(II)-ob 9539dEHmO™dOL Hodo
090399, 53 503DoMgdmes 410 63-by.
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Absorbance

M3 999b90s 628 63-Bg d09bmddols 063 9bLOgMdOL (33e0gdsls, GMmdgeros Spirulina
platensis-ols doMOMIQO 30Ol — B03M305B0BOL FbmMJdol o3l Fo®dmowyagbl, 930609
30b63396¢36530900L d9dmbggzsdo (1 — 2 8¢ / dmero) 39M3berols s Boggwol ombgdols
393w9bs  0mJdol 5O  ©00dDB0M390s, bmwm  3mb396GGMs300L F9damdo  BEOOLLL
3963bwob d9mbgzg35d0 5000 593L Jmsbmddol 0bEgbliogmdols BMsl, Bsdob MHmaLss
- 9996033bgcrm 999300905,  Co(I)-ol, Mn(II)-obs o Zn(II)-ob
915393AIO™MdOL 8990 gd0D  50bodber  Boweol  LoaMdgbg 410 s 440 63-Bg
dm3m390 dmbs(39990m0b ©o0dBoMYds goblibzaggds. gl s6ol Co(II)-ol 0mbgdol doge

6039wobsmgols

E. Gelagutashvili & N. Bagdavadze. Nano Studies, 2018, 17/18, 57-62.
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Influence of metal ions ... on cyanobacteria Spirulina platensis intact cells constituents.

06@&9bLogmdol dg@o 899306905 dolo 3mb3zabEGHME00lL BEHOLLL (1 —3 dew / dmo), 3000MY
Mn(II)-obs s Zn(II)-ob ombgdol 30m6396@Ms30gd0l B ol d98mbggzsdo.

d6Md9ddo [3 — 5 ] B3gbl Jog gobloBzmmeE 04bs 3d0dg s BHMJLOIMG WoNMbM
00mbgdoll  MOMoghmddggdol  gbgtyos  Spirulina  platensis-QQob  250MmymgBo
13030M(305606m96. 0BMWoMHIdMo 303Mm3056060LmM30L BoMdEro T9EIRJO0PID 5835050
6Hmd wommbms ombgdol — Cu(Il), Cr(III), Zn(Il), Ag(I) s Pb(Il) — MGmogHNJdgoqdol
06935 C-53030(300606m56 in vitro 5@s6mgdl 300m39M5E 0 boliosml. YOHM0gMHNJdgIdoL
Sb9gmo 39bgbios d90b0dbgds HMYMEE 09MHIM©0b303Mwo (Mbslfmemeo osEobHo),
51939 B39dEHOMEOo (BEMMOIEIBEGHMWO GHOGHMSE05) 890MEYd0m FgUfogerolsls. s3sLmb
00bgdl JmMoL y39wodg d9B0 9BIIGIOMd0m godmoMbggzs Ag(l) s yzgwsbg 99¢
dbaogLgdabog  3oLEYOBOL BIFMGPOMIb (OMIgdoE Bo3M30560680 doHoms®  9gEH0®

395G®9OL FoM3Moa9bgb) 39M3bEPOL 0Mbgdo 99500369096. 39MEbEol 0mbgdols in vitro
39309bobogob  2sbbbgoggdom, Lssg gl 0mbgdo Fmsbmnddol s FeMEL39bEo0L
06@9bLogmdol  y4gz9wsbg oo 3009000  QsdmoMBg3006, Spirulina platensis-ob
06@od@6 Mx69gddo 30 30600Jom — om0 FFJds FbmJdol 0bEH9gblogmdol
do390sL ofj393L.

BmEomBy 6, Loosi 681 B3 BHowwol Loy®mdgby wommbms ombgdols — Ag(I), Co(Il),
Ni(II), Mn(II) o Zn(l) - Spirulina platensis-ob 0b®odGHO MXMIOIODY 393 gbss
656396900, 5935055, MM 063 9bLogMdOL gl 33CP0Wgds M0MJIol 0EIBEHWH0s LyyMosmby 4
§o63magboo (33000¢gd0Ls. 09) 2930035¢0L0bgdm 08 256M9MmgdsL, MH™I 440 ©d
681 63-bg JurmOMmzowol dmsbmngdol dsduoddgdos, 3sdob Jgodwgds @I3sL336sm, Bd
Spirulina platensis-ob  JwmOmgowol dogeH Jmnsbmddol 06@Egblogmdol m&mogzg 303%9
@oMbms 50b0dbmEro 0mbgdo ghmMbsoGmow dmddggdl.
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OCOBEHHOCTH TIOCTPAIVIAIIMIOHHOM JEGOPMAIINN OTOPUJIA JINTUS
C BBICOKOM KOHITEHTPAITVIEM IBYXBAJIEHTHOI'O METAJLIA (Mg 1 Pb)

B.T. Ksauazze, M. I'. A6pamumrsuu, M. B. T'axycramsunu, /1. I'. Ipuaes

WNucturyTt dusuku uM. O. AHIPOHUKAUIBUIN

T6unucckuit rocysapcTBeHHbIH yHUBepcuTeT M. M. [XaBaXumBuin
Toumucu, I'pysua

maxsvet@yahoo.com

ITpunsara 4 oxra6ps 2018 roza
Awnnoramus

HccmenoBansl MexaHWYeCKHe CBOMCTBA, YHCTBIX M JIETHPOBAHHBIX JIBYyXBaJEeHTHBIMH
nonamu (Pb m Mg) monokpucramnoB LiF mocime ramma-o6mydenusa. OOHapyXeHHBIe B
nurupoBaHHoM LiF mpu cpaBHUTEeNBHO BBICOKMX gmo3ax (> 4 Mpazn) aHOManuu CBS3aHBI C
CYyIeCTBEHHBIM IIOHIDKEHHEM CKOPOCTH PaJUaAIlOHHOTO YIPOYHEHUS M BOCCTAaHOBIEHHUEM
IIJIACTUYHOCTH 06y4eHHOro obpasia. Habmomaemoe sBieHre 00yCIOBIEHO BOSHUKHOBEHUEM
B pe3ysibTaTe OOJIyYeHUs OZHOM aKTHBHOM CHUCTEMBI IUIOCKOCTEM CKOJBKEHUS W PaclajoM
KPYIHBIX CKOILIEHUI.

Beezemuue

MHoroseTHMe MHTEHCUBHBIE McciaemoBaHua kpucraainos LiF oOycioBuin BO3MOXKHOCTB
UX JIOBOJIBHO IIMPOKOTO IPAKTHYECKOTO NpUMeHeHM:. B mepByio odepenr MMeIOTCA B BULY
IeTeKTOPHI AePHOTO U3nydeHus [1] u akTUBHBIE diIeMeHTHI OIVDKHell nHPpaKpacHoil obracTu
IJIS TIepeCcTpanBaeMbIX JIa3eposB [2].

YkasaHHbIe HCCIe0BaHUSA CIIOCOOCTBOBAIU HE TOJIBKO BBIABIEHHUIO HOBBIX CBOMCTB, HO U
CYIIeCTBEHHOMY YJIYYIIEHWIO yXXe OOHapy»XeHHBIX. TaK, YyBCTBUTEJIBHOCTh [ETEKTOPOB Ha
ocHoBe LiF 3a sro Bpema mnoseicunack npumepHo B 100 pas; Bospocau TepMuuecKas
CTaOMJIBHOCTP Y MOLIHOCTh M3NTy4eHHMs Fr-jasepHBIX ILeHTpoB. B ob0omx cirydasx
CYIeCTBEHHYIO POJIb UTPAIOT IPUMECH, 0OCOOEHHO [BYXBaJ€HTHbIE NOHBI METAJITIOB.

Hacrosmas pabora JeXXUT B pyciie UCCIeIOBaHUN ITOCIeAHNX JIET ¥ CTABUT CBOEH! IIeJIbI0
n3ydeHue 0COOEHHOCTeH moBemeHUs (MMEIOTCS B BUY MeXaHU4YeCKHe XapaKTePUCTUKHU) raMMa-
o6ryueHHBIX KpucTamnos LiF ¢ BeIcoko# KoHIeHTpanueit npumeceit Mg u Pb.

OKCIIepUMEeHT

W3mepsanucy puarpaMMbl HanpsoKkeHue—gedopManus o (€ ) U CIEKTPhl ONTUYECKOTO
IOTJIONEHUA Y-OOIydYeHHBIX MOHOKPUCTA/UIOB (TOpuza JUTHUA (M3roToBieHsl ¢upmoii BJP):
HOMHHAQJIBHO YUCTHIX (H.4., oOmee konmdecTBO mpumeceii ~ 10 mon. %) u copepkaumux
IByXBaseHTHble MeTasutndeckue woHbl cBuHna (LiF:Pb, 1 - 10! mon. %) u marama (LiF:Mg,
3 - 10?2 mon. %). CymmapHOoe konmdecTBo ocranbHbix mpumeceil (Fe, Mn, Ni, Cu u T.1.) B
o6pasuax ObLIO CyllecTBeHHO Hipke. bonpmas yacts npumecu B LiF:Pb u LiF:Mg maxozunacs B
BUZe KPYIHBIX IpenunurtaroB (tuma MgkF2), KoTopble BO3HHMKAIOT B Cily4ae KOHIIEHTPALUU
IIPUMECHOTO MeTaJI/Ia BBIIIE IIpefiela PaCTBOPUMOCTH, O YeM CBHUAETENbCTBYIOT T.H. (DOHOBBHIE
SAMKH{, BO3HHUKAIOUIVE IIOC/Ie XUMHU4YecKoro TtpaBieHus oo6Opasua [3]. IlocrpaguainnoHHble
M3MepeHUs CIeKTPOB OITUYECKOTO IOIJIOLIeHNs IIPOBOAUINCH Ha criekTpodoromerpax CO-29
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Peculiarities of post-radiation deformation of lithium fluoride containing ... bivalent metal ... .

n  AvaSpec-2048-14-USB2. [marpamma HampsxeHue—fZedopMmanus CHHUMAIach Ha
nedbopmanmnonHoit MamuHe DY-22 co ckopocteio 10+ ¢!, DkcleprMeHTHI IPOBOAUINUCH IIPU
KOMHATHO# TeMiieparype. ©Co CIy>XuI HCTOUHUKOM Y-u3irydeHus uHTeHcusHoctu 0.04 I'p / c.

PeBYJIBTaTBI u 06CY)K,II;eHI/Ie

Ha Pucynke 1 mpezncraBnen xapakrepHsii crekTp noriomenus maa LiF:Pb u LiF:Mg
mociie obrydeHus no3oit 4 Mpag.

4NA
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Pucynox 1. CriexTps! onTHYeCKOro IOTJIOM e HUA:
1 —n.u. LiF, 2 - LiF:Mg u 3 — LiF:Pb (4 Mpan).

B crmexTpax mpuMecHBIX KPHCTA/UIOB (KpuBble 2 u 3) B 00acTH y1eKTpoHHOrO F-1meHTpa
(250 HM) HabmIOZAeTCA CTPYKTypa — Pe3yJbTaT JBOSKOTO BCTPAMBAHUA DTUX LIEHTPOB: B y3JaxX
PETYJIIPHOI pellleTKH M BOJIM3K MCKaXXeHHBIX obsacreil (Hampumep, F-mentpsr BOu3n Mg-Ve
(268 M) m Mg%Ve (225 uwm) [4]). Hukakux ocobennocteit B paitone 250 um B H.u. LiF
(xkpuBas 1) He Habmomanocs. C yBelruueHHeM HO3bI y-O0IydeHUA yKa3aHHAs MUKPOCTPYKTypa
IIOCTeIleHHO ucye3aeT. fIpko BeipaxeH Fr- (450 HM) u gpyrue arperaTHble IIeHTPHI OKPacKH
(300 — 400 =M™).

Ha Pucynke 2 npezcraBieHbl 3aBUCHMOCTH IIpefiela TeKy4eCTH Oy U MaKCHMaJIbHOM
ITACTHYECKO JedOopMallud &m OT HO3BI Yy-OOJMydYeHUdA [AA1 HOMHHAIBHO uucThiX (1-1') m
IIpUMeCHBIX MOHOKpucTajutoB (2-2' — LiF:Pb u 3-3' — LiF:Mg).
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Pucynok 2. 3aBucuMoCTs IIpefiesia TeKy4eCTH ¥ MaKCUMaIbHOM ITaCTUIeCcKOi

nedopmaruu oT #o3sl y-obnydenus: 1-1' — v.u. LiF, 2-2' — LiF:Pb u 3-3' — LiF:Mg.

B H.4. obpasuax o6nydueHHe IPUBOSUT K OOBIYHO HAOIIONAEMOMY C POCTOM O3B
IIOBBINIEHUIO IIpefiesia TeKydecTH (KpuBas 1) ¥ MOHOTOHHOMY YMEHBIIEHHUIO IIACTUYHOCTH
(xpuBas 1'). Kax mokasaHO B Hamux paHHUX paboTax, OCHOBHYIO pPOJb B YIPOYHEHUU U
OXPYIYMBAHUY, OCOOEHHO IIPU MajbIX [03aX, WUTPAIOT Pa3IUYHOIO POJA AHHU3OTPOIIHBIE
nedextsl [5]. ComocTaBuM M3MeHeHUEe MeXaHUYeCKUX XapaKTePUCTUK OOJIyIeHHbBIX 00pasIoB C
KPUBBIMU HaKOIJIeHHA aHusoTponmHoro Fx-menrtpa. [lna w.u. LiF mo wMmepe yBenudeHud
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KonuyecTBa F2- M [pyrux arperaTHbIX LEHTPOB OKpacKu HaOIIOfaeTcs OOBIYHOE IIpU
06Iy4yeHNN MOHOTOHHOE yMeHbIIeHHe &m (Ha PucyHke 3a sTo mokasano ania Fr-uentpa) m
IIOYTH JeCATUKPATHOe yBeIndeHue oy (kpuBad 1 Ha Pucynke 2).

25— T - T - - —r 28 24— T T T T T — 25
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Y. Mrad v, Mrad 7. Mrad
(@) (6) (8)
Pucynoxk 3. 3aBucrMocTs HakoIIeHHUS F2-1ieHTpoB (445 HM) M MaKCUMaTbHON
IIJIACTUYeCKOH medopMauuu oT fo3sl y-obryuenus: (a) H.4. LiF, (6) LiF:Pb u (8) LiF:Mg.

CoBepiieHHO WHasI KapTHUHA HAOIIOAAaeTCsa B CIydae raMMa-o0iydeHHbIX 06pasnos LiF ¢
BBICOKMM cozepxanueM Pb um Mg, B mnpumecHbIXx KpucTa/ulax 3HAYMWTENIbHAA [OJIA
YIPOYHAIOUIETO pecypca IPUHAMJIEKUT IpuMecH (yxXe A0 OOJIydeHUS UX IIpefiesl TeKydecTH
CYIIeCTBEHHO, B 4 — 5-pa3, BhIllle, YeM y H.4. KPUCTAJUIOB), KOTOpas, B OCHOBHOM, IIpe/iCTaBIeHa
B BUJe BBIIeIeHWII BTOpo# ¢assl (mpemumnuraroB). [lo 3Toif nIpuyMHEe OTHOCHUTEIBHOE
pafUalOHHOe YIIPOYHEHHe H.4. KPUCTAJIIa BhIIIe, II0 CPaBHEHUIO ¢ IpuMecHBIM (pu 12 Mpag
IIOYTH JeCATUKPATHOE B H.4. KPTCTAJI/Ie ¥ IPTUEPHO ABYKPAaTHOE — B IPUMECHBIX KPTCTAJLIAX).

Yro >xe KacaeTcs IIACTUYHOCTH, TO C JO30M B IPUMECHBIX KPHCTa/JIAX OHA MEHAETCS
HEMOHOTOHHO. BbIABIIfeTCA XapaKTepHas 0cOOeHHOCTS: 0 4 Mpaz IIacTUYHOCTD, KaK OOBIYHO,
moHmXkaercsa, a HaumHad ¢ 4 Mpaxg (B crywae LiF:Pb — ¢ 5 — 6 Mpan) mabmiomaercs
IIapaOKCAIBHBIN POCT £m BILUIOTH 0 mo3sl 10 Mpag (kpusste 2 u 3 Ha Pucynke 2). Ilpu stom B
paiione 4 Mpap u BbIllle pe3KO 3aMe/IfeTCs IpoliecC yIpouHeHus (kpusble 2 u 3 Ha Pucynke 2).

Bermre oTMeuanock, 4YTO HaJIM4YMeE NBYXBAJIEHTHOM MeTa//IMYECKON IIPUMECH IPUBOJUT K
3HAYHUTEIPHOMY YBEJIMYEHUIO >XECTKOCTH KpucrautoB. [loMumo mpumecu, cBOii BKIazm B
yIpOYHEHHe BHOCAT JedeKTsl, BO3HUKAIOIMMe B Iporecce obnxydeHusa. OQHAKO OCHOBHOe
BHUMaHMe oOpamaer Ha ceGsf He NPHUpOJA PafMALMOHHOIO YIPOYHEHWs, a TO, KaK BIIHIET
IoCjIeJHee HAa PpasBUTHE CTPYKTYpPHl B IIpouecce medopMauuu, TeM Oojee, YTO BIHIHUE
OOJIyuyeHUs CHJIBHO 3aBUCUT OT COJEPXKaHWS IIpUMeCHM B KpPHUCTaUle, YMEHBIIAsich C
yBenudeHHneM ee KoHUeHTpanuu [3]. Panee namu ObL10 mokazaHo [6], uto o6iydeHwue,
OJHOBPEMEHHO C YIPOYHAIIUM 5(}(}PeKToM, CIIoCOOCTBYeT CaMOIPOU3BOIBHOMY BbIJETEHUIO
IpeUMyILIeCTBeHHOM CHCTeMBl CKOJIBXeHWs JAuciaokaunuit. IIpm srom  Habmomaercs
CyIeCTBeHHOe BO3paCTaHMe MJHUHBI IUIOWAZKA TEKy4YeCTH U HEeKOTOpOe YMeHbIIeHHe
koaddunmenTa neOpMAIUOHHOTO YIIPOYHEHUS.

Bce 5TO oOTpakaloT SKCIlepUMeHTaJTbHBIE KpUBBIE O (&) OOIy4YeHHBIX IIPUMECHBIX
0o0pa3LoB, a TaKXKe BBIABILEMas XUMHWYECKHM TpPaBIeHUEM [IUCIOKAIIMOHHAasg cTpykrypa. Ha
Pucynke 4 mnpexncraBieHa KapTWHa TpaBieHus obGiyderHoro (4 Mpag) o6pasma LiF:Pb,
npogedopmupoBaHHOro 10 & = 2 %, U3 KOTOPOH fABCTByeT, 4TO Aedopmaiys KpUCTaIa
IIPOTEKaeT B OJHOI CHCTeMe IIJIOCKOCTeIl CKOJIBXeHHI (HeT BCTPEYHBIX OIIOKUPYIOUIUX II0JIOC).
B wunrepBane «aHOMambHBIX» 03 (4 — 5 Mpazs) mpomecc pacTBOpeHHS IIPEIUNIUTATOB
IIPOUCXOAUT OCOOEHHO WHTEHCHBHO, IIOATBEPXAEHHEM dYeMy SBJISeTCA IIOYTU IIOJHOe
OTCYTCTBHE (POHOBBIX IIJIOCKOZOHHBIX IMOK TpaBieHUs (pa0b), 00yCIOBIEHHbBIX IPEIUITUTATAMU.
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Pucynoxk 4. Kapruna tpasnenus xpucrania LiF:Pb (4 Mpaz) nocie
2 %-oit medopManuy, WILTIOCTPUPYIOLIAA IIOJTHOE OTCYTCTBHE
BCTPEYHBIX II0JIOC CKOTBXEHUS — OJHOCHCTEMHOE CKOJIBKEHHE.

C gpyroit CTOpPOHBI, IlepechllleHHe TOYeYHBIMH PaJUALMOHHBIMU JAedeKTaMu
CIIOCOOCTBYeT 00pa30BaHUIO arperaTHbIX LIEHTPOB, B TOM YHUCJIE C y9aCTHeM IPUMeCHBIX aTOMOB,
O 4YeM CBUJETeNbCTBYIOT ONTHUYecKue mu3MepeHud. OdeBHUIHO, 4YTO M3MeHeHUe KOJIMYeCTBa,
pasMepoB, MOLIHOCTH, a TaKXe IIPOCTPAHCTBEHHOIO pacmpefeneHus Ae@eKTOB CO3/aeT
HanboJsee GJIATONPUATHbIE YCIOBUS IJIS UX IIPEOJOJIEHUA JUCIOKAIUAMHY IIPU OJHOCUCTEMHOM
CKOJBXEHUM B YKa3aHHOM WHTepBaje 103, IIOBbINIAA HAOIIOAAeMyIO ILIACTH(UKAIIIO
KpHCTaJsia.

3axaodyeHme

IToxazaHo, YTO KpUCTaMIBl (TOPUCTOTO JIUTHSA, JIETHUPOBAHHBIE JBYXBaJeHTHOMN
MeTtajuinyeckoi npumecsio (Pb u Mg), mpu KoHIleHTpauusax BbIlIe IIpesiesia ee paCTBOPUMOCTH,
OOHApY>XUBAIOT AHOMAJBHOE IIOBeJleHWe IIpU Y-OOJy4eHMM: CYILIeCTBEHHOEe IIOHIDKEHHe
CKOPOCTH PaJUalliOHHOTO YIPOYHEHUs M 4YaCTUYHOE BOCCTAHOBJIEHWE IUIACTUYHOCTH B
nHTepBane mo3 4 — 10 Mpaz. B ocHoBe sddexra mexar ABa Iporecca — OZHOCHUCTEMHOE
CKOJIBXeHUe (CIIpOBOIMPOBAaHHOe OOJIydYeHHeM) H OOJIerYeHHOe JBIDKEHHE [UCIOKAIWi
BCJIe[ICTBHE PACTBOPEHUS IIPUMECHBIX IPELUITUTATOB.
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Abstract

Hexagonal BN is considered to be a promising material for wide applications in different
nanodevices. In this work, we have synthesized h-BN using the new technology, which is a
combination of a pyrolytic growth in the mixture of hydrazine and ammonium chloride vapors
(20 h anneal at 800 °C) followed by a rapid thermal annealing with IR irradiation (flashed with
9 kW total power). Using this technology BN nanoflakes with thicknesses less than 100 nm
have been produced. These nanoflakes were studied by scanning electron microscopy, energy
dispersive X-ray spectroscopy and X-ray diffraction.

Boron Nitride has four common polytypes: hexagonal (h-BN), wurtzite (w-BN), cubic
zinc blende (c-BN) and rhombohedral (r-BN) [1 — 3]. These main morphologies are analogous to
the polymorphs of carbon. The h-BN attracted great attention due to its unique physical and
chemical properties. This material is composed of (BN)s3 rings formed by sp? hybridized orbitals
of constituent atoms. However, in contrast to graphene, in h-BN the B-N bond has a noticeable
ionic component and the intra-layer bonding in h-BN is very strong. As for the bonding
between adjacent layers, they are formed by a very weak van der Waals bonds. This causes the
high thermal conductivity of h-BN, because the phonons and, hence, the heat can easily
propagate across the layers, while the electron localization prevents the electron conduction
and the material remains insulating. This type of structure also offers many other unique
properties, which make h-BN to be very interesting material for applications in different fields,
including its use as a platform for graphene-based devices [4 — 12].

Boron and boron nitride have a high melting temperature (~ 2075 and ~ 3000 °C,
respectively) and any technology, which implies the application of B, generally needs high
process temperatures, which are usually in the range of 1000 — 1600 °C [13 — 16]. One strategy
to decrease the crystallization onset temperature of BN is the application of crystallization
promoters like CaCOs or LisN [17 — 19]. This method allowed for the growth of crystalline h-BN
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layers at 1000 °C. One of the interesting methods was described in [20]. The authors used the
rapid thermal annealing (RTA) with IR radiation to decrease the growth in temperature of h-
BN down to 800 °C.

The purpose of this short work was to study the composition and structure of
nanomaterials produced pyrolytically using the boron powder and the vapor of ammonium
chloride (NH4Cl) and hydrazine (N2Hs). Our main emphasis was on the investigation of the
properties of nanomaterials rather than on the technological aspects, because the technology
involves the presence of complicated precursors and the study of a role of each one is a subject
of a special investigation. Here we report about the results of our initial experiments on the
growth of BN nanoflakes.

Recently we have developed the pyrolytic technology, which is based on the application
of N2H4 vapor for producing nitride nanomaterials, such as GasNs and InN. It should be noted
that the hydrazine was containing 3 mol. % water molecules which served for the production of
volatile suboxides of source materials. Due to the formation of active nitriding precursors in the
hydrazine vapor, the synthetic temperature for both nanomaterials was significantly decreased.
The features of the technology and some of its details are presented in [21, 22]. For producing
boron nitride nanoflakes this technology was slightly changed by adding the NH4Cl powder to
the boron powder, which in its turn served as a source material. The microelectronic grade Si,
placed in the cold zone of a reactor, was used as a substrate for the growth of BN nanoflakes.
The substrate temperature was varied up to 800 °C. The growth of nanomaterials was
performed during 20 h after which the substrate was transferred to the RTA facility and
annealed with 9 kW IR flashes. The duration of each flash was 3 min followed by 5 min pause.
The maximum temperature at the end of a flash was close to 1000 °C. Before annealing, the
RTA tube was purged by pure nitrogen for 40 min and during the annealing the nitrogen flow
rate was kept at 18 cm? / min.

The morphology of nanomaterials was analyzed using Tescan VEGA-3 LMU scanning
electron microscope (SEM) equipped with Oxford instruments energy dispersive spectrometer
(EDS). The XRD patterns were recorded using Shimadzu XRD-6000 diffractometer.

Figure 1. SEM image of microsized structure, formed onto the Si
substrate after pyrolytic synthesis at 800 °C, followed by RTA treatment
(5 IR flashes) (a) and magnified SEM pictures of BN nanoflakes (b — d).

Figure la represents the microstructures that were covering the whole surface of Si
substrate after the growth and RTA processes. These microstructures had white color and were
quite large, exceeding hundred micrometers in some directions. More morphological details are
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shown in Figures 1b — d, which are presenting the magnified view of some elements of the
microstructure. As can be seen, this micro-formation has a layered structure comprising the
flakes with thicknesses well below 100 nm. Even the rough estimate of the thicknesses of some
flakes gives the values less than 20 — 30 nm. It is clear that the layers have been exfoliated from
the stacked bulk material. By analogy with graphene, the most probable reason for exfoliation
may be the thermal exfoliation during RTA process [23].

(002)

Intensity (a.u.)

(100)
|
‘\(101) (102) (104) (10) (112)

20 30 40 50 60 70 80 90
Diffraction angle 20

Figure 2. ED spectrum of nano-
Materials depicted in Figure 1
indicating presence of four elements.

Figure 3. XRD pattern of h-BN grown
by pyrolytic method and RTA

treatment.

The composition of synthesized nanomaterials was studied using EDS method. Figure 2
shows the EDS spectrum with four prominent peaks that can be attributed to boron, nitrogen,
oxygen and silicon. The Si peak appears from the Si substrate, while the appearance of oxygen
peak may have several reasons. It may arise from the native oxide of Si, together with the
oxidized layer, formed by water oxidation of Si substrate during the synthesis, or may originate
from oxygen, which is incorporated in the BN layer. The detailed reason for oxygen signal
appearance will be studied separately. The obtained results have only qualitative nature.

The detailed information on the structure of synthesized nanomaterials was obtained by
XRD method. To accomplish this task nanomaterials synthesized in several processes, were
scrapped off from the Si substrates, mixed with bonding agent (paratone oil) and analyzed. The
diffraction pattern is presented in Figure 3.

All peaks can be assigned to the hexagonal BN according to JCPDS file number 01-073—
2095. In spite of the presence of a broad background in the region of low diffraction angles and
slight widening of peaks at half maximum heights, the crystalline structure of pyrolytic BN can
be considered to be sufficiently perfect. Our further work will be aimed at the transmission
electron microscopic study of produced nanoflakes.

In conclusion, the first results of our experimental work on the synthesis of BN
nanomaterial using pyrolytic method followed by an RTA process demonstrated the ability of
this technology to produce h-BN nanoflakes.
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Editorial: Science History Pages by Prof. Fathi Habashi.

Mineral Proces

for Nano-Scientists

G Extractive
Ben;ﬁqg‘l‘;“ e - Metal
Apheyed (chemical)

v

Industrial minerals

Preface

T'am most grateful to nano-scientist Professor Levan Chkhartish-
vili at the Department of Physics, Georgian Technical University in
Thilisi, for asking me to write articles to introduce mineral processing
o nano-scientists to be published in his journal Nano Studies. His
aim was to familiarize the final users of metals and metalloids with the
technology used to produce these materials. When the papers were
published I decided to add an introductory chapter on metals, non-
metals, and metalloids and make a short book available to metallur-
gists as well as to nano-scientists.

I hope that nano-scientists and students will benefit from this
effort and may become interested to pursue further details on mineral
processing from other sources.

Quebec City
September 2011

Fathi Habashi

Fathi.Habashi@arul.ulaval.ca

Mineral Processing
for Nano-Scientists

-
daan Chafphat v
A 2ppreciatign

I'he Book

Fathi Habashi

Laval University, Quebec City
CANADA

F Habasd.

2o|(f

The Author

{oabol — F. Habashi. Mineral Processing for Nano-Scientists,
2011, Quebec City, Metallurgie Extractive Quebec, 170 pp.
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Editorial: Science History Pages by Prof. Fathi Habashi.

The History Page contains varied articles of
historical interest in today’s world.
Topics discussed:

1 Ancient Studies

2 Decisive Battles in Levant

3 Beethoven: Patriotism and
Bocial Justice

4 The Pyrarmids of Egypt

5 Casting versus Carving of the
Pyramid Stones

6 Hildesheim and Ancient Egypt
7 Barbarism in Egypt

g Muslim Military Units in the
German Reich

@ Japan: & Closed Bociety Opens
to the West

10 East 15 East and West 15 West
11 Bome Advice to cur Recent
Graduates

12 Beilences sans conscience?

13 How English Became the
Language of Science

14 Imagination in Science

15 New Phenomena in Science
16 Louis Hebert in Quebec

17 250th Anniversary of Freiberg
Mining Acaderny

18 Dubai

19 Korea Today

20 Alfred Nobel: Explosives and
Fostage Stamps

21 The Case of Nobelists Lenard and

Stark

22 The Bull and the Golden Calf
23 Bacrifice in Religion

24 Serpent m Art and Religion

25 How UBA displaced the British
Empire

26 Struggle of Wornen for Higher
Education

27 Innov ation by Mistake

28 Purple of Cassius: Nano Gold or
Colloidal Gold?

2% Titanium Monuments

30 Iron Trails

31 Bilver Road

32 The Magic of Sculpture

Fathi Habashi is Emernitus Professor

at Laval University
http://pages.infinit.net/habashi/
Published by Métallurgie Extractive Québec

www.zone.ul.ca

Distributed by Laval University Bookstore “Zone”

The History Page
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||

Fathi Habashi
Laval University
Quebec City, Canada

2017

450 pages

e-Book $ 20

Preface

When Prof. Levan Chkharrishvili of the Department of Physics,
Creorgian Technical University, in Thilisi and edioor of Mo Sciemce
askied me o write i his jowrnal, 1 reld him that [ can write only his-
torical articles in what you may call "The History Page.” He apreed
and after writing some articles it became a repular feature of his jour-
nal. [ also used my web site http: / /works. béepress . com/
fathi_habashi/ to insert unpublished articles, With time, 1
found that these articles should be combined twgether in a book which
I called The Hizsory Fage. These historical articles are non-meeallurg;-
cal. They discuss art and science, events of today, or subjects that |
tried to find answers for them. The article on "Dubai” shows how a
country rose from the Middle Ages to modern times in @ very short
time, The article on "Korea Today” is written at a time when North
Korea challenged the whole world by it military esrablishment.

The article on "Decisive Battles in the Levant” shows how the
Levant suffered from so many wars from ancient times to the presentc
When | wanted to find answers to some questions that bothess me, |
wrote “The Bull and the Golden Calf,” “The serpent,” and "Sacrifice”
after so much research. I admired very much "Beethoven® and “Sculp-
ture” and these were the subject of imtensive research. Some were pub-
lished in Nawe Sciewce and others in different joumals.

Orcrober 2017
Chachec City
Fathi Habashi

t .HabachiBarul ulaval.ca
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° F. Habashi. Principles of Extractive Metallurgy:
° Volume 1: General Principles (422 pp.), 1969 (reprinted 1980) (out of print), Gordon &
Breach Science Publishers.
° Volume 2: Hydrometallurgy (468 pp.), 1970 (reprinted 1980) (out of print), Gordon &
Breach Science Publishers.
° Volume 3: Pyrometallurgy (493 pp.), 1986 (reprinted 1992) (out of print), Gordon &
Breach Science Publishers.
° Volume 4: Amalgam and Electrometallurgy (380 pp.), 1998.
° F. Habashi (Ed.). Handbook of Extractive Metallurgy, 4 volumes, 2500 pp., WILEY-VCH,
Weinheim, Germany, Also: John Wiley, 605 Third Avenue, New York, NY 10158-0012.
° F. Habashi (Ed.). Alloys. Preparation, Properties, Applications, 312 pp., WILEY-VCH,
Weinheim, Germany (out of print). Now available from Metallurgie Extractive Quebec.
° F. Habashi. Metallurgical Chemistry, American Chemical Society, Washington, DC, Manual (279
pp.), Audio Course (MP3 CD, 5 hours playing time). Now available from Metallurgie Extractive
Quebec.
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F. Habashi. Metals from Ores. An Introduction to Extractive Metallurgy, 2003, 475 pp.

F. Habashi. Pollution Problems in the Mineral and Metallurgical Industries, 1996, 150 pp.

F. Habashi. Textbook of Hydrometallurgy, 2nd edition, 1999, 750 pp.
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F. Habashi. Chalcopyrite. Its Chemistry and Metallurgy. McGraw—Hill International Book
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F. Habashi, I. N. Beloglazov, A. A. Galnbek (Eds.). International Symposium. Problems of
Complex Ores Utilization, Mineral Processing & Extractive Metallurgy. Special Issue, Gordon &
Breach 1995, 280 pp. (out of print). Now available from Metallurgie Extractive Quebec.
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. Habashi. Aqua Science Through the Ages. An Illustrated History of Water, 2010, 166 pp.

. Habashi, Mining and Civilization. An Illustrated History, 2010, 510 pp.
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