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Study of degree of basicity of 2-amino 4-phenylthiazole and 2-amino-4-oxothiazole
by mineral acids protonation

There was studied protonation of aminothiazoles of mineral acids of different strength in order to research the
basicity of nitrogen atoms of free amino group and nitrogen of thiazole ring. The results obtained showed
high ambidentity of 2-amino-4-phenylthiazole and 2-amino-4-oxothiazole associated with a high degree of
delocalization of both the lone pair of electrons of the amino group and the thiazole ring nitrogen atom which
creates opportunities for chemical modification of the aminoheterocycles with the free amino group and the
ring nitrogen atom. Complexing ability of 2-amino-4-oxothiazole with cobalt (II) chloride caused by high de-
gree of basicity of cyclic nitrogen atom was also studied.

Key words: aminoheterocycles, aminothiazoles, mineral acids, protonation, ambidentity, basicity,
nucleophilicity, complexones.

It is known that interest to heterocyclic compounds is associated with a wide variety of biologically ac-
tive properties characteristic for representatives of this class. In particular it does not cease the interest to
azaheterocyclic compounds, including derivatives of thiazole, having great importance for the pharmaceuti-
cal industry, biochemistry, technology, clinical and experimental medicine. Thiazole derivatives possess an-
tiviral, antiparasitic, antipyretic, antihemolytic, antihypertensive properties and are widely used in medical
practice [1]. They are also used in engineering as effective components of the polymeric materials which in-
crease their stability, possess the ability to inhibit the oxidation and corrosion processes, and exhibit
complexing properties.

Among practically important thiazole derivatives mercaptothiazoles used as vulcanization accelerators
in the rubber industry are well known [2].

Continuing investigations in the field of search and the synthesis of new interesting in practical terms
thiazole derivatives, it seems interesting for us to continue researching the structural features of this class of
compounds due to the dual reactivity. In this aspect as subjects of research we selected 2-aminothiazole de-
rivatives known to have great importance for the pharmaceutical industry, biochemistry, technology, clinical
and experimental medicine. A feature of these compounds is associated with the presence of the free amino
group and a nitrogen atom of the heterocycle.

Among the best known amine derivatives of thiazole are 2- and 5-aminothiazoles which can exist in
two tautomeric forms but with an evident predominance of the amino form that creates opportunities for their
experimental studies aimed at the synthesis of compounds with practically useful properties.

2-Amino-4-phenylthiazole and 2-amino-4-oxothiazole were chosen as subjects of this study. These
compounds are characterized by a number of structural features associated with the possibility of high delo-
calization of the lone pair of electrons (LPE) of the nitrogen atom of free amino group and the nitrogen atom
of the heterocycle, and obviously allowance must be made for the presence of the exocyclic carbonyl group
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in 2-amino-4-oxothiazole which is also capable to participate in the resonance. The presence of the phenyl
substituent in the 4 position of the ring undoubtedly contributes to the distribution of the electron density in
the molecule. The study of the influence of electronic and structural factors on the chemical behavior of the
subjects investigated makes it possible to predict and control the behavior of such structures in the reactions
of chemical modification. In this regard we consider that study of the processes of protonation may shed
light on the behavior of the reaction centers under different conditions, as the usage of mineral acids of dif-
ferent strength may determine the most important nucleophilic center.

Ph @)
SRS

(1) (IN)

2-Aminothiazole is known to have sufficiently low basicity (pK, 5.39). The chemical structure of
2-amino-4-phenylthiazole suggests the possibility of chemical modification involving the free amino groups
and electrophilic substitution reactions in the thiazole ring in the position 5. Some references confirm the
case of electrophilic substitution in position 5 and ease of nucleophilic substitution at the position 2 [3-5].
Nevertheless the presence of LPE at the extracycle nitrogen atom enhances the degree of aromaticity of the
thiazole ring due to delocalization. This factor generally reduces the nucleophilic properties of the free amino
group, but an increase in the basicity and nucleophilicity of the nitrogen atom of the ring is observed. All
these factors taken together cause ambident behavior of 2-amino-4-phenylthiazole in reactions with electro-
philic reagents, in particular the possibility of intramolecular proton transfer.

Ph Ph
M. — Y

In this regard the study of the intramolecular proton transfer process using mineral acids of different
strength will clarify determination of degree of the nucleophilicity of the nitrogen atoms and, consequently,
the direction of the reactions with various electrophiles.

There are quite controversial opinions in the literature relative to the basicity of free amino group in the
aminothiazole. So it is known that the lone pair of electrons of the nitrogen atom can easily enter into conju-
gation with thiazole ring which ultimately reduces the basicity of the amino group.

On the one hand the presence of LPE at the nitrogen atom of the thiazole ring can increase its
nucleophilicity and hence reactivity in regard to different electrophiles, and on the other hand increases the
basicity and nucleophilicity of the free amino group.

All of these factors together create conditions for ambident behavior of molecules of substituted
2-aminothiazoles in reactions with electrophilic reagents.

Thus research of direction of electrophiles attack, in particular the ability to form salts with one equiva-
lent of a mineral acid, is highly informative regarding to basicity of exocyclic nitrogen atom of the amino
group and the nitrogen atom of the thiazole ring.

Usage of mineral acids with different degrees of acidity can solve the problem to some extent. For this
purpose concentrated hydrochloric acid (pK,, 7.0), nitric (pK, 1.64) and sulfuric acids (pK, 3.0) were used.

Study of protonation reactions of aminothiazole derivatives by mineral acids of different strength and
structure of salts synthesized determines the strength of basicity and nucleophilicity of the free amino group
and the ring nitrogen atom. Obviously during the research at least basicity and nucleophilicity of the free
amino groups are changed symbatically.

The reaction of 2-amino-4-phenylthiazole (I) with hydrochloric acid was carried out in ethanol under
heating for 2 hours, then upon cooling there was observed precipitating yellow crystals of thiazole hydro-
chloride (I), which a melting point exceeds significantly the melting point of the starting material and is
220 °C. Control of the reaction was monitored by TLC.

Cepusa «Xumuns». Ne 4(80)/2015 5
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Ph

Ph
N N
T3 ewon
S NH2 + HCI NH2 * HCl

S
(I'a)

Investigation of (Ia) salt structure by IR and NMR spectroscopy indicates the presence of the bound
amino group giving the evidence of the significant broadening of absorption bands in the 3300-3400 cm .

We used nitric acid as stronger acid, and the reaction is also carried out in ethanol under heating. Nitrate
salt of blue color was separated upon reaction (m.p. 168 °C). (Ib) Salt structure was also confirmed by IR
and NMR spectroscopy proving protonation at the nitrogen atom of free amino group.

Ph
N
3% o T
s” NHp + HNO; — ~ s~ “NH,* HNO;

(Ib)

To complete the study of protonating ability of sulfuric acid with respect to 2-amino-4-phenylthiazole
was investigated. The reaction was carried out under similar conditions, as a result of which was salt of dark
brown color obviously due to strong oxidation and carbonization of substance through the activated aromatic
system was obtained. According data of spectral studies salt structure corresponds to the hydrosulfate of the
aminothiazole (Ic) according to the following scheme:

Ph
N
Z> CoHsOH Zf\
)\NHz + H,SO, — = 3)\NH2' H,SO,

(Ic)

The results obtained testify to the high basicity of the free amino group which with forms the corre-
sponding ammonium salts with one equivalent of strong mineral acids. The structure of salts obtained was
proved by spectral methods.

As another subject of the study we selected 2-amino-4-oxothiazole which structure is distinguished by
the presence of the exocyclic carbonyl group capable of additional polarization and delocalization due to the
ring nitrogen atom and amino group. The presence of the C=0 group can significantly affect the redistribu-
tion of the electronic density of the aminothiazole ring, because the polarization of the delocalized system in
the direction of an oxygen atom can significantly decrease the basicity and thus nucleophilicity of the free
amino group.

The starting 2-amino-4-oxothiazole was prepared according to a well-known procedure by interacting
ethyl ester of monochloroacetic acid with thiourea in 95 % ethanol. After dissolving in 1.2 1 hot boiled water
crude hydrochloride obtained was treated with an aqueous solution of sodium acetate. Yield of the target
product, m.p. 255-258 °C, was 79-82 %. The structure of compound obtained was confirmed by 'H NMR,
C NMR spectra.

The reaction proceeds according to the following scheme:

o]
CO,Et H,oN NH 4 E‘N
> g.NaOAc, t
< ! S \/%N HCI - S»\NH2

Cl HoN
o (I

%x% B

Protonation of the 2-amino-4-oxothiazole by hydrochloric acid was carried out in acetonitrile while
heating for several hours at the reflux temperature, following cooling of reaction mixture leads to precipita-
tion of the desired salt (I1a).

6 BecTHuk KaparaHguHckoro yHuBepcuteTa
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The reaction proceeds according to the following scheme:

0 0
2—& N HCI
CH,CN \
S ONH, + HCl ———» S)\NHZ
('a)

The results of spectral studies confirm the occurrence of protonation at the nitrogen atom of the thiazole
cycle since IR-spectrum contains two absorption bands of free amino groups in the 3300 cm™. The resulting
salt is a crystalline yellow solid, m.p. 200 °C.

Undoubtedly the basicity of the free amino group is significantly reduced due to a significant resonance
with the LPE of cyclic nitrogen atom, which in its turn is delocalized with 7 — electrons of the C = O bond.

Thus the resonance with the participation of an electron pair of the free amino group has the greatest in-
fluence on the distribution of the electron density in the thiazole ring which is obviously due to its enhanced
donor capacity.

To confirm these assumptions we used nitric acid as a stronger acid. The reaction was also carried out
in acetonitrile under heating. After heating for 2 hours nitrate salt of blue color (IIb) was separated

(m.p. 153 °C).
0 0
N N\ -
W o,
S

NH2 + HNO3 - = S NH2

(Il b)

To complete the study we investigated the protonating ability of sulfuric acid with respect to 2-amino-
4-oxothiazole. The reaction is carried out under the same conditions, thus compound obtained was colored in
dark brown. Obviously coloring recess as in the case of aminothiazole (I) is caused by the strong oxidation
and degradation due to activation of the thiazole ring as a result of coupling of free amino group with a con-
jugated system C=N—C=0.

We believe that the structure of the resulting salt (IIc) corresponds to the following scheme:

0] 0]
N N * H2804
PN CH3CN )N

S NH2 + H2804 - > NH2

(Il ¢)

The findings of the research carried out show sufficient basicity of the cyclic nitrogen atom of 2-amino-
4-hydroxythiazole due to conjugation of electrons of the amino group with a cyclic nitrogen atom, which in
its turn is conjugated with the strongly polarized carbonyl group.

The structure of 2-amino-4 oxothiazole synthesized assumes its complexing ability which we showed at
investigating its reaction with cobalt chloride with gentle heating for 24 hours in acetonitrile upto reflux.

H,N S

Y

o cl N
N CH4CN o)

Z N+ CoCl, ——— Co..
s TNH, Ny o

2 BN

S

NH,

(V)

The high degree of basicity of the cyclic nitrogen atom is eloquently confirmed by its ability to coordinate
with the vacant d-orbitals of cobalt (II) chloride. Thus as a result of studies of complexing ability of 2-amino-4-
oxothiazole chloride with cobalt (1), stable complex (IV) of blue colour was obtained, m.p. 260 °C.

Cepusa «Xumuns». Ne 4(80)/2015 7
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The structure of the complex obtained was confirmed by X-ray diffraction, according to which the
complexation of 2-amino-4-oxothiazole with cobalt (II) chloride proceeds on a cyclic nitrogen rather than the
free amino group (see Fig.).

RES=0 g

2y

(270513)

™~ PLATON-Mar 27 15:12:44 2014

59 algul.S_modry_pavel._Om Ln P-1 71 X

Figure. X-ray analysis of the complex of 2-amino-4-oxothiazole with cobalt (II) chloride

Moreover according to the computer bioprognostication data the complex obtained potentially possess-
es pharmacological activity such as antiparasitic, antiasthmatic, antiallergic, psychotropic, antiepileptic, and
no doubt can be widely used in medical practice.

As a result of the study of protonation reaction of 2-amino-4-oxothiazole by mineral acids of different
strength of acidity, it was found that the basicity of the nitrogen atom of the ring is much higher than basicity
of the free amino group. X-ray diffraction proved the possibility of chelation of 2-amino-4-oxothiazole with
cobalt (II) chloride, and the structure of the complex obtained was established indicating the higher basicity
of the cyclic nitrogen atom of 2-amino-4-oxothiazole.

Thus the results obtained show a high ambidentity of 2-amino-4-phenylthiazole and 2-amino-4-
oxothiazole caused by the high degree of delocalization of both the lone pair of electrons of the amino group
and the one of the ring nitrogen atom which creates great opportunities for chemical modification of such
aminoheterocycles with participation of the free amino group and the ring nitrogen atom.
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JL.K.Conkeesa, E.B.Munaesa, E.K.Taiimu6exoBa, A.A.JKoptaposa,
I'.'T.Xacenosa, P.M.XKakymnos, JI.M.Cyrpanuna, A.K.Cankeera

MuHepajaabl KbIIIKbLUIAPMEH MPOTOHAAY aPKbLIbI 2-aMUHO-4-(eHWITHA30/IIbIH
JKOHe 2-aMHUHO0-4-0KCOTHA30JIBIH HETi3ALTK JeHreiiiH 3epTTey

Boc amMuH TOOBIHBIH a30T aTOMBI JKOHE THA30J CAKMHACBIHBIH a30T aTOMBIHBIH HETi3IUIINH 3epTrey
MaKCaThIMCH aMHHOTHA30JIAAP/BIH KYLIi Op TYPJi MHHEPAIbl KBIIIKBLIIAPMEH MPOTOHIAHYBI 3€PTTEI.
AIbIHFaH MOJIMETTEp aMHH TOOBIHBIH OOJIiHICIIEreH JIEKTPOH JKYOBIHBIH JKOHE THA30JI CAKMHACBIH/AFbI 30T
ATOMBIHBIH JIeJIOKaIN3aLMsIaHy JICHICHiHIH KOFapbUIBIFBIMEH OaililaHbICKaH, 2-aMHuHO-4-()EHUITHA30IIbIH
JKOHE 2-aMHUHO-4-0KCOTHA30JIIbIH JKOFaphl aMOWICHTTITIH KOpceTTi. byl ochiHail reTeponuKiaepin 6oc
aMHUH TOOBIHBIH JKOHE CaKWHAJaFbl a30T ATOMBIHBIH KATBICYBIMEH XMMMSUIBIK TYPJIEHYJEPiH JKYprizyre kex
MyMKiHzgikTep Gepeni. COHBIMEH Karap LHUKIAET a30T aTOMBIHBIH JKOFapbl HETi3[imiriMeH OainaHbICTHI
2-amuHO0-4-0kcoTHa30abH KoOansT (II) xnopuaiMen koMIuieke Ty3y Kabineri 3epTrenmi.

JLK.CanbkeeBa, E.B.Munaesa, E.K.Taitmu6exoBa, A.A.J)KopTtaposa,
I'.'T.XacenoBa, P.M.Kakynos, J.M.Cyrpanuna, A.K.CanbkeeBa

HccaenoBanue creneHd OCHOBHOCTH 2-aMUHO 4-(peHnITHA30J1a U 2-aMUHO-
4-0KCO0THA30/1a IyTEM MPOTOHNPOBAHNS MUHEPAJIbHBIMU KHCI0TAMHU

N3y4yeHo NPOTOHHPOBAHUE AMUHOTHA30JI0B MUHEPAIBHBIMU KHCIIOTAMH PA3IMYHON CHIIBI C LIEJIbIO UCCIIE0-
BaHHMs OCHOBHOCTH aTOMOB a30Ta CBOOOJIHON aMMHOTPYHIIBI M a30Ta THA30JbHOTO IuKiIa. [lonydeHHsle pe-
3yJIBTATHl MOKA3AJIM BBICOKYIO aMOMJICHTHOCTb 2-aMHHO-4-()éHmITHA3071a M 2-aMHHO-4-OKCOTHAa30i1a, CBS-
3aHHYIO C BBICOKOH CTETICHBIO JEJNOKANN3AIUK HETIOeJICHHOH Mmaphl 3J1eKTPOHOB KaK aMHHOTPYIIIEI, TaK U
aToMa a30Ta THA30JILHOTO KOJIBIIA, YTO CO3/AeT MIMPOKHE BO3MOXKHOCTH XHMHYECKOH MOAN(HKAMN MOT00-
HBIX aMUHOTETEPOLHUKIIOB C YIaCTHEM CBOOOJHOM aMHHOTPYIIIBI M aTOMa a30Ta KoJbla. Taxxke Obula n3yde-
Ha KOMILIEKCO0Opasymomas cocoOHOCTh 2-aMHUHO-4-0KcoTHa30a ¢ xyopuaoM kobansta (II), 0OycnoBnen-
Hasi BBICOKOH CTENIEHbIO OCHOBHOCTH LIMKINYECKOIO aTOMa a30Ta.
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Hydrogenation of p-nitrophenol by gold nanoparticles
immobilized within macroporous amphoteric cryogel based on
N,N-dimethylaminoethylmethacrylate and methacrylic acid

Macroporous amphoteric cryogel based on N,N-dimethylaminoethylmethacrylate and methacrylic acid
(DMAEM-MAA) was used for immobilization of gold nanoparticles (AuNPs). The structure of AuNPs im-
mobilized within macroporous amphoteric cryogel represents the triangular, hexagonal, spherical and rod-like
species the sizes of which are varied from 3 to 10 um. Amphoteric cryogel with immobilized AuNPs was
tested as flow-through catalytic reactor in reduction of 4-nitrophenol by NaBH,.

Key words: macroporous amphoteric cryogels, gold nanoparticles, catalytic activity, flow-through reactor.

Introduction

Information on stabilization of AuNPs by amphoteric polyelectrolytes is very limited. A new regular
polyampholyte, namely poly-(N,N-diallyl-N,N-dimethylammonium-alt-N-octyl-maleamic carboxylate) is
proved to be an efficient reducing and stabilizing agent for the formation of gold colloids [1]. Water-soluble
and durable Au nanoclusters, smaller than 4 nm with a narrow size distribution, were supported on a pH- and
solvent-responsive water-soluble polyampholyte (SPES) [2]. The phase separation and sensitivity of the
SPES-stabilizing Au nanoclusters permitted a facile separation of the clusters from the reaction mixture
without any negative aggregation. Diblock polyampholytes poly(methacrylic acid)-block-poly(N,N-
dimethylaminoethyl methacrylate), having different molecular weight and block ratio were used for stabiliza-
tion of AuNPs [3]. Supporting of noble and transition metal ions in bulk of amphoteric nano-, micro-,
macrogels followed by reduction to zero-valent state will open new perspectives for development of effec-
tive catalytic systems for decomposition, isomerization, hydrogenation, and oxidation of various organic
substrates [4—6]. In this context design of monolithic support with microporous structure that can provide
both nanoparticle loading and liquid flux is challenging task. A considerable effort of researchers is devoted
to construct the catalytic system that is highly active, selective, stable, easy to handle, reusable and simple to
separate the product from the reaction medium [7]. Literature survey reveals that the most studied
superporous cryogels for immobilization of metal nanoparticles exhibit anionic or cationic character.
Superporous cryogels of poly(acrylic acid) [8], poly(4-vinylpyridine) [9] and poly(2-acrylamido-2-methyl-1-
propansulfonic acid) [10] and their templated metal nanoparticle composites were used in hydrogen genera-
tion from the hydrolysis of NaBH, and hydrogenation of 4-nitrophenol. The idea of application of amphoter-
ic macroporous cryogels with immobilized nanoparticles of metals as flowing reactors in catalysis was out-
lined for the first time in our previous publications [4—6] and mentioned only in passing for chitosan-based
cryogels [11].

In the present communication we report for the first time the catalytic activity of AuNPs immobilized
within cryogel matrix in reduction of 4-nitrophenol.

Experimental section

Materials and Methods. Monomers, catalyst and initiator — methacrylic Acid (MAA, 99 % purity),
N,N-dimethylaminoethylmethacrylate (DMAEM, 99 % purity), N,N,N’,N’-tetramethylethylenediamine
(TMED, 99 % purity), ammonium persulfate (APS, 99 % purity), and crosslinking agent N,N’-
methylenbisacrylamide (MBAA, 99 % purity) — were purchased from Sigma-Aldrich Chemical Co., Mil-
waukee, WI, USA and used without further purification. Standard aqueous solution of tetrachlorauric acid
HAuCl, with concentration 100 mg-L™', p-nitrophenol (p-NPh) and sodium boronhydride (NaBH,) were pur-
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chased from Sigma-Aldrich. Concentration of gold in supernatant was determined by ion-coupled plasma
atomic emission spectroscopy ICP-AES «Optima 5100DV» (Perkin Elmer, USA). Scanning electron micros-
copy (SEM) images were recorded on a JEOL JSM—-6490LA (Japan) and on a high resolution SEM (Zeiss
Merlin High-resolution SEM).

Synthesis of Amphoteric Cryogels. Mixture of MAA (343 mg or 4 mmol), DMAEM (626 mg or 4
mmol), MBAA (31 mg or 0.2 mmol) corresponding to molar ratio of monomers MAA:DMAEM =
= 50:50 mol.%/mol.% was dissolved in 9 mL of deionized water, bubbled by nitrogen during 10 min and
degassed under vacuum for about 5 min to eliminate the dissolved oxygen. After addition of 10 pL of TMED
the solution was cooled in an ice bath for 5 min. Then 0.1 mL of aqueous solution of APS (10 wt.%) prelim-
inary cooled in an ice bath for 5 min was added and the reaction mixture was stirred for 5 min. The total vol-
ume of reaction mixture was divided into 10 parts and each part containing 1 mL of reaction mixture was
placed into the 10 glass cylinder with diameter 5 mm with closed outlet at the bottom. The solution in glass
cylinder was frozen at minus 12 °C followed by cryopolymerization on cryothermostate Lauda Proline RP
845 (Germany) during 48 h. After completion of the reaction the sample was thawed at room temperature.
The prepared cryogel sample was washed out thoroughly by distilled water every 2—3 hours during several
days then successively washed out by 25, 50, 75 and 96 % ethanol to dehydrate then dried in air and finally
in vacuum oven to constant mass at room temperature. Thus amphoteric cryogel with initial molar ratio of
[MAA]:[DMAEM] = 50:50 mol.%/mol.% crosslinked by 5 mol.% of MBAA was synthesized (Fig. 1).

CHs
_pz iy H 1
C —C C —C c —C
(o]
——0
[0} (|)H NH
LHQ (l-;HZ
%HZ +H
N cC—0
HgC/ \CH3 |
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Figure 1. Structural units of amphoteric cryogels derived from MAA and DMAEM (left),
dry and swollen in water cryogel samples (right)

Immobilization of AuNPs within the pores of DMAEM-MAA cryogel. 9.5 mL of deionized water was
added to 0.5 mL HAuCl, with concentration 100 mg-L". 0.5 g dry gel was immersed to 10 mL of prepared
solution and boiled. After 30 min boiling the colorless DMAEM-MAA cryogel turned into raspberry-red
color that is specific for AuNPs due to surface plasmon resonance effect. Further the DMAEM-MAA
cryogel with immobilized AuNPs is abbreviated as DMAEM-MAA/AuNPs.

Evaluation of the catalytic activity of DMAEM-MAA/AuNPs. 10 mL aqueous solution composed of 0.5
mL 1-10° mol-L™ p-NPh, 0.5 mL 1-10~2 mol-L" NaBH, and 9 mL of deionized water was pumped through
the flow-type reactor containing AuNPs with the help of peristaltic pump (the flowing rate is 1.5 mL-min™).
The concentration of p-NPh and p-APh was determined spectrophotometrically at 400 and 300 nm respec-
tively.

Results and discussion

Morphology of DMAEM-MAA cryogel and AuNPs immobilized macroporous cryogel. According to
SEM images the average pore size of DMAEM-MAA sample is varied from 40 to 80 um (Fig. 2a). The
structure of AuNPs immobilized within macroporous amphoteric cryogel represents the myriads of gold
nanoparticles distributed in both surface and inner parts of macropores (Fig. 2b). Most of them are triangu-
lars although the hexagonal, spherical and rod-like species are observed (Fig. 2c). The bigger sizes of AuNPs
triangles immobilized within DMAEM-MAA cryogels are varied from 3 to 10 um.
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Figure 2. Morphology of pristine (@) and AuNPs immobilized macroporous amphoteric cryogel (b, c)

Catalytic activity of AuNPs immobilized within cryogel pores in hydrogenation of p-NPh. The reduction
of p-NPh to p-APh by NaBH, (or hydrogen) as model reaction is easily monitored by measurement of the
absorption spectra of substrate and reaction product at 400 and 300 nm respectively [12]. In our case the
cryogel specimen containing AuNPs served as continuous-flow tank reactor for hydrogenation of p-NPh to
p-APh. The flow-through catalytic reactor represents a glass tube with inner diameter 6—7 mm and height
100 mm which is filled by dry cryogel pieces with diameter 5 mm and height 10 mm. The bottom part of the
glass tube is closed by Shott filter ended by valve. At first 10 or 15 mL of deionized water is passed through
the cryogel sample. Due to quick swelling of cryogel the tight sealing between the inner wall of the glass
tube and swollen sample takes place. Such simple construction allows the mixture of substrate and reducing
agent to flow through the cryogel pores and to create enough contacts between the catalyst and reaction mix-
ture. Passing of the mixture of p-NPh and NaBH, through amphoteric cryogel containing AuNPs immediate-
ly produces p-APh (Fig. 3a, b). The 95 % conversion is reached during 4 min after 5 times repeated passing
of 10 mL mixture of p-NPh and NaBH, through the catalytic reactor (Fig. 3a). The same conversion degree is
reached during 13 min after the successive fluxing of 50 mL mixture of p-NPh and NaBH, (Fig. 3b). The
DMAEM-MAA/AuNPs preserved the high catalytic activity even after passing of 100 mL of p-NPh and
NaBH, mixture. In our mind 100 % conversion of p-NPh is not reachable due to capturing of some amounts
of substrate in deadly volume of cryogel. It should be noted that neither the mixture of p-NPh and NaBH,
itself, nor the mixture of p-NPh and NaBH, fluxed through the DMAEM-MAA cryogel does not produce
p-APh in absence of immobilized AuNPs.

;
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Figure 3. The time dependent absorbance spectra of p-NPh and p-APh during the 1% (a) and 5™ (b) process cyclicity

The reduction rate constant of p-NPh has the pseudo-first-order and depends on the concentartion of
nitrophenolate-anion rather than concentration of NaBH, due to its excess [12]. The kinetics of p-NPh reduc-
tion is expressed by equation:
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where C, and Cj are concentrations of nitrophenolate-anions at definite time # and 7 = 0.

e

The logarithmic dependence of the equation (1) has linear character and shows that the first cycle is
completed during 4 min with 95 % conversion, the second cycle — after 6 min, while the 95 % conversion
of p-NPh to p-APh during 10 cycles requires 11 min (Fig. 4). The apparent rate constants (k,p,) found from
the slopes of kinetic curves of Figure 5 during the 1%, 2™, 5™ and 10™ reduction cycles of p-NPh are equal to
13.5-10° s, 81072 s': 6.3-10° s'4.6-107 5. Thus, the k,,, value decreases with increasing of process
cyclicity. Cryogel catalyst sustained over 10 cycles without loss of activity.
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Figure 4. The reaction kinetic curves of In(C/Cy) versus time as a function of process cyclicity

The rate constants of the reduction of p-NPh to p-APh catalyzed by metal nanoparticles
supported on various polymers

Rate constant,

Type of catalyst «10°2 ¢! Ref.
PEI/AuNPs 4.6 [13]
PEI-C;,/AuNPs 5.2 [13]
HPEI-IBAM/AuNPs ~2-3 [12]
Chitosan/AuNPs 0.24 [14]
Resin/AuNPs 2.5 [15]
Chitosan/FeNPs 0.24 [16]
PEC/AuNPs 0.5
PEC/PdNPs 0.394
PEC/AgNPs 0.142 [17]
PEC/AuNPs5,/AgNPs;, 0.678
PEC/AuNPs5o/AgNPs,s/PdNPs,s 0.983
PAMAM dendrimers/AuNPs 2.51
PAMAM dendrimers/AgNPs 0.71 [18]
PAMAM dendrimers/CuNPs 2.43
PD1-2/AuNPs ~2.8 [19]
DMAEM-MAA/AuNPs 1.35 present work

The kinetic rate constant of DMAEM-MAA/AuNPs for the reduction of p-NPh to p-APh was compared
with literature data (see Table).

Table

Comparative analysis shows that DMAEM-MAA/AuNPs catalyst occupies intermediate position
among the catalytic systems used for reduction of p-NPh to p-APh. It is commonly accepted that the reduc-
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tion process involves chemisorption of 4-nitropenolate anions onto catalytic surface of AuNPs, interfacial
electron transfer to reduce the 4-nitropenolate anions and desorption of 4-aminophenol from the surface. In
our mind the p-NPh molecules are stabilized within the inner surface of DMAEM-MAA/AuNPs via hydro-
gen bonds between OH groups of substrate and COOH (or —N(CH3),) groups of cryogel. The immobilized
AuNPs in cryogel pores generates hydrogen atoms from the NaBH, that in its turn hydrogenate the nitro
groups. Detachment of p-APh molecules from the surface of DMAEM-MAA/AuNPs takes place due to elec-
trostatic repulsion, e.g. the negatively charged surface of AuNPs repels the same charged 4-nitrophenolate
anions from the reaction mixture. The detailed mechanism of the reduction of p-NPh on the surface of
AuNPs is given by authors. The lifetime of the catalyst is usually expressed through the turnover number
(TON) that is the number of moles of substrate that a mole of the catalyst can convert before inactivation

[20].
The stability of DMAEM-MAA/AuNPs catalyst, the so-called TON that is defined as
[p—NPh]
TON=>—=xOCT )
[ AuNPs]

(where [p-NPh] and [AuNPs] are the molar concentrations of substrate and catalyst, OCT is the overall cata-
lytic time) and the turnover frequency (TOF) calculated (for the first cycle) according to equation

[ p- NPh] . [conversion]
[AuNPs]-t
was equal to TON = 38,17 and TOF = 21,56 h™' respectively.

TOF = 3)

Conclusions

Amphoteric cryogels of DMAEM-MAA were synthesized by cryopolymerization technique. SEM im-
ages of cryogels show sponge-like porous structure composed of interconnected channels. The structure
AuNPs immobilized within the porous structure of cryogel is represented by triangular, hexagonal, spherical
and rod-like species which play the role of catalytic centres in hydrogenation of substrates. The potential ap-
plication of amphoteric cryogel samples with immobilized AuNPs as effective flow-through units for contin-
uous hydrogenation of p-NPh is demonstrated.

Financial support from the Ministry of Education and Science of the Republic of Kazakhstan
(1004/GF4 2015-2017) is greatly acknowledged.
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A.H.Knusenko, I'.C.Tarbixanosa, Hypmar Hypamxku, C.E.Kynaiibeprenos

ANTBIHHBIH HAHOOO/IIIEKTEePi MMMOOWIIEHT €H
N,N-IuMeTWIAMMHOI TWIMETAKPIJIAT KIHE METAKPUJI KbIIIKbLIbI HeTi3inaeri
MaKpoTOpJbl aMm(oTepJii KpHoOreab KeJieMiHae n-HUTPO(EHOJAbI THAPJIEY

N,N-anMeTHIaMHHOITHIMETAKPHIIAT JkoHe MeTakpuil KeIIKbLUIEl (MAK-JIMAEM) HeriziHaeri MakpoTOpIIEL
ampoTepyi KpHOTedb ANTHIHHBIH HAaHOOOJIIEKTepiH MMMOOMIM3AIMsIayFa KOJAAHBUIIBL. MaKpOTOpPIIBI
ampoTepyi KpHOTenb KOJEMIHAETi aITBIHHBIH HaHOOOJIIEKTepi YIIOYPHIITHI, aNTHIOYPHIMNTEL, Chepabik
JKOHE TYTIKIIE TOpI3i Kyiae ke3zaeceni xoHe keiemaepi 3 nen 10 MKM apanbiFbiHAa. ANTHIH HAHOOOIIEeK-
Tepi UMMOOMIM3aUMsIaHFaH aMOTepii KpUOrenb YITICIH aFbIMIbl KaTAIUTHKAIBIK PEaKToOp peTiHzae
4-uurpodenonnsr NaBH, runpiey peakuuscbiHa ChIHAIIBL.

A .H.Kmuenko, I'.C.TarbixanoBa, Hypmat Hypamku, C.E.Kynaiibeprenon

I'mapupoBanue n-HUTpPOdeHO0/1a HAHOYACTUIIAMH 30J10TA,
HMMOOMIM30BAHHBIMH B MAKPONOPbI aMPOTEPHOr0 KPUOreJisi HA OCHOBE
N,N-I1uMeTHIAMHUHOI THIMETAKPIWIATA U METAKPUJIOBO KHUCJIOTHI

Makpomnopuctbiii amdoTepHbIi kproreab Ha ocHoBe N,N-IHMeTHIaMUHOITHIIMETaKPUIaTa U METaKPHIOBOI
kucinotel (MAA—/IMAEM) ucnosp30BaH 111 IMMOOHIM3aLUN HaHOYACTHUI] 30510Ta. CTpyKTypa UMMOOWIHN-
30BaHHBIX B MaKpONOpHI aM(OTEPHOr0 KpHOTeis HaHOYACTHIl 30J10Ta IMPEACTABISAET COOON TPEyrojbHBIE,
IIECTUYTOJIbHbIE, CHEPUUECKHE M CTEPKHENOAOOHBIE YACTHIbI, Pa3Mepbl KOTOPBIX BapbUPYIOTCA OT 3 10
10 MkM. AMQOTEpHBII KpHOTelb ¢ IMMOOWIN30BaHHBIMA HAaHOYACTHUIIAMU 30JI0TA TECTHPOBAH B KauecTBE
MIPOTOYHOTO KaTAJIMTHYECKOT0 PEakTopa B peakuuy rufpuposanus 4-autpodenonra NaBH,.
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Complexing ability of 2,8,14,20-tetrabenzol-sulfo-calix|[4]resorcenarene
in relation to Cs", Pd2+, Ce3+, Eu’" ions in aqueous solution

The stability constants of complexes formed in a result of interaction «host-guest» of water-soluble
calix[4]resorcinarene with metal ions (Cs, Pd**, Ce*, Eu*") in ratio 1:1 and thermodynamic parameters of
their formation were calculated. The dependence of the Gibbs energy change of formation of complexes on
the atomic number of the element was constructed. It is shown that the value of stability constants depends on
the degree of deprotonation of the rim of the calix[4]resorcinarene. It is found that the guest-cations — Ce*"
and Eu’" are characterized by high charge density, whereby they form the complexes which are relatively
strong, and more hydrated.

Key words: water-soluble calix[4]resorcinarene, complex formation, pH-metric study, stability of complexes,
thermodynamics.

In recent years a sharp increase in the number of publications devoted to the design of multifunctional
ligands — hetero-ditopic receptors prone to the simultaneous binding of cations and anions [1—4] is observed,
this interest is due to the possibility of their usage as sensors for monitoring biological systems and the envi-
ronment, etc. The ability to bind cations by calixarenes is well known. The anions, anions that act, binding of
metal ions, are included in the structure of hetero-ditopic receptors which are based on calixarenes. Despite
the fact that the anion play a key role in chemistry and biology, receptors negatively charged particles are
poorly studied, and the design of such compounds is a current trend in modern organic chemistry.

Calix[n]resorcinarenes form complexes with organic molecules and metal cations, including 4f- and
Sf-elements, and are used in the creation of catalysts for chemical reactions, extractants, chemical sensors,
ion-selective electrodes, the active compounds.

In the study of the complexation oxygen containing macrocyclic compounds with metal ions has been
found that the formation of stable complexes depends, firstly, on the physical-chemical characteristics of the
metal (size and charge of metal ion), and secondly, on the structure and size of the macrocycle (size of cavity
of macrocycle, coplanarity of oxygen atoms, their symmetrical arrangement). All the above conditions de-
termine the effectiveness of the interaction between the metal ion and macroheterocycles.

To understand the laws of these processes it is necessary to consider the thermodynamic aspects of the
chelation process of «host-guest» in solution.

Calix[n]arenas and Calix[n]resorcinarenes are the most widely used class of artificial receptors, howev-
er, the thermodynamics of complexes is not well understood. 2,8,14,20-tetrabenzol-sulfo-calix[4]re-
sorcinarene soluble in water fairly well and dissociates stepwise to forms anion [Hy,L]" in an aqueous me-
dium. The effectiveness of the host-guest complex formation increases as a result of the ionized groups on
the rim of calix[n]resorcinarene [5].

The aim of this study is to evaluate the thermodynamic stability of the complexes formed by the interac-
tion of macrocyclic receptor with cesium (+), palladium (2+), cerium (3+), Eu (3+) ions in an aqueous solu-
tion.
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Experimental

Tetrabenzol-2,8,14,20-sulfo-calix[4]resorcinarene (hereinafter referred to as L) with gross formula:
Cs,H 490,084 (structural formula shown in Figure 1) was used as ligand. 2,8,14,20-tetrabenzol-sulfo-calix[4]-
resorcinarene was synthesized by research group of Professor Bohari Yamin in the University Kebangsaan in
Malaysia.

50;H

HO4S

HO.S

Figure 1. Structure of 2,8,14,20-tetrabenzol-sulfo-calix[4]resorcinarene

Relative molecular mass of this compound is 1109.09 g-mole ', the results of elemental analysis, % are
C (56.31), H (3.27), G (28.85), S (11.56).

Solutions containing ions of Cs”, Pd*", Ce**, Eu*" with a concentration of 10~ mole-L™" were prepared
by dissolving the corresponding salts accurately weighed Csl, PdCl,, Cey(SO,);, Eu,(CO3)s in distilled water.

The ionic strength was created with the help of sodium nitrite (0; 0.1; 0.25; 0.5; 0.75; 1). Determination
of the acidity constant of the ligand was carried out according to standard procedures by conductometric
method [6].

pH titration was performed on a pH meter 827 Lab (Metrohm) with the help of 6.0256.600 combined
electrode. The temperature was 298, 308, 318 K.The pH titration was carried out by the method of B’errum
[7]. The ratio of M:L is 1:1 (on concentration and volume).

Approximation of Ulikh was used to calculate the enthalpy, Gibbs-Helmholtz equation — to calculate
the entropy and the Gibbs — Gibbs free energy.

Results and discussion

The constant value of acidity equal to 5.62-10"" was calculated according to the conductivity depending
on the concentration of ligand solutions. According to the classification of Lewis, it can be attributed to the
group of bases which form characterized by higher strength complexes.

It is known that the calix[4]resorcinarene are a group of universal macrocyclic compounds capable to
form complexes by type guest—host with neutral molecules and ions, and supramolecular aggregates, a spe-
cific supramolecular structure having catalytic activity. Chemical modification of these macrocycles yields
new complex compounds with Cs", Pd*", Ce’”, Eu’ ions. If we judge on the ability of complexing Cs*, Pd*",
Ce’", Eu’" ions, it should be noted that the cesium (1+) and palladium (2+) ions have a low propensity to
form complexes. And cerium (3+) and europium (3+) ions belonging to the group of lanthanides react with
molecules of the macrocyclic ligands and the bond preferably ionic character.

It is known [3] that the set of complexes between ionized calix[4]resorcinarenes and cations can be di-
vided into two types: cell-like and inclusive, and as a result of polycenter electrostatic interaction between
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the positively charged cations and negatively charged groups allegedly calix[4]resorcinarene complex for-
mation should occur without any noticeable dive the metal ion into the cavity of calix[4]resorcinarenes.

The ionization calixarene rim occurs as a result of deprotonation of HyL, leading to an increase of
complexing ability with metal ions. Table 1 shows the stability constants of complexes (IgK), which are the
equilibrium constants between guests-metal ions and anions [Hy,L]", where n = 1-4 in aqueous solution:

Cat™+[H,.,L]" < [CatH,.,L]"™ (1)

Also Table 1 shows the characteristics of the ions of metal-complexing agents.

Table 1
Characteristics of ions of metal-complexing agents, 1gK of complexes formed by the interaction with ligand
Complexing ion | Ionic radius (), nm | Ion charge | Electronic configuration of the atom 1gK (298 K, 1=0.1)
cs' oo ((CCI\IE% 1 45734 %4p5524d"5p6s' 0.66
P 1o Eg; ‘3 2 45%p%d!55” 0.70
Eu’” 0.109 (CN 6) 3 4s™p°d"*f'55p°6s” 0.84
ce'’ 0131 (CN o) 3 45°p°d"f'55%p"d'65° 1.02

The results in Table 1 show that with the increasing polarizability of complexing ions the strength of
formed complexes enhances.

Influence of ionic strength on the stability constants. The following figure 2 shows the stability con-
stants of the complexes formed by the interaction of Cs', Pd*", Ce*", Eu’" ions with 2,8,14,20-tetrabenzol-
sulfo-calix[4]resorcinarene.

lgk
1,20

1,00
mo
0,80 201
m0,25
0,60 05
m0,75
0,40
m1

9,08

Csit}) Pd(21} Cul31} Cel31)

Figure 2. Dependence of the stability constants of complexes 2,8,14,20-tetrabenzol-sulfo-calix[4]resorcinarene
with Cs*, Pd*", Eu’*, Ce’" ions under the influence of ionic strength

It is known that the effect of forming a bond «metal-ligand» is determined by interaction of metal ions
with a solvent and ligand. With increasing charge and decreasing the radius of the ion-metal increases its
complexing ability, which can be seen from the data, with the most stable complexes which are formed with
ions of cerium (3+) and europium (3+).

The binding energy is determined as well as by the steric and electronic factors. The greater is ligand
size, the more probably the occurrence of steric hindrance to the coordination of the ligand, since other lig-
ands presenting in the system (in this case — nitrate ions, water molecules) are also involved in the complex
formation. In our case, this pattern is observed for complexes Ce (3+), increasing the concentration of the
supporting electrolyte reduces the strength of the formed complexes.
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The reverse situation is noted in the case of cesium (+), palladium (2+), europium (3+) ions. This can be
attributed to the stabilizing effect of the supporting electrolyte, caused by dehydration of the ligand and met-
al, as well as the formation of a negatively charged sphere of the outer contour of the complex, separating it
from the solvent molecules in the bulk solution.

Moreover, cerium ion is most polarizing from the four-studied ions of metal-complexing agents hence it
will be very active to attract ions of the supporting electrolyte compared to the ligand ions and palladium
(2+) and cesium (+), Eu (3+) ions are less polarizable, so they increasing number of nitrate ions in the bulk
solution will not have such a high impact, wherein for ions of palladium (2+) stability constants are higher at
medium ionic strength, and for cesium (+) ions at high ionic strength.

Effect of temperature on the stability constants. Figure 3 shows the constant temperature resistance
complexes dependence at constant ionic strength of [ = 1.

lgK 1,2
1,1 /
1
— — . ——Cs+
0,9 - == Pd2+

Eu3+
Lis —— Ce3+
0,7
0,6 T T T 1 I/T’ K’l

0,0031 0,00315 0,0032 0,00325 0,0033 0,00335 0,0034

Figure 3. Dependence of the stability constants of complexes 2,8,14,20-tetrabenzol-sulfo-calix[4]resorcinarene
with Cs*, Pd*", Eu®*, Ce®" ions from temperature

In all cases, the increase in temperature leads to the decrease in the stability of complex compounds.
The value of the Gibbs energy of complexation was estimated based on the data on the stability constants.
The dependence of the change in Gibbs free energy from the atomic number of element is shown in Figure 4
(T=298K,1=1).

8G%s,
K/mole

-2,30
-2,40

-2,50

-2,70

-2,30
Pd Cs Ce Eu

Figure 4. Dependence of Gibbs energy of formation from the atomic number of element

Thermodynamic parameters were calculated on the basis of the temperature dependence of the stability
constants (Table 2).
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Table 2
Thermodynamic parameters of reactions of Cs*, Pd**, Ce’", Eu** metal ions complexes formation at 298 K

Thermodynamic Metal ion I

parameters 0 0.1 0.25 0.5 0.75 1
Cs’ 10.14 4.16 —4.82 —49.70 —34.74 -19.78
AH?, Pd** 34.52 27.8 17.73 0.94 ~15.84 —32.63
1 mole! Ce* 9.43 9.07 8.54 7.66 6.78 5.90
Eu’’ -109.36 | —120.80 —86.55 —86.44 —93.46 —92.58
Cs' ~1.62 -1.73 ~1.89 -2.16 —2.44 271
AG?, Pd* ~1.74 ~1.84 -1.99 —2.24 —2.49 -2.74
KJ-mole”! [ —2.08 -2.10 2.12 2.17 2.1 -2.25
Eu’” —2.54 —2.53 —2.51 —2.49 —2.47 —2.45
Cs' 146.10 148.30 6.34 7.10 8.06 9.01
A,S?, Pd** 5.97 147.94 6.75 7.53 8.31 9.09
J-mole K- Ce* 60.50 148.63 74.03 88.78 103.53 118.28
Eu’’ 8.15 8.08 8.15 8.07 7.97 7.90

Transition from endothermic to exothermic effect with increasing ionic strength indicates metal-ligand
bond strength increase; negative values of Gibbs energy change of complex formation also confirm a rela-
tively high resistance to dissociation of the complex in solution. It can be assumed that polycenter electro-
static interactions of cations of cesium and palladium with negatively charged rim require greater desolvation
calix[4]resorcenarene (according to equation (1)) than the interaction with cations of cerium and europium.

Conclusion

In general, increasing the concentration of the supporting electrolyte leads to an increase in entropy sys-
tems containing ions of Cs" and Pd*", is apparently due to the fact that in these cases the formation of com-
plexes cell-like type since this process is entropically favorable process (AS>0). While guests—cations of
Ce’" and Eu’" are characterized by high charge density, whereby they form the complexes are relatively
strong, and more hydrated.
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[I1.K.AmepxanoBa, Bohari M.Yamin, Azwan Mat Lazim, A.C.Yonu, M.HypranueBa
2,8,14,20-Terpadenson-cyabdo-kanaukc|[4]|pezopunHapeHHiH cyJibl epiTiHaige
Cs', Pd*, Ce**, Eu’* HOHJIAPbIHA KATHICTHI KOMILIEKC TY3y KallieTi

Cyna eputin kamukc[4]pesopuunapennin Merann uommapeiven (Cs', Pd*', Ce**, Eu®") opexerrecyi
HOTIDKECIiH/IE «He-KoHaKy (1:1 KaThlHACHIHAA) KOMIUIEKCTEPAIH TYPAaKTBUIBIK KOHCTAHTANAPHI JKOHE TY3LIy
MIPOLECTePiHIH TePMOAMHAMHKANBIK Hapamerpiepi ecenrenmi. Kowmmrekcrepmin ty3imyinin I'u66c

20 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Complexing ability of 2,8,14,20-tetra ...

SHEPrHsCHl ©3rePYiHiH JJIEMEHTTIH PETTIK HOMIpIHEH TOYSJAUNIri TYPFhI3bUIAbL. TYpPaKThUIBIK KOHCTaHTa-
CBIHBIH IIAaMaChl KaJTUKC[4]pe3opunHapeHHiH XKHUETiHIH ACIPOTOHIaHY I9peKeCciHe ToyeNai eKeHi KopceTii.
Ce*" u Eu’' KoHaK—KaTHOHIAPHIHBIH 3aPS/1 THIFBI3ABIFEI KOFAPhl OOIFAHIBIKTAH, ONAP TY3ETiH KOMIUIEKCTEP
CaJIBICTBIPMAJIbI TYPAKTHI )KOHE TUIPATTAITYBI JKOFaphIPaK OoMabl.

[II.K.AmepxanoBa, Bohari M.Yamin, Azwan Mat Lazim, A.C.Yamu, M.Hypranuesa

Komnuiekcooopasyromasi cnocooHocts 2,8,14,20-reTpaden3o.1-cyabgo-
+ 2+ 3+ 3+
KaJuKc[4]pesopunHapena no orHomenno K uonam Cs', Pd™', Ce™', Eu
B BOJIHOM pacTBope

Beimn paccunTaHbl KOHCTaHTBI YCTOMYMBOCTH KOMIUIEKCOB M TEPMOJMHAMHUYECKHE IapaMETPhl MPOIECCOB
KOMIUIEKCOOOPa30BaHHs «XO35MH-TOCThY (B COOTHOUIeHHH 1:1) mpH B3aMMOJEWCTBHM BOJOPACTBOPHUMOTO
kanmukc[4]pesopumnapena ¢ nonamu Meramios (Cs®, Pd*, Ce**, Eu*"). IlocTpoena 3aBucuMOCTb H3MeHEHHs
sueprun ['mb66ca oOpa3oBaHMs KOMIUIEKCOB OT HMOPSIKOBOrO HOMepa djeMeHTa. [lokazaHo, 4TO BelUYMHA
KOHCTAaHTBI YCTOMYHMBOCTH 3aBHCUT OT CTEIEHH JENPOTOHU3ALUH 000]Ka KaJIHuKc|[4]pesopunHapeHa. Ycra-
HOBIIEHO, 4TO rocTH — KatuoHsl Ce’” 1 Eu®" XapakTepu3yloTcs BHICOKOM IIIOTHOCTBIO 3apsijia, 3a CUET Yero
00pa3yeMble MU KOMIIJIEKCHI SIBIISTFOTCSI OTHOCUTEIBHO NMPOYHBIMHU U 00JI€€ THAPATHPOBAHHBIMU.
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Thermodynamic parameters of reactions of basic copper carbonates formation
with participation of organic complexing agents

In the article some of thermodynamic parameters for the processes which are possible in nature during the
formation of the malachite and azurite are described. The authors have shown that the formation of basic car-
bonates from copper sulfide ores is thermodynamically more favorable than that from its oxide minerals. The
presence of complexing agents promote the dissolution of oxide forms of copper and involve its ions into
secondary mineralogenesis. It is found that the hydroxy acids largely promote the formation of a malachite
and azurite than the similar amino acids.

Key words: malachite, azurite, complexing agents, thermodynamic of mineralogenesis.

Natural processes of the minerals formation are characterized by variety and frequently high complexi-
ty. In the most general case they can be divided on endogenous and exogenous processes. Among other, pro-
cess of formation of malachite and azurite from a sulphidic copper ores by oxidation and a carbonatization in
the water environment belongs to the exogenous one [1-4]. Natural malachite Cu,[CO;](OH), is a valuable
decorative and ornamental stone, and also important ore of copper, as well as related mineral azurite
Cu;[CO;],(OH),, especially in a zone of the copper field oxidation. The studying of thermodynamic aspects
of the malachite and azurite formation was published in a number of works [5—9] and it is still very interest-
ing in respect to formation from various primary copper minerals.

The various organic complexing agents which contains in soils can participate in the formation process-
es of basic copper carbonates [10—13]. The occurring in these cases reactions, as a rule, are studied insuffi-
ciently from the thermodynamic point of view. A number of different factors influence on these processes;
the chemical character of complexing agents and initial carbonates is significant among them. The thermo-
dynamic evaluating the possibility of passing for these reactions give essential contribution in the knowledge
of mineral formation processes.

For studying thermodynamics of malachite and azurite formation reactions a number of thermodynamic
calculations of changes of enthalpy, entropy and Gibbs energy of reaction at 273—373 K with participation of
various initial substances has been carried out. Besides various copper minerals, they included carbonate
agents in the form of the carbonate ion, the dissolved and gaseous carbon dioxide; an oxidizer — oxygen in
the dissolved and gaseous form; and also water and hydroxide ions. As a source of copper ions the sulphidic
and oxidized minerals, such as covellite CuS and tenorite CuO, were investigated.

At the first stage of calculations the model reactions equations have been presented in the ionic form for
elimination of influence of the secondary factors connected with antiions. So, for reactions:

2Cu*" + CO, + 40H = Cu,[CO5](OH), + H,0

2Cu*" + CO;s* + 20H = Cu,[CO;](OH),
absolute value of enthalpy change of reaction decreased at transition from a gaseous form of carbon dioxide
to dissolved and further to a carbonate ion while value of entropy change increased. Value of change of
Gibbs energy for the reaction remained in the range from —250 to —185 kJ/mol (at 298.15 K). When the oxy-
gen in the system is added, there is a further decrease in magnitudes of thermodynamic characteristics: en-
thalpy change of reaction makes from —505 to —475 kJ/mol, change of Gibbs energy from —395 to
—420 kJ/mol. Thus, oxidation allows to increase efficiency of the proceeding reactions. Besides, in the right
part of the equations there are free electrons that points to possibility of electrochemical stimulation of the
considered processes.

At the second stage, the reactions of formation of malachite and azurite from sulphidic (such as
covellite and chalcocite) and the oxidized copper minerals (tenorite, cuprite) were considered:

Cu,S + CaCOj; + 3H,0 + 2.50, = Cu,[CO;5](OH), + CaSO4-2H,0
3CuS + 3CaCO; + H,0O + 60, = Cu;[COs],(OH), + 3CaSO, + CO,
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2CuO + CO; + H,0 = Cu,[CO;](OH),
3CuO + 2C02 + H20 = CU3[CO3]2(OH)2

Formation of malachite from sulphidic minerals is characterised by very high thermodynamic parame-
ters: enthalpy change from —930 to —1620 kJ/mol, enthropy change from —550 to —730 J/mol-K, and change
of Gibbs energy from —770 to —1400 kJ/mol. The formation of azurite from sulphidic minerals at oxidation is
also has high thermodynamic parameters (change of Gibbs energy up to —2000 kJ/mol). Formation of copper
carbonates from the oxidized minerals has less thermodynamic efficiency due to bigger stability of the oxy-
gen substances; value of Gibbs energy is close to zero and even in certain cases has positive magnitude at
higher temperatures. Thus, it is possible to increase efficiency of mineralogenesis by using of coordination
substances.

Under natural conditions the most widespread geochemical complexing substances are humic and fulvic
acids. At this stage we made thermodynamic estimation of basic copper carbonates formation probability
with participation of primary structural fragments of humus acids such as the simplest a-hydroxy and
a-amino acids. The following reactions were considered — without complexants:

2CuS + 2CaCO; + H,0 + 40, = Cu,[COs](OH), + 2CaS0O, + CO, (1)
2CuO + CaCO; + 2H,0 = Cu,[CO5](OH), + Ca(OH), 2)
3CuS + 3CaCO; + H,0 + 60, = Cu3[CO;],(OH), + 3CaS0O, + CO, 3)
3CuO + 2CaCO; + 3H,0 = Cu3[CO;],(OH), + 2Ca(OH), 4)
with complexant Na-glycolate (in salt forms to neutralize formed acid in reactions with sulfide minerals):
CuS + 2CH,(OH)COONa + 20, = Cu(CH,(OH)COO), + Na,SO, (5)
CuO + 2CH,(OH)COOH = Cu(CH,(OH)COO), + H,0 (6)
and analogical reactions with participation of Na-lactate (7, 8), K-glycinate (9, 10) and Ca-alanate (11, 12):
CuS + 2CH;CH,(OH)COONa + 20, = Cu(CH;CH,(OH)COO), + Na,SO, (7)
CuO + 2CH;CH,(OH)COOH = Cu(CH;CH,(OH)COO), + H,0 ®)
CuS + 2CH,NH,COOK + 20, = Cu(CH,NH,COO0), + K,SO, 9)
CuO + 2CH,NH,COOH = Cu(CH,NH,COO0), + H,O (10)
CuS + Ca(CH;CH,;NH,COO), + 20, = Cu(CH;CH,NH,COO), + CaSO, (11)
CuO + 2CH;CH,NH,COOH = Cu(CH;CH,NH,COO), + H,0 (12)

and final reactions of malachite (13—16) and azurite (17-20) formation from copper complexes with partici-
pation of glycolates (13, 17), lactates (14, 18), glycinates (15, 19) and alanates (16, 20):

2Cu(CH,(OH)COO), + 2CaC0; + H,0 = Cu,[CO5](OH), + 2Ca(CH,(OH)COO), + CO, (13)
2Cu(C,H5(OH)CO0), + 2CaCO; + H,0 = Cur[CO5](OH), + 2Ca(C,Hs(OH)COO), + CO, (14)
2Cu(CH,NH,COO), + 2CaCO; + H,0 = Cu,[CO3](OH), + 2Ca(CH,NH,CO0), + CO, (15)
2Cu(C,HsNH,COO), + 2CaCO; + H,0 = Cu,[CO3](OH), + 2CaC,HsNH,COO), + CO, (16)
3Cu(CH,(OH)COO), + 3CaCO; + H,0 = Cus[CO5],(OH), + 3Ca(CH,(OH)COO), + CO, (17)
3Cu(C,H5(OH)CO0), + 3CaCO; + H,O = Cus[CO5],(OH), + 3Ca(C,Hs(OH)CO0), + CO,  (18)
3Cu(CH,NH,COO), + 3CaCO; + H,0 = Cus[COs]o(OH), + 3Ca(CH,NH,COO),) + CO, (19)
3CU(C2H5NH2COO)2 + 3C3CO3 + Hzo = CU3[CO3]2(OH)2 + 3C3(C2H5NH2COO)2 + COZ (20)

The results of the calculations at standard temperature are shown in Table 1.

Table 1
Thermodynamic functions of the reactions (1-20) at 298.15 K
. AH°(298), AS°(298), AG°(298),
Reaction kJ/Enol ) J/(m(ol-K)) kJ/Enol )
1 2 3 4
1 —1475.85 —700.378 —1267.031
2 50.010 —47.502 64.173
3 —2264.92 -963.737 —1977.583
4 134.111 —74.488 156.32
5 —815.109 —558.696 —648.534
6 —91.872 —219.646 —26.384
7 —810.004 —551.583 —645.550
8 —88.943 —220.901 —23.081
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1 2 3 4
9 —841.594 —432.506 —712.642
10 —29.940 —37.998 —-18.611
11 —858.41 —493.467 —711.286
12 —17.480 —14.630 -13.118
13 73.193 291.353 —13.674
14 71.352 289.680 —15.016
15 195.785 245.329 122.640
16 185.910 220.225 120.250
17 112.373 366.041 3.238
18 109.612 363.531 1.225
19 296.26 297.005 207.708
20 281.449 259.349 204.124

The reactions with participation of copper sulphide are characterized with high values of parameters at
direct mineral formation and reactions with intermediate formation of copper complexes. It is seen that
complexants promote the transition of oxidized copper into solution (Fig. 1). The malachite and azurite pre-
cipitation from copper complexes with hydroxy acids is thermodynamically probable, especially at case of
lactates. The reactions with participation of amino acids have positive magnitudes of Gibbs energy change;
nevertheless, it can be marked some tendency to decrease the value at increasing of carbon chain.
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Figure 1. Temperature dependence of Gibbs energy change in reactions of dissolution of sulphide (left)
and oxide (right) copper minerals with participation of complexing agents

Lactic (L-2-hydroxypropanoic) acid is one from complexing agents occurring in the nature. Lactic acid
is available in industrial quantities and can be viewed as potential reagent for intensification of the
mineralogenesis processes. In this case the important advantage is its ecological safety. The formation of
copper complexes with lactate-ions prevent its fast precipitation in poorly soluble compounds; this fact en-
large a migration route of copper ions in environment.

The main sources of carbonate-ions at natural conditions are carbonates of calcium and magnesium.
Thus, the thermodynamical parameters for reactions of copper (II) lactate with mostly widespread in the na-
ture calcium and magnesium carbonates — calcite, magnesite and dolomite — were considered:

2Cu(C;H;03), + 2CaCOs + H,O = Cuy[CO3](OH), + 2Ca(C3H503), + CO,
2CU(C3H503)2 + 2MgCO3 + Hzo = CUZ[CO3](OH)2 + 2Mg(C3H503)2 + COZ
2CU(C3H503)2 + CaCO3MgC03 + Hzo = CUZ[CO3](OH)2 + Ca(C3H503)2 + Mg(C3H503)2 + C02

The thermodynamic calculations in temperature range 273-373 K show that the malachite formation is
possible in the reactions with participation all of considered carbonate rocks (Table 2). The upper negative
value of Gibbs energy change is observed for reaction with calcium carbonate; the reaction with participation
of magnesium carbonate is considerably more profitable in energy aspect. It is may to expect some mean
values for the reaction with participation of dolomite, but its thermodynamic parameters are closer to the re-
action with participation of calcite.

24 BecTHuk KaparaHgmHckoro yHusepcurteTa



Thermodynamic parameters of reactions ...

Table 2
Thermodynamic functions of malachite formation reactions at 298.15 K
. AH°(298), AS°(298), AG°(298),
Mineral KJ/mol J/(mol K) kJ/mol log Keg
Calcite 71.35 289.7 —-15.02 2.631
Magnesite 5.128 178.1 —47.96 8.404
Dolomite 61.94 272.7 -19.36 3.392

The reactions of azurite formation at these circumstances are characterized by higher values of enthalpy
change and entropy change, as well as positive value of Gibbs energy change at environmental temperatures
(Fig. 2). Thus, the reactions of azurite formation with participation of complexing agents are less probable
thermodynamically than the reactions of malachite formation.
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Figure 2. Temperature dependence of Gibbs energy change in reactions of precipitation of malachite (left)
and azurite (right) from copper complexes with lactate-ions on various carbonate collectors

It should be noted that the using in the calculations thermodynamic data for hydrated forms of initial
and final substances has an effect on thermodynamics of the processes. At the same time, in most causes, the
value of Gibbs energy change stay negative.

Small values of Gibbs energy change and equilibrium constant snow that the reaction with participation
of lactates are carried out closely to equilibrium conditions. This fact indicate at possibility of formation of
well-shaped malachite aggregates.

The research is supported by the Science Committee of the Ministry of Education and Science, the Re-
public of Kazakhstan, under the Scientific grant No. 0214/GF4 «Developing methods aimed to stimulate the
secondary mineral formation of malachite in copper deposits and waste dumps».
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B.H.®omun, U.E.Poxxkosoi, [{.b.I'orons, [.JI.ITonHomapes

Opra"sukajJbIK KOMILIEKCTY3YLIIePAiH KATbICYbIMEH KYPeTiH Heri3ri
MbIC KAPOOHATTAPBIHBIH TY3iJ1y peakuysIapbIHbIH
TePMOAUHAMHUKAJBIK 6JIeMaepi

Makasnana TaburarTa mHaiina OOJNaThlH MajaxUT MEH a3ypHTTBIH KeHOip TepMOAMHAMHKAIBIK IpoLecTepi
cHIaTTajFaH. ABTOPJAp/bIH 3epTTeyi OOMbIHIIA, OKCHATI MUHEpaliapra KaparaHaa cyiabGHATI KeHAepaeH
QJIBIHATBIH HEri3ri KapOoHATTap TePMOMHAMUKAJIBIK JKaFbIHaH THIMAIpek. KoMiuieke Ty3yurinepaiy xyiene
60JTybl MBICTBIH OKCHATI (hOpManapblH epiTyre ocep ereli KOHE MBIC HMOHIAPBIHBIH EKiHLIUIIK MHHepas
Ty3yiHe MOKOYp eremi. AHAJIOITH aMHUHKBIMIKBUITAPMEH CajbICTHIPFAHIA THAPOKCHKBIMIKBUIAAD MATaxuT
MIeH a3ypHUTTHIH Maiina 60ybiHa KOOIPEK MYMKIHIIK TYFbI3abl.

B.H.®omun, U.E.PoxxkoBou, [{.b.I'orons, [{.JI.ITonHomapes

TepmoauHaMuYecKHe MapaMeTpbl peakuuii 00pa3oBaHus
OCHOBHBIX KapOOHATOB MeJIM B NPUCYTCTBUH
OPraHMYecKUX KOMILIeKcoo0pa3oBareJieil

B crarbe onmcaHbl HEKOTOPBIE TEPMOANHAMHYECKHE MPOLECCH, KOTOPbIE MOTYT IIPOTEKaTh IpH 00pa3oBa-
HUM MaJlaxuTa U a3ypura B IpUpoJe. ABTOpPaMH IOKa3aHO, YTO OOpa30BaHHE OCHOBHBIX KapOOHATOB H3
CyNb(QUIHBIX PYA MeIX TepMOJHHAMUYecKu Oojiee BBITOHO, YeM U3 ee OKCHIHBIX MHUHepaioB. [Ipucyrcrue
KOMIUTEKCOOOpa3oBaTesiell CHOCOOCTBYET pacTBOPEHUIO OKCHAHBIX ()OPM MEAU M BOBJICUCHUIO €€ HOHOB BO
BTOPUYHOE MHHEPaI000pa3oBaHHUe. Y CTAHOBIECHO, YTO THIPOKCUKHCIIOTH B OOJBIIEH CTENEeHH CIIoCOOCTBY-
10T 00pa30BaHMIO MAJIAXHUTa U a3ypHTa, YeM aHAIOTHYHBIC AaMIHOKUCIIOTEL.
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Evaluation of interrelation of electrochemical properties
and thermal storage capacity of the melt of crystal hydrates
of inorganic substances on the basis of Na,S,0;-5H,0

Research of conductivity of concentrated salt solutions are of great interest in connection with the structural
changes in electrolytes. The heat storage properties of the mixture of sodium thiosulfate pentahydrate and so-
dium tellurate dihydrate were calculated. Firstly the coefficients of temperature dependence of heat capacity
of sodium tellurate were calculated. Melting temperature of mixtures at ratios (50:1, 25:1, 10:1), which are
equal to 349 K, 307 K, 326 K, were determined. The specific melting heat of mixtures was calculated. It was
shown, that heat of fusion of mixture Na,S,0;'5H,0 — Na,TeO,2H,0 (10:1) is maximal and equals to
238.5 kI'kg'. An analysis of the temperature dependence of the electrical conductivity was carried out. It
showed the presence of high activity and mobility of tellurate-ions. It was shown that crystallization process
is changed from quasi-equilibrium to the «explosive» at low temperatures ranging from T=318 K.

Key words: heat storage properties, sodium thiosulfate pentahydrate, electrical conductivity, specific melting
heat, kinetic characteristics, sodium tellurate.

Researches on the conductivity of concentrated salt solutions became the subject of great interest in
connection with the structural changes in electrolytes. It is known that concentrated and saturated solutions
of electrolytes refer to the third type of liquids organization with the lack of water structure according to the
classification formed by the results of measurement of the dielectric permittivity [1].

At the same time a number of theories were suggested for the mechanism of electrical conductivity: hy-
drodynamic, where ions are presented in the form of balls moving in a viscous medium [2], theory of Debye-
Hiickel-Onsager in which the movement of ions is caused by electrostatic forces under the influence of an
electric field, and braking is caused due to the formation and disappearance of the ion atmosphere [3], in
Eyring's theory ion is hopping from one equilibrium position to another [4], Ivashkevich theory, where the
electrical conductivity is determined by the equation of communication between the concentration of ions
and the medium viscosity. On the other hand, inorganic compounds containing some crystallized water show
the ability to store heat, as a result of solid — liquid phase transition, which is then released into the environ-
ment during crystallization. In most cases the heat storage based on phase transition is understood as the ac-
cumulation of fusion heat.

The heat content (internal energy) of a liquid or solid phase is often used as an addition to the heat of
the phase transition. It increases the capacity of the battery, but makes it impossible to take advantage of
heating at constant temperature [5].

It is known from the literature sources that the enthalpy of melting of sodium thiosulfate crystalline is
higher than the one of anhydrous salt, i.e. in the reverse process of crystallization into the environment more
heat will be generated, therefore the substance may have been selected as a material having some heat stor-
age properties, and on the basis of their costs, the storage capacity and reliability of heat during repeated
thermal cycling [6]. Furthermore, the effect of adding the sodium sulfate decahydrate on the process of crys-
tallization of sodium thiosulfate pentahydrate is also marked [7].

In connection with this the evaluation of the electrochemical properties of heat storage materials based
on mixtures of crystal hydrates Na,S,05;.5H,0 — Na,TeO,2H,0 is the task of the theoretical and practical
plan which gives the opportunity to perform the modification of the base crystal hydrates. The aim is to de-
termine the heat storage capacity and electrochemical properties of mixtures of crystal hydrates
Na28203 SHQO — NazTeO4'2H20.

Sodium thiosulfate pentahydrate (Na,S,03-5H,0) chemically pure, telluric acidic sodium dihydrate
(Na,TeO42H,0) analytical grade have been used as the starting materials for heat storage materials.

Inorganic mixtures are obtained by mixing sodium thiosulfate pentahydrate and sodium tellurate
dihydrate in various proportions by weight of (50:1, 25:1, 10:1), weight 5 g sodium thiosulfate, from which
the weight of sodium tellurate dihydrate additives is calculated.
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After mixing, the mixtures were heated up to a temperature at which solids are dissolved in the crystal-
lized water. Method for determining the specific heat of fusion [8]. The samples were heated by convection.
Temperature control was performed by a thermometer, which was immersed in the sample at a visual and
thermal analysis and thermocouple (chromel-alumel (298-1073 K)) during measuring thermal emf. The
thermo-emf. was recorded using a voltmeter brand EV2265—1 with divisions of 0.1 mV (Fig. 1).

3

o il
\J

1 — Sample; 2 — Thermocouple chromel-alumel; 3 — Voltmeter
Figure 1. Apparatus for measuring thermal emf.

A method for determining the heat release rate is as follows. After the material in the crucible has melt-
ed and reached the temperature higher than the melting temperature, the furnace is turned off, and at regular
intervals millivoltmeter readings are fixed.

Conductivity studies were carried out in a thermostated vessel with the capacity of 50 ml. The electrical
conductivity was measured in mark OK-102 conductivity meter. The working electrode was made of a pair
of platinum plates of 1 cm’. To recalculate the values of specific conductivity from Sim'em™ to Ohm'cm™
the instrument constant has been determined by measuring the y 0.001 M KCI at standard temperature [9].

According to the graph of the thermocouple (chromel-alumel) capacity dependence on the temperature
the graph of temperature dependence on time is made, an exemplary form of which is shown in Figure 2.
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Figure 2. Thermocouple temperature dependence on time

On the graph AB area corresponds to a cooling of the molten metal before the start of crystallization,
BC area — to metal crystallization, and CD area — to solid metal cooling (T, is the melting point). Replace
the resulting graph with the idealized one by connecting points A and B, C and D with straight lines. The
amount of heat delivered per time unit by average liquid metal with the crucible during cooling:
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g: (MCI +mC2)‘(]I _Tz)

T T, T,

M

where M — melting pot; m — mass of metal; C; — specific heat capacity of the melting pot (C; =1090 Jx
xkg'"K™"); C, — the specific heat of the test liquid metal (for tin — C, = 266 J'kg"K™).
When cooling solid metal per unit of time the amount of heat is given:
0, _ (MC,+mC,y)-(T,~Ty)

T T, T,

@)

where C, — the specific heat capacity of the investigated solid metal (C, =230J kg K.

Since during crystallization temperature of the metal does not change, the rate of heat transfer during
this period can not be measured directly. The rate of heat transfer, all other things being equal, depends on
the temperature difference between the heated body and the environment, so the average speed of cooling
before and after crystallization process will be approximately equal to the rate of heat transfer during solidi-
fication.

Using this, you can write:

2_1(0,2) -

At 2\At At

Using the equations (1), (2) and (3), we have found:
gzl[(MCl+mC2)Tl_Tz+(MC1+mC£)Tz_T3j. (4)
At 2 T, - T, T, — T,

In the graph the times 1, and 7, are chosen so that:
T, =H =TT,

T, =T, =T, —T,. (5)
We have placed the equation (4) in the expression (2). Taking into account (5), we have obtained:
1 ,
A =——((MC, +mC,)(T, T, )+ (MC, + mC,)(T, - Ty)). (6)

2m
To calculate the kinetic parameters the Arrhenius equation has been used, in which the rate constant
was replaced with the specific conductivity. Activation energy of the electrical conductivity has been calcu-
lated graphically according to the equation:

lgy=I1gA,—E,/2.303RT . (7)
Calculation of kinetic parameters was performed according to the formulas [4]
AH"=E, —2RT . (8)
Then we have found the value of AS” according to the equation:
AS* = R[2,3031g 4, — 2,303 1g(k7T) ~1]; )
AG" = AH" —TAS". (10)

In this scientific work heat-storage properties have been calculated for example, inorganic salts, sodium
thiosulfate and modified salts of elements of (VI) group. It has been shown that sodium thiosulfate is a sol-
vent with respect to the additive, since the melting point of the second component is significantly higher. In
this regard, the melt mixture is a solution, the heat capacity of which is different from the heat capacity of the
solvent (basic salt). Also for the first time coefficients of the temperature dependence of heat capacity for
sodium tellurate were determined by Landia’s method [10] in the range 298 K — T7,, (Table 1).

Table 1
The coefficients of the temperature dependence of sodium tellurate heat capacity
C,,cal'mol "K'
Compound P 510} “10° 298 - Ty,
Na,TeO, 36.04 4.84 0.37 298-1009 K

The indicated coefficients of temperature dependence of sodium tellurate heat capacity (Table 1) can be
used for the calculation of heat capacity of the mixture of sodium thiosulfate pentahydrate — sodium tellu-
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rate dihydrate. Next, on the base of the kinetic curves of cooling, the melting temperature of mixture, and the
fusion heat of the mixtures of sodium thiosulfate pentahydrate with sodium tellurate have been calculated
(Table 2).

Table 2

The thermodynamic characteristics of melting mixtures of sodium thiosulfate pentahydrate
with sodium tellurate dihydrate

Mixture T, K %,{(231.}2_)1, chl’((éﬂ?llgi A, kI kg
N2,5,05"5H,0-Na,TeO, 2H,0 (10:1) 326 885.3 92.25 269.3
N2,5,0;"5H,0-Na,TeO, 2H,0 (25:1) 307 883.2 46.4 60.3
N2,S,0;-5H,0-Na, Te0,2H,0 (50:1) 349 885.1 30.0 32.9

Effect of temperature on the conductivity of mixtures of sodium thiosulfate pentahydrate — sodium tel-
lurate dihydrate in a weight ratio (25:1; 50:1) has been investigated. However, high consumption of sodium
tellurate dihydrate restricts the use of the mixture as a heat storage material, so it is necessary to evaluate the
electrochemical properties providing maximum heat output. The results determining the electrical conductiv-
ity for mixtures of sodium thiosulfate pentahydrate — sodium tellurate dihydrate are shown in Figure 3.

Ohm™t:cm™?
X % Ohm*em?
7.3 30
6.3 -
53 A
20 A
43
15
3.3
10 |
2.3 A
13 5
03 - - - - - ; K & 2 T, K

315 320 325 330 335 340 345 350 330 335 340 345 350 355 360

Na28203~5H20 — NazTCO4'2H20 (251) Na28203~5H20 — NazTCO4'2H20 (501)

Figure 3. The temperature dependence of the electrical conductivity
for the mixture Na,S,0;-5H,0 — Na,TeO,42H,0

The data in the table show that adding sodium tellurate dihydrate leads to lower specific heat of fusion.
The lower mixture melting point compared to a basic salt of sodium thiosulfate pentahydrate is associated
with the coordination of tellurate — ions with water molecules.

On the other hand the addition of sodium tellurate dihydrate increases not only the melting point but al-
so the specific heat of melting, due to the formation of the eutectic mixture while removing water. The melt-
ing point and fusion heat of these mixtures have been identified, it is shown that the addition of sodium tellu-
rate dihydrate in 10: 1 ratio increases the specific heat of melting to 238.7 kJ'kg". Thus the mixture of the
composition of 90.9 % of sodium thiosulfate, 9.1 % sodium tellurate dihydrate can be used as heat-storage
material.

Data given in Figure 3 make it possible to judge about the presence of high activity and mobility of ions
due to the absence or reduction of solvents. These conductivity data are in accord with those for the pure
molten nitrate salts, alkali metal chlorides, but they are characterized by high melting points.

Figure 4 shows that the change in conductivity and temperature is exponential, which is due to an in-
crease in the ionic contribution to the overall conductivity of the melt. Furthermore, energy characteristics of
the melt mixture conduction have been defined, since the fundamental period contributing to the process of
heat transfer is cooling (Table 3).
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Table 3
Changes in the kinetic characteristics of the electrical conductivity
of melts N325203‘5H20 - NazTeO4'2H20 (CIZCZ)
coc T, E, leA T-T, E,, leA AS’, AH', AG”,
=2 | (heating), K | kJ'mol’ (cooling), K | kJ'mol Jmol' K'| kJ'mol’ kJ-mol”

60.99 21.41 0.48

61.01 21.49 0.86

318-333 43.30 7.49 | 343-323 27.11 4.83 61.02 21.57 1.25

61.04 21.65 1.63

25:1 61.05 21.74 2.02
95.75 43.64 13.19

95.76 43.72 13.74

333-348 14.00 2.97 | 323-303 48.93 6.64 95.78 1331 1230

95.79 43.89 14.86

43.96 10.19 -5.33

43.97 10.27 -5.03

323-343 403.49 | 62.25 43.99 10.35 -4.73

353-323 16.06 3.94 44.01 10.44 —4.43

44.02 10.52 -4.14

50:1 343-348 457.10 | 70.14 jjg: }ggg :ggj
118.96 35.56 -2.27
118.97 35.64 -1.60

348-358 -31.50 | -3.21| 318-298 40.84 7.85 118.99 35.72 -0.93

119.00 35.81 —0.25

119.02 35.89 0.42

In this case, the activation energy is the minimum kinetic energy required so that an ion could perform a
translational motion and for the appearance of electric current. Therefore, heating up to 333 K allows to de-
crease the activation energy as the melts almost do not contain any crystallized impurities and the process of
transferring the atomic charge is flowing in the diffusion mode. On the other hand the activation energy is
the sum of the true activation energy, which active ions have and the excess energy needed to perform a
jump from one quasi-equilibrium position with the oscillation frequency of the ion v, to the state with the
oscillation frequency v, during T [11].

Since this mixture consists of sodium salts, the common ion is sodium ion, and the center of the quasi-
equilibrium state are anions (thiosulfate ion and tellurate ion). Low enough positive pre-exponential factor
suggests low values of the relaxation times of ions with respect to the equilibrium position, which are in-
creased when heated and are reduced upon cooling. I.e. in the cooling process there is the destruction of crys-
tal lattice by ions having a high kinetic energy, which they transmit in a collision with the formed lattice
sites. Hence the collision of an ion with a lattice site can be viewed as a reaction between a mobile cation and
static anion the product of which is the activated complex, i.e., this bimolecular reaction [12]. Therefore, all
the kinetic parameters can be applied to the cooling process which relate to bimolecular reactions in con-
densed matter, namely the activation enthalpy and entropy of activation. The data on the Gibbs energy of
activation show that at low temperatures ranging from T = 318 K, the crystallization process proceeds from a
quasi-equilibrium and «explosive,» which promotes rearrangement of the crystal lattice, the release of exces-
sive kinetic and potential energy into the environment.

Similar calculations were made for 1:50 ratio, it is shown that the heating process takes place in the dif-
fusion mode, and high values of pre-exponential factor enable us to judge about fairly high mobility of ions.
At the same time cooling is accompanied by a decrease in the activation energy and pre-exponential factor,
and the crystal lattice is stabilized. This fact is confirmed by the values of Gibbs energy of activation. From
the temperature of 318 K cooling is followed by a slight increase in the activation entropy, change of the
structure, but it does not lead to a significant change in the amount of heat released into the environment.
Therefore, one of the main criteria for the selection of heat-retaining materials is the increment of the Gibbs
energy of activation when the temperature changes from 7"to 7.
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Thus, the value of the electrical conductivity of molten mixture of sodium thiosulfate crystalline — so-
dium tellurate dihydrate of different composition have been determined. Coefficients of the temperature de-
pendence of the heat capacity of sodium tellurate dihydrate have been calculated. It is shown that the addi-
tion of sodium tellurate dihydrate in an amount of 2 % by the weight of sodium thiosulfate pentahydrate in-
creases the heat output. The values of activation entropy, the Gibbs energy of activation, which indicate the
electrochemical nature of the transition from a quasi-equilibrium to «explosive» which facilitates the rear-
rangement of the crystal lattice, the release of excessive kinetic and potential energy into the environment.

The work was financed by the scientific and technical program «International scientific and technical
programs and projects for 2013—2015» (Ne state registration 0113PK00961).
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III.K.Amepxanosa, P.M.IlInsanos, A.C.Yaonu

Na,S,0;°5H,0 Herizinae 6eilopraHuKaNbIK 3aTTap KPUCTAJIOTHAPATTAPHI
KOCHAJIAPBIHBIH 3JIeKTPOXUMHSIBIK KACHETTePi KoHe JKbLTYKHHAF I
KaOl1eTTiyiri apacbiHaarbl 63apa 0ailJIaHBICTBI 0aFajay

KonnenTpanusiianran Ty3 epiTiHIUIEpiH 3epTTey OTKI3TIIITIK IEKTPOIUTTEpAe KYPBUIBIMIBIK e3repictepre
0allIaHBICTBl YIIKEH KbI3BIFYMIBIIBIK TyAbIpyda. MyHOa HaTpuil THOCYNb(MATBIHBIH NEHTarHApPaThl KOHE
HATPUH TEJUTYpaThIHbIH JAUTHAPAT KOCIACBIHBIH JKbULy CaKTay KacHeTTepi ecenTesireH. AJFaiml per
JlanauiiabIH 9ici MEH HATPHUH TeJUTYPAThIHBIH JKbUIY JKUHAFBIII KACHETIHE TEMIepaTypajblK ToyelIiIiK
kodddunmentrepi anbikrangsl. (50:1, 25:1, 10:1) xaremmacrarst 349 K, 307 K, 326 K Ten OGonarbiH
KocnajgapAblH Oanky TeMmmepaTypamapsl —ecenteni. KocmamapablH — epekime  KBUIYJIBIK — Oanky
Temneparypanapsl 6enrinenni. Kocanapasiy Na,S,055H,0 — Na,TeO42H,0 kachIpbIH JKBLTYIBIK OaTKyBI
(10:1) maxcumangel sxone 238,5 k/DK/Kr TeH ekeHI KepceTilnmi. DNeKTp OTKI3TIIUTITiHIH TeMmIiepaTypa
Toyeninirine Tangay skyprizinmi. O sxorapbl OeJICEHAUTIrT MEH TeIypaT-HOHBIHBIH KO3FaJIFBIITHIFBIHA
Heriznenred. Kpucranmany nponeci T =318 K Temen TemmnepaTypaia KBa3uTele-TCHIIKTEH JKapbUIFBIIIKA
JeiiH e3repei Jen KOpCeTireH.
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Ouenka B3aMMOCBS3H JJIEKTPOXUMHYECKHX CBOMCTB
U TEILUIOAKKYMYJIHPYIOIIeil COCOOHOCTH PACILUIABOB KPUCTA/IOTHAPATOB
HeOpraHu4YecKuX BeliecTB Ha ocHoBe Na,S,03°5H,0

HccnenoBanus 31€KTPONPOBOAHOCTH KOHLIEHTPUPOBAHHBIX PACTBOPOB COJIEH MPECTABIISAIOT OOJBIION HHTe-
pec B CBSI3U CO CTPYKTYPHBIMU M3MEHEHUSIMU B 3JIEKTPOJIUTAX. belIn paccunTaHbl TEIUIOAKKYMYIHPYIOLINE
CBOifcTBa cMecu IMeHTarujpara THOCYIb(aTa HATpUs M AUTHIpaTa TeJulypara HaTpus. BrepBeie meTomom
Jlanmust ObIM HaiineHB! KOA(QQUIMEHTH TeMIlepaTypHOH 3aBUCHMOCTH TEIUIOEMKOCTH Ul TeJUTypara Ha-
Tpust. OnpeseneHsl TeMIepaTyphl INIaBJIeHNs cMeceil pu cooTHomeHusix (50:1, 25:1, 10:1), KoTopsle paBHBI
349 K, 307 K, 326 K. bbuia paccunrana ynenpHas TEILIOTa I1aBiaeHus cMeceld. IlokazaHo, 4To CKpbITas Tel-
JoTa miaBieHus cMecu Na,S,05°5H,0 — Na,TeO,42H,0 (10:1) makcumanbaa u paBaa 238,5 k/Ix/kr. [Ipose-
JIEH aHaJIU3 TEMIIEPAaTYPHOI 3aBUCUMOCTH 3JIEKTPONPOBOAHOCTU. DTO 00YCIOBIEHO BHICOKOH aKTHBHOCTBIO U
MOABMKHOCTBIO TEIUTypaT-HOHOB. Iloka3aHo, 4To mporecc KpUCTaJUIU3aLud U3MEHSAETCsl 0T KBa3HpaBHOBEC-
HOT'O K B3pbIBHOMY IIpH HU3KHX Temmeparypax oT T =318 K.
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Study of the influence of inorganic and organic additives on the possibility and
regularity of the precipitation process of brushite from aqueous solutions

The article presents a range of issues related to the peculiarities of brushite crystallization in the presence of
additives based on thermodynamic calculations and experimental data. The authors studied the regularities of
phase formation in the system of Ca?" — HPO,* — H,0, an additive in a broad range of variation of concentra-
tions of components and pH. The effect of silicate-, fluoride-, chloride- and hydrocarbonate-ions on the pre-
cipitation and the composition of the crystallizing phase was investigated. It was found that brushite and other
calcium phosphates co-precipitate from the original system. Studying the influence of organic additives, it has
been established that their presence leads to the precipitation of brushite admixed with apatite phase.

Key words: Brushite, thermodynamic calculations, experimental data, silicate-, fluoride-, chloride- hydro-
carbonate-ions, crystallizing phase, calcium phosphates, organic additives, apatite phase.

Introduction

In recent years, considerable attention has been paid to the creation of ceramic materials for medical
purposes used in reconstruction of bone tissue defects caused by pathological changes in the body, major
surgical interferences or trauma. The use of the materials on the basis of calcium phosphates provides unique
opportunities, since this group of compounds is characterized by biological compatibility with body tissues,
active combination with bone tissue and the formation of new bone tissue. These properties are widely used
for the production of artificial bone grafts, which are either entirely made or only surface-coated with bio-
compatible calcium phosphates. For example, self-hardening cements of calcium orthophosphates are used in
bone regeneration, while titanium prostheses coated with a surface layer of calcium orthophosphate are used
for endoprosthesis replacement of hip joints and teeth. Porous support structures made of calcium orthophos-
phates are promising tools in tissue engineering [1-5].

Another reason giving rise to a great deal of interest in studies of these minerals is the fact that apatite is
the main part of the inorganic physiogenic (bones, teeth) and pathological (i.e., those appearing due to vari-
ous diseases) hard tissues. For example, dental caries and osteoporosis occur due to the partial removal of
calciferous matter (decalcification) of teeth and bones respectively. This is a consequence of substitution of
less soluble and more solid biological apatite with more soluble and soft dicalcium phosphate. Therefore, the
processes of both physiogenic and pathological crystallization in vivo are crystallization of calcium phos-
phate.

This paper deals with brushite — dihydrate dicalcium phosphate CaHPO,4-2H,0 (dicalcium phosphate
dihydrate — DCPD) which is a quite common but as yet poorly studied biologically important mineral.

DCPD is of frequent occurrence in the composition of pathogenic mineral formations such as dental
stones, kidney stones [6—10]. In medicine it is used in cement compositions based on calcium phosphate.
DCPD is included in cavity protection toothpastes (in this case it is present together with the fluorine-
containing compounds) and is a mild polishing agent [2, 5, 11].

Analysis of the literature [1, 5, 12] shows that the crystallization process of brushite in a greater degree
depends on the parameters of the solution (such as initial concentration of the components, the pH of the me-
dium) and the reaction conditions (temperature, time of solid phase crystallization, the rate of solution pour-
ing, the mixing procedure). Since the conditions under which brushite is formed are very diverse, the selec-
tion and specification of synthesis parameters of this phase from aqueous solutions are urgent and complex
problems of modern science. In addition, the research aimed at studying the nature of the influence of inor-
ganic and organic additives (components of biological fluids of the human body) on the properties of the
synthetic solid phase is very important.

The aim of this work is to study the effect of organic and inorganic additives on the opportunity and the
regularities of the precipitation process of brushite from aqueous solutions.
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Materials and methods

Thermodynamic calculation. At the initial stage of the study, thermodynamic calculation was conducted
to determine the feasibility and conditions of precipitation of slightly soluble calcium compounds. Aqueous
solutions containing ions of calcium, phosphate, nitrate ions and ammonium were chosen as the systems to
study the regularities of crystallization. The concentration of calcium and phosphate ions was varied between
10 and 200 mmol/L, the content of counter-ions in the system corresponded to the equilibrium stoichiometric
concentration after dissociating of calcium nitrate and ammonium hydrophosphate in aqueous medium. The
consideration of these ions was reduced to the description of their impact on the non-ideality of the solution
due to the electrostatic interactions of ions constituents related to the ionic strength of the solution. The cal-
culation of activity ratio of ions was carried out according to the equation of the second approximation of the
Debye-Huckel theory [13].

During calculations, the value of acidity ranged from 0 to 14, with a step increment of 0.1. Stepped hy-
drolysis of phosphate ions in the solution was considered by the introduction of the value of mole fractions
of those anion forms that are a part of a slightly soluble composition, in the equation for relative solubility
products. According to the existing data [3—-5, 11, 12], in aqueous solutions containing calcium ions and
phosphate ions, the following slightly soluble compounds are formed: Ca(H,PO,),-H,O (monocalcium phos-
phate monohydrate), Ca(H,POy,), (monocalcium phosphate), CaHPO,-2H,0O (brushite), CagH,(POy4)s-SH,O
(octacalcium phosphate, OCP), Ca,o(PO,)s(OH), (hydroxyapatite, HA), B-Ca;(PO,), (tricalcium phosphate,
TCP), Ca(OH),. To determine the feasibility and the conditions of the precipitation of the listed substances,
we used the values of thermodynamic solubility products (pK®%) corresponding to the instability constants
data base of complexes SC-database [SCQUERY Version 1.37 (1993)]. Theoretical determination of feasi-
bility and conditions of precipitation of these slightly soluble calcium compounds in aqueous media was car-
ried out based on calculations of thermodynamic parameters characterizing the degree of the system devia-
tion from equilibrium. The value of supersaturation index (SI) of the system for each of the compounds was
calculated according to [14]. The driving force of the crystallization process was characterized by the change
in Gibbs’ free energy (AG) when the system transfers from a supersaturated state to equilibrium [14].

If ST> 0, AG < 0 and precipitation of the solid phase from the solution is thermodynamically probable.

Experimental modeling. Brushite crystals were obtained by mixing the dilute solutions of calcium ni-

trate and ammonium hydrogen phosphate as a result of the precipitation reaction:
Ca(NO3)2 + (NH4)2HPO4 + 2H20 — CaHPO42H20l + 2NH4NO3

The study of the system was carried out at the equimolar concentrations of the solution of Ca(NOs), and
(NH,4),HPO, at room temperature (22-25 °C). During the experiment, the concentration of additives was var-
ied.

The solution was filtered under vacuum after sedimentation of the heterogeneous system during the
chosen period of time. The precipitate was dried at a temperature of ~80 °C to the constant weight for com-
plete removal of the chemically not-bound water. The obtained solid phase was weighed and studied by the
methods of X-ray diffraction analysis (XRD) (DRON-3M), by Fourier-transform infrared spectroscopy
(FTIR spectrometer FT-801, tablets with KBr) and optical microscopy.

The analysis of variance was performed on the laser diffraction particle size analyzer ShimadzuSALD-
2101 (Laser Diffraction Particle Size Analyzer). According to the results of analysis, we obtained a curve of
particle size distribution and average particle size in microns using special software (WING-2; WING-3).
For more reliable results, the analysis of the samples was carried out in 4—5-fold repetition, and the relative
standard deviation for these measurements was Sr = 0.02—0.04.

The statistical data processing was carried out using software StatSoft Statistica 6.0.

Results and their discussion

Thermodynamic modeling. The comparison of the values of solubility products K, of studied slightly
soluble compounds, calculated taking into account the ionic strength and hydrolysis processes, with values of
thermodynamic constants K,° showed that in all systems in which C¢,o,), / Conn,),1e0, = 1.33-2.00, crystal-
lization is thermodynamically possible CaHPO,:2H,0; Ca;o(PO,)s(OH),; CasH,(PO,)s 5SH,0, B-Caz(PO,),
and Ca(OH), (for them K, > K.°). By increasing the ratio of concentrations of calcium and phosphate ions in
the solution, the change of composition and the number of phases (with respect to which the medium is in a
supersaturated state) is not observed. The conditions, under which the deposition of a particular solid phase
is possible, are virtually unchanged at varying initial concentrations of the ions forming the precipitation. So
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the diagrams of crystallization of all of the slightly soluble calcium orthophosphates, for which precipitation
is possible in the studied systems, are almost invariant with the changes of the parameter Ca/P in the solution

(Fig. 1). Consequently, the magnitude C,o,), / Conn,),nro, (When changing from 1.33 to 2.00) does not

have a significant influence on the conditions and sequence of crystallization of slightly soluble compounds
of calcium.

Acidity of the medium has the greatest influence on the process and depth of the reaction behavior of
precipitation. The stability region of Ca;o(PO4)s(OH), (S7 > 0) is significantly expanded by increasing the pH
value, reaching a maximum at pH = 12 (Fig. 1), whereupon the supersaturation is virtually unchanged and
remains constant (SI = 3.70). A similar trend is observed for -Ca;(POy), (Fig. 1).

Ca, (PO, L (OH), Ca, (PO, },

Figure 1. Diagrams of crystallization of calcium orthophosphates (Ca(NO;), / (NH4),HPO4= 1.67)

The established regularity is due to the fact that with increasing pH value, the mole fraction of ortho-
phosphate ions in the system increases, and at pH>12, the form PO,> predominates in the solution, as the
phosphorus in the form of trisodium orthophosphate ion is included in the composition of Ca;o(PO4)s(OH),
and B-Ca;3(POy),. The supersaturation of the solution concerning the calcium orthophosphates increases, as
the pH increases with that the field of their existence expands, the rate and depth of deposition of the reaction
increase [14].

It is known that CaHPO,-2H,0 and CagH,(PO4)s-5H,O phases that crystallize in slightly acidic and
close to neutral solutions. The areas obtained in the calculations of the possible deposition of the mentioned
salts have the boundaries of 5.0-13.7 and 5.7-14, respectively for CaHPO,4-2H,0 and CagH,(PO,)s'SH,O
(Fig. 1). In practice, in aqueous solutions at pH close to 7, the processes of hydrolysis of the considered cal-
cium orthophosphates with the formation of thermodynamically more stable Ca;o(PO4)s(OH), start. Proba-
bly, this is due to the lack of experimental data regarding the availability of CaHPO, 2H,O and
CagH,(PO,)s-5SH,0 in aqueous alkaline solutions and their stable existence in time. However, according to
[12], the range of pH medium of crystallization at the nonequilibrium growth of brushite (in gel media) is
significantly wider than the well-known thermodynamic equilibrium range 4<pH<6 and includes all experi-
mentally studied pH range from 3 to 8 [12].

In the transition from dilute solutions to the systems with a higher concentration, a significant decrease
in the Gibbs energy of the crystallization process of Ca;o(PO,4)s(OH),, CagH,(PO4)s-5H,O and -Cas(PO,), is
observed [14]. This change reaches 4-6.5 kJ/mol when the concentration of calcium ions and phosphate ions
increases in the system by 20 times. The driving force of the deposition process of brushite varies slightly
depending on the concentration of precipitation forming ions in the medium and reaches its maximum value
(—6.78 kJ/mol) at concentrations = 50—75 mmol/I.

According to the thermodynamic calculations, it is established that in the systems with the concentra-
tions of phosphate ions and calcium ions of 10 to 200 mmol/l and pH from 0 to 14, the deposition of two of
calcium phosphates is most likely: at pH~4.7-6.0 and C>50 mmol/l — brushite, at pH>6.0 and
C<50 mmol/l — apatite, CagH,(PO,)s'5H,O and B-Cas;(PO,), metastable phases in the studied conditions.
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The theoretical results are confirmed during the experimental study of the system of Ca(NO;),—(NH,4),HPO,—
H,O, containing equivalent amounts of ions of Ca*" and HPO,”: at low concentrations (10—50 mmol/l) at the
time of pouring of solution the brushite crystallizes, which as it matures in the system, transformes into hy-
droxyapatite; at higher contents of ions of Ca®” and HPO,” in the systems (>50 mmol/l) brushite deposits, the
size of the crystals of brushite increases during ripening in the solution. The crystallization of brushite takes
place in the pH range = 5.00-6.00 at adding a solution of Ca(NQO;), to the solution of (NH4),HPO,. The par-
ticle size decreases with the decrease of the rate of pouring of the reactants.

It should be noted that the constructed thermodynamic model reflects the possibility of the formation of
phases only on the basis of the data about their thermodynamic stability in the standard state. It does not take
into account kinetic factors influencing the formation process of the solid phase in the actual conditions.

The concentration of precipitation-forming ions is one of the most important parameters influencing the
crystallization process, its direction, velocity, nature and properties of the developing slightly soluble com-
pound. At initially low concentrations of Ca*" and HPO,” in the calcium phosphate system, according to the
data obtained in the thermodynamic calculations, apatite deposition is possible, whereas, with the increase of
the initial concentrations of precipitation-forming ions the supersaturation system increases relative to
CaHPO, 2H,0, B-Ca3(PO,), and CagH,(PO,)s-5H,0 and the formation of a mixture of phosphates is thermo-
dynamically probable. Theoretically established regularities were tested in the experiment.

With the methods of XRD, IR-spectroscopy and optical microscopy, it was determined that at the initial
time (when pouring reagents) from the solutions with the concentrations of 10 and 25 mmol/l, brushite crys-
tallizes. When the precipitation matures in the mother liquor, small rhombic crystals of brushite mostly trans-
form into apatite; this indicates greater stability of the precipitation in the studied conditions and agrees with
the data of thermodynamic calculation. The powders obtained after separation from the aqueous phase and
drying are biphasic and consist of brushite and HA (Fig. 2, 3).

In the system where the original concentrations of precipitation-forming ions is 50 mmol/l, brushite
crystallizes with impurity of apatite according to IR-spectroscopy and optical microscopy (Fig. 2, 3). How-
ever, on the diffractograms of the solid phase obtained under these conditions, only reflexes CaHPO,-2H,0
appear and peaks Ca;o(PO,)s(OH), are absent. This is probably due to the low content of basic calcium phos-
phate in the composition of the precipitate (less than 5 % from the weight of the total solid phase).
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Figure 2. IR Spectra of the samples from the systems
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Figure 3. Diffractogram of the precipitations from the systems

In the studied systems, crystallization of only brushite phase occurs at higher initial concentrations of
calcium ions and phosphate ions (C>75 mmol/l). At the initial stage of their formation, the particles have the
form of thin prolate plates, diverging rays from the center (Fig. 4a). Maturing of the sedimentary substance
in the mother liquor leads to the separation of crystals and their enlargement. The greatest growth occurs in
the direction of one of the axes, so the ratio of the crystal length to the width is approximately 10:1 (charac-
teristic feature of brushite crystals [12]). The average particle size of the brushite obtained by precipitation in
the systems with concentration >75 mmol/l is 17.5-22.5 um.

a — at the moment of pouring together; b, c — 2 days after maturation
Figure 4. Image of brushite particles obtained from the solution with Cyy, = 75 mmol/l

Overall, the results of theoretical and experimental study of the phase formation processes in the system
Ca(NOs), — (NH4),HPO, — H,O agree well with and complement each other. The driving force of the deposi-
tion process of brushite was evaluated and the influence of several factors on the regularities of phase for-
mation in the system Ca(NO;), — (NH4),HPO, — H,O was established. The features of brushite were revealed
in the course of comprehensive multicenter study of the spontaneous crystallization of slightly soluble calci-
um phosphates (controlled by both thermodynamic and kinetic factors). Based on the obtained results it can
be stated that further investigation of crystallization of calcium hydrogen phosphate dihydrate in the presence
of organic and inorganic substances of biological origin is necessary to clarify the mechanisms of their influ-
ence on the processes of mineralization in vivo.
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Research of the influence of the inorganic anions on the properties
of synthetic solid-phase and characteristics of the deposition process

The influence of fluoride ions on the crystallization in the system Ca(NO;), — (NH;),HPO,; — NaF —
H,0. Theoretically, in the given ionic composition (Ca2+, Na', NH,", NO5, H2P04'/HPO42'/PO43, F,H', OH)
the deposition of the following slightly soluble calcium compounds is possible Ca(OH),, CaHPO,4-2H,0,
CagH,(POy)s- SH,0, Ca,H,(PO,).-nH,0, Cajo.(HPO,),(PO4)s.(OH),.., Caio(PO4)s(OH),, Caio(PO4)sF,. In the
experimental study it was found that in a similar system without the addition of fluoride ions
(pH=5.50£0.05, t=22-25°C, t=48h.) the crystallization of only phase brushite occurs —
CaHPO, 2H,0. In the presence of anions F~ in the medium of crystallization, the formation of least soluble
phase of all currently known calcium phosphates — fluorapatite is probable. Therefore, the experiment on
the crystallization of the solid phase in the presence of fluoride ions, whose content in the system ranged
from 1.06-107 to 1.06:10 mol/l (the minimum concentration corresponds to the content of F~ in human
stomatic fluid), was conducted to study the influence of fluoride ions on the process of phase formation in
the studied conditions.

The study of the obtained solid phases by IR-spectroscopy showed that the value of the initial concen-
tration of fluoride ions has a significant impact on the nature of the crystallizing substance. With the increase

of C_ in the system, there is a change of the type of crystallization process: brushite — mixture of brushite

and hydroxyl/fluoro-apatite — fluorapatite.

The analysis of IR spectra of samples synthesized at higher concentrations of fluoride ions (0.53—
1.06 mmol/l) showed that in these conditions the formation of additional crystal phase occurs, probably of
fluoro-substituted non-stoichiometric hydroxyapatite Ca;o(HPO4)(PO,4)s..(OH),_».F,. In this case, the sam-
ples are biphasic. The complex structure of the spectrum in the near infrared region (ranges 500—-650, 1000—
1200 cm™") proves it. Absorption bands of brushite and apatite are jointly present in this region. With further
increase of the initial content of F~ in the system (>5.30 mmol/l), fluorapatite (Ca;o(PO4)sF,) is presumably
the prevaling component of the obtained precipitate. This is evidenced by the presence of intense peaks at
1040 and 1090 cm™ triply degenerate mode of antisymmetric valence vibration of P—O (v3) in the composi-
tion of apatite and a broad flat absorption band in the range 3300-3500 cm™ (Fig. 5).

4000 F500 000 2500 2000 1500 o009 s

—1
v, cm

1 — brushite (50mM); 2 — C(F") =53 mM; 3 — C(F’) = 106 mM

Figure 5. IR spectra of solid phases from the solutions
without additives and with the impurity of fluoride ions

The conducted analysis of variance of all obtained solid phases showed that the particle size increases
with the increase of initial concentration of the additive of fluoride ions in the initial crystallization medium

(Fig. 6). Thus, the precipitations obtained from the solutions with C, <106 um have large size
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(Dinodal ~ 50-100 micron) compared to brushite, which precipitation occurred in the medium without addi-
tives. The increase of fluorine content in the initial solution leads to a further increase in the particle size of

the precipitation. Thus, at C, = 1.06 mm, the diameter of particles is about 170 pm.

Dmodah mkmm
180 7

160 1
140 7
120 1
100 1

&0 1

&0

40
C(F7) molp

]
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Figure 6. Dependence of the diameter of the particles
on the concentration of the fluoride ions in the system

The presence of one peak on the differential curves of the particle size distribution (Fig. 7, 8) indicates a
predominance of particles of certain diameter in the composition of the samples extracted from the solutions

with €, =0-1.06 um. For the samples of fluorapatite obtained at 5.30 pm < €, <10.6 um, the differential

curves have two maxima (Fig. 8); therefore, the solid phase is primarily composed of particles of two frac-
tions, for which Dpogaiiy= 100-200 um and Dpogaiz) = 400-500 um.
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Figure 7. The differential curves of particles size distribution
of the solid phases obtained at C,. = 10.6-106 mkmol/l, pm
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Figure 8. The differential curves of particles size distribution
of the solid phases obtained at C, = 0.53-6.10 mkmol/l, pm

The influence of chloride ions on the crystallization in the system Ca(NOs), — (NH,),HPO,— NaCl — H,O.
The synthesis of brushite conducted in the presence of chloride ions, whose content in the system was varied
in the concentration range 0.010—0.100 mol/l (the content of CI" in human stomatic fluid — 0.015 mol/L) to
study the influence of additives on the process of phase formation under these conditions.

The study of the obtained phases by the method of IR-Fourier spectroscopy enabled to state that Cl” ions
added to the solution even in a small amount of (C(C1)>0.010 mol/l) cause joint crystallization of brushite
and hydroxyapatite. Thus, on the infra-red spectrum of sample absorption there are peaks at 653, 578 cm’
and also 1135 and 1060 cm™', which are characteristic for HPO,> — groups in brushite, and bands due to
variations of water: at 1646 cm™ and a broad band in the region 3500-3000 cm” with a minimum of
3420 cm™ (Fig. 9).

R

I1-cC(ct’)=0.010
2-C(Cl" ) =0.040.
3-C(Cl”)=0.070
4-C(CL") =0.100

4000 33500 3000 23500 2000 1500 1000 300

Figure 9. The IR spectra of the synthetic phases in the presence of chloride ions (mol/l)
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According to the analysis of variance dispersing composition of synthetic powders the size of the parti-
cles of the obtained combinations increases with the concentration of additives in the initial system (see Ta-
ble). Moreover, for the samples obtained by precipitation from the system with the initial concentration of
chloride ions 0.040 and 0.010 mol/I the distribution curves of particle size are bimodal. It indicates the for-
mation of crystals of two fractions (Iya1 = 30 um, Iy = 150 um) (Fig. 10) in the test conditions and shows
the presence of two phases in the composition of the precipitation. The dependence with monomodal particle
size distribution is characteristic for other synthetic samples, the value of the average diameter of particles
ranges from 30 to 70 pum.

Table
Specifications of synthetic solid phases

The concentration of chloride ions in mol/l ..
in the initial solution solid phase Ca/P the precipitate D, mim
0.010 0.002+0.000 1.47+0.04 25.1
0.040 0.002+0.000 1.47+0.04 39.6
0.070 0.005+0.000 1.2340.13 57.8
0.100 0.008+0.000 1.16+0.04 60.1
CEEEH

« Dhrushite » S, = 50
.g-C(cl) =0,010
A ool =0,040
A-cicly =0.070

AR cicl) =0,100
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Figure 10. The distribution curve of the particles obtained in the presence of chloride ions (mol/l) in size, pm

The influence of hydrogen carbonate ions on the crystallization ion in the system Ca(NO;), —
(NH,),HPO,— NaHCO; — H,O. 1t is known that carbonate ions are a part of the human biological fluid and
sometimes may exceed the content of phosphate ions. Therefore, in the following step the influence of
hydrocarbonate ions on nature, composition and properties of the precipitated solid phase was studied. The
additive concentration ranged from 0.010 to 0.100 mol/l. The investigation by the method of IR-Fourier
spectroscopy of the phase composition of the samples obtained from the systems with additives HCO;
showed that obtained precipitations are formed with brushite with the admixture of a minor amount of hy-
droxyapatite, the spectrum is similar (Fig. 9). At this stage of the experimental study it was found that added
to the crystallization medium hydrocarbonate ions lead to the precipitation of brushite with the impurity of
hydroxyapatite. The increase in the content of the ions of additives in the precipitation is caused by their ad-
sorption on the surface of the solid phase.

The influence of silicate-ions on the crystallization in the system Ca(NO;), — (NH,),HPO, — Na,SiO; —
H,0. 1t is assumed that the bioactivity of the materials is defined by their chemical composition, crystal mor-
phology and properties of surface materials. Therefore, the primary method of managing this property is the
chemical modification of calcium orthophosphates. By the example of glass-ceramics produced in the system
Ca0—Na,0O-SiO,—P,0;s, it is known that the presence of silicon in the material and at its surface accelerates
the union of the implant with the bone. Thus, the use of these materials in medical applications is very prom-
ising.

The analysis of the IR-Fourier spectroscopy of the samples with the addition of silicate-ions showed
that all precipitations are monophasic and formed by brushite (Fig. 11). There are groups of absorption bands
that are characteristic for brushite on the spectra of the obtained samples.
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1 — C(Si05% )inigia1 = 0.001 M; 2 — C(SiO5% )initia= 0.015 M

Figure 11. IR-spectrum of synthesized phase in the presence of silicate-ions

The study of the influence of organic anions on the properties
of synthetic solid phase and characteristics of precipitation process

There are numerous organic components of human biological fluid. It contains simple (albumins, globu-
lins), compound (glycoproteins) proteins, proteins and non-protein nitrogen-containing components — ami-
no acids, urea, et al., as well as carbohydrates and the products of their transformation (pyruvic, citric and
acetic acids), vitamins, hormones, lipids, ferment (glycoproteins, mucin, immunoglobulin A, phosphatases,
lysozyme, hyaluronidase, ribonuclease and others) [7]. Protein acid-base buffer system plays a role of neu-
tralization, combining the protons of acids with negatively charged groups of aspartate and glutamate:
COO + H' <> COOH; the bases are neutralized by a protonated group of radicals of lysine and arginine with
the formation of a free amino group and a water molecule: RN'H + OH <> RNH, + H,0. The proteins fulfill
important functions related to the protection, mineralization processes and participation in digestion. The
content of proteins varies within 0.95 — 6.30 g/l according to different authors [6, 7].

The influence of acetate-, citrate- and pyruvate-ions on the crystallization of the solid phase. Three se-
ries of syntheses were conducted to study the influence of acetate-, citrate- and pyruvate-ions on the crystal-
lization process of brushite. Organic additives were added into the investigated system Ca(NOj), —
(NH,4),HPO, — H,O in the form of sodium salts of the acids, wherein the additive concentration was varied in
the range of 10 to 200 mmol/I.

According to IR-Fourier spectroscopy it was revealed that the precipitation of the basic calcium phos-
phate — hydroxyapatite occurs in the presence, in the medium of crystallization, of additives along with
brushite. The increase in the content of impurity ions does not affect the phase composition of the samples.
Thus, when the concentration of the additive changes in the range from 10 to 200 mmol/l, after 2 days of matu-
ration, the solid phase is a mixture of brushite and hydroxyapatite (Fig. 12). It is indicated by the joint presence
of the absorption bands that are characteristic for these calcium phosphates on the spectra of the samples.

With IR-Fourier spectroscopy it was revealed that under chosen conditions of the synthesis, the impuri-
ty ions introduced in the system cause joint crystallization of two calcium phosphates of different stoichiom-
etry. Adsorptive interaction of the ionized form of the additive with the charged regions of the surface of the
solid phase leads to the blocking of the active centers of the growth of brushite crystals and the inability of
their advancement, i.e. the change of the composition and a more streamlined structure, resulting in the pre-
cipitation of an additional phase of apatite.
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Figure 12. IR-spectra of the synthetic phases obtained in the presence
of acetate (1), citrate (2) and pyruvat-ions (3), 200 mkM
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Figure 13. IR-spectra of the synthetic phase obtained in the presence
of glucose (1), Cinisial = 90 mg/1; casein (2), Ciniiat = 1 @/1; gelatin (3), Cipitiar = 2 &/1

The influence of glucose, casein and gelatin on the crystallization of the solid phase. Further we ex-
plored the mechanism of the influence of gelatin additives (Ciyar = 0.5-2.0 /1), glucose (Ciniar = 1.8-90
mg/l) and casein (Ciia1 = 0.10—1.00 g/1), the concentration of the latter was chosen based on the data in the
composition of human stomatic fluid on the processes of crystallization of the solid phase.

According to the data of IR-spectroscopy, it was established that brushite is present in the composition
of precipitations (Fig. 13). Organic component is found in all samples along with the mineral component. On
the IR spectra of the samples, the absorption bands of vibrations of bonds of inorganic and organic groups
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are found: 1010-1050, 600, 570, 480 cm™ — stretching vibrations and deformation vibrations of the bond
O-P-O- PO, ions; 1420-1460 cm™ — CO;* and NO; ions; doublet, characteristic for vibrations of the
CH bond — in 2980, 2940 cm™'; the absorbance at 640 cm™ — OH. In the near-spectrum region, the intensi-
ty is 1650 cm™, while in the farther there is a broad band of 3150-3400 cm™ corresponding to the vibrations
of molecular water.

The conducted studies enabled establishing that the nature of the influence of the organic additives is
similar. Organic molecules introduced into the crystallization medium, cause the precipitation of dicalcium
phosphate dihydrate with the impurity of apatite phase. Adsorbed on the surface of the solid phase, they in-
hibit the centers of growth of the germinal crystals of brushite. In addition, there is a possibility for the for-
mation of hydroxyapatite due to the fact that this phase is little resistant under the experimental conditions.
As a result, the residual supersaturation of the system is removed by the formation of apatite phase.

Thus, the influence of components of human biological fluids on the possibility and the regularities of
the process of precipitation of brushite has been researched. It has been established that the nature of influ-
ence of inorganic anions (fluorides, chlorides, hydrocarbonates, silicates) is associated with the change of the
phase composition of the crystallizing substance. The influence of organic matter on the process of crystalli-
zation is realized by the adsorption mechanism.

This work was partially supported by the Russian Foundation for Basic Research (Grant Ne 15-29—
04839 ofi_m).

References

1 Abraham J., Grenon M., Sanchez H.J., Perez C., Barrea R. A case stady of elemental and structural composition of dental
calculus during several stages of maturation using SRXRF // Journal Of Biomedical Materials Research. — 2005. — Vol. 75, No 3.
—P. 623-628.

2 bapunos C.M. Kepamudeckue ¥ KOMIIO3UI[OHHBIC MaTepUajbl HA OCHOBE (OC(ATOB KambLusl U MEAULMHBI // Y crieXu Xu-
mun. — 2010. — T. 79, Ne 1. — C. 15-32.

3 Bepecos A.I., Ilymuses B.U., Tpemvsxos FO./]. Xumus HeopraHnveckux OHMOMaTepuanoB Ha ocHOBe (ocdara kambrms //
Poc. xum. xypa. — 2004. — T. 48, Ne 4. — C. 52-64.

4 Dorozhkin S.V. Calcium orthophosphate cements and concretes // Materials. — 2009. — Ne 2. — P. 221-291.

5 [Hauunvuenxo C.H. CTpyKTypa ¥ CBOMCTBA alaTUTOB KaJbLMSA C TOYKHM 3pPEHUsSI OMOMHUHEPAIOTHH M OHOMAaTepHallOBEACHUS
(0630p) // Bectn. Cym1Y. Cep. dusnka, maremaruka, mexanuka. — 2007. — Ne 2. — C. 33-59.

6 Ianvyux T.A., Mopo3s T.H., Jleonosa U.B., Mupownuuenxo JI.B. Munepanoobpa3oBaHue B opraHnu3Me uenoBexa // buokoct-
HBIE B3aMOJICHCTBYS: )KU3Hb ¥ KaMeHb: Matepuais! I Mexnaynap. cummnos. — CI16.: MO PAH, 2004. — C. 186—-189.

7 T'onosanosa O.A. IlaTorennsle MUHEpabl B OpranusmMe uenoseka. — Omck, 2007. — 395 c.

8 IHanvyux H.A., Cmonnosckas B.H., Jleonosa U.B. u dp. OcO6€HHOCTH MUHEPAIBLHOTO COCTaBa U CTPYKTYPhI MOYEBBIX KaM-
Hel ¥ UX paclpOCTPaHEHHOCTh y MAIlEHTOB U3 pa3HbIX paitoHoB HoBocnOupckoit obnactu / Munepanorus texaorenesa — 2001, —
Mpuacc: UMun YpO PAH, 2001. — C. 99-108.

9  Ilomanos C.C., llapwuna H.B., Quenunyes A.FO. u op. CTaTUCTUUECKOE HCCICIOBAaHUE YPOIUTOB U YPOJIUTHA3a JKUTEIeH
Yensbunckoit obnactu // Munepanorus texnoresesa — 2002. — Mwuacc: Hayamnacce, 2002. — C. 109-123.

10 I'onosanosa O.A. KomiiekcHoe u3ydeHHe MOYCUHBIX KamHel (0030p) // M3B. By3oB. Cep. XUMUsI U XUMHYECKas TEXHOJIO-
rust. — 2004. — T. 47, Bem. 1. — C. 3—-12.

11 Bapunos C.M., Komnes B.C. buokepamuka Ha ocHOBe (hocdaros kanbius. — M.: Hayka, 2005. — 204 c.

12 Paxun B.H., Kamkxosa B.1. HepaBHOBecHSBII cHHTe3 OKcanaToB U ¢ochaTos kanbius. O6pa3oBanue U TpaHchopManus KpH-
crawndeckux ¢a3. — CeiktbiBkap: ['eonpunr, 2005. — C. 16-30.

13 Bacunves B.Il. Anamntnaeckas xumus. Ka. 1. Turpumerprudeckne n rpaBEMETpHYECKHe METOAB! aHanm3a. — M.: JIpoda,
2003. — 368 c.

14 Cononenxo A.I1., I'onosanosa O.A., Huyymuna B.C. OnpeneneHre BO3MOKHOCTH U YCIIOBHI OCXIECHHS OpPYIIHTa U3 BOIHBIX
PacTBOpPOB IPU BapbUPOBAHUH MApaMETPOB KPHCTAJUTM3AIIMOHHOM cpenbl / byriaepoBckue coobmenus. — 2010. — T. 21, Ne 8. —
C. 17-27.

O.A.T'onosanosa, M.B.KynmoBa
BpymuTTiH CyJbl epiTiHaiIepaeH TYHOaFa TyCy NpoueciHiH MyYMKIHAIri
MeEH 3aHIbLIBIKTAPbIHA 0eHOPraHUKAJBIK KOHE OPraHUKAJIbIK
KOCNAJIAPJBIH JCEPiH 3epTTey

Makasaza TepMOIMHAMUKAIIBIK €CENTeyNIep JKOHE TIKIpUOENiK MaTepuan HeriziHae OpYIIMTTIH Kocmaiap
KATHICHIHIA KPUCTAIIAHY ePEKIICTIKTepiMeH OaiilaHbICThI Macenenep KoMIUieKei KapacToipsuiapr. Ca’' —
HPO,* — H,0 — xocnanap xyiiecingeri (a3arysily 3aHablIbIKTaphl KOMIOHEHTTEPIIH KOHIIEHTPALMAIAPHI
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soHe pH-ThIH op Typui MaHzepinae 3eprreni. Kpucranganateia da3zaHblH KypaMbIHA jKoHE TyHOara TycyiHe
CHIIMKAT-, (TOPUA-, XJIOPHUA- KOHE TI'MAPOKApPOOHAT-MOHIAPBIHBIH ocepi 3eprrenii. bacrankel sxyitenen
OpyIINT jXKoHE KaJbLuiiH Oacka QocdaTrapeiHblH Oipirin TyHOara TyceTiHi kepcerinmi. OpraHHKajbIK
KOCTIaJIapJIblH dCEpiH 3epTTEereH Ke3Je ONapiblH OpymMTTIH anaTtutTi (asa KocnaitapeiMeH Oipre TyHOara
TYCETIHI aHBIKTAJJIBL.

O.A.T'onosanosa, M.B.KynmoBa

N3yuyenne BIAMAHUSA HEOPTAaHUYECKHUX U OPraHUYecKuX 100aBOK
HAa BO3MO’KHOCTb U 32aKOHOMEPHOCTH MPoIecca 0CAKIeHUs Opyumura
U3 BOJAHBIX PACTBOPOB

B crarthe Ha OCHOBE TEPMOIMHAMHYECKOTO pacdyeTa M IKCIEPUMEHTALHOTO MaTepuaia pacCMOTPEH KOM-
IUIEKC MpOOJIeM, CBSI3aHHBIX C OCOOCHHOCTSIMH KPHCTAJUIH3AMK OpyIINTa B NPHUCYTCTBHU 100aBoK. Mccie-
JI0BaHBI 3aKOHOMepHOCTH (a3ooOpaszoBanus B cucteMe Ca’’ — HPO,* — H,0 — 100aBKH B IIMPOKOM HHTEp-
BaJie BapbHUPOBAHUS KOHIEHTPAIMH KOMIOHeHTOB U pH. M3ydeHo BimsHME cmiMKar-, GTOPUI-, XIOPHI- U
THIPOKapOOHAT-HOHOB HA OCAXKIEHHE M COCTaB KpHcTammmsyromeiics dassl. IlomydeHo, 9TO U3 HCXORHOMN
CHCTEMBI COBMECTHO OCa)KIaloTcst Opyut u apyrue docdarsl kanpuust. [Ipy n3yueHUn BIUSAHUSA OpraHUYe-
CKHMX 100aBOK yCTaHOBJIEHO, YTO MX MPHCYTCTBHE NMPUBOAUT K OCAXKIEHHIO OPYIIMTAa C IPHMECHIO allaTHTO-
BoOH (a3l
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Comparative analysis of arsenates, antimonates and calcium bismuthates
based on E—pH diagrams

The article presents the potential-pH diagram systems Ca—As—H,0, Ca—Sb—H,0, Ca-Bi—H,0 and the analy-
sis of these systems. The stability region is shown for the followings: Cas(AsQy),, Caz(AsOy), 4H,0,
Ca(As0Q,),;, Ca(Sb0s),, Ca,Sb,0;, Caz(Sb0Oy),, CasBij40,4, Ca,Bi, 05, CaBi,04 in oxidizing, recovering and
aquatic environments. The data obtained can be used in predicting the occurrence of hydrometallurgical pro-
cesses, due to the fact that the E-pH diagram characterizes the behavior of ions in solutions of the com-
pounds.

Key words: diagram of the potential-pH, calcium arsenate, calcium antimonate, calcium bismuthate, thermo-
dynamic analysis.

During the production of non-ferrous metals, arsenic, antimony and bismuth are considered as bad con-
taminants. During copper electrolysis their transition from anode copper in solution happens as a result con-
tamination of the electrolyte occurs. The accumulation of significant amounts of harmful impurities in the
electrolyte can lead to increased resistance, viscosity of the solution, as well as the overuse of electricity, and
therefore, there is a problem of cleaning electrolyte copper production. The world practice for these purposes
uses different methods, whereas the analysis shows that there is still a question of purifying electrolyte, as
applied methods do not allow to reach deep purity solutions.

The aim of this study is a comparative analysis of arsenates, antimonates and calcium bismuthates in
order to predict the behavior of arsenic, antimony and bismuth in the process of hydrolytic precipitation of
calcium compounds.

In metallurgy, the main characteristics of hydro and pyrometallurgical processes are thermodynamic
quantities of reaction components that enable to predict the direction of the process, the probability of the
meeting, under certain conditions, the value of the thermal effect.

Characteristic physicochemical properties of aqueous solutions, which define the process of dissolution
and precipitation of various compounds are pH and electrochemical or redox potential (E).

Thermodynamic analysis, based on the construction of diagrams of E—pH is a chemical and thermody-
namic basis for addressing assessment of the stability limits of the compounds involved in hydrometallurgi-
cal processes to flow any reaction and directed synthesis that allows you to monitor the progress of the pro-
cesses and effectively carry out these processes in industrial environments [1, 2].

Arsenic-, antimony- and bismuth containing systems are insufficiently studied, despite the fact that the
elements are circulating in many non-ferrous metallurgical processes, complicating the process flow, thereby
reducing their cost-effectiveness. In this regard, based on charting E—pH systems of Ca—As—H,0, Ca—Sb-
H,0, Ca-Bi—H,0, we graphically show the stability boundaries and formation of calcium arsenates composi-
tion of Caz(AsQs),, Caz(AsOy),-4H,0, Ca(AsO,),-H,O, calcium antimonates — Ca(SbOs),, Ca,Sb,0s,
Ca3(SbO4)2 and calcium bismuthates — CasBi14026, CazBi205, CaBi204.

Calculated (Table 1) and constructed (Fig. 1) diagram E—pH of the system Ca—As—H,O at standard
conditions (25 °C and 1 atm. Total pressure) by combining the private system diagram As—H,0O with private
diagram of Ca—H,0 is shown.

According to the E—pH diagram of the Ca—As—H,0 system forming calcium arsenates in strongly acidic
solutions is preferably than arsenite formation of calcium because for deposition of arsenic as calcium
arsenite composition Ca(AsQ,), solution pH should not be lower than 4.26.

Calculated (Table 2) and constructed (Fig. 2) diagram E—pH of the Ca—Sb—H,O at standard conditions
(25 °C and 1 atm. Total pressure) by combining the private system diagram of Sb—H,0O with private diagram
of Ca—H,O0 is shown.
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Table 1

Calculation equations of interacting systems Ca(AsQ,), — Ca;(AsO,), — H,O at 25 °C

Chemical reaction

Electrode reaction

H,01=0yp+4H " +48

E = 1,23-0,059pH

Hz(g):2H+(L)+26

E=-0,059pH

H;3AsOs3,+H,01,=H3As04 ) H2H (1 +28

E =0,586+0,029 1g[H;As0,4]-0,029 1g[H;AsO5]-0,059pH

H3ASO4(L):H2ASO4_(L)+H+(L)

1gK, = Ig[H,AsO, -1g[H;AsO4]—pH; pH=2,19

H2ASO3_(L):HASO32_(L)+H+(L)

1gK, = 1g[HAsO;" ]-1g[H,AsO;]—pH; pH=12,10

HAsO3"=H ', +AsOs” )

1gK, = 1g[AsO;" ]-1g[HAsO; " |-pH; pH=13 41

H,AsO51, +HyO 1 =AsO, ) +4H' +28

E = 0,925-0,029 1g[H,As051+0,029 1g[AsO,>1-0,118pH

HAsO;" 1 +H,0=AsO4” 1) +3H +28

E = 0,567-0,029 1g[HAsO;” 140,029 1g[AsO, ]-0,088pH

Asq+3H,0,=HAsO;" ( +5H  +38

E =0,647+0,019 1g[HAsO;”]-0,098pH

ASO33_(L)+H20(L):ASO43_(L)+2H+(L)+2é

E = 0,170+0,029 1g[AsO,>]1-0,029 1g[AsO;> ]-0,059pH

AS(T)+3 HzO(L):ASO33_(L)+6H+(L)+3 €

E =0,912+0,0196 1g[AsO;>]-0,118pH

HASO42_(L):H+(L)+ASO43_(L)

1gK, = 1g[AsO,  ]-1g[HAsO, " ]-pH; pH=11,51

H2ASO4_(L):HASO42_(L)+H+(L)

1gK, = 1g[HAsO,” ]-1g[H,AsO, ]-pH; pH=6,79

HzASO3_(L)+H20(L):HASO42_(L) +3H+(L) +28

E = 0,585+0,029 1g[HAs0,71-0,029 1g[H,AsO; ]-0,088pH

AS(T)+3 HzO(L):HzASO3_(L)+4H+(L)+3 €

E =0,4085+0,0196 1g[H,AsO;]-0,078pH

AS(T)+3 HzO(L):H3ASO3(L)+3 H+(L)+3 €

E=0,226+0,0196 1g[H;As0;]-0,059pH

ASH3 (g)ZAS(T)+3 H++3 €

E=-0,6268-0,059pH

H3ASO3(L)+H20(L):HASO42-(L)+4H+(L)+2é

E = 0,858+0,029 Ig[HAsO,]-0,029 1g[H;As0;]-0,118pH

H3ASO3(L):HzASO3-(L)+H+(L)

1gK, = 1g[H,AsO; ]-1g[H;AsOs]-pH; pH=9,24

H3ASO4(L):HzASO4-(L)+H+(L)

1gK, = Ig[H,AsO, -1g[H;AsO4]—pH; pH=2,19

3Ca” +2H;As0,=Cas(AsO,),+6H"

1gK, = —3lg[Ca’"]-2 lg[H;AsO4]-6pH, pH=2,37

3Ca(As0,),+8H,0=Ca;(As0,),+4H;AsO+4H +4&

E =0.3354-0.059pH

Ca”"+2H;As0,=Ca(AsO,),+2H,0+2H"

1K, = —1g[Ca” ]2 lg[H;As0;]-2pH pH=4,26

3Ca” +2H;As04+2H,0=Ca;(AsO,),+10H +4&

E=0.97975-0.1475pH

Ca” +2As+4H,0 =Ca(AsO,),+8H +6 &

E =0,34983-0.07867pH

SIS IR SN SRR NS RN NS N B NS e e e e B e e g g
SOIRIOIN|I=|S|o|lo|Qlan|n|m|em|o|=|a| oo | n|H|w || — g

Cas(AsOy,),+Ca> +6H,0 =
= Cay(AsOy,),'4 H,0 + +Ca(OH), +2H"

1gK, = —lg[Ca’"]-2pH; pH=11,20

[\
|

48

Caz(AsO,), 4H,0+2 H2023Ca(OH)2+2ASO43'+6H+ 1gK,=2 lg[As043']f6pH; pH=14,20
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é“ <00 < | S
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Figure 1. Diagram of E-pH system Ca(AsO,), — Caz(AsO,4), — H,O
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Table 2

Calculation equations of interacting systems Ca—Sb—H,0 at 25 °C

Ne Reaction equation Electrode reaction

1 [Hy0 =0y t4H " +48 E=1,23-0,059pH

2 Hz(g):2H+(L)+26 E= —0,059pH

3 |Sb(OH)," + H,0= Sb(OH);+H" pH=2,17

4 [Sb + 2H,0= Sb(OH), +2H'+3& E=0,199 +0,0197 1g[Sb(OH), 1-0,039pH

5 |Sb(OH);+ 3H,0= Sb(OH),  +3H +2& E=10,729 + 0,118 Ig[Sb(OH)]-0,089pH

6 |Sb + 3H,0= Sb(OH);+3H +3& E=0,222-0,059pH

7 |Sb(OH)," +4 H,O0= Sb(OH),  +4H'+2& E = 0,729 +0,0295 1g[Sb(OH),1-0,0295 1g[Sb(OH), -

—0,118pH
8 |SbH;= Sb+3H +3& E =-0,51-0,0198 IgPSb;—0,059 pH

9 [3Ca>+2Sb(OH), +4H,0=Ca;(SbO,),+ 121 +48 _ |E = 0,42-0,0443 1g[Ca’']-0,0295 1g[Sb(OH), ]-0,177pH
10 [3Ca” +2Sb(OH);+2H,0=Cas(Sb0,),+ 10H +4¢ E = 0,386 0,0443 1g[Ca’ ]-0,148pH

11 [3Ca” +2Sb+8H,0=Ca3(SbO,),+16H +10& E =0,386-0,018 lg[Ca”"]-0,094pH
12 [2Ca” +2Sb(OH), +4H,0=Ca3(SbO,),+12H +4& E =0,42-0,0443 1g[Ca*']-0,0295 1g[Sb(OH), ]-0,177pH
13 [2Ca’ +2Sb(OH)s+H,0= Ca,Sb,0,+8H +4& E =0,316-0,0295 Ig[Ca’']-0,118pH
14 [2Ca’ +2Sb+7H,0= Ca,Sb,0,+14H +10& E =0,386-0,018 lg[Ca”"]-0,094pH
15 |Ca®™+2Sb(OH);=Ca(SbO,),+6H +4& E =-0,95-0,0148 1g[Ca’']-0,089pH
16 |Ca>*+2Sb+6H,0= Ca(SbO;),+12H +10& E =0,23-0,006 1g[Ca”']-0,071pH
17 [2Sb+ 3Ca(OH),+2H,0=Ca;(SbO,),+10H +108 E=-0,120-0,059pH
18 [2Sb+ 2Ca(OH),+3H,0=Ca,Sb,0,+10H +10& E=-0,012-0,059pH
19 [2Sb+Ca(OH),+4H,0=Ca(SbO;),+10H +10& E =-0,0944-0,059pH
Bl 7
e
HZO
Sb(OH),
6.
2+ 18
o) Ca 14
8- Sb 1
SbH,
) '—L{‘a bQ}
2 4 3 8 10 12 oy 14

Figure 2. Diagram of E—pH system Ca—Sb—H,0

The first two equations are the equations of the reaction the upper and lower boundaries of the sustaina-
bility of water (reaction equations 1, 2). The following reactions at number 3 to 8 meet all the possible inter-
actions of Sb—H,O, which shows the interaction and existence of dissolved Antimony: Sb(OH),", Sb(OH)s,
Sb(OH)g, SbH; and Sb’.

Equations numbered from 9 to 19 correspond to the reactions of formation of various calcium
antimonates (built based on Sb—H,0 and Ca—H,O systems). In particular the equations 9, 10, 11, 17 — the

Cepusa «Xumuns». Ne 4(80)/2015 49



Kh.B.Omarov, Z.B.Absat et al.

boundaries of sustainability of calcium antimonate structure Caz(SbQ,),; Equation 12, 13, 14, 18 — the sta-
bility boundary structure of calcium antimonateCa,Sb,O;; Equation 15, 16, 19 — the stability boundary
structure of calcium antimonate Ca(SbOs),.

Calculated (Table 3) and built (Fig. 3) Diagram E—pH of the system Ca—Bi—H,O at standard conditions
(25 °C and 1 atm. Total pressure) by combining the private system diagram of Bi-H,O with private diagram
of Ca—H,0 is shown [3, 4].

Table 3

Calculation equations of interacting systems Ca-Bi-H,0 at 25 °C

Reaction equation

Electrode reaction

HzO(L):Oz(g)+4H+(L)+4é

E = 1,23-0,059pH

Hz(g):2H+(L)+2é

E=0,059pH

BiH; =Bi+3H +3&

E=0,8-0,0591pH-0,01971gPgin3

Bi=Bi’*+3&

E=0,215+0,01971g[Bi’"]

Bi* +H,0=BiOH* +H"

1g[BiOH"']/ 1g[Bi’'] = —2,0+pH

2BiOH> +H,0=Bi,0;+4H"

1g[BiOH”'] = 5,96-2pH

2Bi+3H,0= Bi,0;+6H" +68&

E=0,371-0,0591pH

Bi+H,0= BiOH* +H +3¢

E =0,254-0,0197pH+0,01971g[BiOH” ]

2Bi° +5H,0=Bi,05+10H +4¢

E =1,759-0,1477pH-0,02951g[Bi’ ']

2BiOH> +2H,0=Bi,0,+6H +2&

E=1,792-0,1773pH_0,05911g[BiOH"]

4BiOH> +3H,0=Bi,0,+10H +2&

E = 2,042-0,2295pH_0,11821g[BiOH"]

2B i203+H20:B i407+2H++2é

E = 1,3380,0591pH

2B i407+H20:2B i204+2H++2é

E=1,541-0,0591pH

B i204+H20:B i205+2H++2é

E = 1,607-0,0591pH

k| k| | k| | | | | k|
Slm| DA E|S|S 230w |v| s v =] Z

2Ca’ +6Bi’ +11H,0=Ca,Bis0,+22H" pH = 0,42
2Ca’" +6Bi"+11H,0=Ca,Bis0,,+22H +18¢& E =0,225-00,072pH
CaBi,0,+Ca’ +4Bi’ +7H,0=Ca,Bi0,,+14H" pH=1,0
Ca,Bi,05 +4Bi° +6H,0=Ca,Bis0,,+12H" pH=1,5
CasBi14026 +ZBiOH2++H20:5CazBi6011+4H+ pH = 3,73
E ' \“9\
+1.5- e
N i g
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Figure 3. Diagram of E—pH systems Ca—Bi—H,0

The first two equations are the equations of the reaction the upper and lower boundaries of the sustaina-
bility of water (reaction equations 1, 2). The following reactions at number from 3 to 14 meet all the possible
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interactions of the system Bi—H,0, which shows the interactions and existence of bismuth ions: Bio, Bi3+,
BiOH2+, B1H3 and bismuth oxide BizO3, Bi4O7, Bi204, Bi205.

Equations under the number of 15 to 19 corresponds to the region of existence of calcium bismuthates
(systems are built based on Bi—-H,O and Ca—H,0), in particular, the equations 15 and 16 — the existence of
the border calcium bismuthate composition Ca,BisO;;. Dash-dotted lines correspond to the boundaries of
possible transition bismuthate calcium Ca,BigO;; the next bismuthates: CaBi,O, (reaction equation 17),
Ca,Bi,05 (reaction equation 18), CasBi;4Oy (reaction equation 19).

Such bismuthates as Ca;Bi4Oy, Ca;BicO16, Sa;Bi;jO,,, which subject to limiting interactions of Bi—-H,O
system and Ca—H,O, on this chart are not reflected.

Based on the analysis of the set of diagrams results show that arsenates, antimonates and calcium
bismuthates are stable compounds in oxidized, recovered and aqueous media. Calcium arsenate are stable in
an oxidizing environment at £>0,4V and the pH range of 2-14; calcium antimonates and calcium
bismuthates — throughout the whole pH range. Increase in the number of metal properties in As—Sb—Bi
leads to increase of the stability region in the row arsenate — antimonate — calcium bismuthate in acid areas.
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X.b.Omapos, 3.b.A6cat, C.K.Annabeprenosa, H.)K.Paxumxanosa, A.b.CuszoBa

Kanbuuiigin apceHaTTapblH, AHTHMOHATTAPBIH KJ9HE BUCMYTATTAPbIH
E—pH nnarpammacs! Heri3iHje cajJbICThIPa OTHIPBIN TAJAAY

Maxkanana Ca—As—H,0, Ca—Sb—H,0, Ca—Bi—H,0 xyiienepinin E—pH auarpamMmacsl KOpCeTiireH jKoHe OFaH
tangay okyprisuireH. Caz(AsOy),, Caz(AsOy),"4H,0, Ca(AsO,),, Ca(Sb0s;),, Ca,Sb,0;, Cas(SbOy),,
Ca;sBi 4Oy, Ca,Bi,05, CaBiyO4 CHAKTBI TYPaKThl KOCBUIBICTAPJABIH TYPAKTHUIBIK aliMarbl OENTiJICHTEH.
Makanagarsl MOJIIMETTEp THIPOMETAJLTYpPrHs CallaChlHAA ©Te KBI3BIKTHI OOJIBIN TaObLIanmsl, cebedi E—pH
JMarpaMMachl HOHAp MEH KOCBUIBICTAP/IBIH ePIiTIHAINeTi KaCUEeTiH CHUIIAaTTalabl.

X.b.Omapos, 3.b.A6cat, C.K.Annabeprenosa, H.)K.Paxumxanosa, A.b.CuszoBa

CpaBHUTE/ILHBIN AHAJIN3 APCEHATOB, AHTUMOHATOB M BUCMYTATOB KAJIbIHS
Ha ocHOBe Auarpammbl E—pH

B crarse npencrasnens! quarpammsl noteHnuai—pH cucrem Ca—As—H,0, Ca—Sb—H,0, Ca-Bi-H,0 un npo-
BEJICH AaHaIM3 JAHHBIX cucTeM. [lokasanbl obOnactu ycroitumBoctH Caz(AsQ,),, Caz(AsOy), 4H,0,
Ca(AsQ,),;, Ca(Sb0O3),, CaySb,0;, Caz(SbOy),, CasBij40y, CayBi 05, CaBi,O4, KOTOpPEIC SBISIOTCS yCTOM-
YHBBIMH COEIUHEHUSIMHU. JlaHHBIE CTAaThU MPEACTABIAIOT MHTEPEC B THUAPOMETAITYPTHUECKUX MPOIECCaX, B
CBSA3M € TeM, 4To auarpamma E-pH xapaktepusyer noBeneHre HOHOB, COEJMHEHUI B pacTBOpax.
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XUMUANBIK TEXHONOIMNSA XXOHE M¥HAN XUMUACHI
XUMUYECKAA TEXHOJNOIMMNA U HEGTEXUMUA

YK 66.097.3

P.P.Toknaes, C.A.A0xymnnaeBa, A.A.AtuabapoBa, A.T.KaOynos,
K.K.Kumm6aes, C.B.Heunnypenko, C.A.Edppemos, M.K.Hayprizoaen

Lenmp ¢husuxo-xumuyeckux Menmooos ucciedo8aHus U aHatusa
Kasaxcrozo nayuonanvroeo yrueepcumema um. anb-@apadu, Anmameol
(E-mail: rustamtokpaev@mail.ru)

Yriaepoa-MeTajuinyecKne KaTajJan3aTopbl
1711 IOJTyYeHHs 1eJIeBbIX MPOIYKTOB U3 CHHTE3-Ta3a

B crarbe moyueHsl HOBBIE YTIIEPOACOEPIKAINE HOCUTEIN Ha OCHOBE 0OOTalIeHHBIX ITYHTUTOBBIX TOPOX U
KapOOHM3aTOB PACTHTEIBHOTO CHIpBS. lcciemoBaHbBI OCHOBHBIE (DM3HKO-XUMHUYECKHE XapaKTEePHCTHKU
HOCHTENeH, 10 pe3yibTaTaM KOTOPBIX YCTAaHOBJIEHO, YTO JIYYIIUMHU XapaKTEePUCTHKAMH 00J1ajaeT HOCUTEIh
HA OCHOBE KapOOHM3aTa aGPHKOCOBBIX KOCTOHYEK: yIenbHas moBepxHOCTh — 480,0 M%/r, pH BomHOl
BRITSDKKM — 9,4, #oxHoe uuciao — 78,6 mr/r, Bnaxunocts — 1,1 %, 3ompHOCTE — 3,2 %. Ha ocHoBe
pa3pabOTaHHBIX HOCHTENEH METOAOM IPONMTKU C YNapUBaHWEM PAacTBOPA IIOJIy4YEHbI POJMIi-yriepoHble
KaTaJIM3aTopPbl, KOTOPbIE ObUTM MCIBITAHbl B PEAKLMAX IOJMYUSHHS CHMPTOB M3 CHHTE3-rasa. Mcrnosnb3oBaHue
KaTaIu3aToOPOB MO3BOIMIO MOJIYyYUTh METAHOI U 3TAHOJ € BEIXOJOM 56,32 1 43,76 %.

Knrouesvie cnosa: LIYHTUT, aKTHBHpOBaHHLIﬁ Yrojib, HOCUTEJIb, KaTaln3aTop, CUHTE3-ra3, 3TaHOJI, METAHOJI.

Beeoenue

WHTEeHCHBHOE TTPOMBIIIUICHHOE OCBOCHUE MECTOPOXKJICHUH, pa3BUTHE MPOU3BOJICTBA, PACHIMPEHUE pe-
CypcHOH 0a3bl TpeOYIOT CO CTOPOHBI TOCYAApCTBA aJCKBATHBIX Mep IO 3alIUTe OKPYKAIOMIeH MPUPOTHOM
Cpembl, COXpaHCHHIO OWOpa3zHOoOOpa3us, 00ECICUCHHUIO PAIMOHAIBLHOTO IPHPOAOINoib3oBaHusI. Ocolyro
OITaCHOCTH JIJISl 3IOPOBBSI HACEIICHUS MIPEICTABISIFOT BEIOPOCHI TOKCUYHBIX BellecTB B atMocdepy [1]. bob-
IIMHCTBO TOPOJOB M MPOMBIIIICHHBIX [IEHTPOB CTPAJalOT OT 3arpsi3HEHHS BO3yXa BHIOpPOCAMH 3aBOJIOB,
TOLI, BEIXJIONTHBIX Ta30B aBTOMOOWICH U Ap. B CBsI3U ¢ 3TUM TepepaboTKa MEYHOTO Ta3a Ha CErOMHSIITHAN
JICHb SIBJIACTCS aKTyaIbHON mpoOiaemoii. OCHOBHBIMU KOMITOHEHTAMH, BXOJASIIUMHI B COCTaB IEYHOTO Ta3a,
spisitoTes CO, CO,, Hy, SO, u apyrue raspl, cienuduyHble U KaXI0T0 HHANBUAYAIBHO B3TOrO IPEATIPH-
sITHSL, HapuMep, 1t GochopHoro npoussoactea — 310 P,Os u PH;. [l pemreHust maHHO#M 2KOJIOTHIeCKON
MIPpOOIEMBI HCIIONB3YIOT 2 OCHOBHBIX METO/IA!

1. OuncTka BEIOPOCOB C IMTOMOIIBIO0 a0COPOCHTOB U a7ICOPOCHTOB.

2. Cxxuranue B «hakenax» [2, 3].

OnHuM U3 HanboJee MePCIeKTUBHBIX U AP(GEKTHBHBIX METOAOB OOPHOBI SBIISIETCS KOMIUIEKCHBIN MO
XOJI: OYUCTKA TIEYHOTO ra3a ¥ MOJIyYCHHUE IIeNIEBbIX TPOAYKTOB M3 CHHTE3-Ta3a. DTO CTAHOBUTCS BO3MOXHBIM
Onarofapst UCTIOIH30BAHHIO KATATUTHYECKUX CUCTEM [4], B pe3ysbTaTe ACHCTBUS KOTOPBIX MOXKHO TOJIYYUTh
W3 CHHTE3-Ta3a pAl MPOAYKTOB, UMEIOMINX MPAKTUIECKUA WHTEPEC: METAHOJ M ATAHOJ. MeTaHOoI SBIsIeTCs
OJTHMM W3 OCHOBHBIX IMPOJYKTOB MHOTOTOHHA)XHOM XMMHWH, NIMPOKO HCIOJB3YETCS IS MOydeHus (Gop-
MaJbJIeTH/Ia, CIOKHBIX 3(QUPOB, aMUHOB, PACTBOPUTENEH, YKCYCHON KUCIIOTHI U Ap. TeXHUYECKUI 3TaHOI, B
CBOIO OYepe]lb, MPUMEHSETCS TIPU MTPOU3BOJICTBE JIAKOKPACOYHOM MPOYKIIMU, MOIOIIMX CPEICTB U J100ABOK
K TOTUTUBY.
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B nHacrosiiee Bpemst HaOMIOAaeTCsS POCT HAYYHBIX WCCIICAOBAHUN B 00JaCTH KATATUTUYECKAX METOJIOB
MOJYYSHHUsI CIIMPTOB U3 CHHTE3-Ta3a. ABTopamu paboTh [S] Uccie/joBaH MEXaHW3M CHHTE3a CIIUPTOB M3 CHH-
Te3-ra3a Ha CyIbPHUIaX MEPEeXOTHBIX MeTAIOB. Cymb(QHIbl IEPEXOAHBIX METAJUIOB, MOTU(MHUITUPOBAHHEIC TIIC-
JIOYHBIM METAJUIOM, TIPECTABIISIOT COOOH EPCIIEKTUBHBIC KATATUTUICCKUE CUCTEMBI JUISl IOTYYICHHsI CITUPTOB
n3 CO u H,. B ommume OT MUpPOKO NPUMEHSIEMBIX B MPOMBIIUICHHOCTH KaTaJH3aTOPOB HA OCHOBE OKCHIA
MEJH, CYNIbGHUIHBIC KATATU3aTOPhl YCTONYHMBEI K COICPKAIIUMCS B CHIPhE CEPHUCTHIM COCTMHEHUSM.

B paGore [6] mpencTaBiieH crmoco0 MOMYYCHHS CIIUPTOB M3 YIIIEPOJCOJCPIKAIICTO CHIPhs, B KOTOPOM
YTIEpOACOAEpIKAIIee ChIPhEe CHaYaIa MPEBPAIAIOT B CHHTE3-Ta3, 3aTeéM — B METaHOJ, KOTOPhIM BIOCIICICT-
BUU TIPEBPAIIAIOT B YKCYCHYIO KHCIIOTY, Jiajiee MOABEPratoT 3TepuUKaIMy U THAPUPOBAHUIO C MTOTyYCHUEM
sTaHona. [IpeArmodTUTENbHBIA KaTaaH3aTop CHHTE32 METaHOJa MPEJCTaBIsIeT cO00i cMech Melu, OKCHIa
IIMHKA ¥ IPOMOTOpPA, HAIPUMEP OKCHA XpOMa MM OKCUIA aTFOMUHHMS.

B HacTosiiee BpeMsi OJTHUM 13 aKTUBHBIX KaTaIM3aTOPOB MPoliecca MOTy4IeHHsI dTaHOJIa U3 CHHTE3-Ta3a
seisieTcst kapoormn pomus — Rhy(CO)y,. PomueBbie kaTanmm3aTOphl UMEIOT UTMTEIBHBIH CPOK CITYXKOBI
(2-3 rona), ans HUX pa3padOTaHBl HAACKHBIC U IPPEKTUBHBIC METOJBI KOJIHMYSCTBEHHON pEreHepamuu po-
JIUS. U3 TIOTEPSIBIIUX aKTUBHOCTh KaTAIUTHUYECKUX CHUCTEM. Bce 3TO MO3BOJIIET paccMaTpUBATh POJAUCBYIO
TEXHOJIOTHIO KaK MEPCIEKTUBHOE HANPABIICHHE PAa3BUTHS TEXHHUECKOTO OKCocuHTe3a [7].

BcneacTue nepcrneKTUBHOCTH POIUEBOM TEXHOJIOTHH aBTOPAaMU HACTOSIICH CTaThbH OBLTU TOTYYCHBI 1
WCCJICIOBAHBI POAMEBBIC KAaTAIM3aTOPhl HAa HOBBIX YIIIEPOACOACPIKAIINX HOCHTEISIX Ha OCHOBE MPOIYKTOB
oOoraieHns NyHrUTOBBIX Topoja Boctounoro Kazaxcrana, a Takxke KapOOHHM3aTOB PACTHUTEIHLHOTO CHIPHS
(aOpHKOCOBBIE KOCTOYKH, CKOPJIyIIa IPEIIKOT0 Opexa).

[IIyHruTOBBIE TIOPOJIBI — HEBOCTPEOOBAHHOE YTIIEPOJ-MUHEPAIHLHOE CHIPbE, KOTOPOE IMPEICTaBISICT
co00# OTXOJBI JPYTUX MPOU3BOACTBEHHBIX MporieccoB. [IIyHruTOBbIe MOPOIBI 00Pa3yIOT MPUPOIHBIC TOMIIH
W OTBAJIBI MOCIIE JJOOBIYM M O0OTaICHUs MOJUMETAUTHISCKHX PY/I, PECYPChl KOTOPBIX JOCTATOYHBI JUIS MC-
MOJIL30BaHUs B MPOMBINUICHHBIX MaciiTadax. PacTurenbHOe ChIphe AJIS MOMyYeHUS HOCUTENEH, TPeCTaB-
JICHHOE B BUJIC a0PUKOCOBBIX KOCTOUYEK U CKOPJIYIBI TPELKUX OPEXOB, MOSBIISICTCS B OOJBIINX KOJIUIECTBAX
MU TIPOM3BOJICTBE Kypard, cOokoB, 3epeH B FOkHom Kazaxcrane u B cocemHux crpaHax lleHTpanbHO-
A3HMaTCKOro peruoHa.

Hens HacTosmel pabOThI 3aKIIFOYACTCS B IMOJIYICHUU HOBBIX, 3PPEKTUBHBIX YTIEPOA-METAILTHUSCKAX
KAaTAIMTHYECKUX CUCTEM JJIs MPOIECCOB CHHTE3a CIIMPTOB M3 CHHTE3-Ta3a.

3KC}’l€puM€HmaJlea}l yacmov

C uenplo yBeIMUYEHHsI COAEPKaHUs yriepoja B oOpa3nax ObUIO MpOU3BeAeHO oOoraiieHne MIyHTUTo-
BOW pyaBl MeToJ0M NeHHOH ¢urotanmu. [Tocne ¢motanmoHHOrO OOOTaIIeHNs COAEpKaHUE yrieponaa B 00-
pasuax yBenunumioch ¢ 20 % macc. no 45 % macc. g momydeHust HOCUTENeH KOHIEHTpAT, 000TalleHHbIH
M0 yTIIIEepOAy, MOABEprajid TePMUUIECKOil 00paboTke B MHEPTHOMW cpeae aproHa mpu Temmeparype 800 °C B
TedeHHue | 4, 3aTeM aKTHBHPOBAIM MEPETPETHIM BOJASHBIM NapoM npu temieparype 850-900 °C B Teuenue
40 MuH, B pe3yabTaTe Yero MPOMCXOANIO yBEINYEHHE yIeIbHON MOBEPXHOCTH 3a CUET BBITOpaHUS aMopd-
HoOTO yriaepoxa [8].

Hocurenu Ha 0CHOBE PacTUTENBHOTO CHIPbSI OBUIM MPUTOTOBJICHBI aHAJIOTMYHO HOCHTENSM Ha OCHOBE
YTIIEPOI-MHUHEPATBHOTO CHIphsi. OCHOBHBIE CTaauH: NpoOJcHHUE, TepMUIecKas oOpaboTka (KapOoHM3aIHs)
B HHEPTHOU cpene aproHa mpu Temieparype 700 °C, akTHBaIusi BOISHBIM ITapoM IIpH TemrepaType 850—
900 °C. B pesynbrare KapOOHH3aLUU PACTUTEIBHOTO CHIPBS MPOUCXOJUT BBITOPAHUE CMOJMCTBHIX BEIIECTB,
TEMUILIEIUTIONO3BI U JIp.

TpaguIoHHBIMU MeTOAaMH OBUTH OIIpeIeNIeHbl OCHOBHBIE (PU3MKO-XUMUYECKUE XapaKTePHUCTHKU MOITy-
yeHHBIX HocuTenel cornmacHo ['OCT-meronukam. MaccoBast 10Jist BOJIbI (BIaKHOCTh) HOCHTENEH Oblia ormpe-
nenena cornmacHo [OCTy 12597-67 [9], maccoBast o 30mbl (3opHOCTE) — 1o 'OCTy 12596-67 [10], pH
BoaHOU BRITSDKKM — 110 'OCTy 4453-74 [11], copOimonHast emxocts — 110 #oay mo 'OCTy 6217-74 [12].

VY nenpHas HOBEPXHOCTH OblIa OMpe/eseHa TMHAMHYECKUM METOIOM TEIUIOBOH JecOpOIMH C HCTIONIB30-
BaHHeM Metona bpynayspa-Ommera-Teitnopa (B3T) na npudope «CopoTomerp» (PD).

Ionyyenue xamanuzamopog memooom nponumxu. MeToJ| IIPUTOTOBIEHUS KaTaJM3aTOPOB COCTOSUI U3
HECKOJIbKUX cTaauil: 10 r HocUTelsl Ha OCHOBE PAaCTUTEIBHOIO U MUHEPAIBLHOTO ChIPbS IOJIBEpraiu Mpesa-
putensHON cymke npu Temmepatype 100—150 °C, roToBuIN pacTBOp XJIOPUCTOTO POIHS C TAKUM pPacyeToM,
9TOOBI MOCIIE WMIIPETHUPOBAHUSI B MCXOAHBIX HOCHTENSX coAepikaHue poausi cocraBimsuio 1,5 % macc. M-
[IPErHUPOBAHKE [IPOBOAWIN METOIOM IPOIUTKH (IOPLIMOHHO) C yIIapUBAaHUEM PAcTBOPA, CYLIKY KaTalu3aTo-
POB MPOBOAMIIX B T€USHHUE 2 4 MPU KOMHATHOM Temnepatype u 3ateM mpu 200 °C B cyliabHOM Kagy.
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Cunmes cnupmog u3z cunmes-2aza 6 NPUCYmcmeuu Kamaauzamopos. KatamuTuueckyro peakluio Mmpo-
BOJWIHM B MPOTOYHOM peakTope: obpasen karammsatopa maccoi 0,5 r momermanu B U-00pa3HbIil peakTop.
Karammzarop nonsepramm npexodpadoTke mpu remmeparype 400 °C B TedeHue 4 9 B TOTOKE HHEPTHOTO Tas3a
MPU CKOPOCTH Iporyckanus v = 50 51/4. 3aTeM MpoBOAMIN BOCCTAHOBIICHHE KaTanu3aTopa B moToke H, mpu
temmepatype 500 °C B Teuenue 4 4. [locie atoro Temmeparypy peakmuu carkanu 10 200 °C, nasieHue npu
3TOM coctaBimsuio 1,8 aTMm., 3aTeM dYepe3 Karajau3aTop MPOIYCKAIM Ta30BBIA IMOTOK, COOTHOIICHHE
CO:H, = 1:3. Temneparypa peakiuu BapsupoBanacsk B quanazone 200-350 °C. Ha Beixoge peakTopa nepuo-
ayaeckd otoupanu npoosl npu 7 = 200, 250, 300, 350 °C, koTOpble aHANM3UPOBAIM C MOMOLIBIO METOIa
ra3oBoit xpomarorpadum.

Tasoxpomamoepaguueckuii ananuz. Avanuzupyemsiii oopaser; 00beMoM 0,2 MK BBOJIUIIM B YCTPOMCT-
BO JUI BBOJIA MPOO ra3oBoro xpomarorpada ¢ Macc-CreKTpoMeTpuideckuM netekropoM Agilent 6890N/5973,
Harperoe 1o temmepatyphl 240 °C B pexume neneHus moroka 500:1. XpomarorpadupoBaHue MPOBOIUIH C
WCIIONTh30BaHHEM KanmmuisipHo# kosmoHku DB-WAXetr mmunoit 60,0 M, BHyTpeHHEM quamerpom 0,25 MM u
tonmmuuHou tuieHku 0,5 M. ["a3-HocuTens (renuiit Mapku «Ay) moJaBaiu B pexXUMe MOCTOSHHON CKOPOCTH,
coctasisitomielt 1,0 ma/mun. TemnepaTypy TepMocTaTta KoJoHKH nporpammupoBainu oT 40 °C (Beinepxka 15
MuH) 10 240 °C (BelaepKKa 5 MHH) co ckopocThio HarpeBa 15 °C/mun. [TonHoe Bpemst xpomarorpadupopa-
Hus coctaBisuio 31 munyty. TemnepaTypsl unTepdeiica, kBaapynois u ucrounuka nonoB MCJ] cocrapmsiin
240, 150 u 230 °C cootBercTBeHHO. [lomyuenHble JanHbIe ObLTH 00paboTaHbl Ha 6a3e mporpamMmMel Enhanced
Data Analysis, Macc-CIEKTpHI MMOTYYEHHBIX MUKOB XpoMaTorpaMM cpaBHUBaIHM ¢ onbmnoTekamu NIST mass
spectral library, Wiley mass spectral library.

Peszynomamot u 0bcysicoenue

B pesynbraTe npoBelieHHOM paboThl OBLIN MOJTyYEeHBI 3 BHJIA YIIIEPOCOAEPIKAIIUX HOCUTENICH:

— o0pas3el] Ha OCHOBE aKTHBUPOBAHHOTO KapOOHM3aTa NIIYHTUTa — HOCHTENb No 1;

— o0pas3el] Ha OCHOBE aKTUBUPOBAHHOTO KapOOHU3aTa CKOPIIYIIBI IPEIIKOT0 opexa — HOocHuTeNb No 2;
— obpaserr Ha OCHOBE aKTUBHPOBAHHOTO KapOOHM3aTa aOPHKOCOBBIX KOCTOUCK — HOCUTENH No 3.
OU3NKO-XUMHYECKHE XapAKTEPUCTHUKH MOTYYCHHBIX HOCUTETICH NpeicTaBleHbI B Tabmwie 1.

Taonuma 1

DOU3NKO-XUMHYECKHE XaPAKTePHCTHKH HOCHTeIeil

XapakTepucTHKa Hocuresp
Ne 1 No 2 Ne 3
CopOumoHHast akTUBHOCTB 10 oy, %o 24,6 59,5 78,6
pH BOJIHO¥ BBITSHKKH 7.5 9,1 9.4
Bnaxxnocts, % 1,7 1,2 1,1
30JBbHOCTD, % 53,7 3,8 32
Y nenpHast MOBEPXHOCTb, M/T 153,2 383,0 480,0

AHanu3 QU3NKO-XMMHUYECKUX XapaKTEPUCTUK HOCHTEICH CBUACTEIBCTBYET O TOM, YTO HOCHUTEIIM Ha
OCHOBE PAaCTUTEIBHOTO CHIPhS 00J1a/1al0T BRICOKOW COPOIMOHHON aKTHBHOCTBIO O MOy, YTO CITIOCOOCTBYET
JTydIiel amcopOIMy aKTHBHBIX META/UIOB Ha MOBEPXHOCTH HOCHTENA. pH BOAHON BBITSIKKH HOCHTENCH Ha
PaCTUTEIHPHOW OCHOBE CMEIICH B IMIEJIOYHYIO CTOPOHY, YTO CBHIETEILCTBYET O JIYUIICH COPOIMOHHON ak-
TUBHOCTU HOCHUTENEH B pacTBOPaX C KUCIOU cpenoil. BnaxuocTs u 301bHOCTh HOocuTenel No 2—3 He BBIXO-
IUT 3a Tpeneisl 5 % macc. OT0 XapaKTepu3yeT OTHOCUTEIBHO BBICOKYIO TOUHOCTH M CPAaBHUTEIHLHO HEOOIb-
IIyI0 MTOTPEITHOCTh TIPY B3BEUTUBAHUK HOCHUTEICH I aHATN30B. Kak M3BECTHO, BIAXKHOCTh B 3HAYUTEIHHOU
CTEMEHU 3aBUCUT OT YCJIOBUM XpaHEHUs U TPAHCIIOPTUPOBKU. HocuTenb Ha OCHOBE MUHEPAILHOTO CHIPbS UMe-
€T HU3KOE 3HAYCHUE WOMHOro 4ncia, pH BOJHON BBITSDKKM HOCHT CIIA0OIICIOYHONW XapakTep, BIAXKHOCTh —
B JIOITyCTUMBIX TIpefienax. Beicokoe comepskaHre 301161 00YCIOBICHO IPUPOION MPOUCXOXKACHUS IITYHTHTOBBIX
mopoJ1. MI3BecTHO, 4TO B COCTaB IIYHTUTOBBIX OPO, KpoMe yriepona Bxoaar Si0,, Al,O;, Fe,O; u np., koto-
pBI€, B CBOIO OUEpe/lb, OCYIIECTBIIAIOT BKJIAJ B KATATUTUYECKYIO aKTUBHOCTh HOCUTETICH.

W3 mpencTaBiaeHHBIX TaHHBIX CICAYET, YTO HOCUTEHM HA OCHOBE PACTHTEIHLHOTO CHIPhS 001amarT 0o-
Jiee Pa3BUTON MOBEPXHOCTHIO, UM HOCHUTEIIh HA OCHOBE MHUHEPAILHOTO CHIphs. BBICOKHME 3HAUYCHHS YICITb-
HOW MMOBEPXHOCTH O0YCIIOBJICHBI HaTM4KeM y HocuTenel Ne 2—3 MUKpOIIOp U CyOMHKPOTIOP.

Ha ocHOBe moTydeHHBIX HOCHTENIEH METOIOM IPOIUTKH C yIIapUBaHUEM pacTBopa ObLTa MOJTydeHa ce-
pHs yTIEpOA-POIUEBHIX KaTAIM3aTOPOB JJIsI CHHTE3a CIHPTOB M3 CHHTe3-Ta3a. ComepikaHue aKTHBHOTO Me-
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TaJjja BO BCEX KaTaau3aTopax cocTaBuio 1,5 % Macc., KoTopoe MOATBEPKIANOCH C MOMOIIBIO PEHTIEHOB-
CKOT'0 SHEProANCIEPCHOHHOT0 aHanKu3a. MapKUpoBKa KaTaau3aTopoB IIPOU3BEIEHA B COOTBETCTBUM C HyMe-
parmmeit Hocuteneid. Ha pucynke 1 B kauecTBe nmpuMepa MpUBEACHA peHTIeHOTpaMMa Katainm3aTopa Ne 2.

DJIeMeHT % Macc.
C 90,96
0] 4,12
Si 0,33
S 0,18
Cl 1,35
K 0,67
Ca 0,87
Rh 1,52

apm Elektronenhild 1

a — TabnuIa 3JIeMEHTHOTO COCTaBa 6 — mukpodororpadus katammsaTopa, x2500

SUMmImE

0 05 1 15 2 25
Ekalenbereich 22864 cts Cursor: 1 802 (386 ct=)

6 — pEHTreHorpaMma

Pucynox 1. J/laHHBIE pEHTT€HOBCKOTO YHEPTO-IUCIIEPCHOHHOTO aHaM3a KaTanu3aTopa Ne 2

PazpaboranHble KaTanu3aTophbl ObUTM UCTIBITAHBI B PEAKIMAX TOMYYCHHS CIIMPTOB U3 CUHTE3-rasa. Ha
pucyHkax 2, 3 uw B Tabnumax 2, 3 MpeICTaBlICHbl PE3yNbTAaThl Ta30XpOMATOrpaUuecKoro aHalu3a
MPOJYKTOB KATATUTUYECKOW DPEaKIUM MPU HCIOIB30BAHWUU IPEJCTABUTENHHBIX MPOO KaTalu3aTOpoOB Ha
OCHOBE YTJIEPO/I-MHUHEPAILHOTO U PACTUTEILHOTO ChIPhs, 0TOOpaHHbIX Tipu T = 350 °C.
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Pucynok 2. XpoMaTtorpamma mpoAyKToB peakunu Ha katanuzatope Ne 1 (77=350 °C)
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Tabnuma 2
IMpoayKThbl KaTaJuTHYeCKOii peakuuu Ha kataiguzatope Ne 1 mpu 7 =350 °C

CoennHeHne Bpewms ynep>xuBanusi, MUH IInowanp nuka, y.e. Brxon, %
1-MeTOKCcHaneTuICH 9,201 2557056 1,841
Vraekucasiii raz — CO, 9,231 866695 0,624
Metanon — CH;OH 12,835 78241666 56,322
W3zonponmnosstit ciupr —CH3;CH(OH)CH; 13,903 2788717 2,007
Oranon — C,H;OH 14,229 52414769 37,730
Boga — H,0 17,621 2050284 1,476

AHamM3 MpOAYKTOB peaKIMH IMPpHU HUCIToNIb30BaHuu Katanuzaropa Ne 1 (7= 350 °C) cBumeTensCTBYET 00
00pa3oBaHUN HEOOXOAMMBIX LEJIEBBIX MPOAYKTOB: METaHOJa € BBIXOAOM 56,32 % u 3TaHONA C BBIXOAOM
37,73 %.

OO6pa3oBanue MeTaHOJIA IIPOTEKAET IO 0OPATUMOM IK30TEPMHUICCKON PEaKIIny

CO+2H, - CH,0H )
~AYye =110,8 KJI/MOIB.

Ha nmpoMpbIIIIeHHBIX YCTaHOBKaX CHHTE3a METaHoJIa Jalie Bcero padoratoT npu gasnerun 20-35 Mlla
B nHTepBasie temrepatyp 370—420 °C. BBumay BBICOKOH SK30TCpPMHYHOCTH PEAKIIMHA U B CBSI3HM ¢ HEOOXOIH-
MOCTBIO TOHKOTO PETYJIMPOBaHUs TEMIEpaTyphl, MOBHILICHHE KOTOPOH OTPULATENIFHO CKa3bIBAETCS Kak Ha
PaBHOBECHH, TaK U Ha N30MPaTEIbHOCTH MPOLIECCa, B PEaKIMOHHBIX amnaparax 00BIYHO MPEIyCMOTPEH BBOJ
XOJIOJHOTO CHHTE3-Ta3a B IMPOCTPAHCTBO MEXKY IMOJIKAMH, Ha KOTOPBIX pa3MelIeH KaTaln3aTop — OKCHIBI
MeH, ¢ 700aBKaMH OKCHIIOB XpoMa U ITMHKa. VICIoIb30BaHHUE MONYYEHHBIX YTIIEPOI-POIUEBBIX KaTaln3a-
TOpPOB NPHUBENO K CHIKEHUIO TEMIIEPATyphl CHHTE3a: METaHOJI HaunHaeT obpa3oBeiBaThes npu 1 = 200 °C
¢ BBIX0J0M — 22 % W MakcHMalbHOTO Bbixoaa nocturaet npu 7' = 350 °C — 56,32 %. Taxxe npu cuHTe3e
METaHoJla HJEeT 00pa3oBaHUe JPYTOTo IEIeBOro MPOJAYKTa — 3TAHOJA, TI0 PEaKIMH TOMOJIOTHU3AIUA MeTa-
HOJIa

CH,OH +CO+2H, — CH,CH,0H ©)

~H,0

B xauecTBe MOOOYHBIX NPEBpAIIEHUH MTPU CHHTE3€ METAaHOJIa HAO0JaeTCcss 00pa30BaHUE YTIIEKUCIOTO
ra3a, BOJIbl, METOKCHAIIETHIIEHA U N30MPONIIIOBOTO CIIMPTA, MPEACTABISIIOIINX MEHBITHI MPaKTUIECKUI MH-
Tepec.

Abundance TIC: 8.D\data.ms
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Pucynok 3. XpomaTorpamMmma mpoyKToB peakiuu Ha karanuzatope Ne 3 (7= 350 °C)
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Tabnuma 3

IMpoayKThbl KaTaJuTHYeCKOii peakuuu Ha kataiguzatope Ne 3 mpu 7 =350 °C

CoeauHeHHS Bpewmst ynepxuBanusi, MUH [Inomans nuka, y.e. Brxon, %
Anerunen — C,H, 0,696 3611096 1,753
N306yran — (CH;);CH 4,356 3092628 1,502
Byran — C4H;, 4,406 2475307 1,202
Otunossiil 3¢up — C,Hs;OC,H; 5,255 72291418 35,099
Metanon — CH;0OH 12,782 25917472 12,584
W3zonpormnosstit cnupt — CH;CH(OH)CH; 13,937 3538927 1,718
Oranon — C,H;OH 14,250 90129996 43,760
Boga — H,0 17,647 4906746 2,382

Hcnonr3oBanne karanmsaropa Ne 3 B katamutudeckoi peakuuu (77 = 350 °C) BemeT K 00pa3oBaHHUIO
OCHOBHBIX IICJIEBBIX TIPOAYKTOB: 3TaHOJA C BBIXojgoM — 43,76 % u metaHomna ¢ BeixogoM — 12,58 %. O6pa-
30BaHUE JIAaHHBIX MPOJYKTOB WJAET MO paHee MpUBEACHHBIM peakiusaM (1), (2). B xauecTBe moOOUHBIX mpo-
JIYKTOB 00pa3yroTcsi: BOJa, alleTHIICH, H300yTaH, OyTaH, 3TWIOBBIN 3QHp U U3OMPOIIIOBEIA CIIUPT, HEKOTO-

pBI€ U3 HUX TaKXe MMPEACTABISIIOT MPaKTHIECKUN HHTEpEC.
Jlst M3y4YeHus: ONTHMAJIbHBIX IMApaMETPOB IMOJYYCHUS ITAHOJIA U METaHOJIA U3 CHHTE3-ra3a OBbLIH I10-

CTPOEHBI 3aBUCHMOCTH BBIXOJIa dTAHOJIA M METaHOJIa OT TeMIeparypsl (puc. 4, 5).
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Pucynok 4. 3aBHCHMOCTD BBIXOJIa 3TAaHOJIA OT TEMIIEPATyPHI

W3 maHHBIX pucyHKa 4 MOXHO CIIENaTh BBIBOA O TOM, YTO C POCTOM TEMIEepaTyphl MPOUCXOJUT TIOCTeE-
MIEHHOE MOBBIIIIEHUE BBIX0/1a dTAaHOJa Ha Kartainu3aTopax Ne 2 u 3 Ha OCHOBE PacTUTENBHOTO ChIpbs. Karamm-
3atop Ne 1 Ha OCHOBEe MHHEPANBHOTO ChIphs B MHTepBaiax Temmeparyp 200—300 °C coxpanseT cTabuiIbHOE
3HaYEHME BBIXOJIa TI0 3TaHOIY, KOTOPOE HE3HAUUTEIBHO yBeIUUMUBaeTcs pu TeMieparype 350 °C. Bozmoxk-
HO, 9TO TIpu Temmeparype Boimie 350 °C BBIXO MO 3TAHOJIY YBEIIMYUTCS, HO TIPHU TAKOW TeMIIepaType MPOHC-
XOJUT BO3rOpaHUE YIIEPOAHOTO MaTepuasa M, Kak CIEJCTBUE, pa3pylIeHHUE YIIepOICOIEpKAIINX HOCUTE-
nedt. Tak xak katanuzarop Ne 3 moka3an caMblid BBICOKUH BBIXOJ IO dTaHOIy 43,76 %, OH MOXET OBITh pe-
KOMEHJIOBaH JJIs ITPOIIECCOB TIOJIYICHHS dTaHOoJIa U3 cuHTe3-rasza mpu 1 = 350 °C.
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Pucynok 5. 3aBUCHMOCTD BBIX0/Ia METAHOJIA OT TEMITEPATyPHI

Kak moka3aHo Ha pUCYHKE 5 IpH MPOBEACHUU KaTATUTUICCKON PEaKIUK B MPUCYTCTBUM KaTalu3aTopa
Ha OCHOBE YTJIEPOJ-MHHEPAIHLHOTO CBHIPhsi C POCTOM TEMIIepaTyphbl HaOMIOJAcTCs YBEIMUEHHE BBIXOZAA TIO
MeTtaHomy. [Ipy ucnoap30BaHUY KaTaIM3aTOPOB HA OCHOBE PACTHTEIBHOTO CHIPhsI MBI HAOFO1aeM 00PaTHBIH
MPOIIECC — CHIDKCHUE BBIXOJA METAHOJa, YTO OOBSCHACTCS MPEHMYIICCTBEHHBIM MPOTCKAHHEM PEaKIUU
TOMOJIOTH3aIlMH, B KOTOPOH METAaHOJ TOMOJIOTHU3UPYET JIO dTaHousa. [IpeBamupoBaHHe JAaHHOTO Mpoliecca
MOKHO OOBSCHHUTH NPUPOJIOH YTIIEPOI-MHHEPATIBHOTO HOCUTENS W HAMYUEM JPYTHX 3JIEMEHTOB B €r0 CO-
CTaBe, MOMUMO yriepona. Takum oOpa3oM, katanmu3arop Ne 1 MposSBUI BBICOKYHO KAaTAIMTHYECKYIO aKTHB-
HOCTh B PEAKIIMH MOJYyYCHHS METAaHOJAa M3 CHHTE3-Ta3a U MOXET ObITh PEKOMEHIOBaH K JallbHEHIIEH mpo-
MBITINICHHOH pa3paboTKe.

Baxnouenue

B xoze BrImonHeHUs! paboOTHl OBIIM MOJTYYEHBl M UCCIE0BaHbBl HOBBIE YIIEPOICOACPKAIINE HOCUTEIH
JUISL YTIIePOJ-METANTMIECKUX KaTaTUTHYECKUX cucteM. [lo pe3ynbraTtaMm aHanm3a (QU3HKO-XUMHYCCKHX
XapaKTepPUCTUK YCTAHOBJIEHO, YTO IyYIIMMH XapaKTePUCTUKAMH OOJafaeT YTrIepOJHBIH HOCHUTENh Ha
OCHOBE KapOOHHM3aTa abPHKOCOBBIX KOCTOUEK, ye/IbHAs TOBepXHOCTh 480,0 M*/r, pH BOIHO#M BHITSIKKH 9,4,
HwomHoe urcio 78,6 Mr/t, BaaxHocTsb 1,1 %, 3016H0CTE 3,2 %.

Jns momydeHWs KaTalu3aTOpPOB OBLIO TMPOW3BENCHO HMMIIPETHHPOBAHWE HOCUTENEH pPacTBOPOM
XJIOPUCTOTO POAWS METOIOM MpPONHUTKH C ymapuBaHueM pacTBopa. ConepaHue poIausi BO Bcex
MPUTOTOBJICHHBIX KaTalu3aropax coctaBisuio 1,5 % wmacc., KOTOpoe KOHTPOJIMPOBAJIOCH C MOMOIIBIO
SHEPrOJUCTIEPCHOHHOTO IEMEHTHOTO aHAITN3A.

[lony4yeHHple KaTanu3aTOpbl OBUTM HCCIEAOBAaHBI B PEAKLUSAX IOMYYCHHUS LENEBBIX NPOAYKTOB H3
CHHTE3-Ta3a. BBICOKYIO KaTalMTHYECKyI0 aKTUBHOCTb B PEAKLIUU IONYyYEHHS 3TaHOJa TMPOSBWI POAUM-
YIJICpOJHBIN KaTall3aTop HAa OCHOBE aKTHMBHPOBAHHOTO KapOOHM3aTa aOpPHKOCOBBIX KOCTOYEK. BBIXO[
9TaHOJA B PE3yNbTaTe MCIIOIB30BAaHUS TaHHOTO KaTanuiaropa coctaBmi 43,76 % npu T = 350 °C. [Ipu mo-
JY4eHUH METaHOJa BBICOKYIO KaTAIMTUYECKYIO aKTHBHOCTB MPOSBII KaTalM3aTOp Ha OCHOBE aKTHBUPOBAaH-
HOTO KapOOHHW3aTa IIyHTUTA, BEIXO/ METaHOJa MIPH 3TOM cocTaBui 56,32 %.

[IpoBeneHHBIE HCCIIEIOBAHNS TOKA3BIBAIOT MIEPCIIEKTUBHOCTH MCTIOIB30BAHMS KaTAIUTHYECKUX CHCTEM
Ha OCHOBE YTJIEPOJCOACPKAIIUX MAaTEPUAIOB IS MPOLIECCOB MOIYUYEHHsI CHUPTOB M3 CHHTE3-Ta3a.
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P.P.Tokmae, C.A.A6xymnaeBa, A.A.AtaabapoBa, A.T.KaOymos,
K.K.Kummbaes, C.B.Heuunypenko, C.A.Edpemos, M.K.Haypriz6aes

CI/IHTe3-Fa3IlaH MaKCaTThI OHiMI[ep)Ii ajiyra apHaJiraH KOMipTeK-MeTaJIIH)I
KaTaJjm3aTopJap

Makanaza GalbITBUIFAH LIYHTHT JKBIHBICTAPBI JKOHE OCIMAIKTEKTI KapOOHU3AaTTap HETi3iHIe KaHa KOMipTeK
KYpaM/Ibl TaChIMaJIarbllITap JIBIHIBL TachIMaJABIFBIITAPABIH HETI3r (QU3MKa-XUMHUSIBIK CHUIIATTaMajIapbl
3eprrenni. Hormxkenep OoifbiHIIA epik moHEri KapOOHW3AaTHl HETI3IHIET! TAaCHIMAINAFBINITAp JKAKCHI
CHIaTTaMaNapbl KOpCerTi: MeHunkri Ger aynamsi — 480,0 MY/r, cymsl epitingicinig pH-p1 — 9,4, iion
cansl — 78,6 Mr/r, surangpuiblKk — 1,1 %, kynninik — 3,2 %. Epitinainepai Gynanisipy apKbUIBI CIHIpY
OMiCIMEH aJIbIHFaH TachIMAJJAFBIITAp HETi31HAe POAni-KeMIpTeKTi KaTanu3aTropiap aabiHasl. Onap cuHTe3-
ra3gaH CHUpPT ally peaklHsUlapblHAa ChIHAKTaH oTKi3inai. Katanuzatopnapabel KoijaHy MbIFbIMAAPsl 56,32
xoHe 43,76 % GonaThiH METaHOJI MEH STAaHOJ aJlyFa MYMKIHIIK Oepi.

R.R.Tokpayev, S.A.Abdullayeva, A.A.Atchabarova, A.T.Kabulov,
K. K Kishibayev, S.V.Nechipurenko, S.A.Yefremov, M.K.Nauryzbayev

Carbon-metal catalysts for obtaining of desired products from synthesis gas

In this paper, new carbon containing supports based on products of shungite enrichment and carbonizate of
raw materials were obtained and studied. The main physico-chemical characteristics of the supports were
studied. It was established that the support based on carbonizate of apricot pits has the best characteristics.
There are specific surface is 480.0 m%/g, pH of aqueous extract is 9.4, iodine number is 78.6 mg/g, moisture is
1.1 %, ash content — 3.2 %. Rhodium-carbon catalysts were obtained based on the elaborated supports by
method of impregnation with solution evaporation. The studied catalysts were assayed in the obtained cata-
lysts were tested in the obtaining processes of alcohols from synthesis gas. The using of given catalysts have
allowed to obtain methanol and ethanol in a yield of 56.32 % and 43.76 %.
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I/I3yqe}me (l)I/I3I/lK0-XI/lMI/I‘lECKI/IX XapaKTEePUCTHUK I'JTUH 3anazu{0r0 Ka3zaxcrana

B crarbe u3yueHbl QU3MKO-XMMHYECKUE, CTPYKTYPHBIC M COPOLMOHHBIE CBOiicTBa rnH 3anagHoro Kasax-
CTaHa. YCTaHOBJIEHO, YTO CPEAM HCCIIENYeMBIX ITHH IIHHBI [10romaeBCcKOro MeCTOpOXKICHUS 00IamaloT
Jy4YIIUMU COpOLMOHHBIMU XapaKTepPHUCTUKaMH. BEIsIBIICHO, UTO TIOCTIe 00OTAIeHUS U TepMUYEeCcKOH 00paboT-
KU TJIMH UX COPOIMOHHAS CIOCOOHOCTH yBennuuBaeTcs. [lomydeHHbIe pe3ynbTaThl O3BOJSIOT CHETIaTh BBI-
BOJ] O I[eJIeCOO0Pa3HOCTH UCIIONB30BAHMS JAHHBIX IJIMH B Ka4eCTBE COPOCHTOB B TEXHOJOTUH 00C3BOXKUBA-
HUS SMYJIbCUH.

Kniouesvie crosa: TAMHUCTBIC OPO/IBI, PU3NKO-XUMUUECKUE CBOWCTBA TJIMH, COPOLHs, BOJA, BOIOHE(TIHbBIC
SMYJIbCUH.

Bseoenue

B nacrosmee Bpems riccie10BaHUIO TIMHUCTHIX MOPO/T MOCBSIIEHO MHOKECTBO pa0OoT, TIOCKOJIBKY H3Y-
YeHHe UX (PU3UKO-XMMHUYECKHUX CBOMCTB MTO3BOJISIET HE TOJIHKO OLIEHUTH KA4eCTBO TJIMH, HO ¥ PEKOMEHI0BATh
UX JJI MPaKTUYECKOTO MPUMEHEHHUS B PA3IMYHBIX OTPACIISIX MIPOMBIIIIEHHOCTH ¥ HAPOIHOTO X03siicTBa [1].

Ha cerommsimamii neHp, Omaromaps ocoOOMy CTPOEHHIO M (DM3MKO-XHMHUYECKHM XapaKTEePHUCTHKAM,
[JIMHBI 3apPEKOMEHIOBANIN ce0sl B KauecTBe COPOCHTOB B TEXHOJIOTUM OYHCTKH CTOYHBIX BOJ|, pereHeparnu
0TpabOTaHHBIX Mace, JIMKBUAINY Pa3IMBOB He()TH, HepTeXuMuu u T.1. [2]. Ha qaHHBIIl MOMEHT B TEXHO-
soruu 00€3BOXKUBaHUS HEPTH COPOIIMOHHBIE CBOMCTBA TTIMHUCTHIX IMOPOJ HEJOCTATOYHO U3yUYeHBI. B cBs3U
C 9TUM M3y4eHUe (PUBNKO-XMMUIECKUX XapaKTEPHUCTHK TIIUH C MEPCIEKTHBON Ha JajbHelIIee MpUMEHEeHNE
WX B KQUECTBE COPOCHTOB B TEXHOJIOTUU 00C3BOKUBAHUS HEPTH SBISCTCS aKTYaIbHBIM.

lenpto maHHO# paOOTHI SBISETCS OIPENCICHUE CTPYKTYPHBIX, (PHU3UKO-XHMHUYECKUX XaPAKTEPUCTHK
TJIMH MECTOpOKAeHuH 3amaanoro KasaxcraHa Jiist BBISIBICHUS UX aJCOPOIIMOHHBIX CBOMCTB.

3Kcnepumeﬂmaﬂbyaﬂ yacmov

s u3ydyenus: ancopOLMOHHBIX CBOMCTB MCCICAOBaHBI CIEAYIOIINE TIMHBL: romyOsie rnuHbl [lorona-
€BCKOT0 MECTOPOXKICHUS 3€JIeHOBCKOro paioHa 3anaaHo-KaszaxcraHckol 001acTH, pacliojioXKEHHOTO B
56 kM OT T. Ypaibcka HemajaeKo oT noceika IloromaeBo; Oenbie TuHBI MecTopokaeHus «Coro3Hoe» AlTe-
KeOMiicKoro paiioHa AKTIOOWHCKON oOnactu. /[ cpaBHeHHs B KauecTBE CTaHIapTa HCCIEI0BaHa Toirydas
rnuHa Mapku «Lutumtherapia» (Poccust). CTpykTypHbIe U (PU3NKO-XUMUYECKUE XapAKTEPUCTUKHU UCCIIeTye-
MBIX TJIMH ONPEANSIN XUMUYECKUMHU B (U3UKO-XUMHUYECKUMHU MeTonamu [3]. [lns onpeneneHus Xjiopuu-
HWOHOB HCIIOJIb30BAJI METOJ, OCHOBAHHBIA Ha TUTPOBAHWHU XJOPUI-MOHOB B BOAHOH BBITSDKKE TTHHHCTOTO
CBIPbsSI HUTPATOM cepeOpa B MPHUCYTCTBHH XPOMOBOKHCIOro Kanus. OmpeneneHue kene3a NpOBOAUIN MPH
MTOMOIIM aTOMHOH a0COpOIMKY Ha aTOMHO-a0COpOIMOHHOM criekTpodoToMeTpe Mapku AA-140 B mutamMeHu
BO3IyX-alleTHJICH TP JUTHHE BONHBI 248 HM. VIOHBI HATPHS U KA ONPEaeIsuIn METOIOM IUIaMEHHOH (o-
TOMETpPUH Ha TameHHoM (otomerpe Mapku PFP7 npu nnune Bonnsl 589 HM mist Hatpus u 768 HM 115 Ka-
nust. OnpeneneHre Kanblusg W MarHus MPOBOAMIIM KOMIUIEKCOHOMETPHUYECKMM METOJOM, OCHOBaHHBIM Ha
TUTPOBAaHUY CYMMbI HOHOB KaJbLIUsl U MarHus TPWIOHOM b B IPUCYTCTBUM MHIMKATOpa XpOMa TEMHO-CUHETO
U MOHOB KaJbLIUSl B IPUCYTCTBUM MHAMKAaTOpa Mypekcuaa. C 1enbio onpeneneHus aacopOHOHHBIX XapaKTe-
PHCTHK TJIMH [0 OTHOLICHHIO K BOZIE MX MPOKAJIMBAIM B My(enbHOM neun npu Temieparypax 200—800 °C.

Pesynomamot u ob6cysicoenus

Jnis onpenienieHust acOPOIIMOHHBIX CBOWCTB MCCIIE0BAHbI (PU3UKO-XUMHUECKUE XapaKTEPUCTHKH TIIUH
3amamnoro Kaszaxcrana. [lomydeHHBIE pe3ynbTaThl CpPaBHUBAIW C TAKOBBIMH allTEYHON TJIMHBI MapKu
«Lutumtherapia» (Poccust). Pe3ynbTaThl MCCe0BaHuUI TPeICTaBICHbI B Ta0auIe 1.
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Tabnuma 1
DOU3NKO-XUMHYECKUE XapaKTePUCTUKH IJIH 3anaano-Ka3zaxcranckoii o6iactu

Uccnenyemas riavHa
Ne XapaKkTepucTUKa TITHH IToromaeBckoro MapKH MECTOPOXKICHHS
MECTOPOXKICHUS «Lutumtherapia» «Coro3Hoe»
1 |Bmara, % 0,68 0,41 0,24
2 |TTokasarenb afcopOIK TJIHH, MT/T 93,75 50,00 30,00
3 |EMKOCTH KAaTHOHHOI'O OOMeEHA, MI/3KB 29,30 15,62 9,30
4 |Cl, mr->kB/mm° 0,45 0,10 0,70
5 |Fe 03, macc.% 0,68 0,75 0,24
6 |BmaroeMkocTh IriIuH 3,60 1,40 0,30
7 |MaccoBas 1015 IeCuaHHBIX Gpakiuii, % 33,00 0,00 27,00
8 |Ca, Mr-sks/nM’ 12,30 8,40 4,20
9 Mg, Mr-sxe/nm’ 13,80 7,50 5,70
10 |Cynbdar-noHsl, MI-3KB/IM" 0,70 0,10 0,90
11 |Na,O, % 1,92 1,03 0,47
12 K50, % 0,74 0,55 0,17

AHanmu3 TabJIUYIHBIX JAHHBIX ITOKA3BIBACT, UTO COJACP)KaHKE BIAru B riuHaX koseonercs ot 0,24 % ms
e MectopoxaeHus «Corosznoe» a0 0,68 % ana rnun I[loromaeBckoro mectopoxkiaenusa. Coaep:kaHue
0OJIBIIIEr0 KOJIMYECTBA BIIATH B TOJIYOOH TJIMHE 1O CPaBHEHUIO C OEIIOi rIIMHON OOBICHSICTCS HAIHYUEM B
TIepBOH Pa30yxaloNIuX CIIOEB, CIOCOOHBIX IOTJIONMIATE U yAEPKUBATH B MEXKCIIOCBOM IPOCTPAHCTBE BIIAry U3
OKpYy>Karole cpensl [4].

JI1st O1leHKH COPOIIMOHHBIX CBOMCTB IIIMHHUCTHIX OPO/] UCTIOIH30BAIN PACTBOP HHAMKATOPA METHUIICHO-
BOI'0 rojiy0oro, cTaHAapTHO MPHUMEHSIEMOIo IS aJCOPOLMOHHBIX CBOMCTB COPOCHTOB, U IO IMOJYyYCHHBIM
3HAYCHUSAM PACCUUTHIBAIA €MKOCTh KaTHOHHOTO oOMeHa. COTIacHO MOJyYEeHHBIM JTaHHBIM MaKCHUMAaJTbHBIN
MoKa3aTeNb aacopOoruu uMeeT rimHa lloromaeBckoro MectopoxaeHus — 93,75 Mr/r, MUHUMAIBHEIA pe-
3ynbTaT — riuHa MectopoxaeHus «Corwo3Hoe» — 30,00 mr/r. Mcxons U3 MoaydeHHBIX JaHHBIX, pacCUUTaHa
€MKOCTh KaTHOHHOTO 0OMEHAa, MaKCHMAaJIbHOE 3HAYEHHE KOTOpPOW mMeeT rimHa [1oromaeBcKoro MecTopox-
nenust U coctapisieT 29,30 mr/skB. CpaBHEHUE TOTyYESHHBIX PE3yIbTaTOB CBUIACTSILCTBYET O TOM, UTO TJIH-
Ha [loroaeBCKOro MeCTOPOKACHUS 00Ia1aeT JIYUYIIUMHU aICOPOITMOHHBIMU XapaKTEPUCTHKAMHU.

Ha nporiecc kKaTHOHHOTO OOMEHa MKy aJCOPOSHTOM M aJCOPOMPYEMBIM BEIIECTBOM OKa3bIBaIOT OT-
pUIIATETFHOE BIHSHUE XJIOPUI-UOHBI, COICPIKaHNUE KOTOPBIX OMPEICIISIIH TUTPOBAHHEM HHUTPATOM cepelpa.
CornacHo TOJyYeHHBIM JaHHBIM, HAUOOJBIIUH MOKA3aTeNb COJEPIKAHUS XJIOPUI-MOHOB MMEeT Oeas Tin-
Ha — 0,70 Mr-3KB/IM’, HANMEHBIIHIT COOTBETCTBYeT TiMHE [1orogacBCKOro MECTOPOKICHUS, YTO CBHUIC-
TEILCTBYET O TOM, UTO TIHMHA [10romaeBCcKOro MECTOPOKIACHHUS M3 BCEX MCCIEAYEMBIX TJIMH UMEET JIydITne
CIOCOOHOCTH K MIOHHOMY OOMEHY.

JIJ1st OlIeHKY TUTIOMIAU Y/ISIbHOM TOBEPXHOCTH TJIMH, KOTOPasi KOPPEITUPYET ¢ UX aJACOPOIMOHHOM CIIo-
COOHOCTBIO, OTIPENCIISIINA COJEpKaHne OKCHaa Keie3a. CoriaacHo MOYICHHBIM pe3yIbTaTaM HCCIICIOBAHUS
el Mapku «Lutumtherapiay, [loromaeBckoro MecTopoxaeHus u MecTopoxaeHus: «Cor3Hoe» coaepxkar
0,75, 0,68 u 0,24 % oxcuna »xene3a COOTBETCTBEHHO, YTO TOBOPUT O TOM, UTO anTe4Has rivHa u rauHa [lo-
T0JIaeBCKOT0 MECTOPOXKIACHUS 00J1a1af0T HANOOIBIIICH TUTOMAABIO YISTHLHOM TOBEPXHOCTH.

CorracHO TUTEPATYPHBIM MCTOYHHKAM, MOHBI KaJbITHS, MarHUs, Kallds ¥ HATPUS UTPAIOT KIFOYCBYIO
poJIb B OOMEHHOM TOTJIOTUTEIILHOM KOMIUIEKCce IMHBI [5]. Kak mokasan aHajau3 MCXOHOTO CHIPhS, TIIMHA
[10roaeBCKOro MECTOPOXKACHHUS COACPKUT HAHOOIbIEe KOINIECTBO MOHOB Kanbims (12,30 Mr-ske/mm’),
maraus (13,80 mr-oks/av’), xamus (1,92 %) u Hatpus (0,74 %) uTo cornacyercs ¢ pe3ylIbTaTaMH pacyera
E€MKOCTH KaTHOHHOTO OOMEHa. DTO J0Ka3bIBAET, YTO M3 BCEX MCCIEAYEMBIX O0Opa3lOB IJIMH TOXy0as INIMHA
[ToromaeBckOro MECTOPOXKISHUS JTyUIlle MPEIPACIIONIOKEHA K peaKIusIM HOHHOTO OOMEHa.

Jns Gonee moapoOHON XapaKTEPHUCTUKH TIIMHHUCTHIX ITOPOJ] HAMH MPOBEJACH MHKPOaHATN3 00pa3lioB
TJIMH ChbEMKOH C MOMOIIBI0 OMHOKYIsIpHOTO MUKpockorma MC-300 (cwm. puc.).
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«Coro3znoey, x100

2) anteyHas riauHa, * 1600 0) morojaeBckas rimna, 1600 €) TJIMHA MECTOPOKICHHS
«Coroznoe», x1600

Pucynox. Mukpodororpadun riavx

MHUKpOCTPYKTYpa anTeYHOW TJMHBI (PUC. @) XapaKTepH3yeTCsl MBUICBHIHBIMM YacTHYKAMM, 3aIloj-
HSIIOMIMMHU TIPOCTPAHCTBO MEXIY KPYHMHBIMH IECYaHBIMU 3epHaMu. | mHBI MecTopoxkaeHus «lloromaeBo»
(puc. 0) mpeACTaBIEHBI, IOMUMO INECYAHBIX M ITBUICBUAHBIX 3€PEH, COJEBBIMH BKIIOYEHHSAMH. [1om00HYI0
Mozens onucan M.M.DunatoB 1 Ha3Bal €€ XJIOMbEBHIHO-TIEHCTON. | mrHa MecTopoxaeHus: «Coro3Hoe»
(puc. ) mpexacTaBieHa OTYETIMBHIMU MECYAHBIMU YACTUIAMU C MEIKUMH COJSHBIMH BKItoueHusiMu. Co-
rnacHo knaccuukanun K.Kommunca u A.Makrayna [6] rmMHUCTBIM MuHEpan (pUC. O) HaXOAUTCS B BHIE
CIUIOIIHON TNIMHUCTOM MAaTpPHIBI, B KOTOPYIO IOTPYKEHBI OTACIBHBIC TIECYaHbIe M MBUIEBAaTHBIC 3€pHA U HX
CKOIUICHHSI, YTO XapaKTepHO Ui CHIbHOHAOYXaroluX MOHTMOPHJUIOHWTOBBIX TJIMH, & MHUHEpai (pHC. g)
MpeacTaBiIeH B BHAEC OECIOPSIOYHBIX CKOIUICHWH, WTPAIOIIUX POJIb CBA30K WJIM MOCTUKOB Ha KOHTAaKTax
MEKTy MBUIEBAaTBHIMHU U TIECYaHBIMU 3€pPHAMH, YTO XapaKTEPHO JJIsl KAOJTMHOBBIX TJIHH.

IIpn yBenmnuernnu B 1600 pa3 B rimHax [loromaeBckoro mectopoxkaeHus (puc. 0) BUAHO MPUCYTCTBHE
MEPBUYHBIX TIIMHUCTHIX YacTHUI], MPEACTaBICHHBIX MHKPOKPUCTAUTMYECKUMH TIMHUCTHIMH MHUHEpaJlaMH,
UMEIOIIUX BUJ TOHKMX M30METPUYHBIX BBITAHYTHIX IUIACTHH. [IOMUMO 3TOr0 MMEIOTCS MUKPOKPHCTAILIBI
AYTUTCHHOTO KAJIBIIUTA, YTO MOXKET CBUAETEIHCTBOBATH O MOPCKOM HMPOUCXOXJICHUU TIMHHCTON HOPOJIBI.
[Tpu yBennuennu B 1600 pa3 B anTeuHoi rauHe (pUC. 2) HAOMIOJaeTCsl HATMYME KPYITHBIX YaCTHUIl C YeTKUMHU
KOHTYpaMH, YTO XapakTepu3yeT MpeodiafgaHue KaTHOHOB KalbLUsl U MarHusi B OOMEHHOM KoMIutekce. [ m-
Ha MecTopoxeHns1 «COI03HOe» IMpEeACTaBlIeHA TJTMHUCTHIMH YacTHLIAMM, 3AIOJHSIONIMMHI IPOCTPAHCTBO
MEXKIy KPYIHBIMH 3€pHaMH, 00pa3ysi MEIKOSYEHUCTYIO CETKY, YTO XapaKTEpPHO IS SYEUCTOH MHKPOCTPYK-
TYPBI TIAMHUCTBIX TIOPOI.

CoracHO TOJTy4EHHBIM SKCIICPUMEHTAIBHBIM JaHHBIM MOKHO CEJTaTh BBIBOJ O TOM, YTO HAMIIy4IIH-
MH aJCOpPOLMOHHBIMU XapaKTEePHUCTUKAMHU 00JIaIaf0T TIIMHEI MecTopoxaeHus «[loromaeBoy, B CBSA3M C 3TUM
MEPCIEKTUBHBIM SIBJISIETCS JallbHEHIIee ucciaeIoBaHue COPOLIMOHHON CIIOCOOHOCTH JAaHHBIX TJUH B TEXHO-
JIOTHH 00E€3BOKUBAHUS IMYJITBCHHA.

s 6onee moipoOHOTO U3YUYEeHUS afcOPOIMOHHON CIOCOOHOCTH TIMH MecTopoxaeHus «[loromaeBoy
M0 OTHOLICHHUIO K BOAE HAMH MPOBEACHO OOOTallleHHEe IIIMHBI CTAHAAPTHBIM METOJIOM OTMYYHMBaHUs, OCHO-
BaHHBIM Ha OTMBIBKE TJIMHBI OT [E€CUaHBIX NPUMECEil, ¢ AalbHEHIINM NPOKATMBAHUEM €€ MPU TeMIepaTrype
ot 200 mo 800 °C. Pe3ynbTaThl UCCIICIOBAHUS BIArOEMKOCTH HCCIEAYEMBIX (OPM TIIMH TPU HOPMAITBHBIX
YCIIOBHSX IIPUBEICHBI B TAOIHIIE 2.
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Tabnuma 2

BiaroeMkocTh HATUBHOI, 000TAIIIeHHOI U TEPMUYECKH 00padOTaAHHOI
riHbl [loronaeBckoro MecToposxaeHust

3HaucHUE

Ne OO6pa3err MIMHBI sraroemKocti, %
1 |HaruBHas 3,6

2 |O6orarienHas 52

3 |Tepmudecku oopadorannas mpu 200 °C 5,6

4 —"— 400 °C 5,7

5 —"— 600 °C 5,9

6 —"— 800 °C 1,9

Kak BumHO M3 TaOnHIbl 2, BIAroeMKOCTh MCCIICTyEeMO TIIMHBI ITOCiIe 000TameHns yBennduiach ¢ 3,6
1o 5,2 %, T.e. B 1,5 paza, 4T0 CBA3aHO C yBEIMYCHWEM KOHIEHTPAlMM MOHTMOPHIIJIOHHTA BCIIEICTBHE YAa-
neHus nyctoil moponsl. Ilocne Tepmuueckoil oOpaOOTKU NPOUCXOOUT YBEJIWYEHUE BIArOEMKOCTH IVIMH,
[IPUYEM MaKCHUMaJbHOE 3HAu€HHE BJIATOEMKOCTH COOTBETCTBYET OOpaslly INIMHBI, 00paOOTaHHOMY IpU
600 °C. OTo cBsI3aHO € yBEIMYEHUEM ITOPOBOTO MPOCTPAHCTBA B CTPYKTYype MUHEpPaAja MOHTMOPHIJIOHUTA 32
CUET MCHAapEHMs CBSI3aHHOW BOJIBI M OpraHnveckux npumeceid. OpHako mocie o6padoTku riuH npu 800 °C
MIPOMCXOJUT CIIajl 3HAYCHUS BJIAarOEMKOCTU. JTO 00YCIIOBIEHO HapyLIEHUEM CTPYKTYPbl MOHTMOPHIUIOHUTA
U IIEPEXOJIOM €r0 MEXIIAKETHOT'O IIPOCTPAHCTBA B HEMOABUKHOE COCTOsIHUE. TakuM 00pa3oM, Ha OCHOBAHUU
MPOBEICHHBIX MCCICAOBAaHUN MOKHO CIENaTh BBIBOJ O TOM, YTO MaKCHUMAJIbHOW BJIArOEMKOCTBHIO 00JaatoT
oOoralieHHbIe U TepMUIecku o0padoTanHbie MnMHbI pu 600 °C.

Bwi600b1

Takum 00pa3om, IO pe3ybTaTaM UCCICAOBAHUN CTPYKTYPHBIX, (PH3UKO-XUMHUYECKUX U aJICOPOIMOH-
HBIX XapaKTEPUCTUK HAMH YCTAHOBJICHO, YTO HAWIYYIIUMH aJICOPOIMOHHBIMU XapaKTEPUCTHKAMH 00Jaa-
10T TIuHBI MecTopoxaeHus «lloromaesoy. Ilocie mporecca odoramenrs U TepMHIECKOl 00pabOTKH TIIHH,
MTPOBEJICHHOTO JOMOJHUTEIBHO Ui 0OJiee TOYHOH OIEHKH CBOWMCTB, ONPEAEICHO, YTO MPOUCXOIUT YBEIHU-
YeHHE aJCOPOIMOHHBIX CIOCOOHOCTEH TIIMH 110 OTHOIICHHIO K BOJIC BCIICACTBUE YIAICHUS IYCTOW TTOPOJIBI U
YBEIUYCHHS TIOPOBOTO TpocTpaHcTBa. ['nmmuEI TloromaeBckoro mectopokiaeHus 3amamaHo-KazaxcraHCcKon
00J1aCTH 11eJIeCO00pa3HO PEKOMEHIOBATh B KauecTBe 3(()EKTUBHBIX COPOCHTOB B TEXHOJIOIHMH 00€3BOXKHBA-
HUS SMYJIbCUH.
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Bartbic Kazakcran ca3-0ajmbIF bIHBIH (PU3HKA-XUMUSIIIBIK
CUNATTAMAJIAPBIH 3ePTTEy

Maxkanana Batsic Ka3akcTan oONBICBIHBIH Ca3bIHBIH (DH3HKA-XUMISUIBIK KYPBUIBIMIBIK COPOIMSIIBIK KAacHeT-
Tepi 3eprrenred. Ca3-OammublKTapAplH apacbiHga IlorogaeB KeH OpHBIHBIH ca3 OallIbIFBl €H JKaKChl
COpOLMSNIBIK cUNaTTaManapra ue OONFaHIbIFbl aHBIKTAIAbl. Ca3-O0almbIKTEl OalbITy MEH TEPMHUSIBIK
OHJICYICH KeWiH onapablH COpOLMSIBIK KaOideTiHiH apTaTbiHbl Oenriai Oonibl. AJIBIHFAH HOTHIKEIEp
OepiiireH ca3-OaNIIBIKTBIH 3MYJIbCHS CYCBI3AAHABIPY TEXHOJOTHACHIHIA COPOEHT peTiHAe KOoJIaHyFa
MYMKIHJIK TYFbI3aJbl.

V.A .Burakhta, A.V.Safina

The study of physical and chemical characteristics of clays
in Western Kazakhstan

The paper studied the physics-chemical, structural and sorption properties of clays in Western Kazakhstan. It
was found that among the studied clay Pogodaev clay deposits have better sorption characteristics. It was re-
vealed that after processing and heat treatment of clays their sorption capacity increases. The results suggest
the feasibility of using these clays as sorbents in dewatering technologies emulsions.
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Processing of Shubarkol coal for obtaining chemical products

In the sour coal contain till 35-45 % (on working weight) of gumin of acids, that allows to consider these
westers as raw material for reception of chemical substances. As a result of chemical processing sooting coal
receive the valuable import-replaced products, which can be used as fertilizer in an agriculture, stabilizers of
chisel clay solutions at deep drilling, collectors extending waste water of ions of heavy metals (coop, zinc,
lead, mercury).

Key words: coal, gumin of acids, chemical processing of coals, application.

It is well known that the most rational way to increase the economic efficiency of coal mining complex
is in the processing of raw coal into the target products at the production site [1].

However, what can be understood by the term «target products»? Coal is so rich with raw materials that
the list of products derived from it is around five hundred names. Which of them should be performed? The
answer to this question determines all further work on the transition to deep processing of coal at the produc-
tion site. Let us consider this problem with specific examples.

We will not deal with the problems associated with coking coal of steady sales. The most efficient coal
enterprises of Kazakhstan produce mainly coal of D, DG and G grades. These so-called «young» coals are
characterized by low calorific value and high demand. However, many of these coals have a low ash content
and could be used without enrichment. On the world market, there is only one criterion of value of coal, as
well as any fuel — the price of one mega calorie consumer.

The conclusion is, the higher the calorific value of coal becomes, the less the transport component in the
price of calories, and, paradoxically, the less the cost of a kilowatt-hour of electricity and Gceal of heat by
reducing the cost of internal power station coal is. Thus, the most popular item at the market is a hot com-
modity high-calorie, low-ash, preferably smokeless, but reactive solid fuel.

In addition, liquid fuels are also of a large and stable demand, as well as the motor ones. Demand for
heavy organic liquids such as bitumen and pitch is also being increased. The demand and prices for organic
oxygenates, primarily phenol, cresol, xylenols are found to be of high demand and interest.

So, having defined the initial list of products, we shall consider the matter of the technology to be used
in developing the products. The main criterion for selecting technologies for processing coal with the desired
products produced, is to ensure that their cost will be at least no higher than obtained from alternative raw
materials.

The choice must be based on the assessment of current technologies in accordance with the following
parameters:

— The presence of the current and forecasted demand on the items produced in Kazakhstan, Russia and

abroad;

— The possibility of rapid implementation on an industrial scale;

— Economic efficiency and environmental purity;

— The value of specific capital investment and attractive to potential investors, both in Kazakhstan and

abroad.

Nowadays there are more than two dozen coal processing techniques, from simple sorting and enrich-
ment and ending with production of carbon fiber and new forms of carbon. However they have different de-
grees of readiness for implementation. It would be nice to organize production in Kazakhstan Buckminster-
fulleron and sell them out packed in leather briefcases. With the price of crude Buckyball $50 per gram the
value of this case study will be a quarter of a million dollars. However, not all even mastered in industry,
technologies can be easily implemented in the economic conditions of Kazakhstan.

The attempts to transfer coal into liquid fuel by hydrogenation are of general knowledge. Theoretically,
this is a very attractive way, but it is brought to a standstill by some unsolvable technical and economic prob-
lems. This is primarily the huge cost of processing in excess of the amount of value added produced. Only
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the work on the installation of the hydrogenation of coal, together with the processing of heavy oil residues,
as part of a petrochemical complex, gives us the hope to reach an acceptable level of profitability. This tech-
nology provides a smokeless high-energy solid fuel and liquid low-sulfur fuel. Capital investment unit at $65
per ton processed and refining costs at 6 dollars per ton, provide an opportunity to have a high profitability.

Coal processing technology of soft pyrolysis or, as it is sometimes called in the United States — LPC
technology, consists in drying and subsequent heating of coal at 550°C in an inert atmosphere. The result is a
high-energy smokeless char, light fuel oil.

Fuel oil can be divided into gasoline, cresol, diesel fuel and bitumen.

This condition is feasible only in the case of realization of the Russian coal chemists’ ideas expressed at
the beginning of the century that a mine or its section should be regarded as a component of the so-called
energy-technological complex. What does the energy technological complex stand for in contemporary un-
derstanding based on modern technologies of coal processing?

It is a complex comprising a number of modular productions that gradually increase added cost to orig-
inal coal. The first stage of the complex is the introduction of crushing and screening plant that allowing to
increase the price of raw coal due to high-quality coal production.

Then, the setting for the briquetting and pelletizing of fine coal is introduced. This allows to avoid coal
losses during transportation and to increase the total cost of production. These technologies are widely
known and do not require additional comments.

The second step is to build a plant for soft coal pyrolysis of three modules and power plants. This step is
also implemented gradually. The introduction of the first module allows to turn high-quality coal into smoke-
less fuels and light fuel oil, which dramatically increases the efficiency of the entire complex.

Then, the mechanism on distillation to obtain fuel oil diesel cresols and pitch is introduced. Diesel fuel
is used in mines and is delivered aside. Cresols are very expensive raw material used for production of plas-
tics and it is highly demanded on the world market. Pitch is used in manufacturing coal briquettes and ob-
tained on the first module of char, it also can also be used in road construction. Smokeless pellets derived
from the screenings of char have a price not less than 100—120 dollars per ton. The second module is intro-
duced for processing pellets prepared on its own binder to get a molded coke as a substitute for metallurgical
one. The third module is introduced for the processing of pellets from a mixture of semi-coke, limestone and
iron ore according to the direct reduction of iron, similar COKEX technology. This technology is becoming
more common, forcing the domain industry.

A part of the semi-coke produced at the first module is activated to produce a cheap adsorbent for the
purification of water and gases. Such a sorbent, operating on water purification from organic impurities such
as phenols, does not require regeneration and can be therefore used at power plants as an additive to the coal,
increasing its calorific value. Its expected price comprises $100 per ton.

It is also possible to establish production of the building blocks made of ash and slag, generated during
the third module and power station. To solve all these problems the acceleration of the introduction of inno-
vative technologies for processing coal is required. This will improve the economic and environmental con-
ditions in Kazakhstan.

Thus, the energy technological complex consuming non-caking coals of young Kazakhstan, limestone
and iron ore, can issue:

— high-quality coal;

— pellets for domestic use;

—molded coke substituting metallurgical coke;

— carbon powder reducing for metallurgy purposes;

— smokeless high-energy solid fuel for power stations

— diesel fuel for motor vehicles; cresols for the chemical industry;

— organic binders (pitch) for road construction;

— electrode and chemical industries;

— cheap absorbents of general use;

— building blocks made of ash and slag materials.

One of the problems associated with the open coal mining is the wastes of coal industry which in most
cases do not find practical application. Overburdens containing sooty coal, used to go to spoil and pollute the
environment.
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Widespread of coal in Kazakhstan, the high value of their organic part necessitate an integrated ap-
proach to the use, especially those types of coals, which are not suitable for power generation and coking,
and provides a wide range of different products and materials that have no analogues in the processing of
other types of natural resources.

Data is necessary for identification existing and working out of new ways of processing of coals for the
purpose of reception of gaseous and liquid fuel about laws of decomposition of coal weight in various condi-
tions. Influence of mineral components on thermal destraction coal of the Shubarkolsky deposit is with that
end in view studied. Results granulation semicoke structure Shubarkolsky coals are presented in Table.

Table
Results of granulation semicoke structure Shubarkolsky coals
Thermodestruction Classes, mm
temperature, °C > 40 | 25-40 | 13-25 | 7-13 | 7
1. The taken class
50-100 mm 57,1 30,7 9.4 2,8 -
500 48,1 28,1 15,5 4,4 3,3
700 26,1 44,3 18,5 6,8 4,3
900 28,3 29,1 25,0 8,6 9,0
2. The taken class
6-50 mm 5,2 27,9 40,4 26,5 —
500 - 28,8 36,9 24,6 9,7
700 - 32,4 34,1 25,5 8,0
900 - 20,5 36,9 31,8 10,8

The wastes of previously exposed oxidized coal seams of the Shubarkol deposit itself amount to more
than 2 million tons. According to their composition, they can be regarded as a potential raw material.

Among the priorities in the sphere of carbon chemistry one may refer to the research and implementa-
tion of industrial technologies and technical solutions of chemical processing of off-balance sheet coal as an
organic raw material for the production of humic substances.

It is still an actual and urgent issue for Kazakhstan to establish production of affordable and highly ef-
fective sorbents-gatherers and inhibitors of deposits of mineral salts, and corrosion protection of pipelines for
the purification of large amounts of waste water. Implementation of the ion exchange purification of waste
water from heavy metal ions are constrained by the high cost and scarcity of commercially available cation
and anion exchangers.

Humic substances are essential chemical products, widely used as a lignin-alkaline reagent to stabilize
the drilling muds, emulsion breakers for the desalting and dehydration of crude oil sorbents for the purifica-
tion of waste water from heavy metal ions, inhibitors of deposits of mineral salts and pipeline corrosion pro-
tection, organic fertilizer for improve soil fertility and productivity of agricultural products [2].

Thus, Kazakhstan has a strong raw material base for the development of high technologies and the crea-
tion of the country's chemical industry of chemical processing of the off-balance sheet coal, which has been
previously sent to the dumps. The production is important not for the Republic only, it is of great concern
abroad too.

The scientific processes of producing organic-mineral fertilizers, lignin-alkaline reagent and corrosion
inhibitors are worked out.

The high efficiency of humic fertilizer on different cultures is established in different researches:

— Barayev Institute of Grain Farming (Shortandy village);

— Institute of Soil Science (Almaty city);

— Aral Sea region Research Institute of Agroecology and Agriculture (Kyzyl-Orda city).

The results of the studies show that humic fertilizers increase yield of vegetable crops to 30 % and rice
to 22 %. They have not only a fertilizer and soil improving properties, they also have physiological activity.

The results of the research conducted by the Research and Project Institute of Oil and Gas (Aktau city)
on the API standard show that the lignin-alkaline reagent quality is not inferior to foreign analogues (SS —
16; carbonox at «<BAROID» company), and the cost of CAR is twice or three times cheaper than that of its
analogs.
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Much of the research is devoted to the practical aspects of chemical processing: development of new
technologies of extraction of humic acids in relation to specific coal deposits, their introduction into the pro-
duction, as well as the search for new fields of application of humic acids and their salts. Fundamental re-
search on the production of inhibitors to protect the pipe from corrosion and coagulant and other modified
products from coal are not held. Few studies on modification of humic acids and practical implementation of
coal (Kyrgyzstan. Uzbekistan, Russia. Belarus. Estonia and Japan) were held. On a number of coal deposits
in the CIS and in Kazakhstan in particular (Maykyuben — West) there are experienced mechanisms of small
capacity designed for getting sodium humate.

The data mentioned above show a concern of a number of states of the world community paid to the
problems of chemical processing of coal. With state support Kazakhstan for a number of positions could take
a leading position in the field of chemical science and technology. The use of off-balance coal for the pro-
duction of inhibitors of deposits of mineral salts and corrosion protection rude, sorbents for water purifica-
tion from heavy metals and many other products will solve the problem of import substituted products and
environmental problems of the Republic of Kazakhstan. Production of the necessary products from carbon
waste is quite competitive with petrochemicals.

Use of an inhibitor (deposition of mineral salts and protecting pipes against corrosion) on the basis of
the off-balance coal in the technological cycle of water treatment prevents corrosion of the metal, thereby
prolonging the service life of the pipeline. Recycling off-balance coal emitted together with the overburden
will reduce pressure on the environment and improve the environment pas open coal mines.

Products of humic acids obtained from the off-balance coal (inhibitors deposits of mineral salts in the
water supply piping and pipe protection against corrosion), sorbent for cleaning technical and drinking water
from heavy metal ions, a coagulant for drinking water treatment is a new direction in the coal chemistry.
They do not have the domestic and foreign analogs.

Humic substances can be used to normalize the situation in non-hazardous areas: Semipalatinsk, Aral
and the Aral Sea region (for a set of measures to combat soil erosion, alkalinity, salinity, rich in organic mat-
ter, macro- and micronutrients). The use of humic substances improves the physical and chemical properties
of soil and binding of heavy metal ions.

One of the major challenges facing the industry of sorbents and adsorbents is to find an alternative
source of expanding the range of active carbons with desired and improved performance. Humic products
with new properties will be produced from the off-balance coal. Processing and finishing products of the de-
veloped technology is waste-free and eco-friendly.
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Xumusaabik eHiMaep aay yuin Llybapkesn kemipin enaey npoueci

Ka3zakcranmarbl KeMipiepaiH XHMHSUIBIK OHIipicTep aiiMakrapbl KapacTblpburradH. KemipaeH op Ttypii
XAMISUTBIK  3aTTapAbl, TBHIHAUTKBILITAPIABl Iy MPOLECTEPi IUBIFBIMBIH aPTTHIPATBIHIAFE IOJICIACHII.
Ka3zakcranna kemipaeH HIMKi3aTThl OHACYAIH Ka3ipri macenenepi, FHUIBIMUA ayKbIMIbI, SKOJOTHSUIBIK Ta3a
TEXHOJOTHSUIAPABI KOJAAHA OTBHIPHIN, KOMIP OHICY OHIIPICTepAiH AaMy KOJIIAaphl 3ePTTENreH, COHAAN-aK
arbIHIBI CyNapiasl ayblp MeTaiul (MBIC, MBIPBILI, KOPFAChIH, CBIHAIl) HOHAApPbIHAH Ta3ajlay TICiIIepi
YCBIHBUIFaH.
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IlepepaboTka Ily0apKoJbLCKOTO yrjisi
AJIs1 MOJIyYeHUs] XUMUYEeCKUX NPOAYKTOB

B oxucnenHbIX yrisix comepxkutces 10 35-45 % (na pabodeM Bece) TYMHHOBBIX KHCIIOT, KOTOPBIE ITO3BOJISIOT
paccMaTpuBaTh 3TH NMPOAYKTHI KaK ChIPbE JUIS MPOM3BOJICTBA XUMHYECKHX BEIIECTB. B pesynbrare xummde-
CKOlf 00paboTKH 3a0aNaHCOBBIX Yriel MOIydaroT IIEHHbIE MMIIOPTO3aMENICHHbIE MPOAYKThI, KOTOPBIE HC-
TONB3YIOTCS B KAYECTBE YAOOPEHHUS B CETbCKOM XO3SIHCTBE, B KAUECTBE YIJIELIEIOUYHOTO peareHTa s cTadu-
nM3ayu OypOBBIX PACTBOPOB, KOMIEKTOPOB, A OYUCTKU CTOYHBIX BOJ OT HOHOB TSDKEIBIX METAIIOB (MEnb,
LUHK, CBUHEII, PTYTh).
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Bausinue TEKCTYPbI XPOMHUTOBBIX PYJA HAa MPOUECCHI BOCCTAHOBJICHUS

[IpencraBieHsl pe3yabTaThl UCCICAOBAHMS BIMSHUS TEKCTYPHBIX OCOOCHHOCTEH XPOMHUTOBBIX Py[ Ha IPO-
LECChl YrIeTepPMHUYECKOr0 BOCCTaHOBJIEHHs. [loka3aHO, 4YTO peakiys MPSIMOr0 BOCCTAHOBICHHS OKCHIOB
XpoMa HauboJiee MOJHO Peaan3yeTcs MPH HEOCPEICTBEHHOM KOHTAKTE TBEPIOTO yriepoja ¢ XPOMIIITHHE-
JIMIOM XPOMHUTOBBIX PY/I. YCIIOBUE MUHUMAIILHOU TEMIIEPATypPhl TUIABJIEHHS [IEMEHTHUPYIOIIEH TOPOIBI XPO-
MHTOBBIX PYJ — CEPIICHTHHA SBJISIETCS HEOOXOIMMBIM JIJIsi ONTUMHU3AIMY YHEPTETHIECKUX 3aTPAT MPU Kap-
GOTEepMHUH XPOMHUTOB. DTO yCJIOBHE HAMOOJIEe TOJIHO PEan3yercs MPU COOTHOLIEHWH Oa30BBIX OKCHJIOB
Si0,/A1,0,=2,57. OnTumansHOe COOTHOLICHHE YCTaHOBJICHO HAa OCHOBE aHAIN3a AUarpaMMBbl COCTOSIHHSI KO-
HEYHBIX IIITAKOB OKcHHOM cucteMbl MgO—SiO,—Al,0;.

Kniouesvie cnosa: XpOMHUTOBBIE PYABI, OKCHIBI XPOMa, YIIEPOTEPMHUYECKOE BOCCTAHOBIEHHE, XPOMIIITHHE-
biind

OCHOBHBIM TEXHOJIOTHUECKUM IapaMeTpOM TpPU TPOHU3BOJICTBE BBHICOKOYTIEPOIUCTHIX Mapok (heppo-
XpOMa SIBJISIETCSI BEIOOP KOHEYHOTO COCTaBa MUIAKOB, (PU3UKO-XUMHUYECKUE CBOMCTBA KOTOPBIX (BA3KOCTH W
AJIEKTPOIIPOBOTHOCTH) OMPENEIAIOTCS CBOMCTBAMU TPOWHOM MuarpaMMbl OKCHAHOU cucteMbl MgO-SiO,—
AlLOs. [Ipu 3TOM BakHOE 3HAUCHHE UMEET MOA00p COCTaBa MUTAKOB B YacTu cooTHomenns MgO/Al,O;. Pe-
T'YJIMPOBAHHUE ATOTO MOKA3aTels MO3BOJSET BIUATh HA KAUECTBO YIIIEPOTUCTOrO (heppoxpoma 1o coepxka-
uuto yraepona. Conepkanue okcuaa kpemuus SiO, nmpuHuMaercs B quamasone 32-36 %. [Ipu cooTtHote-
nun MgO/Al,0;=1,7-1,8 u pexomeHmyemoii koHeHTpauuu SiO, mocturaiotcs Hambosee 3¢(pQeKkTuBHBIC
TEXHUKO-DKOHOMHYCCKHE TIOKa3aTelld MPOIecca, B TOM YUCIIC U MUHHMAIBHBIA PACXOJ AJICKTPOIHEPTHUH.
Hcnonp3yemble Qurrocyromnpe KOMIOHEHTHI [T (OpMUPOBaHUS PAITHOHAIEHOTO COCTaBa KOHEYHBIX IUIAKOB
cojepkaT okcua KpemHust SiO, W 4YacTO, KaK COIMYTCTBYIOIIMN KOMITOHEHT, OKCHIBI amroMuHHUS Al,Os.
Brusaue wsmenenust cootHomenus SiO,/Al,O; B cocTaBe NUTAKOB MPOM3BOJICTBA YTIIEPOTUCTHIX MapOK
(dheppoxpoma HE UCCIE0BATIOCh.

XPpOMHUTOBBIC PYIBI FOKHO-KEMITHPCAUCKOTO MAaCCHBa UMEIOT pa3IMIHBIC TEKCTYpHBIE ocoOeHHoCTH [1].
O1r GakTOpsl O0YCIOBICHEI IPUPOJION PYI000Pa3yIONINX MHHEPAIOB — XPOMIIITUHEIHIOB U (popMupoBa-
HUEM CONYTCTBYIOIIEH MOPObI, MPEACTABICHHON B OCHOBHOM CepIieHTUHOM. OCOOCHHOCTHEO XPOMUTOBBIX
Py ABISETCS YeTKasl, BUANMAs TPaHUIA pa3/ieNia PyAHBIX MHHEPAJIOB, U B 3aBUCUMOCTH OT T€OMETPHH Tpa-
HUI] pa3Jiena MmoApaselisioT Pa3InuyHbIe THUITBI Py — BKPAIJICHHBIC, TOJIOCYAThIC, HOYISPHEIC, CIUIOIIHEIE.
BHe 3aBHCMMOCTH OT THIIa TEKCTYPHl XPOMHUTOBOHW PYIbI TJIABHOM XapaKTEPHON OCOOCHHOCTBHIO SBIISCTCS
YyepeZoBaHNe MUHEPAJIOB — XPOMIIITMHEIHNIA U CEPIIEHTHHA TPY JTF0OOM MPOCTPAHCTBEHHO OPUEHTHPOBAH-
HOM nojoxeHnd. CeprneHTrH — Kak OCHOBHAS IEMEHTHPYIOIIas CBA3Ka — OOBOJIAKMBAET 3epHA XPOMIIITIH-
HEeJNHJa, KOTOpbIe UMEIOT 00bI9HO pa3mep oT 0,5 10 2,5 mM. TekcTypHbIe 0COOEHHOCTH CTPOCHHSI XPOMHUTO-
BOH pyAbl TPUBOAAT K OTCYTCTBHIO TPSMOTO KOHTaKTa XPOMIIMUHENIUAA C BOCCTAaHOBHUTENEM (KOKC,
yroms) [2, 3].

Oxkcuj XxpoMa BOCCTaHABIMBACTCSI TBEPIBIM YIIIEPOJIOM B PE3yJIbTaTe MPSMOW PEaKIUd, BO3MOKHOCTb
ra30()a3HOr0 BOCCTAHOBJICHHUSI OKCHJIOM YTIIEPOJa B YCIOBUSX PYJHOTEPMHUYCSCKUX 3JICKTPOICUeH He ycTa-
HoOBJIeHA. [ToaTOMy 11 pa3BUTHS MPOLIECCOB BOCCTAHOBJICHHUS, TIPY TIOBBIIIIEHUH TEMIIEPATYpPbl, HEOOXOJUMO
HaJIMYUe MIOTHOro KOHTakTa. OIHAKO HEMEHTHPYIOINas mopoza (CEpIeHTHH) MPEMSITCTBYET MPSIMOMY KOH-
TaKTy XpOMIITIMHENUAA 1 Kokca. COrIacHO MPEACTaBICHHON CXeMe, MTOBEPXHOCTh MPSMOTO KOHTAKTa KOKCa
C 3epHaMH XPOMIIIMUHENN/IA, PACTIOJIOKEHHBIMU Ha TPAHIX KyCKa XpOMHUTOBOU pPy/bl, MEHbIIIE TIOBEPXHOCTH
COTIPUKOCHOBEHUS KOKCA C CEPIIEHTHHOM. Py/IHBIE 3epHa MIMMHENH, PAacOJIOKEeHHbIe B TIIyOHHE KyCcKa Xpo-
MUTOBOH PY/IbI, TIOJTHOCTHIO OKPYKECHBI IIEMEHTHPYIOIIEH CBS3KOM, YTO MPENSATCTBYET NPSIMOMY KOHTaKTy C
BOCCTaHOBUTeINEM (puc. 1).

Haubonee pacnpocTpaHeHbl XpOMUTOBBIC PYAbI CpeldHEH BKpamieHHOCTH (pHc. 16, 6). B ciydae ryc-
TOBKpAIUICHHOW pyAbl (pHc. le) MOBEPXHOCTh KOHTAKTa XPOMIIIHHETNIA C KOKCOM OyneT Oombie. Ecnm
pylla MpeICcTaBlICHa PEAKOBKPAIUICHHBIMHU Pa3HOBUIAHOCTSIMH, TOYKH KOHTAaKTa CHIKaroTcs. llomocyartbie
pynsl (puc. 10) OyayT MpUBOANTH K YEPEIOBAHMIO TTOJIHOTO KOHTAKTa U OTCYTCTBHS B3aMMOJICHCTBUS XPOM-
MNUHETNAa U Kokca. CaMblif TpHEeMIIEMBIH BapUaHT MOJIHOTO KOHTAKTa XPOMIIIIUHENNIA ¢ KOKCOM — 3TO
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HaJIM4Ke PYAbl C MACCUBHOW TeKcTypol. OHaKko Takas pyda comep:kuT Oomnee 58 % okcuaa Xpoma U mpak-
TUYECKU HE UCIIOJIb3YETCS.

Pucynok 1. TekcTypa BbIICJIEHHI XPOMIITTMHEIHIOB

W3 ananuza TEKCTYpHBIX OCOOCHHOCTEH XPOMHUTOBBIX PYJ M €€ B3aMMOJACHCTBHS C BOCCTAaHOBUTEIEM
CIIEJTyeT, 4TO B OOJBIINHCTBE CIIy4aeB OTCYTCTBYET IOJHOE B3aMMOECHCTBUE IMXTOBBIX MaTEPHAJIOB.

Kemnupcaiickue XpoMHUTOBbIE PYyibl B CBOEM COCTaBE COJAEP)KAT XPOMIINUHENUIbI, IPEICTABICHHBIE B
OCHOBHOM MarHOXpOMHTOM. B TeTpasapuuecKuX MO3UIHIX XPOMIITMHEINIOB pacionararTces Mg™" u Fe®’,
a B okTasapuueckux nosumuax — Cr'', A’ u Fe’'. KaTHOHHBIA COCTaB XPOMIITMHEINIOB HAXOIUTCS BO
B3aMMOCBS3H C MUHEPAJIbHBIM COCTaBOM CBSI3KH.

CornacHo [4, 5] XpOMIIITUHETHIBI IPEACTaBICHB! POPMYIaMH

Mgo,ezFeo,os(Cfo,71A10,015Feo,14)03,67
Mgo,54(Cfo,72A10,4Feo,14)03,54

DopMyIBHBIN COCTAB XPOMIIIHMHEIUIOB UMEET OOJBIIOE 3HAYCHUE [T YCTAHOBICHHSI XUMU3Ma U Me-
XaHM3Ma MPOTEKaHUs PEaKIUHd BOCCTAHOBIICHHS, 00pa30BaHMs METAIIMUECCKON M OKCHIHBIX (has3.

XPpOMIIMUHETUIBl HE COACPKAT KPEeMHUS, KAJIbLMS U APYTUX KATHOHOB, MOHHBIC PATUYChl KOTOPBIX
nmeroT 3Havenus 0,100-0,044 am.

CorracHO PKCIIEPUMEHTANBHBIM W TEOPETHICCKUM HCCIICIOBAHUSAM BOCCTAHOBJICHHE OKCHIIOB XpoMma
BO3MOYKHO TOJBKO TIIPSIMBIM ITyTEM, T.€. TIPH HETIOCPEACTBEHHOM B3aWMOACHCTBHE XPOMHTA C TBEPIABIM YT-
JIEPOJIOM.

TepMoXuMUYECKHE KOHCTAHTHI peakluii B3aUMOACUCTBUS KUCIOPOAHBIX COSAMHEHUI XpoMa C YTIepo-
oM [6]

1/3Cr,05 + 13/9C = 2/9Cr;C, + CO Tu=1134°C (1)
1/3Cr,05 + 9/7C = 2/21Cr;C; + CO Ty= 1147 °C )
1/3Cr,05 + 27/23C = 2/69Cr,C + CO Ty= 1223 °C 3)
1/3Cr,0;5 + C = 2/3CrC + CO Ty= 1260 °C @)
Cr,0;+ C = 2CrC + CO Ty= 1207 °C (5)

OueBUAHO, YTO MPSAMOMY B3aHUMOJEHCTBHIO IPEMATCTBYET CEPIEHTUH Kak IIEMEHTUpYHOLIAs 10poja,
B 00bEME KOTOPOT0 HaXoATCA 3epHa XPOMIUIUHEIUIO0B. [l BEICBOOOXKICHUS 36pEH XPOMIUIIMHEIUIOB U3
MAacchl CeplieHTHHA HEOOXOJMMO MMOCTENIEHHOE pa3MsTYeHUe, OIIaBIICHUE CEpIIEHTHHA U ee cTeKaHue. [Ipu
3ToM OoJjiee TyromiaBkue Kpuctamisl xpommmnuaenuaa (T,,~2100 °C) umMeroT BO3MOKHOCTh MTOJTHOTO B3au-
MOJICHCTBUS ¢ KOKCOM II0/1 BO3JCHCTBUEM AABJICHUS BEPXHUX CJIOEB IMIMXTOBBIX MaTepuasnoB. B mpoTuBHOM
cllyyae BOCCTaHOBUTENILHBIE IPOLIECCHl He OyAyT pa3BuBaThes. TakuM 00pa3oMm, [Uis yCHEIHOTO BOCCTaHOB-
JICHHSI XPOMHUTOBOH py/Ibl HEOOXOAUMO, YTOOBI CEPIICHTHH OILIaBHIICS U OCBOOOIMI 3e€pHA XPOMUTA.

TemnepaTypa IUIaBIE€HUs CEPIICHTHHA HANpPsIMYyI0 3aBUCUT OT €ro XUMHUUYecKoro cocrasa. Obmas ¢op-
Myna cepueraTaHa — 3Mg0-2S10,-2H,0. Cormacuo tpoitHo# mamarpamme MgO-Si0,—Al,O; TemriepaTypa
miaBieHus cepnertuHa cocrasiser 1700 °C. IIpu nanmuun ¢aroca (otceBsl kBapuuta ~98 % Si0,) HUKHSSL
TeMIiepatypa IUIaBICHHUS CeprieHTHHAa cocTaBUT 1557 °C  (9BTEKTHYECKas TOYKA JIBOWHON CHCTEMBI
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MgO-Si0,). Ota TeopeTndeckas TeMrepaTypa IJIaBJIeHUs CEPIICHTHHA XOPOLIO COTIACYETCs C IKCIIEPUMEH-
TaIbHBIMU HUcclienoBanmsIME [7—9]. Takum oOpa3om, peaslbHBIE TeMITepaTyphl BOCCTAHOBICHHS OOJBITHHCT-
Ba 3epEH XPOMIIIIHHEINIOB COCTABIIOT Oomee 1557 °C, T.e. mociie pa3BUTHS MpoIiecca TUIaBJICHUS CEPIICH-
THHA ¥ BBICBOOOXIEHHS KPUCTAJUIOB INMUHENH, U1 UX MOJHOTO KOHTAaKTa C TBEPIABIM YIIIEPOAOM KOKCA.
OTcroma HEeTPyIHO YCTaHOBHTD, YTO TJIABHBIM BOIPOCOM YCIEIIHOTO BEAESHHS IMpOoIecca MPOU3BOACTBA BBI-
COKOYTIIepOArCTOro Geppoxpoma sSBISETCS CHIDKEHHE TEMIEpaTyphl IUIABICHHUS IIEMEHTHPYIOMIEH CBA3KH
XpOMUTOBOM pyaAbl. JJoOMBasich MocTaBIEHHOHN LI, BO3SMOXXHO HHTEHCU(UIIMPOBATH BOCCTAHOBHUTEIBHBIC
MPOILIECCHl M CHU3HUTH SHEPreTHUecKue 3aTparhl. Bompoc BbIOOpa onTUManbHOro coctaBa (hIFOCOB IS CHH-
YKEHHSI TEMIIepaTyphl IJIABJICHUS! CEPIIEHTHHA — 3TO BAXKHBIN BOMPOC TEXHOJIOTHH IMPH MPOYUX PABHBIX yC-
JIOBHSX.

B nuteparype HEOIHOKpPATHO YKa3bIBaJOCh Ha ONaronpusTHOE BIUSHHE — IOBBIIICHUE COJACP)KaHUS
ALO; B mutakax yriepoauctoro ¢geppoxpoma. OmHAKO pacCMaTPHBAIMCH B OCHOBHOM KOHEYHBIE COCTaBBI
[IUIaKOB ¥ UX (PU3NKO-XUMHUECKHE CBOMCTBA — BS3KOCTh M AJIEKTPOTIPOBOAHOCTb.

[Ipu Gonee neranbHOM HcCIeOBaHNH (GOPMHUPOBAHHSA IITAKOBOTO pacijlaBa OYEBHIHO, YTO B Hayallb-
HOM TIEPUOJIE BHICOKOTEMIIEPATYPHOTO Pa3JIOKEHHUS XPOMUTOBOM PYZbI, @ UMEHHO MPH COBMECTHOM IlJIaBIIC-
HUUW CEPIICHTHHA U (hIroca o0pa3yeTcsl cuimKaToMaraueBslii paciuias (T, ~ 1557 °C). [Janee mocie pa3Bu-
THSI BOCCTAHOBIICHHSI XPOMHUTOB M3 3€pEH XPOMILMTUHEINIA CHIIMKATOMAarHUEBbI paciliaB B3auMOJIeHiCTByeT
C aJIFOMOMarHe3uaabHOH MIMUHENBI0, YTO MPUBOANUT K OPMUPOBAHHIO COCTaBa KOHEYHOT'O [IUIAKA.

[Ipouecc Hauama, pa3sBUTHS M 3aBEpIICHHUS HUIAKOOOPAa30BaHHUS MPH IIEKTPOTEPMHUH YTIEPOAUCTOTO
(dheppoxpoma poTeKaeT B 001Iel TPOWHOM CHCTEME B 00JIACTH YaCTHBIX TIOJCUCTEM

MgO-MgO-AL,05;—2MgO-SiO, u MgO-Al,0;-2MgO-Si0,-2Mg0O-2A1,05-5510,
PesynpTupytomieii 1151 yka3aHHBIX TIOJCUCTEM SIBISIETCA KBa3HOMHAPHOE CEUCHHE
2MgO-Si0,-MgO-Al,O;

B cucreme 2MgO-SiO,-MgO-Al,0;-MgO o6pasyercsi TpoilHas SBTEKTHKA C TeMIEpaTypou IJiaBiie-
Hus 1700 °C.

PeanbHBIC TEMIIEpATypHI TUIABJICHUS MUTAKOB cocTaBistoT 1550-1650 °C.

a

MeO 0 20 30 40 50 50 VO ALD; 80 90
[ g0-At,05 AL,

Cocras, macc. %
Pucynok 2. J/Ilnarpamma cocrosiaus cucteMbl MgO—-Si0,—Al,04

C TO4KM 3peHHs CHIKEHHSI TEMIIepaTyphl TUIaBJICHHs CEpIICHTHHA B paMKax peajbHON TPOHHON cucTe-
Mbl MgO-Si0,-Al,03, xapaktepusyooieii GOpMHpPOBaHHE OKCHIOB, HCOOXOAMMO HAaWTH MHHHUMAJBHYIO
TOYKY IUIaBICHUA Ha 3TOM auarpamme. Camoil MHUHHMAIBHOW TOUKOM SIBJISETCS TpOMHAs SBTEKTHKA C
T = 1355 °C, pacnonoxxeHHas B obnacti kpuctobanura. Ecnu coctaB ceprneHTHHA COSIWHHUTH MPSAMOU JIH-
HHUEH C TPOMHON TOYKOM 3BTEKTHKH U HPOJOIDKUTH 3Ty JIMHUIO 10 mepeceueHus ¢ cucremoit Si0,—Al,Os, To
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MEPECCUCHHE ITHUX JIMHUIM YKaXET Ha COCTaB (UIFOCOB, MCIOJIB30BAHUE KOTOPHIX MO3BOJUT CHU3HUTH TEMIIC-
patypy mmnaBieHus ceprentuHa ¢ 1557 °C mo 1355 °C. Paznauma coctasut 202 °C. Temmepatypa 1355 °C,
MIPH KOTOPOH JOKHO NPOM3OWTH TUTABIIEHHE CEPIICHTHHA W BBICBOOOXKIIEHUE 3€PEH XPOMIIITUHETHIA IS
MOJTHOTO TIPSIMOTO KOHTAaKTa ¢ KOKCOM, IPAKTUYECKU MPHUOIIKASTCS K TeMIIepaTypaM Hadalla BOCCTaHOBJIC-
Hus xpomuta Cr,O;3-FeO n maraesnoxpomurta MgO-Cr,O; — 1151 u 1273 °C coorBeTcTBeHHO). 13 yKa3aH-
HBIX 0COOEHHOCTEH CTPOCHUS XPOMHUTOBBIX Py M PEATH3AIMHA BOCCTAHOBUTEIHHBIX MPOIIECCOB CIEAYET, UYTO
B PEAIBHBIX YCIIOBUSAX PEAKIUS B3aUMOJICHCTBUS OKCHIIOB XpOMa C YIJIEPOAOM HAYMHASTCS TPU TEMIIEpaTy-
pax Oonee 1355 °C, nmocne BHICBOOOXKICHHS 3€peH XPOMILNUHENUAA U3 00BOJAKMBAIOLIECH ee IEMEHTHPYIO-
e mopoasl. BoccTaHOBIEHNE OKCHAOB XpOMa U JKelie3a MPOTEKaeT OAHOBPEMEHHO. Touka mepecedeHus,
yKa3bIBaIOIas Ha HEOOXOAUMBIH cOCTaB ()JIFOCOB, COOTBETCTBYET COOTHOIICHHIO Si0,/Al,03=2,57. Oue-
BUJTHO, YTO TPU TAKOM COCTaBE MPUMEHSEMBIX ()IFOCOB MUHUMH3UPYIOTCS 3HEPTETUYCCKHUE PACXOIbI, BOC-
CTaHOBUTENIbHBIE MPOLIECCHl MPOTEKAIOT MpH OoJiee HU3KUX TEMIIepaTypax M JOCTUTAIOTCS ONTHMabHBIE
TOII TeXHOIOTHUHU MPOU3BOJACTBA YIJICPOAUCTOrO heppoxpoMma.

Takum 00pa3oMm, Ha OCHOBE aHAJIM3a TEKCTYPHBIX 0COOCHHOCTEH XPOMHUTOBOHM PYJIbI U C YUETOM 3aKO-
HOMEPHOCTEH TeMIepaTyphl TUIABICHUSI OKCUIOB B TpoiiHO# cucteme MgO-Al,05—SiO, Teopetnyecku yc-
TAHOBJICH HanOoJiee ONTUMAIILHBIN cocTaB (DIFOCOB IO KOHIICHTPAIMH OKCHUAOB KPEMHHS M AFOMUHHUS, KO-
TOPBIA TOMKEH COOTBETCTBOBATH COOTHOIICHUIO Si0y/Al,O3=2,57. IMEeHHO NaHHOE COOTHOIICHUE TIPUBO-
TUT K MAHUMAJIBHON TeMIepaType IUIABICHUS CEPIICHTHHA, YTO IO3BOJIICT MHTCHCU(UIIUPOBATH BOCCTA-
HOBJIGHHWE OKCHJIOB XpOMa M >Keje3a M CHH3UTHh JHEPreTHYECKHE 3aTpaThl MPOHM3BOJICTBA YIIEPOIUCTOTO
dheppoxpoma.

Pacripenenenue temmnepaTypHBIX 30H MpH pa0dOTe PYJHOTEPMHUYECKUX SJICKTpOIeUeH, TpaIuilHOHHBIX
JUTSL TIPOM3BOJICTBA (PEPPOCTINIaBOB, OTIMYAETCS] HATMYUEM 3HAYUTEIHHOTO rpagueHTa. B 30He paboThI 3mek-
TPHUUECKUX YT TeMIiepaTypa mocturaet 3HadeHnid ot 5000 qo 15000 °C. Ha moBepXHOCTH KOJIOITHUKA TEM-
neparypa coctasisier 500—600 °C. IIpucyTcTBYIOT BCce 3HaUMMBIE TEMIIEPATYPHI AJIs pa3MITrdeHns, IIIaBie-
HUSl, TUCCOIMAIIMY U BOCCTAHOBIICHUS IIUXTOBBIX MaTepuanoB. OHAKO MOUCK M HABEJCHUE B COCTABE IINX-
ThI DBTEKTHYECKUX TOYEK TUIABJICHUS MyTEM MOJ00pa HEOOXOAUMBIX (IIFOCYIOIUX KOMIOHEHTOB MTPUBOJIST
B KOHEYHOM PE3yJIbTaTe K CHUKCHHIO SHEPIETHUECKUX 3aTpar.

[Tpu BEIOOpE (hiIrOCYIONMMX KOMIIOHEHTOB Hanboliee 1eIeco00pa3Ho UCTIOIh30BaTh KOMIUICKCHBIC IIHX-
TOBBIE MaTepHajbl, COYETAIONINE B ceOe HECKOIBKO HEOOXOMUMBIX /ISl TEXHOJIOTHU CBOWCTB. Tak, Hampu-
Mep, €cIu MoA00paTh BBHICOKO30JBHBIE YIJIM C COCTABOM 30JBHBIX KOMIIOHEHTOB B YacCTH COOTHOIICHUS
Si0,/Al,O5, paBHOM WM ONMH3KOM K TpeOyeMOMy, TO 3TO DPEIICHHE CHHU3HT TEXHOJOTHMYSCKUE 3aTpaThl.
B cooTBeTcTBUE ¢ JaHHBIM MOAX0A0M ObLIa peaTn30BaHa TEXHOIOTHS MTPOU3BOCTBA BEICOKOYTIEPOIUCTOTO
(deppoxpoMa ¢ UCIONBL30BaHUEM (DPaKIIMOHUPOBAHHBIX YTIIEH MECTOPOXKACHUS «Bopibl»y ¢ 30JBHOCTHIO
36,8 %, comepxkameit, %: 58,4 SiO,; 32,4 Al,Os; 0,073 CaO; 1,61 MgO; 1,01 FeO; 0,85 K,0+Na,O; 0,35 S;
0,007 P.

Tpamumronseid Kokc acTnyHO (10 30 %) ObLT 3aMEHEH Ha BBICOKO30JBHBIH YTOJb, YTO COCTABHIIO
5,5 % ot Macchl XpOMHUTOBOU pyabl. Hapsay ¢ mpsMbIM 5KOHOMUYECKUM (P (HEKTOM, 0OYCIOBICHHBIM PhI-
HOYHOW pa3HUIIEH B IICHE BOCCTAHOBUTEIICH, OBUTH IOCTUTHYTHI MOJIOKHUTEIBHBIE TEXHOJIOTHIECKHUE TIOKa3a-
TeNu B 00ECIIEYCHUH MOBBIICHHS SHEProdQPEKTHBHOCTH — CHU)KEHUE PACXO0Ja AIEKTPOIHEPTHUH COCTABH-
110 3,13-4,56 % Ha KaXIy10 TOHHY POU3BEACHHON MPOAYKIIHH.

Takum o0pa3oM, MPEIJIOKEH MEXaHW3M BJIHMSHHUS COCTaBa 0a30BBIX OKCHIHBIX KOMIIOHECHTOB
Si0,/Al,0; KOHEUHBIX IUIAKOB IPOWM3BOJICTBA BBICOKOYIIICPOIUCTHIX MapoK (eppoxpoMa Ha TEXHHKO-
9KOHOMHUYECKHE MapamMeTpsl MPOMU3BOACTBA U YKA3aHO €T0 BIMSHUE HAa PACXOJ JJIEKTPOIHEPTHUHU. Y CTAHOB-
JieHo, uTo npu cootHomeHnn Si0,/Al,O3=2,57 mocTHraroTcs OoNTHMaabHBIE MapaMmeTpsl. Vcmons3oBaHue
BBICOKO30JIBHBIX KaMEHHBIX YTJICH TIPU BBIILIABKE BHICOKOYTIICPOAUCTHIX MapoOK (heppoxpoMa B3aMEeH 4acTh
METAJTyPTUYECKOTO KOKCa HE TOJBKO BBITOJHO C SKOHOMHUYECKHX MO3HWINN, HO M HEOOXOIUMO KaK IoJe3-
HBI KOMIIOHEHT IIUXTHI, 00€CIIeYNBAIOIINI TPeOYyeMBbIif COCTaB KOHEYHBIX IILTAKOB.
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T.b.)Kaku6ekos, A.J[.Mextues, B.B.IOraii, O.B. Angommna

XpoMaaJiFaH pyia TEKCTYPaChbIHbIH KaliTa KAJINbIHA KeJITIPY ypaiciHe acepi

XpoMpaanraH pyja TEKCTypa epeKIIeNiKTepiHiH KoMIpTepMISIIBIK KalTa KajllblHa KeNTipy YpAiciHe acepiHiH
3epTTeY KOPBITHIHIBUIAPHI KENTipiireH. XpOMILIUHEIUATI XPOMAAIFaH PyJachl 6ap KaTThl KOMipTEKIICH
OCEepJIECKEH Ke3/1e, XPOM OKCHIIHIH Typa KailblHa KEITIPY PEaKuUMsChl TONBIK KeJeMJe ICKe acaThIHbI
KepceTinreH. XpoMajFaH pyAa LEMEHTTIK TEriHiH MHHHUMAIAbl €py TeMIEpaTypachbIHbIH IIApThl —
CEpIICHTHUHHIH, XpOM KapOOTepMHUSCHl KE3iHAC SHEPrMsUIbIK LIBIFBIHABI OHTAIAHIBIPY YIUIH KaxeT. by
mapt 6asanbik okcunarepain SiO,/Al,O3 = 2,57 xarelHachIHAA TOJBIK Kesemue xysere acamgbl. MgO-SiO,—
Al,O3 okcHATI XKYlHenepiHiH MIeKTi KoKAap AnarpaMMaiiapblH Talay Heri3iHae OHTaiIbl OpHATHLIFaH.

T.B.Zhakibekov, A.D.Mekhtiev, V.V.Yugay, O.V.Aldoshina

Influence of chromite's texture ores on restoration processes

Results of research on influence of chromite's texture ores on processes of carbon thermal restoration are pre-
sented. It is shown that reaction of direct restoration of chrome's oxides is most fully realized at direct contact
of solid carbon with hromshpinelidy chromite ores. The condition of the minimum temperature of melting of
the cementing breed of chromite ores — serpentine is necessary for optimization of power expenses at a
carbothermy of chromites. This condition is most fully realized at a ratio of basic SiO,/Al,O3 = 2,57 oxides.
The optimum ratio is established on the basis of the chart's analyzes of a condition of oxidic MgO-SiO,—
Al,O; system's final slags.
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Adhesives of cold curing based on chloroprene rubber brand Skaypren G-40T

New formulation of adhesives based on cold curing chloroprene rubber stamp Skaypren G-40T have been de-
veloped with a complex of adhesion, strength, performance properties that meet the requirements of modern
technology. Mode of preparation of glue was installed for laboratory’s glue-stir. These adhesives have been
tested for compliance with technical requirements. Formulation of adhesive was based on finding the optimal
balance between the physical and mechanical properties, providing the set requirements, the technological
properties which satisfy the conditions of the existing production process and economic efficiency. At the
same time sought to maximize unification adhesives. For the preparation of adhesives cold rejection was used
chloroprene rubber stamp Skaypren G-40T instead of the previously used Nairit chloroprene rubber stamps.

Key words: adhesives, chloroprene rubber, glue, economic efficiency, Skaypren G-40T, physical and mechan-
ical properties, sealing materials, Nairit rubber stamps, cold-curing adhesives.

Currently it is difficult to imagine engineering and instrumentation, furniture and shoe industries, con-
struction, aircraft construction, space and military equipment, shipbuilding without adhesives. This is due to
the bonding is one of the most economical and efficient ways of assembling parts. Efficacy of adhesives due
to a number of significant advantages adhesive compounds compared to the compounds of other types. The
adhesive firmly glues variety of materials, and in some cases gluing is the only possible way of a secure con-
nection. The variety of fields of application and use of adhesives led to the creation of a wide range of prod-
ucts. There are more than 15,000 manufacturers of adhesive materials, which suggests over 250,000 different
adhesives and sealing materials [1].

Development of adhesives — one of the most traditional areas of the use of polymers [2]. The statistical
analysis shows the demand for adhesives is a major stimulator of growth in the production of polymeric ma-
terials. However, the chemical industry develops independently, and the range of adhesives is influences by
the existing range of polymer materials.

Adhesive compounds have a number of significant advantages over conventional types of compounds.
This is due to the problems of producing polymers with specific adhesion properties with the correct selec-
tion of all the ingredients of the adhesive composition, the peculiarities of manufacturing technology and
application of adhesives and methods of preparation of substrates. Adhesives with the establishment of com-
plex desired properties is extremely challenging. n the rubber Industry and in the mode of life are widely us-
es adhesives based on polychloroprene, which are intended for fastening to each other rubbers and to metals.
Despite the prevalence of this type of adhesives, they are characterized by relatively low adhesion perfor-
mance. Development of adhesive compositions based on the novel polymers is not always economically jus-
tified and therefore the use of adhesion promoters in the adhesive formulations administered in small
amounts and that enhance the performance properties of adhesives are commercially available and use of
new grades of polychloroprene rubbers is an important task. The purpose of research — development of new
formulations of cold-curing adhesives based on chloroprene rubber stamp Skaypren G-40T with a complex
adhesion, strength, performance properties that meet the requirements of modern technology [3]. To achieve
the goal the formulation of adhesives have been developed based on cold curing chloroprene rubber stamp
Skaypren G-40T. These adhesives have been tested for compliance with technical requirements.

Formulation of adhesive was based on finding the optimal balance between the physical and mechanical
properties, providing the set requirements, the technological properties which satisfy the conditions of the
existing production process and economic efficiency [4].

Rubber stamps Skaypren G-40T is characterized by a higher viscosity, and for the preparation of cold-
cure adhesive was used chloroprene rubber stamp Skaypren G-40T replace previously used in the majority of
Nairit chloroprene rubber stamps. Chloroprene rubber characterized by the ability to crystallize in compari-
son with rubber stamps Nair said that the benefits of using Skaypren G-40T in cold-curing adhesive compo-
sitions.
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Comparative characteristics of rubbers uses in the adhesive compositions shown in Table 1.

Table 1
Comparative characteristics of rubber stamps Skaypren G-40T
and Nairit uses in adhesive compositions
Index Skaypren G-40T Nairit DV-80 Nairit DV-100
Mooney viscosity, 100 °C 96-113 71-89 90-110
Crystallizability High High High

The study was developed 6 recipes adhesives based on chloroprene rubber stamp Skaypren G-40T, and
according to these recipes in the laboratory were prepared prototypes cold curing adhesives. The developed
formulation contain in their composition different vulcanizing agents, resin 2 values, solvents and solvent
mixtures, as well as builders, the data shown in Table 2.

Table 2
Comparative characteristics of composition and properties
of prototypes adhesives Ne 1,2 and 3 cold cure
Weight
Ne of Sample Composition the proportion Bond Strength Peel
c/o 24 hours
of dry substances
1 Skaypren G-40T; Curatives; resin brand Ribetak 7522E; 299 250
organic solvent (ethyl-acetate:nefras:toluene 2:2:1) ’ ’
) Skaypren G-40T; Curatives; resin brand Ribetak 7522E; 249 233
organic solvent (ethyl-acetate:nefras:toluene 1:1:1) ’ ’
3 Skaypren G-40T; Curatives; resin brand Ribetak 7522F; 313 3.0
organic solvent (ethyl-acetate:nefras:toluene 1:1,5:2,5) ’ ’

Note. In the manufacture of a composition Ne 2 first prepared rubber composition consisting of chloroprene rubber stamps
Skaypren G-40T, magnesium oxide, zinc oxide, altaks, thiuram D on rollers on the set mode.

These data shows that the greatest strength has adhesive composition that was used in the manufacture
of pre-cooked chelate resins Ribetac 7522E. So it was decided to replace the resin in the resin Ribetac 7522E
101K. Resin 101 K was used previously in many adhesive compositions, as it has good adhesive characteris-
tics.

On the basis of the following recipes were offered cold curing adhesives based on chloroprene rubber
Skaypren G-40T, the data obtained are given in Table 3.

Table 3
Comparative characteristics of composition and properties
of prototypes adhesives N\e 4,5 and 6 cold cure
Weight
Ne of Sample Composition the propgortion Bond Strength Peel
c¢/o 24 hours
of dry substances
4 Skaypren G-40T; Curatives; resin brand 101 K; 304 2,62
organic solvent (ethyl-acetate:nefras:toluene 2:2:1) ’ ’
5 Skaypren G-40T; Curatives; resin brand 101 K; 31 32
organic solvent (ethyl-acetate:nefras:toluene 2:2:1) ’
6 Skaypren G-40T; Curatives; resin brand 101 K; 313 3.04
organic solvent (ethyl-acetate:nefras:toluene 1:1.2:1.6) ’ ’

Note. In the preparation of the adhesive composition Ne 5 Mixture: resin, burnt magnesia, an organic solvent and a small
amount of water, the reaction proceeds for 6 hours at 30 °C. Then, the resulting solution is added to the rubber composition contain-
ing the remaining components.

After analyzing the data, it can be concluded: the best strength properties has adhesive which prepared
two-step process (Table 4).
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Table 4

Comparative characteristics of cold-curing adhesives
based on chloroprene rubber stamp Skaypren G-40T

Name of glue Bond Strength Peel c¢/o 24 hours
Norm standard 50307471-08-2008 | Results
1 [88-HA-GR Ne 1 2,33
2 [88-HA-GR Ne 1 2,62
3 |88-HA-GRuB 231 2,50
4 |88-HACk-40GT Ne 1 ’ 3,00
5 |88-HACk-40GT Ne 2 3,20
6 [88-HI-GR Ne 3 3,30

Thus we can conclude that the formation of a durable adhesive bond is significantly affected by the pre-
liminary formation of chelate resins with magnesium oxide, applied mark resins (since the resin provides
adhesion strength of the adhesive composition), the use of crosslinkers and accelerators of vulcanization.

However, the use of hardeners in adhesive formulations significantly reduces their viability, as well as
an inconvenience in use, as it requires pre-mixing before gluing.

Increasing the technological properties of adhesives with promoting additives that can be incorporated
directly in the manufacture of adhesives and of high environmental performance, it is an urgent problem that
requires further study.
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Craiinpen G-40T mapkaJjbl XJIOPONPEH/Ii KaydyKKe Heri3/1e/reH
CYBIK KATalTy Keaimaep

3aMaHayH TEXHHKAJIBIK TaJaNTapblH KaHAFaTTAaHABIPATHIH aAre3UsIbIK, TO3iMI, NaiifanaHylIbUIbIK KacHeT-
Tepine ue komiuiekciMeH Crkainpen G-40T mapkaibl XJOpPOIpEH[i KaydyKKe HETi3[eNreH CybIK KaTauTy
JKEeTIMAEPIHIH jKaHa pelenTypaiapbl OHAENreH. 3epTXaHAIBIK JKeJIiM OyJIFaybIIiKa JKeqiMIepal JalbiHaay
TopTiOi aHbIKTaJFaH. AJBIHFAH JKENIMACPAIH TEXHHUKAJbIK TalanTapra coiikecriri 3eprrenreH. JKemimmai
JaiibIH/ay peLenTypackl KOMbUFaH Tajantapibl KAMTHTBIH (U3HKa-MEXaHUKAJIBIK KACHETTEePi apachIHAAFbI,
ICTEr1 OHIIPICTIK YPIICTiH jXKOHE IKOHOMUKAIBIK THIMIUTIKTIH XKaFIailapblH KaHAFaTTaHbIPAThIH TEXHOJO-
THSUTBIK KACHETTEP1 apachlHAaFbl OHTAWIIEI OallaHCTHI Ta0y HETI3iH/e )KyprizinreH. by xkarnaiina sxemimuepi
MakcHUMaJapl yHUuUKanusiayFra ThIPbICTBIK. CybIK KaTallTy eniMIepiH JaiblHIay yuriH OypblH Kosija-
HBUTBIT JKypreH Hauput mMapkainsl xiaoponpeHai kayaykri opHbiHa Ckaiinpen G-40T mapkainbl XjaopripeHni
Kay4yK KOJIIAHBUI/BI.

A.B.Omamena, K.A.CeBocThsinoBa, M.A.3aBropoansis
Kiien X0,101HOT0 0TBep:KIeHHs, 0CHOBAHHbIC HA XJIOPONPEHOBOM Kay4yyKe

mapku Ckainpen G-40T

Pa3paboTaHbl HOBBIE PELENTYPHI KICEB XOJIOIHOTO OTBEPKACHNUS Ha OCHOBE XJIOPOIPEHOBOTO Kaydyka Map-
ku Ckaitnper G-40T ¢ xoMIIJIEKCOM aire€3UOHHBIX, IPOYHOCTHBIX, SKCILITyaTallMOHHBIX CBOWCTB, YI0BJIETBO-
PAIOIUX TPeOOBAaHHUAM COBPEMEHHON TEXHHKH. Y CTAHOBJICHBI PEKUMBI IPUTOTOBJICHUS KJIEEB K JIab0paTop-
HOU KieeMernaske. [lonyyeHHbIe Kied OBUIM HCCIEAOBAHbI HAa COOTBETCTBHE TEXHHUECKHM TpPEOOBAHUSM.
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Pa3paboTka penenTypsl Kiesl IPOBOANIACE HA OCHOBE OTHICKaHMS ONTHMANBHOTO OanaHca MeXIy (pU3MKO-
MEXaHHMYECKUMU CBOMCTBAMHU, 00ECHIEUHMBAIONIMMH TOCTaBICHHBIE TPEOOBAHNUS, TEXHOJIOTUUECKUMU CBOUCT-
BaMH, YAOBIETBOPSIOIIUMU YCIOBHAM IEHCTBYIOIETO NPOHM3BOJICTBEHHOTO MPOIECCa, U IKOHOMUYECKOI
a¢dexkTHBHOCTEIO. [IpH 5TOM cTpeMmINCh K MAaKCUMalIbHOH yHU(UKanuy kiieeB. [ IPUrOTOBICHHS KIIEEB
XOJIOJJHOTO OTBEPIKAEHHsI OBLI MCIIOJIL30BaH XJIOPONPEHOBHIH Kayayk mapku Ckaiinpen G-40T B3amen uc-
[I0JIb3yEMOI'0 paHee XJIOPOIIPEHOBOI0 Kayuyka Mapku Haupurt.
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YabTpaasiobicnied oHAeareH Ni KaHKaJIbl KATAJAM3aTOPbIHAA
MYHAH OHIMIepiH ruaporaszanay

I'mppotasanay yzaepicinae Typa alinanran 6eH3uH (QpaKIUACHIHBIH KYPaMBIHIAFbl KYKIPT MOJIIEepiH a3aiTyra
Ni KaHKaNbl KaTaJIW3aTOPBIH YIBTPAABIOBICIICH OHJACY ocepl 3epTTeNmi. YIbTpaabIOBIC 9iCiMEH THAPO-
Tasajay yJAepiciHiH KaTalnnu3aToOpbIH OeICeHipy d/ici YCHHBUIIBL. KaHKamb! kaTaau3aTopab!l yabTPaablObICThI
OenceHzipy ruapoTaszanay eHIMIEpiHiH camachlHa ocep TKEeHAIrT KOpceTini. YIbTpaaplObICieH OHIeITeH
KaTajM3aTop/bl KOJJaHFAaHHAH KeiH, OCH3MH (pakIusAChIHAarbl KYKIipT Meumepi 48 Y%-ra azaiasl. bensun
(paKUMSACHIHBIH KCILTYaTALMUIBIK KACHETTep1 JKaKcapFaHbl OaifKaiabl.

Kinm co30ep: GeH3uH, yibTpaabiObIC, TMApOTa3aiay, KaTaau3aTop, KYKipTCi3eHmipy, KyiMma, ruapiey,
JHCTIEePrHpIIeY.

Kipicne

Kasipri Tanma MyHali eHJiey calachlHAAFbl HETi3r1 MiHAETTEpIiH Oipi OHBI TEPEHAETIN OHJEY HeTi3iH/e
madganady THUIMIUNTIH —apTThIpyFa OaFbITTaFaH KaHA, OSKOJOTHSIBIK JKCTUIMIPUITEH, SHEPTHSHBI
YHEMIIEHTIH TEXHOJOTHUIAPABI Kacay OoJbil Tadbuiafsl. OChIHIAN ©3eKTi MocesnenepAin Oipi — camacsl
JKoFraphl, Oocekere KaOineTTi MyHali eHimzepiH mbiFapy. Cebebi alIbpIHFBI KaTapibl AaMbIFaH MEMIICKET-
Tepae OCH3WH carachbiHa KOWBUIATHIH TalanTap KYMIEHTUIrTeH HopMaliap eHTi31ITreH. bysr Hopmamapra coiikec
O6em3nH KypamblHAarbl KykiptT memmiepi 0,001 macc. %-man acmaysr kaxker [1-3]. MyHnpail 3amaHaywn
SKOJIOTHSJIBIK TallanTap/bl KaHaFaTTaHBIPATHIH OCH3MH (PAKIUACHIH aly TEXHOJOTHSICH Canachl TOMEH
MYHail (pakIusuIapblH THAPOTA3alIayFa apHAIFaH KaTaau3aTopiiapbl OHIIPY/i KaKeT eTel.

COHIBIKTAH JOCTYPJII €MeC OmiCTepli KOJMAaHBI, THApOTa3ajgayra apHAJFaH KaTaau3aTopJiapabl
JaibIHIay TEXHOJIOTHSCHIH >KacayAblH MaHbI3bl 30p. MyHail (pakuusiapblH JOCTYpHai eMec daicTepai
KOJIJaHbIN eHAeyre (pU3MKaJbIK, aTal aUTKaH[a, yIbTPaIbIOBICTICH, Ja3epMEH, 3JICKTPOHAAP LIOFBIPhIMEH
ocep eTy yaepicTepi xKaTabl.

byn makamana IlaBmomap MyHail eHIEy 3ayBITHIHBIH Typa aifaiFaH OCH3WH (PPaKIMSICHIH THIPOTa-
3aJiayFa apHaJFaH KaTalu3aTopAbl yIbTPaAblObICIICH OHeT, OCICEHAIITiH apTThIPY JKOIAAPHI 3ePTTEIrEH.

3epmmey adicmepi

bensun (pakuusCHIHBIH KOMIPCYTEKTI KYpaMmblH, (HU3MKa-XUMHAIBIK CHIATTAMaJapblH Tauiay
aKKpeIUTAaLUMsUIaHFaH, arTectarraygan eTkisinren (arrectar Ne KZ.1M.02.1572). Xana XuMHSUIBIK
texHonorusap MeH F31-HbIH jKaHFBIII KEHIEp MEH OJlapbl OHACYICH albIHFaH OHIMIEpl KeIeH Il Tajnay
MEH 3epTTEyre apHaJIFaH ChIHAK 3€PTXaHACBIH/IA KYPT1311/1i.

Typa aiinanran 6eH3uHHIH (pakuusIbIK KypaMsl 2177-99 MemCT 6GoiibiHIIa MyHal (ppakuusIIapbIHbIH
KypambIH alikpiHAayra apHainrad APH-JIAB-11 annapatTeinia aHBIKTaJIIBbL.

ben3un (pakmusicel KypaMbIHAAFEI KYKIPT MOIIIEpiH aHbpIKTay CrekTpockaH S ammapaTsiHga 51947—
2002 MeMmCT nemece 4294-98 ASTMD coiikec skypri3iiii.

MyHail eHiIMIepiHIH KOMIpCYTEKTiK TONTHIK KYpaMblH aHBIKTay Ta3gbl Xpomarorpadus omiciMeH
«Xpomatik-Kpucramt 5000» anmapateiHaa KacaabIHIb.

Ni KaHKaJabl KaTajau3aTopAbl yiabTpaasiobiciicH oHuey Y3B-3/100-THM-44 ynsTpaasiObicThl BaHHAIA
60—-150 I'n sxminikre, 25-65 °C Temneparypanap apanbirbinaa 30 MUH KYPri3iigi.

Typa aiimanran OeH3uH (pakUMACHIH TUApNEY YIepici ra3oMeTpiik OlopeTKaMeH KaJFaHFaH,
HOTEHIIMOMETPIIIK KOHIBIPFBIMEH XKa0IbIKTaJIFaH, KAPKBIHIBI apalacThIPFBIIIBI 6ap, TPaJUeHTCi3 TepMocTaT-
TajJFaH «KaTaIU3diK YHPEK» TYPIHAETI HIBIHBI PeakTopaa sKyprizuimi. Juddy3usiiblK TEKETyISPAiH SCePiH
OongpipMay ymiH peaktopasl MUHYTBIHa 300—400 peT KapKbIHIBI TepOENTy >KacadblHABL. Peakius
KBUTIAMIBIFBl PEaKTOPMEH JKaJFaHFAaH TEPMOCTATTAJIFaH Ta30METPIIK OOpeTKamarbl CYTEeK KeJeMiHIH
e3repyi OOMBIHIIIA €CEeTITeIIH .
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3epmmey namuoicenepi Mer 01apoOvl MANOAY

3eprrey HBIcaHBI periHme IlaBmomap myHait enaey 3aybIThIHBEIH JIK6Y DJIOY AT KOHIBIPFBICHIHAH
Typa aWjanblll aIbIHFAaH OCH3MH (PaKIUsACHl KOJIAaHBUIIGL [laBlomap MyHail eHJEy 3aybITBIHBIH Typa
aiinanran OeH3UH (QPaKUUSACHIHBIH HETi3T1 (PU3HKa-XUMHSIIBIK KOPCETKIIITEP] aHBIKTANAbL. 3epTTeyre ajibiH-
raH OacTankpl OeH3MH (QPaKIMACHIHBIH KypaMbIHA )KYPri3UIreH Tajlgay HOTHKeNepl 1-KecTene KeaTipiireH.

l-xecrte
IaBaoaap myHaii eney 3aybITHIHBIH TYpa aii1anran 0eH3uH GpaKkIUsChIHBIH
uznKa-XuUMHSIBIK KOpceTKilmTepi
. . Bacrankel Typa

KepcerkimTepi afianran d)pa}llg.[ st Hopmartustep
20 °C TeMIepaTypaiarbl THIFBI3BIFBL, KI/M 831,6 MemCT 3900-85
20 °C TeMrepaTypaiarbl KHHEMATHKAIIBIK TYTKBIPIIBIFBI, M/C 414,5 MemCT 31391
JKaObIK THUTENBIET] TYTaHy TemnepaTtypacsl, °C 81 MemCT 6356
Kykipt memmepi, macc. % 0,031 ASTMD 4294-98

DpakIMIIBIK KYPaMbl

Kaitray TemmepaTtypacbiHbIH OacTanysl, °C 36
5% 75 MemCT 2177-99,
10 % 103 ASTM D 86
Kaitray TemmepaTtypachiHbIH COHBI, °C 148,6

Kectene kepcerinrenaeii, peHTTeH(IIOOPECIICHTT] OICIICH aHBIKTAJIFAaH KYKIPT MeJmiepi 0acTarksl
O0ensun Qpakuusaceiana 0,031 macc. % kypaiinel. beHsun ¢(paknuschiHBIH KaiiHay TeMIepaTypachiHBIH
bactairysr — 36 °C, air coOHFHI KaiiHay Temrepatypachl 148,6 °C TeH.

Kazipri yakpITTa JOCTYpJli e€MeC OmiCTepili KOJIAHBIN, MYHall OHIEyre apHajFaH KaTau3aTOpIbI
JafbIHAAy TEXHOJIOTHSCHIH jKacay >KYMBICTapblHa 0acThl Hazap aynapburradH. MyHIal JoCTypii emec
omictepre (QU3MKANBIK: YIBTPAABIOBICIICH, JIA3€PMEH, 3JCKTPOHAAp WIOFBIPEIMEH ocep €Ty yaepicrepi
katanpl. byn omictepmi OHIEHTIH MIMKi3aTKa HeEMece KaTajau3aTopra, He OoyiMaca oOJlapablH eKeyiHe
KOJIIAHBIIT XKYPri3yre 00JIasl.

Karanus canmacwelHAarsl 3epTTEyNIepae YAbTPAABIOBICIICH 9Cep €Ty 9p TYPJIi Ke3eHACpAe KON IaHbLIabI:
KaTaJIM3aToOpAbl aly YHepiciHae, MalblH OOJIFaH KaTalM3aTOPAsl OHACY, KypaMblHIA KaTanm3aTop Oap
PEeaKIusITBIK KOCTIAaHbI OHJIEY KOHE YIepCiKe KOJAAHBUIBINT OOJFaH KaTadu3aTOpIbl KaiiTa KaIIbHA KEeTipy
yaepicinae Konnany [4].

Byn sxympIcTa OSJNCEHAUTITIH apTThIPy MaKCcaThIHa JalbIH KaTaau3aTOpFa yIbTPaIbIOBICIICH dcep €Ty
Kyprizutmi. I'uaporazanay karamusaropsl periage Ni—Al-Fe—-Cr-Ti (51,1 %; 46,9; 0,075; 0,8593; 0,914 %)
KyliMachlHaH ajbiHFaH Ni KaHKalIbl KaTalu3aTop alibIHFaH. | 'eTeporeH i KaTamu3ze, MbICalbl, THAPICYS,
TUIPOTCHONM3/AC HUKENI KaTaau3aTopJIiapIblH MaHBI3BI epekiie. byn xyMmbicka aediH Ni KaHKaJbI
KaTajgu3aTopiap MyHaiiiaH, KeMipJieH alblHFaH MOTOp OTBIHAAPBIHBIH CalachlH JKaKcapTy YIIiH
KOJIIaHbIIFaH [5].

Ben3un ¢pakiusICHIHBIH camnachlHa YIbTPAABIOBICTICH oHAeNTeH Ni KaHKAIbl KaTalIu3aTOPJbIH dcepi
TUApoTa3aay YAEpiciHIe 3epTTeNai. Y IbTPaabIObICIICH OHIEITCH KaTaIn3aTop KaThICHIHAA Typa algaFaH
OcH3WH (hpaKIHICHIH THIPOTa3aIay OOHBIHINA 3ePTTEY HOTHXKENEpl 2-KecTene OepireH.

2-kecTeE
Bacrankel ¢ppakuus MeH rHAPOreHU3aTThIH GU3MKA-XUMHUSIBIK KOpceTKimTepi
Onnenmeren Ni Y ipTpansIObICTICH OHACITCH
. . Bacranksl .
Kepcetkimrepi SeH3HH KaHKAJIbI KaTaJH3aTop Ni KaHKaJIbI KaTaJIn3aTop KaThICBIHAA
KaTBICBIHIA 60 I'g 90 I'x 150 T'ng
1 2 3 4 5 6
25 °C remneparypaja
p, Kr/m’ 831,6 641,7 680,2 749,2 779,9
n, m/c 414,5 435,2 431,7 397,2 397,2
S, Macc. % 0,031 0,028 0,042 0,039 0,035
K.6., °C 32,8 42,7 42,2 40,2 39,1
K.c., °C 148,6 152,4 152,0 150,6 146,8
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1 | 2 | 3 | 4 | 5 | 6
40 °C Temnepatypaaa
p, KT/ 831,6 641,7 6359 720,6 636,3
n, m/c 414,5 4352 432,1 773,6 4421
S, macc. % 0,031 0,028 0,024 0,015 0,029
K.6., °C 32,8 42,7 42,1 42,1 33,5
K.c., °C 148,6 152.4 154,3 154,3 1559
65 °C TemmepaTypana
p, KT/ 831,6 641,7 718,6 618,3 635,9
n, m/c 414,5 4352 438,6 4455 417.9
S, macc. % 0,031 0,028 0,038 0,031 0,040
K.6., °C 32,8 42,7 35,7 38,3 38,1
K.c., °C 148,6 152.4 157,1 156,1 154,1

I'maporazanay OoWBIHIIA JKYPTi3UITeH 3epTTEy HOTIKENepiHe Tanjay >KyprieTiH Ooincak, Typa
aiinanran OCH3MH (PPaKUMACHIHBIH (PU3MKA-XUMHSUIBIK KOPCETKIIITEPiHIH ©3TepreHiH aHFapyra Ooiajbl.
40 °C temmeparypa meH 60 I'ty xwuinikre eHmenreH Ni KaHKAIBl KaTaIW3aTOp KATBICHIHAA THAPOTA3anay
KYpriziiared OeH3uH QpakIMACHIHBIH KypambIHaa KYKipT menmiepi 6actankst 0,031 %-xan 0,024 %-ra neitin
TeMeHieTeH. beH3nH (ppakiuschiHbIH OacTankel KaiiHay HykTeci — 42,1 °C, an cCOHFBI KalfHay HYKTECiHiH
154,3 °°C Temmneparypara JeiiiH JKOFapJjaFaHblH Kepyre Oosamsl. YIBTpaabIObICIICH oHaey >kuimirian 90 I'g
apTTHIpFaHJa THIPOTEHM3AT KypamblHAarel KYKipT memmepi 0,015 %-ra meliin azaiiran. byn xarnaiina nma
OeH3MH (pakUusICHIHBIH OacTankel KaliHay HykTeci — 42,1 °C, anm coHrbl KaifHay HykTeci 154,3 °C
TeMIiepaTypara JIeiiH KoTepiireH.

KartanmmzaTopas!l yinbTpaabIObICIICH aABIH aja oHjaey TeMieparypackiH — 65 °C, am xwuimikti 150 I'ig
KOTEepreHie TUAPOTeHN3aT KYpPaMbIHAAFbl KYKipT MONIIEpiHiH TOMEHAEYiHe aiTapibIKTap ocep eTHeTiHi
Oaiikannel. KykipT MemnmiepiH TeMEHIETY MaKcaThlHAA THUApOTa3ayay yIepiciHe OeJCeHIUIriH apTTBIpY
MaKcaThIHJIa KaTaau3aToOpIbsl aliABIH ajga eHICYiH OHTaumbl karmaitmaper 40 °C temmeparypa meH 60 I'mt
XKHULUTIK OOJIATBIHBIH KYPTi3UIreH 3epTTey HOTHXeNepi alKbIHIAdbI.

I'maporaszanay ynepicinme xyperTiH OeH3uH (pakuuscel KypaMbIHAArbl e3repicrepii alKplHAAY
MakcaThlHIa OacTanksl O€H3MH (pakIusichl MEH THIpoTa3ajayfaH KeHiH allbIHFaH THAPOTCHH3AT
kypamaapsl UK-cniekrpockonms omiciMer 3eprrenai (1-cyp.).

Absorbance Units

-0.005 0.000 0.005 0.010 0.015 0.020

"M[}\ \v;_‘_,/v“f""“/ \
2500 2000

Wavenumber cm-1
1 — 60 I'y; 2 — Gacranke! 6eusuH; 3 — 150 'y 4 — 90 I';p

I-cyper. 40 °C temmnieparypa men 60, 90, 150 I'ti sxxuinikrepae yabTpaablObICTICH OHICITeH
KaTaJIM3aTop KaTBICHIH/IA XKYPri3UreH ruxporasanay enimaepinia UK-cnexkrpuepi

Typa abimanran OeH3MH (PAKIMICH CHEKTPIHIErT KYThUTY CBI3BIKTApBIHAA KeJecifiell TomTap:
apoMaTThl KochutbicTapmarbl C—H GaiimaHbichiHA TOH BaleHTTIK Tepbemictep 3025,71 cm’', amkammap
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Kypampiaarsl CH; TONTaphiHa TOH HYThUTY 5KOTAKTapsl 2957,9 cM™', Metuensi TonTapra Tou 2925,45 cm™,
Metuni tontapaarkl C—H GaiinaHsichiHa TOH AedopMaumsuianFan Tepbemicrep 2872,53 cM', mueHzmep
1606,55 cm™', CH; TONTAapbIHA TOH aHTHCUMMETPUSUTBIK TepoOemictep 1495,58 xone 1458,66 e, mumerwiai
tontap 1378,13 em™', keramaep men areranaep 1169,89 cm™', Tpanc-ankenaep 965,46 cM™', muc-anenaepaeri
(=CH) GaitnaHbIcTapbIHa TOH sKoNMakTap 750-650 cm™ aliMarbiaga anbikTanFas (1-cyp.).

I'maportasanaynaH Keiin GeH3uH (paKIMACHl KypaMbl aiiTapimbikTaii e3repemi. Mbicaibl, 965,46 cm™
aiiMarbIHIAFbl TPAaHC-AJIKEHIEPre TOH JKYTBUTY JKOJIAKTaphl; YIIIHIIUIK COUpTTepaeri, keranaepuaeri C-O
BaJIeHTTIiK TepOemicTepine Ton 1169,89 cv™', 1155,82 cv™', 1120 cM™' aiiMaKTapbIHIAFE! KYTHUTY CHI3BIKTAPBI
60 'y KHiTIKTEe yIBTPANBIOBICTICH OHJICITEH KATAM3aToOp KATBICBIHIA THpOTa3ajayJaH KeWiH ajblHFaH
eHim/ie OaliKanMai sl

VYnbTpansObIcTieH eHAeyre [eiiHri XoHE OHIEYAEH KEWiHTl KaTaau3aTtop YJITUIepi SIeKTPOHBI
MUKPOCKOIUSUIBIK dJIiCTICH 3epTTeni (2-cyp.).

™ Spectrem 1 P H Spectnmi

T

Ti oo o L_A

T0um Eleciram Image 1

a) yIbTPaabIObICCHI3 2) yNbTpaabIObICTICH OHICITEH
2-cypert. Ni KaHKaJIbI KaTaJIM3aTOP.IbI 3JEKTPOH Bl MUKPOCKOIIHSJIBIK 3€PTTEy HOTIKENepi

3epTTey HOTIKENEpi yIbTPaabIOBICTHIK OHICY KaTAIN3aTOp KYpPaMbIHIa Maiiia OemIIeKTepaiH KOITiTiH
XoHe OIpKeNKi TapajaThlHbIH KepceTeli (2-cyp.). YIbTpaAblObICTBIK ©OHJAEY HOTHXKECIHAE KaTaau3aTop
OeJmieKkTepi AUCTICPTUPIICHIII, THpOTa3aay yaepicinae gazaapanblk OeT ayIaHbIH apThIl, dcepiecy OeTiHge
XUMUSIJIBIK peaKLysuiap KapKbIHIBI JKypemi. As Oynl karmail o3 keserinae OCH3WH (DpaKIUsICHIHBIH
KYKIPTCi3ZIeHyiHEe BIKIAN eTe/li. YIbTPaJbIOBICTICH OHJCITCH KaTaIIN3aTOPABIH CHI3BIKTHIK CHEKTpiHae Ni
MeH Ti yIIiH peHTreHaiK COyJIeNeHY IH KapKbIHABUIBIFBl OHJICIIMEreH KaTaln3aTopra KaparaHjaa Oiprrama
apTaThIHBI OalKaTabl.

CoHbIMEH, Typa aiianral OeH3MH (paKUMsICHIH THAPOTa3aNay YAEpiCiHAe YAbTPaIbIObICIICH OHIENTeH
Ni KaHKaJIbl KaTAIM3aTOPBIH KOJIJAHYy KYKIPT MOJIIepiH TOMEHAETyre aNTapibIKTail BIKIAal eTeTiHi
AUKBIHIAJIIBL.

I'maporasanay yaepiciHae KaTalu3aTopAbl YIbTPaAbIOBICTICH OHACYIIH OHTAMIIBI JKaFdaisiapbl aHbIK-
tangel. 3eprrey HoTmkenepi 40 °C temmneparypa meH 90 [l KUIJIIKTe KaTaau3aTOP/Abl YIbTPaIbIOBICTICH
eHzIey OeH3UH (PaKIHACH KYpaMHBIHAH KYKipT Memmepin 48 Y%-Fa neifiH TOMEHETETiHIH KOPCETT.
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K. K.Kaup6ekos, K. K.Mburreik6aeBa, XK. T.Emosa, T.M.AHanxanoBa

I'mapoouncrka HepTenpoaykToB HA Ni CKeJIETHOM KaTaju3aTope,
00padoTaHHOM YJIbTPa3ByKOM

H3y4deHo Bo3aeicTBHE yabTPpa3ByKoBOil 00paboTku Ni CKeJIeTHOro KaTaliu3aropa Ha CHH)KSHHE COIepPIKAHHUS
cepbl B NPAMOTOHHOM OEH3MHOBOW (pakumu B mpolecce THAPOreHu3auy. [Ipenoxer cnocod akTHBaLUK
KaTalu3aTopa ynbTPa3BYKOM Uil THAPOT€HH3ALMOHHOTO IMpolecca. BbUlo moka3aHo, 4To ylbTpa3BYKOBast
aKTHUBALUSI CKEIETHOTO KaTalN3aTopa MONOKUTENBHO BIMAET HA Ka4eCTBO MPOIYKTOB Tuapoodnctku. Iloce
NIpUMEHEHHs KaTaan3aTopa, 00paboTaHHOTO YIBTPa3BYKOM, COJEpKaHNe Cepbl B OCH3MHOBON (pakuny CHH-
3mw10ch Ha 48 %. YCTaHOBIICHO YITydIIeHHE SKCILUTyaTal[HOHHBIX CBOUCTB OCH3MHOBOI (hpakImy.

Zh.K .Kairbekov, Zh.K.Myltykbaeva, Zh.T.Eshova, T.M.Andizhanova

Hydrotreating process of petroleum products on sonicated skeletal Ni catalyst

An effect of ultrasonic treatment of skeletal Ni catalyst to reduce the sulfur content of straight-run gasoline
fraction in the hydrogenation process is studied. It is suggested a method for activation of hydro treating cata-
lyst on the basis of ultrasound. It has been shown that son chemical activation of the skeletal catalyst affects
the quality of products hydro treating. After applying ultrasonically treated catalysts, the sulfur content of the
gasoline fraction has decreased by 48 %. The improvement of the operating properties of the gasoline fraction
is established.
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