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OPIrAHUKAJIbIK XUMUA
OPIrAHUYECKAA XUMUA
ORGANIC CHEMISTRY

UDC 547.913

Ye.M.Suleimenl, Zh.A.Ibatayevl, Zh.B.Iskakoval, M.Yu.Ishmuratovaz, C.H.G.Martins’

!Institute of Applied Chemistry, L.N.Gumilyov Eurasian National University, Astana;
’Karaganda University «Bolashaky;
Laboratério de Pesquisa em Microbiologia Aplicada, Universidade de Franca, Brazil
(E-mail: suleimen_em@enu.kz)

Component composition of Achillea micrantha essential oil
and its biological activity

Data on study of the component composition and biological activity of the essential oil of Achillea micrantha
Willd. (Asteraceae family) are presented in this article. The raw materials for the researching were collected
at the territory of the Republic of Kazakhstan, Karaganda region during the flowering period. Essential oil of
plant by hydrodistillation was obtained, the yield is 0.22 %. The component composition of essential oil was
studied using GC/MS Clarus-SQ 8 (PerkinElmer). Antimicrobial, antifungal, antimalarial, cytotoxic, anti-
radical and anti-tuberculosis activities of essential oil were studied. Antibacterial and antifungal activity were
identified using the strain of 5 human-pathogenic bacteria (Staphylococcus aureus, St. aureus (MRSa), Esch-
erichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) and 5 fungi (Candida albicans,
C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans). Antimalarial activity of the sample
was tested for its ability to inhibit Plasmodium falciparum of protozoa. Cytotoxic activity carried out using
test on larvae of Artemia salina. Determination of antiradical activity of essential oil was performed against
2,2-diphenyl-1-picrylhydrazyl (DPPH), as a reagent for comparison, gallic acid (GA) and butylhydroxy-
anisole (BHA). The tuberculosis activity of essential oil was determined on Mycobacterium tuberculosis
H37Rv sensitive to all five first-line antituberculosis drugs (streptomycin, isoniazid, rifampicin, ethambutol
and pirazinamide). As a result of research it was established that 4. micrantha Willd essential oil doesn't pos-
sess or shows low degree of the above types of activity, shows lethal toxicity concerning Artemia salina lar-
vae of crustaceans in all tested concentration (1-10 mg/ml).

Key words: Achillea micrantha, essential oil, GC/MS, antimicrobial, antifungal, antimalarial, cytotoxic, anti-
radical and anti-tuberculosis activities, Artemia salina, DPPH.

Introduction

The development of modern industry and rapid population growth in the coming years, puts the prob-
lem of finding new renewable resources: sources of power, biofuels, agricultural and medical products, cos-
metics and personal care products; which will undoubtedly lead to increased interest in plant resources, on
which you can obtain high-purity (quality) and biologically safe products.

Essential oils (EOs) are homogeneous mixtures of organic chemical compounds from the same chemi-
cal family; they are composed by terpenoids, especially monoterpenes and sesquiterpenes. Nevertheless, low
molecular weight aliphatic compounds, acyclic esters or lactones may be present.

EOs of plants has been used traditionally for numerous applications in health-related areas, and in foods
and commercial uses [1, 2]. In most medical applications the oils were applied directly to the skin, although
the potential cytotoxicity of EOs precluded internal consumption [3]. This problem could, at least in theory,
be avoided by inhalation of the vapors of EOs, as practiced in aromatherapy. Furthermore in many traditional
remedies for colds and respiratory disorders, formulations often included plant EOs to provide relief through
inhalation of the vapors [3].
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Studies on the composition of the essential oils, isolation components from them, determination of bio-
logical activity and chemical modification carried out in scientific centers of United States, Russia, Turkey,
Kazakhstan and others [4-7].

The Flora of Kazakhstan is rich one and about 5500 species was reported, and there are many aromatic
plants among them. It is well known that, the composition of essential oils (EOs) can reach up to 200 com-
ponents of different classes of chemical compounds. The EOs chemical composition is affected by some fac-
tors as species and subspecies, geographical location, harvest time, the part of the plant used and the extrac-
tion methods used to obtain the EO.

Achillea micrantha Willd. (Fam. Asteraceae) is a perennial grassy plant, 20-40 cm of high (Fig. 1). The
plant is grayish-pubescent, timed to life on sands and sandy soils, at least — on the steppe and meadow
communities. In Kazakhstan dwelling species mentioned in the following floristic regions: Tobol-Ishim,
Caspian, Aktobe, Mugodzhar, Emba, Turgai, low hills west [4].

Figure 1. Achillea micrantha Willd.

In traditional medicine many people of the world widely apply different species of yarrow. In particular,
grass of A. micrantha is used at gonorrhea, chronic diarrhea, acute respiratory diseases, the bleeding wounds,
burns, anemia, for increase in lactation at nursing mothers [5].

Earlier the composition and antioxidant activity of A. micrantha essential oil from Iran [6] were studied,
sesquiterpene lactones [7, 8] and flavonoids have been isolated [9].

The main physical properties of essential oil of A. micrantha were determined by authors of works [10].
In the [11] shows the data for the study of the biological activity of hydro-alcoholic extracts of A. micrantha.

Thus, A. micrantha and its essential oil are of great interest to researchers. In this report, we present the
essential oil compositions for A. micrantha from Kazakhstan and data on it’s biological activity.

Experimental part

Plant material for the study was collected in July 17, 2013 in Ulytau district of the Karaganda region in
90 km north of the city of Zhezkazgan in the phase of flowering. The plant is deposited in the herbarium of
plants at the Zhezkazgan botanical garden. The number of a voucher specimen is 2011.06.15.04.01.

Essential oil was received from the dried crushed elevated mass of plants (stalks, leaves, flower baskets)
by of steam distillation method on the «Alpha Midi» apparatus (Kaliningrad, «New Technologies» Ltd.) within
3 hours. The «Alpha Midi» apparatus consists from steam generator, tank for raw material, condenser and Flor-
entine flask. The Apparatus can be used in two regimes: in stationary using electric power and can operate in
the field on solid fuel (wood, coal). The «Alpha Midi» apparatus are given in Figure 2. The yield is 0.22 %.

Determination of component composition of 4. micrantha essential oil was carried out on the Clarus-
SQ 8 (PerkinElmer) Gas Chromatograph equipped with Mass-spectrometer (GC/MS apparatus).

Preparation of sample of essential oil: about 25 mg (exact weight) of essential oil 4. micrantha placed
into a 25 ml volumetric flask, dissolved in 15 ml of hexane, adjusted to volume and stirred until complete
mixing of the oil.

Chromatographic conditions: capillary column — RestekRxi®-1 ms 0.25 mm x 30 m x 0.25 um, sam-
ple volume: 1.0 pl, carrier gas — He, carrier gas speed: 1 ml/min, split ratio 1:25, t of column: 40 °C, rise of
2 °C/min to 280 °C, t of evaporator — 280 °C, mass spectrometric detection: t — 240 °C, EI + =70 ¢V, the
scanning time from 4 to 120 minutes, the scan mode ion 39-500 m/z. The percentages of components are
automatically calculated based on the total peak areas of the chromatogram of ions. Components were identi-
fied by mass spectra and the retention times, with use of NIST library.
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Figure 2. The «Alpha Midi» apparatus

As shown in Table 1 the volatile composition of 4. micrantha contains 1,8-cineole — 24.4 %, cam-
phor — 12.4 %, camphene — 7,0 %, a-pinene — 5.7 %, sabinene — 5,5 %, o-cymol — 3.9 % and
4-terpineol — 2.8 % as main components.

Table 1
Component composition of essential oil of A. micrantha
RT Compound Content, % RT Compound Content, %
4,55 Hexanal 0,3 23,117 Limona ketone 0,2
9,312 |Santolina triene 0,7 23,305 cis-2-Menthenol 0,2
9,95 Cyclene 0,4 23,998 |Camphor 12,4
10,314 |B-Thujene 1,4 24255 cis-Pinocarveol 0,3
10,647 |o-Pinene 5,7 25,443 Pinocarvone 0,3
11,308 |[Camphene 7,0 26,478 endo-Borneol 2.3
12,823 |[Sabinene 5,5 26,786 cis-Chrysanthenol 0,3
12,944 |B-Pinene 2,3 27,659  |4-Terpineol 2,8
13,634 |2,3-Dehydro-1,8-cineole 0,2 28,631 Terpineol 1,2
14,191 |B-Myrcene 0,5 29,156 Myrtenol 0,2
14,797 |a-Phellandrene 0,2 32,939 Piperitone 0,3
15,718 |a-Terpinene 1,9 36,868 Bornyl acetate 0,3
15,963 |0-Cymol 3,9 44,319 Cyclosativene 0,7
16,514 |1.8-Cineole 24,4 45,298  |Copaene 1,6
16,642 |Limonene 0,9 45,746 B-Bourbonene 0,2
18,245 |cis-B- Ocimene 0,5 48,307 Caryophyllene 0,3
18,81 |y-Terpinene 2,7 53,032 D-Germacrene 1,1
18,964 |cis-Sabinene hydrate 0,7 54,21 y-Gurjunene 0,2
21,059 |a-Terpinolene 0,6 55,582 y-Cadinene 0,2
21,228 |trans-Sabinene hydrate 0,5 56,521 6-Cadinene 0,6
22,292 |a-Thujone 0,2 61,665 Copaborneol 0,9
2-Methylbutanoic acid

22472 [0 th;’lbu iy] ostor 0,2 64,655  |B-Eudesmol 0,6
TOTAL 87,6

Data on studying of anti-malarial activity of essential oil (Table 2) was obtained for the first time. An-
timalarial activity of the sample was tested for its ability to inhibit chloroquine-susceptible (D6) and/or
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chloroquine-resistant (W2) Plasmodium falciparum of protozoa. The sample was tested twice in the first
strains of P. falciparum D6. Percent inhibition (% Inh.) was counted in relation to the negative and positive
control. Samples that showed > 50 % inhibition sent to a secondary screening.

In the secondary screening, samples were dissolved in 20 mg/ml and tested for 47600, 15867 and
5289 ng/ml, and IC50s (test concentration in ng/ml, which gives 50 % inhibition of relatively simple nega-
tive and positive controls) and were performed in comparison with both D6 and W2 of strains. Samples were
dissolved in 2 mg/ml and tested for 4760, 1587 and 529 ng/ml, and IC50s against both D6 and W2 strains. In
addition to a strain of P. falciparum, the samples are tested in a mammalian cell line VERO, as an indicator
of general overall cytotoxicity. Selectivity index (SI) — the ratio of VERO IC50 for D6 or W2 IC50 — was
calculated. As a positive control were used antimalarial chloroquine and artemisinin.

Table 2

Data on the antimalarial activity of essential oil (primary screening)

The name of a plant — a source of essential oil P. falciparum D6 % Inh.
A. micrantha 20

Primary screening showed that 4. micrantha essential oil doesn't possess anti-malarial activity. Data on
studying antimicrobial and anti-fungal activity of essential oil was obtained. The antimicrobial activity of
essential oil was tested samples by their ability to inhibit growth a strain from 5 bacteria and 5 fungi which
are pathogenic for the humans (Table 3).

Table 3

Strains from 5 bacteria and 5 fungi which are pathogenic for the humans

Bacteria Fungus
Staphylococcus aureus Candida albicans
Methicillin-resistant Staphylococcus aureus (MRSA) Candida glabrata
Escherichia coli Candida krusei
Pseudomonas aeruginosa Aspergillus fumigatus
Mycobacterium intracellulare Cryptococcus neoformans

In the beginning tested in primary screening for 50 pg/ml twice and growth inhibition percent (% Ing.)
was calculated in relation to negative and positive control. Essential oil showing >50 % of inhibition directed
to secondary screening.

In secondary screening samples dissolved in 20 mg/ml and checked at 50, 10 and 2 pg/ml and IC50s
against all 10 strains of microorganisms. Samples dissolved in 2 mg/ml and carried out tests for 20, 4,
0.8 ug/ml and IC50s against all 10 strains of microorganisms. 7 ug/ml on secondary screening directed pure
connections which have IC50 < on tertiary screening.

The secondary screening samples were dissolved in 20 mg/ml and tested at 50, 10 and 2 pg/ml and
IC50s against all 10 strains of microorganisms. Samples were dissolved in 2 mg/ml, and the test was con-
ducted by 20, 4, 0.8 ug/ml and IC50s against all 10 strains of microorganisms. The antifungal agent — am-
photericin B was used as a control, and as an antibacterial — ciprofloxacin. The results of primary screening
showed low antimicrobial and antifungal activity of essential oil of A. micrantha (Table 4).

Table 4

Data on antimicrobial and anti-fungal activity of essential oil of A. micrantha (primary screening)

The name of a plant —
a source of essential oil
and a comparison prep-
aration/ strains

C. albi- | C. gla- | C. k}fu- A. fumi-| C. neo- | S. au- MRSA | E. coli P. aeru- M.Intrac
cans brata sei gatus |formans| reus ginosa | ellulare

0 0
%Inh. | % Inh. | % Inh. | % Inh. | % Inh. | % Inh, | 20 W | %o dnh o b | % nh,

Amphotericin B 98 98 97 99 98 ND ND ND ND ND
Ciprofloxacin ND ND ND ND ND 93 99 100 95 76
A. micrantha 2 2 0 0 10 0 2 1 3 1
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Determination of antiradical activity of essential oil. Studies antiradical activity of essential oil was per-
formed with respect 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). Absorbance analytes dependent on the
concentration measured on a spectrophotometer Cary 60 UV-Vis at 520 nm wavelength. Antiradical activity
of essential oil, we compared with gallic acid (GC) and butylhydroxyanisole (BHA). The values of antiradi-
cal activity (ARA) were calculated using the formula shown below:

ARA (%) = (4o — A,)/ 4o * 100 %.

Here A, — optical density control; 4, — the optical density of the working sample [12].

DPPH molecule forms a free radical that is stable in the different environments and wide temperature
range, due to the maximum freedom of the electron delocalization over the entire molecule and spatial
shielding atoms bearing the greatest spin density as well as the lack of hydrogen atoms in the positions where
the isomerization may occur or disproportionation. In addition, delocalization is causing intense violet color
of this radical in the aqueous-alcoholic media, the interaction with the antioxidant, capable of donating a pro-
ton, there is a restoration of the radical, resulting in the violet color turns into yellow.

The experimental data show that the essential oil of A. micrantha showed middle antiradical activity
(Tables 5, 6).

Table5
Change of optical density from concentration
Values of optical density
No Sample depending on concentration (mg/ml)
0,1 0,25 0,5 0,75 1,0
1 |BHA 0,1278 0,1240 0,1260 0,1250 0,1240
2 |A. micrantha Willd. 0,2686 0,3038 0,3194 0,3021 0,4537
Table 6
Antiradical activity of essential oil in different concentrations (%)
The concentrations of essential oil (mg/ml)
No Sample 0.1 0,25 0,5 0,75 1,0
1 |BHA 80,0 80,7 80,3 80,5 80,7
A. micrantha Willd. 49,41 42,78 39,83 43,09 14,55

Determination of the cytotoxic activity of essential oil was carried out for the first time.

Separating funnel filled with 55 ml of artificial sea water and 200 mg of eggs Artemia salina. Allowed
standing for 3 days at the air supply until soft crustaceans gave the egg. One side of the tube covered with
aluminum foil and 5 minutes later, the larvae that are going on the bright side of the funnel, removed Pasteur
pipette.

2040 larvae were placed in 990 pl of seawater into each of the 24 micro titer plates. Dead larvae were
counted under a microscope. Added 10 pl of dimethylsulfoxide solution of 10 mg/ml sample. As a compari-
son, the drug actinomycin D or staurosporine. For a negative control 10 ul was added only DMSO. After
24 h of incubation and further maintaining micro titer plates for 24 hours (to ensure immobility) counts the
dead larvae under the microscope.

Mortality P determined by the following formula:

P=(A4—-N-B)/Zx 100 %.

Here 4 — amount of dead larvae after 24 h; N — amount of larvae died before the test; B — the average
amount of larvae died in a negative control; Z — the total amount of larvae [13].

Results of the study the cytotoxic activity of essential oils are shown in Table 7.

Based on this experiment it can be assumed that the essential oil of A. micrantha in all concentrations
tested exhibit acute lethal toxicity — all larvae are died.
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Table 7
The cytotoxic activity of essential oils of A. micrantha
The amount
. The amount of larvae The amount The amount
of larvae in the . . . . | The percentage
in a sample of surviving of surviving |Mortali- S
Parallel control . of neurotoxici-
e i larvae in the larvae ty, P, % tv. %
su died surv died |paralyzed| control, % in sample, % Y. 70
vors Vors
10 mg/ml
1 22 0 0 23 0
2 25 1 0 26 0
3 24 2 0 26 0 %6 0 %6 0
Medium | 24 1 0 25 0
5 mg/ml
1 22 0 0 29 0
2 25 1 0 23 0
3 24 2 0 25 0 %6 0 %6 0
Medium | 24 1 0 26 0
1 mg/ml
1 22 0 0 25 0
2 25 1 0 22 0
3 24 2 0 20 0 %6 0 %6 0
Medium | 24 1 0 22 0

Also essential oil 4. micrantha was tested for activity against acrobic microorganisms, mycobacterium,
and yeast according to [14—18] for the first time. It is found that the essential oil of 4. micrantha has no ac-
tivity against aerobic microorganisms, mycobacterium (anti-tuberculosis), yeast and mold.

Conclusions

Thus, during the researches the chemical composition of A. micrantha Willd. essential oil was deter-
mined. It is found that the composition of the essential oil is dominated by the following substances:
1,8-cineole — 24.4 %, camphor — 12.4 %, camphene — 7.0 %, a-pinene — 5.7 %, sabinene — 5.5 %,
o-cymol — 3.9 % and 4-terpineol — 2.8 %. Flowers essential oil of A. micrantha from Iran [6] were charac-
terized by higher amounts of binapacryle — 83.6 %, 1,8-cineol — 3.8 % and a-selinene — 4.5 %.

It is experimentally proved that the essential oil of 4. micrantha Willd. does not possess antimicrobial,
anti-tuberculosis, antifungal, antimalarial activity. The experimental data show that the essential oil of
A. micrantha showed middle antiradical activity. The essential oil of 4. micrantha from Iran [6] had more
antioxidant activity with (IC50 0.184+0.0475 pg/ml in dry weight in same method). It was determined that
the essential oil 4. micrantha Willd. had a high cytotoxic activity.

Investigations of anti-tuberculosis, antifungal, antimalarial and cytotoxic activity were carried out for
the first time.
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Achillea micrantha 3¢pup MaiibIHbIH KOMIIOHEHTTIK KYPaMbl
JKOHE OHBLIH OHOJIOTHSIJIBIK OeJIceHaiIiri

Makanana Achillea micrantha Willd. (xypaeniryngigep TYKbIMIACTBIFBI) eciMairi 3¢up MailbIHBIH
KOMIOHEHTTIK KypaMbl >KOHE OHONOTHSJIBIK OelCeHAIri OOMbIHIIAa MAIIMETTep KenTipiireH. 3eprreyre
anplHFaH ecimaik mmmkizatel Kasakcran PecnyGnukaceinbin Kaparanapl adiMarbiHoa TyJiey Ke3eHiHIe
JKUHAIFaH. OCIMAIKTIH 3Qup Mailbl CyNbl AUCTHIUIAMS OAiCIMEH aNbIHABI, MBIFBIMBI 0,22 %-Ib1 KYpabl.
O¢up maitbiHbH KoMnoHeHTTIK Kypambl Clarus-SQ 8 (PerkinElmer) macc-cieKTpoMeTpHsUIBIK A€TEKTOPIIBI
ra3[blK XpoMarorpad acmadbl KeMeriMeH aHbBIKTaIAbl. D(Gup MalbIHBEIH MHKpoOTapra, 3eHre, Oe3rekke
Kapchl, IMTOYBITTBUIBIK, paJuKajlgapra >XKoHe TyOepKymesre Kapchl OeJCEeHIUIK Typiepi 3epTTeliai.
MukpoOKa jxoHe 3eHre Kapchl OSJICCHAUTIKTep agaM YIIiH KayinTi caHanaTeiH 5 G6akrepus (Staphylococcus
aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) xone
5 3en (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans)
[ITAMMIAPbIH HaiilanaHy apKbUIbl aHBIKTaNIbl. besrekke kapcel Oencenainik Plasmodium falciparum D6
KapamaiieiMuapeiH Oacy KaOineTi OoitbiHma 3eprrenai. LutoTokcukanbik OenceHminik Artemia salina
JIepHACLIIepiHe KAThICTHI ChIHAK OOWBIHIIA aHBIKTAIIbL. D(GUpP MAbIHBIH paJuKalFa Kapchl OeiaceHaiiri 2,2-
I eHI- | -IMKPUITHAPa3Ul 3aThlHA KaThICTBl 3€PTTENAl, CAIBICTBIPY PEAreHTi PETiHIE rall KbILIKbUIbI
JKOHE OYTWIITHAPOKCHAHM30J KOJIAHBULIBL. D(HUp MaibIHBIH TyOepkyiesre Kapchl OenceHiimiri Oipinmi
KaTapaarbl Oapnplk  Oec mpemapar (CTPENTOMHULMH, W30HHA3WA, pUGAMIMLKH, 3TaMOYTON JKOHE
nupasuHamu) OolibiHIIa cedimTan caHantaThin H37Rv Tybepkyne3 MUKOOAKTepHsChIHA KATHICTBI 3€PTTEIII.
3eprrey Hatmxecinae A. micrantha Willd a¢up MaiiblHBIH JKOFapblia KeNTipiireH OeaceHIuTiKk TypiepiH
KOPCETIEHTIHAINI HeMece TOMEH [opexele KOpPCeTeTIHAIr aHbIKTanabl. Ddup Maitel Artemia salina
JIepHACiIepiHe KATBICTHI OapibIK ChHIHANFAH KOHIEHTpanus MoHzepinnge (1-10 Mr/mur) skorapsl yIbUIBIK
KepceTei.
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KommnoneHTHbI# cocTaB 3¢upHoro macaa Achillea micrantha
U ero 0HoJIOrHYecKasi AKTUBHOCTH

B craTtbe mpuBeneHB! JaHHBIE 110 WCCIEAOBAHHIO KOMIIOHCHTHOTO COCTaBa M OHMOJIOTHYECKOH aKTHBHOCTH
a¢upnoro macna Achillea micrantha Willd. (ceMeliCTBO CI0KHOLBETHBIX). PacTuTenbHOE CHIpbE I HCCIe-
noBaHus ObUTI0 coOpanHo B KaparanamHckoil o6iacTé B Iepuoj UBETeHUs. DPUPHOE MAciIO PacTeHUs ObLIO
MOJTy4YEHO € MOMOILBIO METO/A THAPOAUCTHILIILUY, BbIX0oa cocTaBua 0,22 %. KommnoneHnTHslit coctas 3¢dup-
HOT'O Maclla H3y4eH ¢ MOMOLIBIO ra30Boro xpomarorpada ¢ Macc-creKrpomerpuyeckum perekropom Clarus-
SQ 8 (PerkinElmer). M3y4yensl aHTUMHKpPOOHAsl, IPOTHBOTPHUOKOBAs, MPOTHBOMAIISIPUIHAS, IIUTOTOKCHYE-
CKas, aHTHPAANKaJIbHAS W NPOTHBOTYOEPKYyJIC3HAs! aKTUBHOCTH d(PUPHOrO Macia. AHTUMHKPOOHAs U aHTH-
rpuOKOBasi aKTUBHOCTH OBbLIA OIPE/eNICHA C MCHOIb30BaHUEM IITAMMOB ITATOTCHHBIX IS YelloBeKa 5 OakTe-
puit (Staphylococcus aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium
intracellulare) n 5 tpu6os (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus
neoformans). AHTUMAanspuitHas aKTUBHOCTh 00pa3LoB Obla OIMpe/e/ieHa M0 UX aKTUBHOCTH K MHIHOMPOBa-
Huto npocteiiux Plasmodium falciparum D6. LlutToToKcHYeckas akTHBHOCTh POBE/ICHA C UCIIOIb30BaHHEM
TECTa HAa JIMYMHKAX PadykoB Artemia salina. OnpeneneHue aHTHPaJUKaIbHOW aKTHMBHOCTH 3(MPHOTrO Macia
HPOBOJAMIM IO OTHOIIEHHIO K 2,2-nnudeHmi- | -MuKpuIruaApasuily, B KauecTBe pearcHTa I CPaBHEHMS HC-
TIOJIb30BAJIN TAIUIOBYIO KHCJIOTY U OyTHIATHIpOoKcHanu3oil. TyOepKye3Hass akTHBHOCT 3()UPHOTO Macia Obl-
JIa ompezeneHa Ha MuKoOakTepun Tyoepkyieza H37Rv, KOTOpBIH TyBCTBUTEINCH IS BCEX ISITU TyOepKyIIe3-
HBIX IpenapaToB NEPBOTO psijia (CTPENTOMHULUH, M30HHA3UJ, pU(MAMITHINH, 3TaMOYTONI M NHPAa3WHAMHUL).
B pesynbrare nccnenoBaHus YCTaHOBICHO, 4TO 3pupHOE Macio A. micrantha Willd. He o6nanaer nwim oba-
JIaeT HU3KOH CTENEHbIO NPHBE/ICHHBIX BbILIE BUIOB aKTUBHOCTH, NPOSIBIACT JETAIbHYIO TOKCHYHOCTb B OT-
HOUICHUH JIUIMHOK Artemia salina BO BceX UCTIBITaHHBIX KOHIEHTparmax (1-10 mr/mi).
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Low-temperature pyrolysis of polyethylene

This article describes the commodity polyethylene pyrolysis at temperatures 300-370 °C. It was shown that
the yield of gaseous products in these conditions increases with increasing temperature and by prolonging the
process. Dependencies are described by using stochastic determinated design of experiments. The formal ac-
tivation energy of the pyrolysis process (7.7 kJ/mol) with producing gaseous components was also deter-
mined.

Key words: stochastic determinated design of experiment, polyethylene pyrolysis, one-way ANOVA.

The problem of disposal of domestic and industrial waste plastics today is one of the most important
components of the fight against pollution. Widespread using of plastic packaging, utensils and other items
with small term of operation leads to the fact that a large number of polymer materials is in the dumps. For
example, municipal solid waste (MSW) comprises about 3 % of plastic. When the total amount of solid
waste in the CIS countries, about 100 million tons per year emitted 3 million tons of plastic products. In most
cases, the plastic waste in the CIS countries are not separately disposed of and sent to landfills, or incinerated
with the rest of the garbage. In the US and the EU content of plastics in MSW reaches 11 %, and thanks to a
system of separate waste collection is possible for specialized processing of polymers.

For such a popular material like polyethylene terephthalate, there are the developed numerous methods
of disposal, including not only getting recycled PET, and chemical recycling, leading to the starting materials
for its synthesis. Other polymers such us polyacrylates, styrene copolymers, polyolefins, etc. recycled are
usually pretty crude methods such as incineration. Slightly less often these wastes are used as secondary raw
materials for the production of plastics or subjected to pyrolysis. The most common product in the world of
pyrolysis of waste polymers — is a low-grade fuel oil. Waste polyethylene is sometimes used for paraffin
production.

Polyolefins as polyethylene and polypropylene comprise the majority of non-utilized waste polymers.
With the general trend towards restricting the use of the packaging of these materials in the developed coun-
tries, the problem of pollution of the environment is very acute. It should be collected and disposed waste
polyolefins which are already in the environment.

The universal method for the disposal of waste polyolefins might be pyrolysis with obtaining the start-
ing materials — ethylene and propylene.

Currently polyethylene pyrolysis relatively well studied. Different investigators considered pyrolysis of
low and high density polyethylene [1, 2], mixtures of these polymers [2], mixtures of polyethylene with other
materials [3], in the presence of various catalysts, in various atmospheres. The work has a number of com-
mon features. In particular the authors suggest that at temperatures below 300 °C pyrolysis does not occur,
and its speed becomes noticeable only above 360 °C. In this regard, they learn at a pyrolysis temperature of
at least 400 °C. During process in open reactors rising the temperature impacts negatively generally on the
proportion of the gaseous products of pyrolysis. First of all this related to the fact that at high temperatures
many pyrolysis products are boiled. Supreme alkenes and alkanes output from the reaction zone. Thus the
possibility of further destruction of paraffins to form a low molecular weight products is excluded.

It seemed to us interesting to study pyrolysis of commercial polyethylene (packaging film) at relatively
low temperatures in the absence of catalysts. Confirmation of the possible formation of gaseous pyrolysis
products in these conditions gives hope to increase their output in further experiments using catalysts.

For the experiments was constructed a simple device consisting of a vertical tube furnace, regulated AC
source voltage (LATR) and the thermostat through an electronic thermostat C-400. As disposable reactors
during pyrolysis applied thin-walled glass tubes with a diameter of 1 cm, which is placed on the bottom
weighed polyethylene. In the middle of tube (6 cm from the bottom) was placed a glass wool tampon height
of 1.5-2 cm, necessary to prevent carryover of heavy hydrocarbons in the form of mist. The opening of tube
was closed with a rubber stopper with a gas outlet pipe of diameter 0.5 cm and a length of 20 cm, serving as
reflux. The tube was immersed in a preheated planned temperature tube furnace at the lower edge of the
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glass wool to ensure the identity of the pyrolysis conditions. At the end of the scheduled time we determined
the mass loss of polyethylene by weighing and calculated the conversion of it into gaseous products a.

In the research has been used stochastic determinated design of experiments [4]. Since at this stage

there are only two factors: the temperature and the processing time, and later there will be three (the mass
fraction of the catalyst will be added), was chosen four-factor design matrix of experiment with three levels
of varying factors. In the absence of a catalyst the positions of third and fourth factors have been left vacant.
Experimental design and results are presented in Table 1.

Table 1

The plan and the results of the experiment by low-temperature pyrolysis of polyethylene

No.| T,K T, min | Vac. 1| Vac.2 o k, min’!
1 573 180 1 1 0.04546 | 0.0002585
2 573 120 2 2 0.030505 | 0.0002582
3 573 60 3 3 0.01505 | 0.0002527
4 603 180 2 3 0.04955 | 0.0002823
5 603 120 3 1 0.0306 0.000259
6 603 60 1 2 0.01662 | 0.0002793
7 643 180 3 2 0.05403 | 0.0003086
8 643 120 1 3 0.03625 | 0.00030765
9 643 60 2 1 0.01423 | 0.0002897

Even without analyzing of experimental results it is evident that conversion degree actually not exceed
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5.5 % which agrees with literature data about the low speed of the process in this temperature range. Pro-
cessing of the data by methods adopted within the framework of stochastic determinated design of experi-
ments has allowed to receive partial depending shown in the Figures 1-4.
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The derived formulas and the results of the statistical evaluation are shown in Table 2. Figure 1 shows
the partial dependence of output the gaseous products depending the process temperature. This dependence is
weak, despite the importance of coefficient of the non-linear multiple correlation (CNMC) exceeding 2
(tg=). One-way ANOVA dispersion analysis depending on output by temperature shows no significance
(F=0.01683<<F_;=5.1432). Given the sufficient of determinacy depending the degree of conversion of the
temperature [5] should recognize the need to use obtained partial dependence of depending on the formula in
the final.

Table 2

Partial dependences

Factor Formula R tr F (F;=5.1432)
Temp. o =2.905E — 9% 0027 % X7 1 o 0.01683
Time o =-0.001933+2.867E-4*X, 1 o0 308.5055
Vac. 1 o =0.03207 +2.000E - 4* X, 0.6902 | 1.3181 0.3694
Vac. 2 o =0.02897+0.00175* X, 0.6762 | 0.7286 0.1379

The dependence of the degree of pyrolysis by time is expressed very clearly. Its importance is beyond
doubt as the value of CNMC (R=1, #z=), and by the Fisher test (F=308.5055>>F;=5.1432). Approximat-
ing line for the vacant factors (Fig. 3, 4) are close to the line of average values, indicating a satisfactory qual-
ity of experiments and calculations. The significance of the second vacant factor for CNMC caused by math-
ematical reasons, refuted Fisher test value that is consistent with the deterministic component in the frame-
work of SDDE.

Thus, the resulting equation pyrolysis of polyethylene at temperatures 300—370°C can be represented as:

o =2.905E —9* "7 N % x 277 4 0.001933-2.867E -4* X, —0.03248 , (1)

R=0.9886, t=106.8179.

Calculation by formula (1) shows that the degree of polyethylene conversion into gaseous pyrolysis
products increases with increasing temperature and increasing duration of the process. Temperature affects at
this less than the time. By using the degree of conversion of the temperature may be obtained rate constants
of the formation of the pyrolysis gases:

a=1-e"; )
k=—Ln(l-a)/7. 3)

The values of the rate constants calculated for each experiment by the formula (3) are shown in Table 1.
Averaging the values of the constants for each temperature gives values (min™), by which the conventional
method can be calculated seemingly activation energy of process. To this end, coordinates In(k) — 1/7 find
the equation of a line approximating the experimental points by method of least squares (Fig. 5). Tangent of

E
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Figure 5. The straight line to calculate the activation energy
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The activation energy calculated by this method is only 7.7 kJ/mol. The calculation of the formula
E —Rxin| 2ndze) f,f1 1
tin(-o,) | (7, 7,
leads to this same value.

Literature survey reveals that the activation energy of pyrolysis polyethylene depends on the tempera-
ture and the type of polymer. However, it is within 190-320 kJ/mol [6]. The approximate calculation of the
activation energy based the rules of the van't Hoff formula giving in this case the values of 273-344 kJ/mol,
which generally consistent with the literature data. We can conclude that the processes leading to the for-
mation of gaseous products of pyrolysis, are subordinate and occur after the start of degradation of macro-
molecules resulting from the exothermic process stabilization of radicals and other intermediates.

Summing up we can say that our chosen method of studying the pyrolysis of polyethylene allows to es-
timate the kinetic parameters of the degradation of polyethylene at temperatures 300—400 °C and can be used
for further study of the catalytic cracking of the polymer.
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o3 THIIEHHIH TOMEH TeMIepaTypaJbl UPOIU3i

Maxkanana 300-370 °C TemnepaTypa apaibIFBIHIAFB! Tayapibl IOJMSTHICHHIH IMHPOJIH3] jKalbIHAA Ka3blI-
FaH. YCBHIHBUIFAH PEaKIIUIBIK JKarmaiiia ra3 TYpiHAETi eHIMIep IIBIFBIMBIHBIH apTybl, TeMIIepaTypaHbIH
JKOHE Y/IepICTIH JKalFacybIHBIH ©cCyiHe Tikened Toyenaimiri kepcerinmreH. Teyemminmikrep Toxipubenepni
BIKTUMAJI/IBLIBIK-ACTEPMUHUPIICHISH Ko0aiay apKbUIbl TalnAaHabl. ['a3/ipl OHIMICPAIH TY3UIyiMeH XKYpeTiH,
7,7 xJI/MOJIb-Fa TeH, MUPOJIU3 YASPiCiHiH OEICeHITIK IHEPTUACHI AHBIKTAJIIBL.

N.N.Nmmues, A.Y.Annanryposa, 3.C.Xanukopa, C.K.AngabepreHona,
B.H.®omun, A.B.[luk, I1.A.batkoB

HuskoreMnepaTypHblii IMPOJIN3 NOJTHITHIICHA

B crarbe onucan nuponus ToBapHOro noyumstuiieHa npu temneparypax 300-370 °C. IlokazaHo, 4TO BBIXOJ
ra3000pa3HbIX MPOAYKTOB B ITUX YCIOBHUSX PACTET C POCTOM TEMIIEPATyphl U MPU YBEITHYEHHU TPOAOIIKHU-
TENBHOCTH TIpoLiecca. 3aBUCUMOCTHU OIUCAHbI C OMOIIBIO BEPOSTHOCTHO-IETEPMUHHPOBAHHOIO TJIaHUPOBA-
HMS 9KcriepuMenTa. Halinena gopmanbHas sHeprus akTHBALMU MPoLEcca MIPOJIM3a ¢ 00pa30BaHUEM ra3000-
pa3HbIX IPOAYKTOB, cocTapistomas 7,7 kK/Mob.
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Ty0epkyJie3re Kapchl NpenapaTTapibl reJUIaH K9He MOJIMIEKTPOJIUTTI
MYJbTHKa0aTTapMeH KalcyJiiey MYMKIHIITIH 3epTTey

Maxauna resutad GHOMOIMMEPiH MaTpHIla peTiHAe MaliIaNaHbIl, XUTO3aH XKOHE AeKCTPAHCYIb(pATTaH TYPaThIH
MOJUAJICKTPOJIMTTI MyJIbTHKA0AaTTapMeH TyOepKysie3re Kapchl NpernapaTTapAbl Karcyliaey MYMKIHIITiH
3epTTeyre apHaiFaH. AJBIHFAH KalCyjlagap pacTpii dJIEKTPOHIBIK MHUKPOCKOIHMS SMICIMEH 3epTTEINreH.
TyGepkyJesre Kapchl mpenapaTTapAbl Karncynara eHri3y THIM/IIIT aHbIKTaJFaH.

Kinm ce30ep: TyOepkyiesre Kapchl Npemaparrap, TeiaH, ITOJMJICKTPOJIUTTI MyJIbTHKabaTTap, XUTO3aH,
JEeKCTPaHCYbQar.

Kipicne

MenunHaHbBIH COHFBI XKETiCTIKTepiHe KapaMacTaH, TyOepKysies ol Jie FalaMAbIK 63eKTi Macese 00JbI
Typ, cebebi ojem OoiBIHINA KBUT CalblH MIJIIHOHIAFaH agaM OCHl aypyMeH aybipynaa. COHBIMEH Koca
TyOEpKYJIE3IiH PE3UCTEHTTI, SIFHU Nopire Te3iMii, GopMalapelH eMIey THIMJIUIIr, om e TeMmeH. [lopire
Te3iMIl TyOepKyJe3 KeIITiK AopimiK-Te3iMal xoHe Mo nopinik-tesiMii (K T-Th xone M/IT-TB) Gonbim
6emnineni. Onemae KAT-Thb emaey tuimainiri 48 % kypaiiael, emaey OapbichiHAa e1iM maibi3el — 15 %,
oJIeTTE JIdpiiepre jkaHaMma peakiusiIapMeH OalaHbICTBI 0OJaThIH eMjeyaeH Oacrapty — 28 %. MyHnnaii
aypynap KbICKa yakbIT ilIiHae e3aepiMeH KaTbiHacTa Oonran 25 agamra K T-Tb xykreipa anagel. MAT-Th
emzey TaiMainiri 33 % kypaiasl, enim — 26 % [1].

Hopire Te3immi TyOepkyie3 (JAT-TB) tynren keiarenme empaeneni, Oipak HAlMEHT 6 aHTHOMOTUKTEH
TYpPATBIH eMJIey KYPCBIH OTyi THic, 2—3 Kbl 00MBI Toyiirine 20 mopi KaObuimaysl Kepek. EMmenyre xanama
ocepyiep KabarTacaipl, OHBIH IMIiHAE KYpeK aiHy, aFbUI-TEril KyCy, AOpiNiK remaTHT, arpeccHBTI MiHE3-
KYIbIK, Oac aiiHanmy, muapes, ecTiMell Kaiy, KyH3semic, raioluHanus, jgetaprus. KeiOip emuenyiiire
JKaHaMma ocepiieplieH apbuly YIIIH KOCBIMINA Iopuiep Oepy Kepek. SIFHM emey Mpoleci eMICNTYIIiHIH
TYPMBIC camachblH TOMEHIETei: TIlTi e3iHe Koi caiy >karnaitnapel opbiH anraH. Congsikran AT-TH Gap
eMJICYiH XKETULIPYIiH Ke3 KeJITeH OPEKETI ©3€KTi ®KOHE dJICYMET YIIIiH MaHBI3]IbI.

OchlHgall MIHACTTEPIH KaTapblHa MOJIIIEPICy i OHTAMIaHIBIPY, MPpenapaTTapAblH SPEKETIH y3apTy,
OMOXKETIMIUTITIH apTThIPY, COHBIMEH KaTap ap TypJi TyOepkyiesre kapcel npenaparrapas! (TKII) kayimncis
yiinectipe KonjaHy >KoiaapbiH i3gectipy kartaabl, Oynap AT-Th empmey y3akThIFbIH a3aiiThbim, aypyablH
TYPMBIC CallachblH apTTHIPAbI.

ITomumepii MyIbTHKAOATTApABl OMOMETUITMHAIBIK MaKcaTTa KOJJIaHy MYMKiHmikTepi [2, 3] momyna
KapacThIpbUIFaH. bipak oHIana MOIMAIEKTPOIUTTI KOMIUIEKCTEPAl Nainanany >kainbl MaiximerTep a3. LbL
(Layer by Layer deposition) TeXHHKAaCBIMEH ajbIHFaH MYJbTHKAOATThl MOJIMAJIEKTPOJIUTTI KarcyJanap
PEKOMOMHATTAIIFAH MHCYJIMHI TePOPaNb/Ibl KETKI3Y YINIH KOJAaHbUIFaH [4], aHUOHIBIK JKOHE KaTHOHIBIK
noJjicaxapuaTap KadarTapblHaH TY3UIT€H MUKPOOOINIIEKTep KypamblHa MHCYJIMHIEP CHI13UIreH, COHBIMEH
KOCa WHCYJIMHHIH OMOXKETIMIIUTITIH apTThIpy YIIiH NpoTea3aiap HHrHOUTOpIapsl KOca eHII31IreH.

Epekmie aiiTa KkeTeTiH »aiT, OCHl JKOJIMEH aJblHFAH MHKpOKAICyjajap KbIIIKbUIABIK OpTaja
(ackazanma) o6meH TypakTel OosraH, an pH Oelitapan mamamapeiHaa (iIeK opTachkl) WHCYJIHMHII O,
JKBUIIAM BLABIpan KeTKeH. LbL TeXHUKachIHBIH TaFrbl Oip MaHBI3Abl €pEKIIeNiri — O0J MUKpOKaIlCyIajaapra
0acKa opeKeT eTyili 0acTama, MpICalibl, MPOTEa3a MHIHOUTOPBIH KOChIMILIA KOCYbIHA MYMKIHIIK Oepemi. by
JKarnaiina OeliTapanm opTaga epiTiHIire OeJiHIN HIBIFATBIH MUKPOKAINCYJJCHICH HMHCYJIHMH MpoTeaszajiap
oCepiHeH KOpFayiaabl, an Oyl jkarjail OHBIH OMOXKETIMAUIITIH apTThipaibl. Amnaiina Oyi 3eprreynep
(dyHIaMEeHTaJAbl CUIIATTAa KOHE OChl YaKbITKA ACHiH eMAey ToKipruOeciHie KONJaHbIC TallaraH.

Oneouerre TKII xen kabaTThl Kalcyjanapra €HII3yIiH KeiOip HoTkenepl KeaTipiareH. Muicaisbl,
pudammuimani  pH=2 mamaceina nonuBuHWIxnopupoHHaH —([IBIIJ]) xoHe monmMeTHIaKpHil
KBIILIKbUIBIHAH TYpaTbiH 8 KaOaTThbl, enmieMi OipHelle MUKpPOH OoNaThIH Karcyjanapra eHrisred. pH=7,4
ke3inge 1opi 90 %-ra Oocar UIBIKKAH; in Vitro )oHE in vivo 3epTTey HOTHXKelepi HHKAICYIICHTeH XKoHe 00C
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npenapatrap Oipaed emaiKk opekeT eTeTiHi kepcerinren [5]. Amalima Oyn karjaiima Kabattap
MOJIMAJICKTPOIHUTTI KOMILIEKC TY3y apKbUIBI €MecC, CYTEKTiK OalJIaHBIC apKbUIbI OPEKETTECETIHIH aTan oTy
KEepeK.

P.U.Mycrapun Kpi3mMeTKepiepiMeHn Oipre [6] MOHOKa0aTThl HHTEPIOIMAIEKTPONUTTI KOMILIEKC
(aHMOHJBI XoHE KaTHOHJBI TaOWFaThl Oap JyIparuTTep) HETI3iHIE JOPUTIK 3aTTapibl iMIeKKe MepopaltbIbl
KETKI3Y J)KYHeCiH aly TEeXHOJIOTHSICHIH d31pIieTeH.

Bepiiren »KyMBICTBIH MakcaThl TyOepKyJe3re Kapchbl HperapaTTapblH, HaKThl aWTKaHaa, GopMmysia-
CBIHJIA TeJJTAaH MEH XHMTO3aH JKOHE JIEKCTPaHCYIb(aTTaH TYPAThIH MMOJHAICKTPOIUTTI MyIbTUKAOATTapBl Oap
Karcyjajnapra NupasuHaMUJl, M30HHA3H]] HeMece MOKCH(DIOKCAIMH TpernapaTTapblH €HI13y MYMKIHZIITiH
3epTTey OOJIBI TaObLIa bl

Taoucipubenix 6onim

JKorapeina aranran xyMbicTa [4] HHCYTHHHIH 631 JKOFapbl MOJICKYJIalbl aKybI3, all O131iH Naiananran
IpEenapaTTapbIMbl3 TOMEHIT MOJIEKYJaJdbIK KOCBUIBICTAp, COHIBIKTaH Oi3re Karcyiaa JaiblHIay YIOiH
momMepii MaTpuna Kaxer. OCbIHIal MaTpuila peTiHAae OuomoiuMep TeiuiaH TaHnanael. COHBIH IHTiHIS
KpiTalina eHaipinres ToMeH aleTUIICHTEH I'elIaH aJblH/bI.

Il'emnan — Sphingomonaselodea GaxTepusmapblHaH TYBIHIAWTBIH CBHI3BIKTBI AHHOHMIBI TTOJIHCAXapHUI.
1:2:1 w™onspasl KaTelHAcTarbl o-L-pamnHoza, B-D-rmiokosza, [B-D-IiokypoHaT CHSKTBI MOHOMEpIIi
OipnikTepaeH Typaapl. CilTiMEeH OHJICH OTBIPHIT, TOMEH alleTHIeHTeH resuiad anansl (low-acyl) (1-cyp.).
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1-cyper. TemeH anleTHIICHTCH TeJUIaH (OPMYIIackl

[TonnaneKTponuT peTinae OH 3apsATh MOIUIEKTPOIUT XUTO3aH XKIHE TEPIC 3apsIITHI MOTUIICKTPOIUT
JeKCTpaHcynbpaT TaHdanblHAbl. JKyMmbIcTa CyAa epuTIH XHTO3aH, MOJEKylalblk Maccacsl > 8000 a
(«buomporpece» KAK, Mackey) xone Hatpuit nekctpancyiabdatsl, 500 k/a (Sigma-Aldrich) naiinananmsl.

1 — wnpwui;

. 2 — TennaH kKoHe
JIOpi-IOpMEK epiTiHmici;
3 — 1 % xampImii XJI0pHUIi
CYJIBI epiTiHIiCI;
4 — MarauTTI
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2-cypet. TyOepkyine3re Kapchl pernaparTap CHri3ireH 3-cypert. [1oMHANEKTPOIUTTI MYJIBTHKA0ATTAPMEH
reJUTaH KamncyajdapblH ally CXeMachl KaIlTaJlFaH NHpa3uHAMHI-TEeIIaH Karcyalapsl

lennanapl Kamcymanap KEHIHEH KOJIAHBUIBII JKYPreH HOHOTPONTHI T'ellb TY3y OAICIMEH alIbIHJIBL
1% (3 %) remnan epitingici 0,01 r/mn nupasunamun (Hemece 0,02 v/mMi M30HMA3U/MOKCHU(IIOKCAIIH)
epitinmicimen Oipre 90°C  JeiiH KbI3OBIPBUILABL. AJIBIHFaH epITIHII, 2-CypeTTe KepceTireHIeH,
MeIVIMHAIBIK MIIPUIl Mainanansi, | % Kaneuid XJIOpuAl epiTiHAiciHe TaMIIbUIaThin eHrisingi. Oprama
muametrpi 3-3,5 MM Memuepi OOWBIHIIA TapanaThlH MeJAip Karcylamap aibiHabl (3-cyp.). AJbIHFaH
Karicysanap Kajablui Xmopui epitiaaicinge 10 MuH OOMBI YCTaNBII, 0/1aH KEHIH eNeyill apKbUTbl OTKI31IiI,
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20 ma cyMmeH maipuinel. Kancynanap a3nan ayaaa KenTipiIin, aj epiTiHaici Jopi-IopMeKTi TejlaHFa eHrizy
THIMJIUTITIH aHBIKTAY YIIiH Nai1anan/ibl.

Epitinmigeri nwpasunamun  memmrepi  Specord 210 (Iepmanms) acmabbianma, Kazakcranmbik
¢dapmakomnesga [7] kepcerinreHaei, 268 HM TOJKBIH Y3BIHABIFBIHAA CIEKTPOGOTOMETPHUS oAiciMeH
aHBIKTAIB. 30HMa3un Medepi OpoMaToMeTpusi o/iciMEH aHBIKTaIIbl. MOKCHQIIOKCAMH MeJIepiH
aHBIKTay 295 HM TOJKBIH Y3bIHBIFBIH/A CTICKTpO(OoTOMETpHS diciMeH Kyprizinmi [7].

lennan  kamcynanapblH TOJHAJIEKTPONUTTI MYJbTHKa0aTTapMeH KanTay yiniH LbL  TexHHKachl
naiinananapl. On YIIiH anblHFaH TeJUTaHIbl Kancynaigap Ke3eKIeH ajlAbIMeH AeKCTpaHCynb(daT epiTiHaicine
(matpuii xnmopuminig 0,5 % epitinaicinne AaibIHOATFaH) CalbIHIBI, €Ki PeT CyMeH IIalbUIIbl, OJaH KeHiH
0,5 % xuro3aH epitiHaiciHe (CipKe KbIIIKBUIBIHBIH 3 % CyIbI €piTiHAICIHAe MalbIHIaIFaH) CAJIbIHbII, TaFbl
na cymen maibuiael. Ocbl mpoueaypa 20 per kaitamannabl. OcbUTaiillia OH OHE Tepic 3apsiaTaiFaH
nonuaIeKTpoauTTepAiH 20 Kabathl naiina 60mub.

Homuoicenepoi manoay

[Mupazunamuy, U30HMA3UA, MOKCH(IOKCAIMHB! Kalcyjaara €HIi3y THIMIALIITIH aHBIKTAy HOTHXKENepi
TOMEHT1 KeCTeIe KOPCEeTIITeH.

Kecre
I'ennan Herisingeri kancynanapra npenaparrapasl eHrizy tuimaiiiri (%)
. . IIpenapar
Kancyna matpuuacet Toxipube Howepi IIupazunamun I/I3IZ)HH£.HI[ Mokcudokcaryx
1 22 26 32
1 % remnan 2 23 27 31
3 23 26 30
1 24 22 50
3 % rennan 2 26 21 50
3 25 23 49
1 27 32 52
3 % reyuiaH XKoHE XUTO3aH 2 28 33 53
3 27 30 53

Korapeiga kepcetinren maniMerTep OOMBIHIIA, MpeNapaTTapAbl €Hri3y THIMALIIT rejlaH KOHIIEHTpa-
nusickl apTkaH cailbiH aprazbl. CoHbIMEH Koca >2 % KOHLEHTpaLusAAarbl IeJUIAHHAH KalcyJauapbl
JMalbIHAaFaH Ke3[e THAporeNb maiina Oomajabl, oap KypraTKaHHAH KeiiH (opMachlH caKTam Kajiabl
(mmametpi 3-3,5 MM ruzAporenb KancyjalapblHaH KYpFaTKaHHAaH KediH nuameTrpi | MM rpaHyjianap naiga
Oomaznpl) >KoHe KaWTagaH CyFa cajraH Ke3ge OyHIail rpaHynanap e3iHiH aiFamKkbl (opMacblHa >KOHE
MeJIIIIepiHe KaUThIN Kenemi. ['eian XUuTo3aHMEeH KOMILIEKC Ty3Ce, eHTi3y THIMJIUIIr OJIaH J]a KeIl apTaThIHbI
aHBIKTAIJIBI (KECTeHI Kapa).

X30 500pm 0000 1070 60Pa 15kV X250 100pm 0000 1070 60Pa

4-cyper. [ToauaneKTpoaUTTI MyJIbTHKAOATTApbI Oap rejIaH-M30HHa3u ] Karcynanapsl (KeciHmiae)
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TyGepkynesre kapcbl NpenaparTapabl ...

4-cyperTe TOMEH BaKyyMIbl PacTpiibl SICKTPOHIBI MUKpockomus dficiMer «JEOL» ¢upMachiHbIH
(Kamonwust) «JSM-6390 LV» acnaObiana anbiarad Mukpodotorpadusiaap kepceriared. OH kak cyperte
KECIHi/Ie TeJUIaH MEH TOJUAJICKTPOINTTI KabaTap achIHIAFHI IIeKapa KaKChl KOPIHEI].

Kopvimuinowbt

CoHBIMEH, TOKipHOe >KY3iHIE IMONMMEpJIl MaTpHIa PETiHAC TeUTaHIbl MaimalaHbIN, TyOepKyjesre
Kapchl 3 mpenapar — MupasuHaMUA, H30HUA3U]T KOHE MOKCH(IIOKCAIMH/II HOHOTPONITHI TeIh TY3y oAiCiMeH
Karncyiney skyprisingi. Kamcynmanapra npenaparrapibsl €Hri3y THIMAUII aHbIKTainnel. Kamcynamapst
MOJIMAJICKTPOIUTTEP/IIH MyJIbTHKA0ATTAPEIMEH KANTay MYMKIH €KSHJIITI aHBIKTAbI. AJIBIHFAH Karcyianap
TOpUIepdl )KeTKI3y JKyHheci peTiHae KONIaHy YIIiH 3epTTENICTiH 00Iabl.

Kymvic KP Boct' M Foinvivm komumeminiy Kapoicolivlk Koa0ayviMeH scypeizineet, epanm Ne 0794/'DA4.

Opneduerrep Tizimi

1 Exerogusiii otuer BO3. — 2014. // http://who.int/gho/publications/en/

2 Pavlukhina S., Sukhishvili S. Polymer assemblies for controlled delivery of bioactive molecules from surfaces / Adv. Drug
Deliv. Rev. — 2011. — Vol. 63. — P. 822-836.

3 Soike T., Streff A.K., Guan C., Ortega R., Tantawy M., Pino C., Shastri V.P. Engineering a Material Surface for Drug Deliv-
ery and Imaging using Layer-by-Layer Assembly of Functionalized Nanoparticles // Advanced Materials. — 2010. — Vol. 22(12).
—P. 1392-1397.

4 Ieyenxun M.A. MynbTH()YHKIIMOHAIBHBIE HONUAJIEKTPOIUTHEIE MUKPOYACTHUIEI IS IEPOPAILHOM JOCTaBKH PEKOMOMHAHT-
HBIX MHCYIHHOB: J{uc. ... kaua. men. Hayk. — 2012. — 158 c. // Poccuiickas rocynapcrBentas 6ubnuoreka: 04201350872, [OP].
Pesxum pocryna: http://dlib.rsl.ru/rsl.

S5 Anil Kumar N., Basu Ray S., Nagaraja V., Raichur Ashok M. Encapsulation and release of rifampicin using poly(vinyl
pyrrolidone)-poly(methacrylic acid) polyelectrolyte capsules // Materials Science and Engineering: C. — 2009. — Vol. 29(8). —
P. 2508-2513.

6 Mycmadghun P.HU., Byxosey A.B., I'apunosa B.P., Cumenxog A.FO., [Llamcymounosa A.P., Kemenosa B.A., Pombaym II., Mo-
omep I'. Banoen. CpaBHHUTENIbHAS OLICHKA HOBBIX HOCHUTEINEH IJIsl KOHTPOJIMPYEMOI NOCTAaBKH JIEKapPCTBEHHBIX BEIIECTB HA OCHOBE
Eudragit® epo/1100 nHTEpHOININEKTPOIUTHBIX KOMILIEKCOB // Xumuko-dpapmaneBrudeckuii xypHan. — 2012. — Ne 8. — C. 42—

7 TocynapcreenHas dapmaxomnes: PecnyOnnku Kasaxcran: B 2 7. — 1-e uzn. — T. 2.— Aunmarsr: XKubek xomnsl, 2009. —
804 c.

b.X.Myca6aeBa, M.M.Cnsmona, JI.K.Opa3zxanona, 3.K. Apumkanosa, K.b.Myp3arynosa

N3yuyeHne BO3MOKHOCTH KAICYJIMPOBAHUS MPOTUBOTY0epKYJIe3HBIX NPeNapaToB
€ NOMOIIBIO TeJIJIAHA U MOJMIJIEeKTPOJTUTHBIX MYJIbTHC/I0€B

CraThsl MOCBSIIEHA HCCIEAOBAHUIO BO3MOXKHOCTEH KallCyIMpPOBAaHMS IPOTHBOTYOEPKYJIE3HBIX IpPENapaToB
HOJIMAJICKTPOIUTHBIME MYJIBTHCIOSAMH M3 XUTO3aHA M JEKCTpaHCylb(dara ¢ HCIOJIb30BAaHUEM B KauecTBe
MaTpullbl 6uonoanMepa rennana. IlomydeHHble Kancybl U3y4eHbl METOJOM PAacCTPOBOI NIEKTPOHHON MHUK-
pockomnuu. Onpenenena 3G (HeKTHBHOCTb BKJIOYEHHS IPOTHBOTYOSPKYJIE3HBIX MPENApaToB B KAIICYJIBI.

B.Kh.Mussabayeva, M.M.Slyamova, L.K.Orazzhanova, Z.Zh.Aripzhanova,K.B.Murzagulova
Study of possibilities of encapsulation of the antituberculous drugs

by using of gellan and polyelectrolytic multilayers

The article is devoted to research of opportunities of encapsulation of antituberculous drugs
bypolyelectrolytic multi-layers from hitosan and dextransulfate with use as a gellan biopolymer matrix. The
prepared capsules are studied by method of a raster submicroscopy. Efficiency of inclusion of antituberculous
drugs in capsules is defined.
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XUMUANBbIK TEXHONOIMUSA XXOHE M¥HAU XUMUSACDI
XUMNYECKAA TEXHOJNOIMMNA U HEGTEXUMUA
CHEMICAL TECHNOLOGY AND OILCHEMISTRY

VYIK 541.64: 544.725

N.B.KoponbkoB

Eepasuiickuii nayuonanvuwiti ynueepcumem um. JIL.H.I'ymunesa, Acmana;
Hucmumym soepnoii pusurxu Pecnybnuxu Kazaxcman, Acmana
(E-mail: korolkovelflwgmail.com)

OxkucaurtenbHasi MO}_II/I(I)I/IKaIII/Iﬂ TPEKOBLIX MeMﬁpaH Ha OCHOB¢
l'IO.]'lI/IE)TI/IJ'IeHTepe(l)Ta.]IaTa H HCCJICA0BaHHuE yCTOﬁqHBOCTH OKMCJIEHHOM MMOBEPXHOCTH

B crarbe npezacTaBieHbl pe3ysibTaThl NPUMEHEHHsI COBPEMEHHBIX CHCTEM OKHCICHHA A 3()QEKTHBHOrO M
HETOKCHUYHOTO OKHCIIEHHs TPEKOBBIX MeMOpaH Ha ocHOBe noimdTuieHtepedranata (II9TD TM) c uensto
YBEJIMYEHHS BOJOINPOHUIAEMOCTH 1 YIIYYIIEHHs] TPAHCIIOPTHBIX XapaKTePUCTUK MeMOpaH. Beumm mcnons3o-
BaHBI JIB¢ OKUCIUTENbHEIC cucTeMbl: B H,O, mog Y®-ceerom (H,0,/UV) u B cucreme @eHTOHA O] BHIH-
MbIM cBetoM (Fenton/vis). [IoBepXHOCTE (yHKIMOHAIN3UPOBAHHBIX MeMOpaH ObLIa OXapaKTepHU30BaHA Me-
TOJaMH KOJIOPUMETPHUH, KpaeBoro yria cmMaunBanus, MK-cnekrpockomnueil 1 peHTreHOBCKOi (poToIeKTpoH-
HOM crniekTpockonueil. bbulo HallZIeHo, YTO OKHUCIEHHE NPUBOAUT K YBEIMUYEHHIO BOJAONPOHUIIAEMOCTH MEM-
Opan Ha 28 % c ucnonp3oBaHueM okucieHus B cucreme H,O,/UV u na 13 % — B cucreme Fenton/vis. Tak-
JKe OBUIO M3YYEHO CTapeHHe OKHMCIEHHOro cios B TedeHue 360 mHeil, mokazaHa cTaOMIIBHOCTbh OKHCICHHOH
MOBEPXHOCTH.

Kniouesvie cnosa: TpekoBble MEMOpaHBI, OKUCIIEHHE, IEPOKCUA BOAOpOAa, cucTemMa DEeHTOHA, MPOU3BOANU-
TEIBHOCTh MEMOpaH.

Beeoenue

B cBs3u ¢ Hapacraromiei mpo0ieMoi HeXBaTKHA MTUTHLEBOM BOJIBI, B TOM 4ncie u B Kazaxcrane, uccie-
JTOBaHMSI METOJIOB TIO TTOJNyYEHUIO U OYUCTKE BOJBI CTAHOBATCS KpaiiHe akTyanbHbIMH. Cpeau (QuibTpaiu-
OHHBIX METOJOB OYHCTKH BOJBI 0c000€ MECTO 3aHMMAIOT (PWIBTPHI HA OCHOBE TPEKOBHIX MemOpaH [1-3].
TexHOJOrMM HA OCHOBE MEMOpPAHHBIX METOJIOB pa3/ICiiCHUs] BEIIECTB OTIMYAIOTCS BBICOKOH 3(dekTuBHO-
CTBIO, HU3KUM PacX0J0M MaTepHalOB, MOOMIBHOCTHIO, MOAYJIBHOH CTPYKTYpPOU U JIETKOCTBIO YIIPABICHHUS,
YTO SIBIISICTCSI OCHOBAHHMEM ]ISl BKIIFOUCHHUS MEMOpPAaHHBIX TEXHOJIOTUH B HOBBIW MEPCIIEKTUBHBIN CEKTOP BhI-
COKHX TEXHOIIOTHI, OPHEHTHPOBAHHBIN HA aKTHMBHOE Pa3BUTHE MHOTO(QYHKIHOHAIBHBIX U TPAKTHYSCKHX
npwitokeHui. Cpeiu MUPOKOTo CIIEKTPa TUIIOB MeMOpaH TpekoBblie MeMOpaHsbl (TM) UMeroT cBou npenumy-
IIeCTBa: YKOJIOTHUYECKass 0E30MaCHOCTh, BBICOKAs XMMHUYECKash U TEPMUYECKask CTAaOMILHOCTh, IIPOYHOCTh U
y3KO€ paclpeielieHre mop mo pasMepaMm. Bce 3To ompenenwio ux mpUMEHEHHe B MpoIleccax pa3ieieHus,
MUKPOQUIBTPAIIMH BOJBI, PA3IMYHBIX KOJUIOWIHBIX PACTBOPOB U CIOXKHBIX CMeceil OMOMoIIMMepoB, B HAHO-
KaTajau3e ¥ HAHOCEHCOpaX, B OMOTEXHOJIOTHY U MeUIIMHE [4].

B Hacrosiiee BpeMst BO MHOTUX J1a00paTOpUSX MUpPA BEAYTCS MHTSHCUBHBIC MCCIICIOBAHUS 110 CO3/1a-
HUIO TIPOCTHIX M TEXHOJIOTUYHBIX METOJIOB MOAN(DUKAIMN [TOBEPXHOCTH TPEKOBBIX MEMOpPaH, TO3BOJISTIONIIX
MPUIATh UM TpeOyeMble CBOKWCTBA M TaKUM 00pa3oM moiydyuTh TM ¢ YHUKaTbHBIMU TEXHHUYECKUMH Xapak-
TEPUCTUKAMH. YK€ OCBOCH Psii (PM3MYECKUX U XUMHUYECCKHX METOJOB MOJUQPUKAIMK MMOoBepxHOCTEH TM,
MO3BOJISIFOIIUX TPHUIATh UM Tpedyemble THApoduibHbIe cBoMCTBA. [IIMpoKo MpakTHKyeMble TOAXO0bI K MO-
BBIIIIEHUIO TUApOdmiIbHOCTH TM B OONBIIMHCTBE CIyYaeB OCHOBAHBI HA KOBAJIEHTHOM NMPHUCOEINHEHUH TH-
POQIMIBLHBIX MOIMMEPOB HA MOBEPXHOCTH TOp [5, 6]. OmHAKO 3TOT crocob Yare BCero MPUBOIUT K 3HAYU-
TEIHHOMY CY)KEHHIO 1 HEKOHTPOJIHPYEMOMY «3aIlIMBAHHIOY TOP 33 CUET HEOJHOPOTHON IIIOTHOCTH TPHIIIH-
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TOTO K MOBEPXHOCTH TOJUMEpA IO JJIMHE KaMWUIAPa, YTO B KOHEYHOM PE3YJIbTaTe CYIIESCTBECHHO BIUSCT
Ha MIPOU3BOAUTEIHLHOCTh MeMOpaHbl. OqauM 13 Hanboiree 23GHEKTUBHBIX M YUCTBIX ¢ TOYKH 3PCHUS HEBHE-
ceHusl 1e(h)eKTOB B MOBEPXHOCTH MEMOpaHbI ABJISCTCS METOI 00pabOTKH B IIa3Me Tieroliero paspsaa [7, 8],
OJTHAKO CYIICCTBEHHBIM HEJIOCTATKOM 3TOTO METOa SBJISCTCS Majioe BPeMs )KH3HH TUAPOPIILHOTO COCTOS-
HUSI TIOBEPXHOCTH: TOCNIe 00pa0OTKH B IJIa3Me TMOBEPXHOCTh 3arps3HSACTCS TPU B3aUMOJICHCTBUH C OKPY-
JKaroIel Cpemoit M BOCCTaHABINBAET CBOM THAPO(POOHBIE CBOKWCTBA YKe uepe3 1—2 CyToK.

Takum oOpa3om, LieeHaIpaBiIeHHAs MOTU(PUKAIUSA TTOBEPXHOCTHOTO CJIOS MEMOpPaHbI JJIs1 YBEIINYCHHS
ee TuAPOPHIBLHOCTH SIBIIICTCS aKTYyaJIbHOM po0OisieMoii. [Ipu 3ToM criemyer yuuThIBaTh, 9YTO pa3padaThiBae-
MbIE METOJbl U METOIUKU TUAPODWIN3AIUKN JODKHBI 00eCIeYnBaTh TMOBBIIICHUE MTPONU3BOIUTEIHHOCTH
MeMOpaHbI TIPY COXPAHEHUU €€ BBICOKOW CEJICKTUBHOCTH U MEXaHHUUYECKOW MPOYHOCTH, a TAKXKE C COXpaHe-
HUEeM 3P QeKTa OT OKUCICHUS B TCUCHUE JUTUTEIHLHOIO BpeMeHH. BMecTe ¢ TeM, OHH JTOJDKHBI OBITh 3KOJIOTH-
YeckH 0€30MaCHBIMU M HETOKCHYHBIMHE TS TATbHEHINET0 MPUMEHEHUST B OMOMETUIIMHCKUX TEIISX.

3Kcnepwweﬂmaﬂbﬂaﬂ yacmo

Hcxoonvie mamepuanvt u peazcenmol. OO0BEKTOM HCClieqoBaHusA ciyxmia [I9T® mmenka ToproBoi
mapku Hostaphan® RNK-12,0 nmpousBozactsa dupmsr «Mitsubishi Polyester Film» (I'epmanus). HomuHanb-
HAasl TOJIIMHA TICHKH COCTABIsUIA 12 M, II0THOCTH Matepuana — 1,4 r/cv’. O6pasie! 1T mineHoK 06-

84y, 15+ o 7
aydyanu moHamu - Kr>' ¢ sHepruedt 1,75 MsB/nykion, ¢uoenc 4,3-10" Ha yckopuTelle TSHKEIbIX HOHOB
J11-60 (Actanunackuii Gpunuan MHcTUTYTA siaepHo# ¢usukn). Ilocine xuMmudeckoro tpaeieHus B 2,2 M pac-
TBOpe ruapokcuaa Hatpus npH 85 °C momydanu MeMOpaHsl ¢ tuamerpom mop 400120 HM.

Oxucnenue I[1T® TM nepekucvio 600opoda noo eozoeticmsuem YD ceema. O6pazupl [19TO TM
(5%7,5 eM®) oxucsum B pactope H,O, B auanasone kouuentpauumii 7,5-300 MM, npu pH=3 (HCI). Okucrre-
HHe pOoBOAWIN B TeueHHe 15—180 MUH B TpeX mapauiebHBIX dKCIepuMenTax. [lociae okucaeHus: oopasiipl
IIPOMBIBAJIN AEUOHU3UPOBAHHOM BOJIOM J1Ba pa3a, CyILWIM Ha BO3yX€ [P KOMHATHON TeMIlepaType B Tede-
Hue 5 y. Okucnenue nposoauin B Y D-0okce ¢ pryTHbiMu tamnamu 190 W nipu 254 uwm.

Oxucnenue T[IT® TM ¢ nomowwpio cudpokcuo-paouxana, 2enepupyemo2o 6 peakyuu Denmona noo
6o30eiicmeuem uoumozo ceema. O6pasipr [IITD TM (5x7,5 cm’) okucisim B pactope H,O, B 1uamasone
koHteHTparmii 7,5-300 MM, ¢ nobaBnenuem peaktmBa denrona ¢ xonmenrtparuei 0,75-30 MM pactBopa
FeCl,. Heo6xoanmo, 4To6b! cootHomenue 66110 [Fe*'/[H,0,]=1/10, pH=3,0 (HCI). OkucieHue IpoBOIuIn
B TeueHne 15-180 MuH B Tpex mapaienbHBIX dKcnepuMeHTax. [locie okucieHus: oOpasibl MPOMBIBAIN
B 4,5 M HCI, 3aTeM nBakapl B IEMOHM3UPOBAHHON BOJIE, CYIIMIIA Ha BO3JyXe MPH KOMHATHOM TeMIeparype
B TeueHHe 5 4. [l OKMCICHUS B BHIMMOM CBET€ OBUIM HCHOJB30BAHBI I'aJOTCH-BOIB(PAMOBBIC JIAMIIBI
(100 Br).

Konuuecmeennas oyenxka KOHYeHmMpayuu KOHYEGbIX (OYHKYUOHAWILHBIX 2PYNN HA  NOBEPXHOCMU
1IDT® TM. Obpazen [IDTD TM pazmepom 1 cM” roMenany B 10 MIT IeT04HOro pactopa (NaOH, pH=10)
tonyuausoBoro cuuero (TC) ¢ konuenTparueit 5-10* M 1 HenpepeIBHO BCTPAXHBAIHM HA LIeiKepe B Teue-
Hue 3 4, o0ecrednBas TaKuM 00pa3oM HanOoJiee TIOTHYI0 COPOITHIO KPACHUTEIS Ha TIOBEPXHOCTH MEMOPAHEI.

ITo oxoHYaHMM BCTpsSXuBaHUSA oOpaser mpoMbiBanu B pactBope NaOH (pH=10) n aBaxapl B JeHOHH-
3MPOBAHHON BOJIE, MOCIIC YEro BBHICYIIMBAIMA HA (WILTPOBaIbHONW Oymare Ha Bo3mayxe. JlecopOruio okpa-
IIeHHBIX 00pa31oB npoBoawr B 5 Mt 50 % pacTBopa yKCycHOIT KUCIOTHI B Teuenre 10 MUH Ipy WHTEHCHB-
HOM BCTPSAXHMBAHUH Ha meiikepe. ONTUYECKYIO TUNIOTHOCTh MOJTYYSHHOTO OKPAIIEHHOTO PacTBOPA OIpeIes-
JI1 TIPU JUTMHE BOJHBI 633 HM, KOHICHTPAIMIO KOHIICBBIX KapOOKCHIILHBIX TPYII — IO KaTuOPOBOYHOMY
rpaduky.

Kpaesoii yeon cmauusanus (KYC). KpaeBoii yron cMaunBanust ObUT m3MepeH Ha npubope «[ oHnomerp
Kriiss DSA100» (Kruss GmbH, Germany) B 1abopaTopuu paaralldOHHON XUMUH MOIUMEPOB (Y HUBEPCUTET
Hacettepe, Ankapa, Typrms) mpu 7= 21 °C. Yron cMaunBaHus OIEHUBAIN C TTOMOIIBI0 METOIA CTATHIHOMN
Karuti, o0beM Karumu coctaBisut 10 pi, cpennee 3nadenne KYC ObUTO MOMYYEHO MyTeM U3MEPEHUS IISITH
Pa3IMYHBIX TIOJIOXKCHHUN KaXI0T0 00pasia.

HK-cnexmpockonus. UK-ciektpsl Obimn cHATH Ha MK-@ypbe ciektpomerpe Cary 600 Series mpous-
BozactBa Agilent Technologies (CIIIA) ¢ ncnoap30BaHHEM MPUCTABKU OJHOKPATHOTO OTPAKCHHUS Ha ajiMase
Gladiatr nmpoussoznctsa PIKE (CILIA). Bee n3Mepenns mpoBOAMIH P paspermeHnu 2,0 M i TeMIeparype
21 °C, KONMMYEeCTBO CKaHMpOBaHWU cocTaBisuio He meHee 32. [lomydeHHble creKTpwl OblIM 00pabOTaHBI B
nporpamme Agilent Resolution Pro.
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OkucnuTenbHas moaudukaums ...

Penmeenosckas ghomoanexmponnasn cnexkmpockonus. CocTaB MOBEPXHOCTH 00pa3LOB ONPENEIISIN Me-
togoM PD®IC Ha unTerpupoBanHoM PDD cnekrpomerpe K-Alpha ¢upmer «Thermo Scientificy (CLIA) B
HammnonansHoMm HaHoTexHoJormdeckoM meHTpe UNAM (Ankapa, Typmwst). CreKTpsl perHCTPHPOBAIH B
pexxume CAE (Pass Energy 200,0 3B) ¢ marom 1,0 3B. Cnektpsl Beicokoro paspetenus (C, N, F u O) 3anu-
CHIBAIHM B aHAJIOTHIHOM peknme ¢ Pass Energy, pasuoit 30,0 3B, u ¢ marom 0,1 3B. O6paboTKy moay4deH-
HBIX JaHHBIX BBITTOJIHSIIH IIPH ITOMOIIH ITPOrpaMMHOTo obecriedeHust Avantage.

Amomno-cunosas muxpockonus (ACM). Mophooruio moBepXHOCTH OKMCACHHBIX M MOIU(PHUIIMPOBAH-
HBIX MMOJUMEPHBIX TUICHOK UCCICAOBA CKAHHPYIONTUM 30HAOBBIM MHKpockoroM (C3M) SmartSPM-1000
¢upmer AIST-NT B atMoc(epHBIX yCIOBUSAX B MOTYKOHTAKTHOM PEXKUME C HCIONB30BaHHEM KPEMHHEBOTO
kantuieBepa NSG10 ¢pupmer NT-MDT ¢ paguycom octpus He 6osee 10 HM. MaccuB AaHHBIX, TOTYYaeMbIX
¢ nomotieio C3M, 00padaThIBaIu M aHAIM3UPOBAJIU C TOMOIIBIO TporpaMMbl Gwyddion.

IIpouseooumenvrnocmo membpan. [IpoN3BOAUTEILHOCTS UCXOAHOHN (TPaBICHHOM) U MOAM(DUIIMPOBAH-
HBIX [I9T® TpekoBBIX MeMOpaH OMPEEIISIA COTJIACHO CTaHAapTHOW MeToauke [9]. Pe3ynbraTel usmMmepeHuit
BBIpakajiy B €IMHHLIAX J'I/‘l‘Mz, JUISL KaXKA0ro oopasiia mpoBOAuId MUHUMYM 10—15 n3MepeHuid.

IIpon3BoauTEIEHOCT, MEMOpPAH 1O BOJE ompeessu npu nepenane nasienus 0,15 Mlla, npomyckas
JIEUOHM3UPOBaHHY0 Boxy (18,2 MQ) depe3 o0Opasnbl TPEKOBBIX MeMOpaH AWMAMETPOM 25 MM, TOJIIIHHON
12 MkM.

3HaueHUs yACTbHON MPOU3BOIUTEIBEHOCTH MEMOpAH PAaCCUMTRIBAIIH 110 YpaBHEeHUIO XareHa-Ilyazeiins

B g1’ AP (1)

8n-r Ax

rae Q — moTok (Boxbl) uepe3 MeMOpaHy mpu ABwKyinei cuine AP/Ax (AP — pa3HOCTh HaBieHMIA; Ax —
TOJIIIMHA MEMOPAHBI); ¥ — PAJARYC TOP; # — BSA3KOCTD KHUIKOCTH; € — ITOPUCTOCTH MEMOPAHEI.

Peszynomamot u 0bcysicoenue

Oxucnenue IIDT® TM pasnuunvimu memooamu. IloBepxHocts [19T® MoXHO XapakTepu30BaTh Kak
YMEPEHHO THIPOQUIBHYIO, MO3TOMY YBEJIMYEHHE THIPOQHILHOCTH MOBEPXHOCTH PACHIMPSET AMANa3oH
(hYHKIIMOHATBHBIX CBOWCTB 3TOTO TMOJUMEpPa TOCPEACTBOM MPOBEACHUS XWMHUYECKONW MoaupuKamuu mo-
BEPXHOCTH, BKIFOYAIOIIEE KOBAJICHTHOE NIPUCOSANHEHNE Pa3IMUHBIX (QYHKIIMOHATIBHBIX TPYIII, a TaKKe yBe-
JMYeHUE KOHLIEHTPAUU KapOOKCHUIBHBIX TPYII MOCPEICTBOM OKHCIICHHS B Pa3IUUHBIX cUcTeMax [9].

CWIBHEHITyI0 aKTHUBU3AIMIO TpoIecca OKWCICHHS Mepekuchio Bomopoma (IIB) ¢ obpasoBanmem
THAPOKCHI-paMKaia Bbi3biBaeT Goroiu3 (yabTpaduoiieToBoe 00aydeHHe). B 3THX yCIOBHSIX MPOUCXOMMUT
pasnoxxenue IIB u oOpazoBanne HO paamkanoB, compoBOXIAromUecs psaoM MOOOYHBIX pPeakUuuil ¢
oOpa3zoBanneM Takux yactuil, kak HO,", HOO-, O, u np.

Monn¢urkannio TOBEPXHOCTH CTEHOK MOp MeMOpaH MPOBOJWIA OKHCICHHEM C HCIIOJIH30BAHHEM CO-
BPEMEHHBIX HETOKCHYHBIX W JKOJOTHYECKH YHCTHIX OKHCIWTENBHBIX cUcTeM. Panee jmabopaTopueil Tpeko-
BbIX MeMOpaH AD NSD Ovina ycraHoBIeHa 3P PEKTUBHOCTL MPUMEHEHHUS OKUCIUTEIBHBIX CHCTEM HA OCHO-
Be H,0, [10] mns m3aMeHeHHss XUMUYIECKOTO coctaBa U Mopdonoruu noBepxHoctu [IT® TM. Cucrtemsl
pacTBOp nepokcuaa Bogoposa moa Y d-oonyuenuem (H,O,./UV) — cucrema ®deHTOHA 1101 BUAUMBIM CBETOM
(Fenton/vis) moka3zanu HanOomdbmyto 3¢gdexkTuBHOCTs. B nannoil paboTe mpencTaBieHbl pe3ynbTaThl MOJ-
POOHOTO MCCIENOBaHUS UCIIOJIB30BAHUS JAHHBIX OKHUCIHMTEIBHBIX CHUCTEM C LENBI0 MPHIAHUsS MeMOpaHaMm
HOBBIX XapaKTEPHUCTHUK.

Tak Kak BaKHEHIINM apaMeTpoM B MeMOpaHHO-pa3eNUTEIbHbIX MpoLeccax SBISIOTCS CBOWCTBA MO-
BEPXHOCTH MaTepuaia, To HaMu Obljla BCECTOPOHHE HCCIIeI0BaHA HUMEHHO MOBEPXHOCTh TPABICHHBIX M MO-
IuUIIpPOBaHHEIX MEMOpPaH.

OkwuclIeHne TPEKOBBIX MEMOpaH OBLIO BBITTOJIHEHO B PacTBOpE MEPEKHUCH Bomopoaa mox Y @-obmyde-
HUEeM U B pacTBope DeHTOHA MOJ BUAUMBIM OOJIy4YeHHEM NP MOCTOSHHOM TeMIIEpaType W KOHLEHTPALUU
OKHCJIUTEIILHOTO areHTa, TOTJa Kak BpeMs OKHCIECHUS N3MeHsTOCh oT 30 10 180 muH.

Anamus 3ddexTuBHOCTH OKHCIACHUS 10 mapameTpy koumentparuu COOH-rpymm nmpoBOIuIN METO-
JaMHy CIeU()UIECKOTO OKPAIIUBAHUS ¢ KPACHTENEM TOJIYUANHOBBIM CHHUM, CIIOCOOHBIM CEIEKTUBHO B3aH-
MOJIEicTBOBATh ¢ KapOokcubHbIME Ipynmiamu [11]. IlepBonadansHo 001ias KOHIEHTpaUKs KapOOKCHUITBHBIX
IPYIII Ha TIOBEPXHOCTH M BHYTPH IO B TPaBJIeHHOI MeMOpane coctaBmia 0,90+0,21 HM/cM” U ITOCTEIIeHHO
BO3pAcTaia B XO¢ OKHCIIEHHs, JocTHrHyB 1,92+0,21 uM/cM” npu oxuciienuu B cucteMe Fenton/vis, oqHaKo
okucinenue B cucteme H,O,/UV mpuBeno k 3HauntenpHoMy Bodpactannro COOH-rpymm, kKoTopoe J0CTHTIIO
15,35+0,44 uM/cm” iocite 180 MuH 061ydeHns. Pe3ybTaThl peIcTaBICHb! HA PHCYHKE 1.
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Pucynox 1. i3menenue koHIeHTpauy kapOookcuiIbHbIX rpymn [I19T® TM
pu okucieHnu B cuctemax H,O,/UV u Fenton/vis

Tl'unpodunbHbIe CBOWCTBA OBLTU OIIEHEHBI METOJIOM OIPE/IEIICHUS KPAeBOTO YIla CMAaYHBaHUS 10 BOJIE.
Pesynbratel pencTaBiieHsl Ha pUCYHKE 2. BbIIo HaiiieHO, 9TO KpacBOW Yroj CMayMBaHUS YMEHBIIUIICS Ha
6,4°+1,3 npu okucinenun B H,O,/UV u Ha 3,6°+1,3 B ciay4ae okucieHus B cucreme Fenton/vis.

KVYC 43,0°+1,4°

KVC 39,4°t1 ,4° KVC 36,6°t1,8°
a 7] 6

Pucynox 2. 3menenue kpaeBoro yria cmaunBanus [I9TD TM (a)
npu okucieHuu B cucteme Fenton/vis 180 mun (6) u H,O,/UV 180 muH (8)

Panee npyrumu aBTOpamMu OBLTH JTOCTUTHYTBHI HAWIYYIIUE PE3YJIBTATHI MIPH OKUCICHUU B TUTa3ME MPHU
Pa3IMYHbBIX YCIOBHSX, TaK, YTOJd CMaduBaHus yMeHbImicsa ¢ 75° mo 35°[12] u ¢ 71° mo 38,5° [13]. OxHako
OKHCJICHHBIH CJIOH, MOJIyYECHHBIH AaHHBIMM METOJAMH, SIBIISJICS HECTAOMJIBHBIM U TEPST MPHUOOPETCHHBIC
rUApoQUIBLHBIC CBOWCTBA YXKE IMOCIIC HECKOIBKHUX CYTOK XpaHEHUS Ha BO3AYXE.

Hccneoosanue oxucnennvix [I3TD TM POIC u UK-cnekmpockonueii, ACM. TpaBiaeHHas U OKUCIICH-
Has [I9T® TM Obutn Takxke nzydeHsl MetogoM POOC-criekrpockonuu. JlaHHBINA METOJI IO3BOJISIET H3YUUTh
XMMUYECKUH COCTaB MOBEPXHOCTH Matepuaia riryounoit no 10 am. Ha pucynke 3 npencrasnenst POIC Cy,
u Oj, crmekTpbl Bbicokoro pasperienus. Cis cnektp mnpeacrtaBieH Tpems mukamu C—C/C-H rpymnn
(~284,6 eV), C-OH/C—O—C rpynn nipu ~286,2 eV u COOH rpynn nipu ~288,6 eV. O, criekTp uMeeT aBa
muka ~531,5 eV (C=0) u mipu 533,8 eV (C-0).

CBOJIHBIE PE3YNIBTATHI, MTOJYICHHBIC ITOCIE 00paOOTKH CIIEKTPOB, MpeACTaBIeHB B Tabmuiie 1. Habmio-
JlaeTcsl TIOBBILIEHUE COJICPKAHUS KUCIOPOAa KapOOKCUIIBHBIX U THAPOKCHUIIBHBIX IPYIIIL.

UK-cnextps! TpaBieHHbIX U OkUcIeHHBIX [IOT® TM noka3ansl Ha pucyHke 4. OCHOBHBIE MOJIOCHI TO-
riommenust: 3432 em” (O-H), 2972 cm™' (apomarmaeckue C—H), 2910 cm™ (anmdarmueckuit C-H), 1715 cm™
(C=0 rpymma), 1615, 1470, 1430, 1409 cm™' (apoMaTHuecKie KOIeOaHUs yIIePOIHOrO CKEIeTa), BAICHTHbIC
xonebarus C(0)-O casseit a3dupubix rpymm (1238 cm™), 980 cm™ (O—CH,) [14]. T'naHOe OTIHUKE MEXKITY
crieKTpaMu 00JIy4eHHOH, TpaBieHHOH u okuciaeHHor [I9T® TM cocTouT B COOTHOIIEHHUH TOJIOC MOTJIOLIE-
st ipr 1715 (v C=0) cM', 4TO XOPOLIO BHAHO U3 YBEIHICHHON YaCTH CIIEKTPA.

OcoOblil uHTEpeC B XOI€ OKHUCICHHS MPEICTABISIOT MOP(OIOrHYecKue H3MEHEHHUs] MOBEPXHOCTH
[IDT® TM, Tak Kak maibHeHIas (yHKIMOHATM3AUKS U IPAKTHYECKOE IPUMEHEHHE OyAyT TeM yCIIeUIHee,
4yeM MEHee MOBPEKACHHON OKaXeTCs MOBEPXHOCTh TM.

Amnanmu3 moBepxHocTH MeMOpaH MeToloM ACM IO3BOIIII ONPENSTUTh CpelHee 3HaUeHUE IIIepOX0oBa-
TocTH B HaHomacmTabe. CHUMKH, chenaHHble ¢ momomplo C3M s Kaxaoro uccieayeMoro obpasia,
MpeICTaBICHbl HA PUCYHKE 5.
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Pucynok 3. Ci; u O PODC cniexTpsl TpaBieHHOH (a, 8)
u okucieHHou B cucteme H,O,/UV (6, 2) [IDTO® TM
Tabnuma 1
Xumuueckuii coctas 00pa3nos no PO®IC cnexrpam
DJIeMEHTHBIN cocTaB, % POOC Cy,, %
Ob6pazen
C 0] 0/C C-C/C-H | C-OH/C-O0-C | COOH
Tpasnennas [I19T® TM 74,36 | 25,64 | 0,345 67,20 17,62 15,18
Oxucnennas [IDT® TM B cucreme H,O,/UV 72,34 | 27,66 | 0,382 59,08 22,98 17,94
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Pucynok 4. UK cnektpsl [IDT® TM: tpaBnenHoii (1),
okucieHHoi B cucteMe Fenton/vis (2), B cucteme H,O,/UV (3)
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Mopdonorndeckre nzmenenus moepxuoctu [13TD TM 3aBucsaT ot ycnoBuit okucienus. bouto odna-
PYKEHO, 9TO MHKpopenbed ucxomuoi (TpasnerHoi) [I19T® TM xapakTepu3yeTcss HU3KUM 3HAYCHUEM IIIe-
POXOBaTOCTH, KOTOPOE IOCIIE OKUCIICHHS] YBEIMUUBACTCS.

Tpasnennas [I2T® TM Fenton/vis
_ H,0,/UV ~
R,=4,5 aM (001aCTh CKAHUPOBAHUS - R,=5,4 am
R,=4,8 um
1,5x1,5 pum)

Pucynok 5. ACM n3obpaxenus [19TO TM

Takum obOpazom, okuciienue [I9TD TM He cToNb CYIIECTBEHHO U3MEHSIEeT MOP(HOJIOTHIO TOBEPXHOCTH,
a B 3HAYUTEIbHON CTENEHU BIUIET HA XUMUYECKYIO CTPYKTYPY MTOBEPXHOCTH.

Hccneoosanue npoussooumenvrocmu [13T@ TM u cmabunbHocmu OKUCieHHo2o closl. JIpyrum Bak-
HBIM TapaMeTPOM MPOIIecca OKUCIICHUS SIBISICTCS UCCIEIOBAHUE MOBEJACHUS OKUCICHHOM MOBEPXHOCTHU CO
BpeMeHeM. CTapeHue OKHCICHHBIX IUICHOK M3y4Yalid Ha NpoTshkeHun 360 qHeii. B Teuenune crapenus oopas-
1IbI OKHUCJICHHBIX IJICHOK XPaHUIMCh MEXKTY JTUCTaMK (QUIBTPOBAILHON OyMaru Ha BO3yXe B TEMHOTE.

Pesynbrarhl 10 MCCIEI0BaHUIO MTPOJIOKUTEIIEHOCTA COXPAHEHUS TUAPOPIILHBIX CBOHCTB MEMOpPaHBI
MPEICTaBJICHEI B Ta0IUIE 2.

Tabnuma 2

JlanHble no crapeHuIo okucjaeHHbIX [I9TO TM

Bpews H,0,/UV Fenton/vis
CTapeHusI, THH
[COOH], aM/cm’ Yron cmadnBaHus, Tpa. [COOH], aM/cm” Yron cmadnBaHus, Tpa.

0 15,35+0,44 36,5+1,5 1,92+0,21 39,3+1,6

14 15,21+1,24 36,3+1,4 1,92+0,26 41,842,3

30 15,37+0,85 37,5+0,9 1,88+0,41 42,3+1,2

60 14,26+0,85 39,9+0,8 1,87+0,27 45,1+1,8

90 12,42+0,71 39,84+0,6 1,86+0,33 44,5420
180 12,41+1,23 39,6+0,5 1,84+0,31 44,3+0,9
360 12,32+0,88 39,84+0,9 1,84+0,34 44,5+1 .4

Kax BUIHO W3 TIpeICTaBICHHBIX JaHHBIX, KPACBOH YTOJI CMauWBaHUSI HECKOJIBKO TIOBBIIIASTCS C TIOHU-
KEHHEM KOHIIeHTpaluu KapOookcunpHbIX Tpynm. st okucnenus: [I9T® TM B cucreme H,0,/UV crabunb-
HBIM yrosi cMayMBaHus coctaBui 39,8+0,9°, KoHIEHTpalys KapOOKCHIBHBIX rpymmn — 12,42+0,71 HM/cMm?,
U1 OKHUCIIeHUs B cucteMe Fenton/vis — coorBetctBenno 44,5+1,4° u 1,86+0,33, ogHako, TeM He MEHee,
3HAYEHHUs] OCTAIOTCS 3a MpelesiaMi HeMOAW(PUIMPOBAaHHBIX 00pa3noB. CHMKEHHE KOHIEHTpAHH KapOOK-
CINIBHBIX TPYNI HAa TOBEPXHOCTH MOXKET OBITh OOBSICHEHO TEM, 4YTO TOJSPHBIE TPYMIBI, TaKHe Kak
—COOH, —OH, MoryT nepeopueHTHPOBATLCS C TIOBEPXHOCTH B Maccy mojmuMmepa [11], 9To Takke mponucxo-
IUT B ClIy4ae MPUMEHEHUsS IUIa3Mbl, HO TMPH HCIIOJB30BAHUU OKHUCIIUTENS MEPOKCHIA BOJOPONA JTaHHBIN
MIPOIIECC 3HAYUTEIHHO 3aMEIIICTCS, 1 MEMOpaHa coXpaHseT THIpoIbHEIE CBOMCTBA Oobie 1 roaa.

[lInpoko omucaHHBIA B uTepaType Meror okuciaeHus [[9Td B mma3zme [11, 12] moka3siBaeT, 4To cTa-
penne [I9T® mieHok mpoucxoaut OykBajbHO 3a cyTKH 1 3HaueHUs: KYC Bo3BpalnaroTcst B HICXOAHOE MOJIO0-
JKEHHE.

JpyruM BaXHBIM TIapaMeTpOM MEMOpaH SIBISETCS COXpPAHEHHE MEXaHWYEeCKHX CBOWCTB M Pa3MeEpOB
HaHOKAHAJIOB B X0JI¢ OKUCIICHUs. MeXaHNYeCKHUEe CBOMCTBA OBLIHM OIEHEHBI TyTEM U3MEPEHUS MTPOYHOCTH Ha
pa3psiB. Bbu10 0OHapyXeHO, YTO IKCHEPUMEHTAILHO M3MEPCHHBIC 3HAUCHHUS NPOYHOCTH HA Pa3pbIB IS
TPaBJICHBIX W OKHUCJICHHBIX MEMOpaH 04eHb OJIM3KH IpYT K Apyry u paBHbl: 30,4 + 0,7 klla — mys TpaBieH-
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ot [IDT® TM, 30,3 £ 0,7 xIla — gs1 [IDTD TM, oxuciennoit B cucteme H,O,/UV, u 30,5 + 0,7 xIla —
st [I3T® TM, okucnenHoii B cucreMe Fenton/vis. DTo 03Ha4YaeT, YTO OKUCIICHUE MPOMCXOIUT TOJBKO Ha
TTOBEPXHOCTH (BHYTPEHHEH M BHEITHEH), 0€3 MOBPEKICHUS OCHOBBI MOJIMMEPHON CTPYKTYPHI, 9TO 0C000
BYKHO TPH JAJIbHEHIIIEM UCTIONh30BAaHUN MEMOpaH.

Bricokasi MpoM3BOAUTEILHOCTh (PHILTPOB HA OCHOBE TM B COBOKYITHOCTH C UX OMOJIOIMYECKOM CTOM-
KOCTBIO M CTPOTO# KaMHOpPOBKOW TOp OOYCIOBIMBACT MX BEIYyIIEe MECTO B SKOHOMHUYECKOM CETMCHTE
(UIBTPYIOMNX MATEPUATIOB.

C 1enbIo U3YYCHHUS BIUSHUS MPOIECCOB OKUCIICHUS Ha KOMIUICKC 3KCILTyaTallHOHHBIX CBOMCTB MHKPO-
(bUIBTpAIMOHHBIX MeMOpaH HaMH OBLITH TIPOBEICHBI HCCIIEAOBAHMSI TIPOHUIIAEMOCTH U POU3BOAUTCIIEHOCTH
obpasmos [I19T® TM, moaBEpTrHYTHIX OKHCICHUIO B KKIION M3 pacCMaTPUBAEMbIX CHCTEM OKHCIICHHS TIPU
YCIIOBUSIX, COOTBETCTBYIOIIMX MAaKCUMAJILHOMY MPUPOCTY TUAPOPUIBLHBIX TPYI HA MOBEPXHOCTH IMOJIMME-
pa, a TaKKe H3MEHEHHUS TTPON3BOIUTEIFHOCTH MEMOPaH CO BpEMEHEM XPaHCHHS.

Oxwucnenne noepxHoctu [I9TD TM mepokcumoM Bogopona moj AcicTBHeM Y D-U3TydeHUs YBEIH-
YUBACT MPOU3BOUTEIHLHOCTE MEMOPAHHBIX (PUIILTPOB OoJiee ueM Ha 25 % 10 CPaBHEHHUIO CO CTaHAPTHBIMH
HeMOTU(UITUPOBAHHBIMU OOpa3iamMu. OIHAKO NaHHOE YBEIMUYEHHUE MPOU3BOAUTEIHBHOCTH MOXKET OBITH TaK-
K€ CBSI3aHO C YITUPECHUEM JUAMETPOB MOp MeMOpaH. J{JisT KOHTPOIII H3MEHEHUS JUAMETpPa TOP B XOJIe OKHC-
JieHUs OBbLT MCIIOJIE30BaH METOJ M3MEPCHHS Ta30MPOHUIIAEMOCTH MeMOpaHbl. bblUTo HalACHO, YTO Ta30Mpo-
HUI[AEMOCTh MEMOpAH OCTASTCs MPAKTHYECKU HEU3MEHHOMW, YTO TOBOPUT O HECYIIECTBCHHOM BIUSHHH TIPO-
Iecca OKHCIICHHS Ha TEOMETPHIO M auaMeTp Top. Tak, 3HaueHWE Ta30IPOHUIIAEMOCTH JUIsI TPAaBJICHHOH
[IDT® TM cocrasmio 45,2+0,5 mi/Mun-cM”, ociie okucienus B cucreme H,O,/UV B Teuenue 180 MuH —
45,5+0,5w1/MuH: cM’, B cucteme Fenton/vis — 44,8+0,6 Mit/MuH oM. OddexTuBHBIN qUaMETp TIOP, pacC4H-
TaHHBIN 0 ypaBHeHHIO XareHa-llyaseitns, coctaBui st TpaBiaeHHOM MeMOpanbl 405,5+1,4 HM, IS OKHC-
nennoi B cucreMme H,O,/UV — 406,4+1,5 um u B cucreMme Fenton/vis — 404,4+1,4 um.

JlaHHBIE SKCIEPUMEHTOB MO MPOU3BOAUTEILHOCTH OKUCICHHBIX [IDT® TM u 3aBUCUMOCTb U3MEHEHUS
MTPOU3BOAUTEIHLHOCTH OT BPEMEHU CTAPCHUS MTPEJICTABIICHBI HA PUCYHKE 6.

5000 - Bl TpasnenHas N3TS TM

V7)) Oxucriennas MNATO TM (a)
OxkucneHHas N3T® TM (6)
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PucyHok 6. VI3MeHeHre npou3BOAUTEIBHOCTH 1O BOJIE€ TPABJICHHOM,
oxucieHHoi [19T® TM B H,0,/UV (a) u B Fenton/Vis (6) ¢ TeueHreM BpeMEHH CTapeHUs

HabmromaeTcss He3HaYNTENHbHOS TIOHMKCHNE TIPOU3BOIUTEIIEHOCTH B CBSI3U C paHee OMHCAHHBIMU TPO-
1eccaMyl CTapeHusl OKUCIICHHBIX TUIEHOK. Takum oOpazom, okuciienue [19TD TM npuBoIUT K yBEIHUSHUIO
MIPOM3BOAUTEILHOCTH MEMOpaH, 4TO B CBOIO OYepelb BEAET K POCTY pecypca GpuabTpa, MoJyu4eHHOIO Ha OC-
HOBe TM.

Baxnouenue

Takum oOpa3oM ObLTO TpOBeneHO HccieaoBanue 3¢ dextuBHocTH okucieHus [19Td TM B cucremax
H,0,/UV u Fenton/vis, ObUIH OnpesielieHbl ONTHMATBHBIC YCIOBHS, MPUBOJAAIINE K YBEJIHYCHHUIO KOHICH-
Tpauu KoHIEBEIX MONsIpHeIXx COOH-rpynm, K MOBBIICHUIO TUAPOPIILHOCTH TUICHOK. Y CTAHOBJICHO, YTO
cucrema H,O,/UV sBnsieTcs Oosiee peANOYTHTENBHOM, TaK KaK OHA BBI3BIBACT CYIIICCTBEHHBIC N3MECHEHUS B
THPOPUITHFHBIX CBOWCTBAX MEMOpPaHBI U B TO JK€ BpeMs 0e3 Kakoro-miudo cepbe3HOro BIHsHUS Ha MOP(hoIo-
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THIO TTOBEpXHOCTH. C HMCIIOIb30BAHUEM COBPEMEHHBIX (PM3UKO-XUMHUYECKHX METONOB mccienoBanus (ACM,
P®OC, UK-ciekTpockomnus) ObLT MPOBEACH CPaBHUTEIbHBIN aHamu3 a3 exkTuBHOoCTH okuciaeHust [IDTD TM
B Pa3IMYHBIX CHCTEMax OKUCJICHUS, YCTaHOBICHBI M3MEHEHHS B MOP(HOIOTHH M XMMUYECKOM COCTaBe MO-
BEPXHOCTH. J[0Ka3aHO, YTO TOBBIIMICHUE TUAPOPUILHOCTH CJIOSI MOBEPXHOCTH MPUBOAMT K YBEIMUCHUIO
MIPOM3BOAUTENHFHOCTH MeMOpaH 1o Bozae (Oonee uem Ha 25 %). MccnenoBanue ctapeHus MOKa3aJio JOCTa-
TOYHYIO CTa0MIBLHOCTh OKHCJICHHOTO cllos. JlaHHas MeTo/MKa peKOMEH/I0BaHa JIIs TAIbHEHIIIETro UCCIe 0~
BaHUS W BHEJPCHUS B MPOMBIIUICHHYIO TEXHOJOTHIO TOJIYYCHHS TPEKOBBIX MeMOpaH ¢ YIy4IIeHHBIMU
(bUIBTPAIIMOHHBIMU TTApAMETPaAMHU.
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N.B.Koponbkos

HonusrTHNEeHTEPePTAIATTHIH TPEKTIK MEMOPAHACHIH TOTHIKTBHIPY APKbLIbI
TYPJIEHAIPY KIHE TOTHIKKAH 0€TTi TYPAKTHUIBIKKA 3€pTTEey

Makasnanga MeMmOpaHaiap/blH TachIMalllay CUMATTaMalapblH JKAKCapTy JKOHE CY OTKI3TIITIriH apTThIpy
MaKcaThIMEH MOoNMATIIeHTepedTanaT Heri3iHaeri TpeKTik MeMOpaHatapsl THIMAL dpi YIIbI €MeC TOTHIKTBIpYFa
apHaIIFaH 3aMaHayH TOTBIKTBIPY XKYHeJIepiH KoJIaHy HoTIKenepi kepcerinred. ToxipuGene TOTBIKTBIPYIbIH
xylenepi xommansurran: YK-xaperembie acteinga H,O, xyitecinne (H,O,/UV) xoHe ke3re KepiHeTiH
KapbIKThIH ~ acTbinga @enton kyiecinme (Fenton/vis). Typnengipinren MemOpananapasly —Oeti
KOJIOpUMETpHs, 6JKesdiK cynay Oypsibl, VK-cekrpockonust »XoHE PEHTIeHIIK (DOTO3IEKTPOHIBIK
CIIEKTpOCKOmHsl  oficTepiMen  cumartanabl.  ToTeiktelpy  H,O0,/UV  kyiecin  Kojganran — Kesne
MeMOpaHanapablH ¢y eTkisrimririn 28 %-ra, Fenton/vis xyitecinge 13 %-ra aprreipansl. COHbIMEH KaTap
TOTHIKKaH OCTTIH TYPaKTBUIBIFBI KOPCETUITCH MXOHE TOTHIKKAH KabaTThIH eckipyi 360 KyHHIH imiHIe
3epTTeNreH.

32 BecTHuk KaparaHgmHckoro yHuBepcurteTa



OkucnuTenbHas moaudukaums ...

1

1.V .Korolkov

Modification of polyethyleneterephthalate track-etched membranes
by oxidation and aging study of the oxidized surface

In this study we present results on the application of advanced oxidation systems for effective and non-toxic
oxidation of poly(ethylene terephthalate) track-etched membranes (PET TeMs) to improve their wettability
and water transport properties. Two oxidizing systems: H,O, under UV irradiation (H,0,/UV) and Fenton
system under visible light (Fenton/Vis) were compared. The surface of functionalized PET TeMs was charac-
terized by using colorimetric assay, contact angle measurements, FTIR and X-ray photoelectron spectroscopy
(XPS). Results clearly showed that water permeability of PET TeMs treated with H,O,/UV was improved by
28 %, the same parameter was found to increase by 13 % in the case of Fenton/Vis treatment. The proposed
oxidation technique is simple, environment friendly and not requiring special equipment or expensive chemi-
cals. The surface hydrophilicity of the membranes stored for 360 days was analyzed. The hydrophilic proper-
ties of oxidized PET TeMs were found to be stable for a long period of time.
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Haomaxy kemip eHipy ()pakuMsACHIHBIH CHIIATTAMAJIAPBIH 3ePTTEY

Foubivun  3eprrey oObekrici — Haomaxy kemipi. OHIIpY KOHIBIPFBUIAPHIH MalanaHbIN, KOFapbI
TeMIIepaTypa MEH JKOFapbl KbICHIMZA KOMip LIMKI3aTbIH YII TYpJi KaTThl 3aTka Oeneni: Kanablk — Rd,
eputidn — SL »xone epimeiitin — DP 3attap [1]. Kemipain epiriurriri Temmnepatypa, kemipaiH Oenmrekrepi
men DP sxone SL memmepinin acepimen cansicToipazbl, RC, RD, DP, SL eHepkacinTik, 2IeMEHTTIK, [paBu-
METPHSUIBIK TaJayaapbl XKYPri3iIin >koHe MH(PAKBBBUT crekTpi 3eprrenai [2]. EpiTkimn kenemi TypakTsl
OosrFaH Ke3ne KOMIpAiH KOCBUTy MeImiepi jkorapiaraH caiiblH DP emnpipy nexreii yiurasnsl, SL nerreiii
mamanel TeMeHzieini. Temmepatypa 375 °C-tan »xorapel OonfaHza NHPOJIM3 peaknusUIapblHA Tycenl,
HoTKeciHne SL eHIM KepceTkimn KapKbIHABI eceidi. EpiTkim perinae TeTpaluH MeH 1-MeTHIHAadTaInH
KonanraH ke3ne DP sxone SL sxanmsl eHIipy jKy#eci yKcac, onapAblH epiTKill KapKbIHABUIBIFBI TOTYOJIaH
Iia xorapsl 0omael [3].

Kinm ce30ep: Haomaxy keMipi, eHiM, Qpakiys, TOITYoJ, TETPAJIHH, |-MeTHIHADTANINH, alleTOH.

Kewmipzin epitkimTepmMen opekerTecyl OOWBIHIIA OHBIH (PU3MKA-XUMUSUIBIK KacHETTEPIH 3epTTeyre
Oosamel. benme TemmepaTypachlHIa TOJIYOJ, alleTOH, TETPAIMH €PITKIIITEPIHIH KOMIp OHIIpy OHIIpiciH/e
acepi TeMeH, ce0e0i KoMip MOJIEKYIaChIHBIH apachlHIAFbl KOMIPTEKTIK OaiaHbICTHIH Ky Oepik [3].

Benme temmeparypaceiaga CS, sxone NMP epiTkiin KocnachlHBIH KeseMiH 1:1 KaThIHACBHIHAAN anFaHa
Keprraii [[3a0wkyan kemip eHAipy KapKeiHbI 77,9 % neiiin sketenmi, Oipak Oyn omic kelbip Tac kemip
eHJIIpiciHae OyJaH Ja *KaKChl HOTHIKENIepre ue 0oJiajabl, ajd KOHBIP KOMIp OHIIPICIHIAC HOTHXKECI alTapIIbIK-
Tail TemeH Oonanel. Shuihenfu op Typni Temmeparypa >karaiblHIa XMHOJMHHEH Tarbl 0acka epiTKilTep
Shenfu xemip enaipy eHIipiciHAe KacueTi KoFapbl ekeHi 3eprrenni. 360 °C TeMnepaTypaia eHiM eHAIpY €H
TAMZI OOJIBIN TaOBUTATHIHBI OAWKAJIBI, OJ1 TEMIIEPATypa KOMIp/iH KYPbUIBICBIHA dCEp €Tel JAe OiIaasl [4].
Kenrteren eputiH 3aTTapapl MaiifaiaHa OTBHIPBIN, TeMIEpaTypaHbl JKOFapiaTKaHIAa MHPOJHU3 KOHE
MOJIMMEpJIEY peaKsIChIHAA OHIIPY JCHIeii TOMEHIETeHIH OaiKabl.

KeMip MoeKynachIHBIH MOJEKYJAJIBIK MacCalapblHBIH apachlHAa aibIpMAlIbUIBIK YJIKCH XoHE Oip-
OipiMEeH >KOFapbl TeMIlepaTypaZa opeKeTTeCy OaphIiChlHIAa KOMIPAIH OHIIpY KapKbIHBIH JKaKcapTyFa
kemekTeceni. Ocel Makanmana Haomaxy kemipi 3epTrey oObekrtici Oonbim TaObuianel. TemmneparypaHbl
JKoFapjaTy OapbIChIHIAa KeMIip YII KaTThl 3aTka Oemineni. KemipaiH epy Aopexkeci, Temieparypa, KeMip
TYHIPILIIKTEPiHIH YIKEHIIT *oHe op Typii epitkimrep SL, DP-HBI eHaipyre ocepiH 3epTTell IIBIKKAH OHIM
apKbUIBI A2NeNaeH I [5].

3epTxaHajblK KeMip peTiHme ansiHFaH Haomaxy KeMipiHiH 3JEMEHTTIK Kypambl TOMEHIET1 KecTele
KOpPCETLITEH.

Kecrte
Haomaxy keMipiHiH 3J1eMeHTTiK Kypambl
OHepkacinTik Tangay, % DJeMeHTTIK Tanaay, %
Mg A V gar FCp C H N S o} H/C
RC 15,13 4,28 54,89 43,18 75,66 5,01 1,03 0,21 19,14 0,79
RD 2,28 5,89 51,61 44,44 71,27 4,45 0,97 0,23 23,08 0,75
DP 1,76 0,93 75,29 24,05 77,6 5,76 0,99 0,13 15,52 0,89
SL 0,89 0,03 92,97 6,97 80,99 8,17 0,37 0,16 10,31 1,21

Kectenen kepin oThIpFaHbIMBI3fal, SL-AiH bUFanAbIFel eH ToMeH. SL xxoHe DP keMipaeH Kymautiri
anaekaiaa remex, ain RD na kemipai kyaautiri sxorapel. SL>DP>RC>RD, H/C, SL-ne H/C 1,21-re xeteni.
SL Tac kemipae >keHin epunai, an DP ayvip 3attapaa epuni [6].
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Haomaxy kemip eHgipy ...

1 — tepmomnapa; 2 — MarHUTTI apajaacThIPFBINI; 3 — ra3 MaHOMETp; 4 — aTMOchepabIK KiIalaH,
5 — toT GacmaiiTeiH 6omat cy3ri; 6 — Kiamnas paspsm; 7 — pesepByap; a — RD; b — DP; ¢ — SL

1-cyper. AnmapaTThlH IPUHIMIITIK CXEMaChl

Toxipube 1-cyperre kepcerinrern 0,5 11 OFapsl TeMIIepaTypaiabl KOHIBIPFBIA KACAJIBII, >KOFaphI
KBICEIMIa, pPeaKIus Ka3aHIbIK TYOIHIE, CY3TiHIH CaHBUIAYBIHBIH THaMeTpi 1 MM, KaKETTI MeJIepae KoMip
TYHIPIIIKTEPiH Ka3aHIbIKKa cabln, oFaH 300 M1 epiTkint Kocasel. KakmarsiH skankaHHaH KeliH 0asy N,-1ieH
0,5 MlIla-ra pneitin TonThlpambI3. Aya KiOepim, KaJdbIThl KBICBIMFA JEHIH JKETKi3il, ocbuiail 3 per
KaiiTalaMeI3. ImmiHe Ta3 ToNFaHHAH KEWiH, apalaCTRIPFBINT TETiri 6aceiiansl na Temmneparypa 350 °C mefiin
JKorapmateutanbl. Temmepatypanbl 3 °C KeTepe OTBIPBINI, KAKETTI TeMIlepaTypara IediH KEeTKi3emis.
TypakTsl Temneparypana 60 MUH yakpITTa OypaHAaHbl allbll, SPiTKIII )KOHE OHIM Ka3aHHBIH iIIiHE KBICHIM
APKBUIBI CY3TIlI TTeH BIAbICKa Oapambl. OHBIH CHIPTKBI KAOBI CYBITKBIII Cy apKbUIBI 06JIMe TeMIlepaTypachiHa
IediH cywsIThUTanbl. KanmbIk 3aTTap Cy3rimTid OeTiHae Ka3aHABIKTHIH iITiHAEe KB KOsabl. KazaHIBIKTEIH
1IIIHAE KaJbll KOHWFaH OHIM XKoHEe KalablKk RD KanawlkK jem atamaabl. KaOBUIIAreIl BIABIC 1NIHAETI OoaMe
TeMIepaTrypacblHia epiTKilTeri epireH Kanablk SL epirin gem artamaabl, KeMIpAiH eHiM aiy
TeMIIepaTypachbiHIa epiIMEUTIH OHIM epiMeiTiH DP KameIFel Aen aTaiansl. by keMip/IiH OHAHIBIKIICH epHid
KOMMAaMTHBIH 06JIiri, Ka3aHABIKTH amibll, RD kKamaeirelH amaMbi3. KaObUIIAFBIIT BIABIC IITIHACTI OHIMII ajIbIIl,
DP epitkimin 6enin anaapl. Epitkim nen SL-miH KocmacklH aifHamManbl OyJaHIBIPY amnmapateiMeH Oeitin
aJBI, epITKIMTI OeJyiek >XWHAIl ajlaMbl3. YII KATThl 3aTThl Kemriprim mern imiae cambim 120-140 °C
TeMriepatypana 12 caraTtka Koo Kepek [7].

Exi Typai 5KCcTpakT eHiMAEpIiH MOJIIEPiH ecenTey TICiI:

Yo = W 100 %;
- Wrex(1— Maa— Aa) * %;
w.
Yop = DP x100%,
Wee X(1=M 4 — 4,)
MYHIAFBl Vs, Ypp — eHAipy Mmemmepi; Wsy, Wpp — KeNTipreHHEeH KeHiHTi maccacwl; Wic — KeMipIiH

Kejemi; M,q, Aq — BUIFaIl KOMIPMEH KYJIJIiH Maccachl.

Kewmipai kocy memmepinin DP skone SL enim memmepine ocepi 300 M terpanuu epringicine 10, 20,
30, 40 xome 50 r-marer 2040 HM emmemae kemip Kocbutambl. 350 °C Temmeparypama 60 MuH OOHBI
KBI3/IBIPBLIA B,

Kewmipain kocy memnmepi DP men SL eHim Memepine acepi 2-cyperte kepceriiren. OHOa KepceTi-
reHeit, KeMipAiH KOChLUTYy MeIiepi apTKaH caiibiH, DP eniM memnmepi 7,66 %-nan 17,64 % neiiin xeteni, an
SL-min eHiM Memmepi Temenaeini. Kemip eHmipy OapbichiHOa KEHiT ©HIM ayblp OHIMHIH epyiHe
KeMeKTecei, MyHa keMipaiH Meuiepi 10 r-uan 50 r-ra geiiH jkeTKizeni.

DP emimzaepin eHmipy maitmaner, cebe6i DP emim memmepi Oipre-0ipre >korapbutaiimbl. SL eHiM
OapbICBIHIIA TTOJIUMEpIICY Taiiaa 00y MYMKIH, COJI ceOeTTi OHIM OHAIPY ICHIeil TOMEeHISH T

Temnepamypanviy DP men SL onim monuepine acepi. 300 Mt 6acTankpl peareHTTEp PeTiHAC TeTPaTuH
epitkimii, 20-40 aM 20 T keMip anmsiHAIH (3-Cyp.).
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2-cypet. Kemipai Kocy MeImepiHiH 6HIM 3-cyper. Temnepatypansig DP men SL eHiM
MeJIiepine acepi MeJIiepine acepi

3-cypeTTeH Kepill OTHIpFaHBIMBI3Al, TeMIepaTypa apTkaH caiiblH DP sxone SL eHim Memmiepi eceni,
temmepatypa 375-400 °C kesimme SL-miH eHiM Memriepi esrepe Oacraimel, ceOedi TemIepaTypaHbIH
JKOFapiaysl ocep eteni. Kemip apackiHIarsl ycak MOJICKyJanap jKOHE YCak IIeH ipi MOJIeKyJajnap apachlHaa
e3apa opekerTtecy TemeHzaenai. Ocpuiaiiia ycak MoJieKyJlanap KeMipliH KYpBUIBICBIH TOMEHJETIN, ycak
MOJICKYJIaHBIH epirimTiri apranel. Temmepatypa 375 °C sxorapiaranaa KeMipAiH nmupoimsi 6acranampl. by
MOJICKYJIajiap apachIHAaFbl KYINTI QJICIpETin KOWMAal, BaJICHTTIT1 ©3repil, KeNTereH YCaK MOJIeKyJaiap
epuai. DP enim memmepi 300 °C-tan 350 °C apanbiFblHAa )KbUIAAM 6Celli, TeMIepaTypa >KOFapblIaibl.

Kemip Oenuwexmepoiy DP ocone SL onim monuepine acepi. 300 M BIABICKA pEarcHTTEp pETiHC
TeTpanuH epitkimmi, Haomaxy kemipinen 20 r Gemmekrepmir memmepi 20—40, 100-120 xone 180-200 um
oonanel. 350 °C Temneparypanma 60 mMuH KbI3nbipbianbl. Kemip Oemmextepain DP xome SL eHim
MeJIIepiHe acepi 4-CypeTTe KOpCeTUIreH.

4-cypeTTeH Kepil OThIpFaHBIMEI3Al, Oenmektepain e3repici DP sxone SL eHim memmepine ocepi a3,
cebebi Haomaxy keMmipiHiH camackl TOMEH, OJ KEpIiH KYPBUIBICBIHBIH JkyMcak OomyberHma. 350 °C
TeMIIepaTypaja epiTKill KeMip/iH CaHplIayJIapblHa €HE allajbl.

Op mypai epimkiwumiy DP oicone SL onim momuepine acepi. 300 M bIABICKA OacTanKpl pearcHTTEP
peTiHae TOayoJI, TeTpaiuH, l-MeTmnHadTanMH epitkimi, OenmuekTepaiy emmemi 2040 HM GonateiH 20 T
keMip anbiHaabl. AnbiaFadn keMip 350 °C temmepatypaga 1 car O0ibl KbI3ABIPBIIaAbL. Op TYPJIi €pITKIIITIH
DP xone SL eHiM MediiepiHe acepi S-CypeTTe KOpPCEeTUITeH.
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5-CypeTTeH Kepim OTBIpFaHfgal, YII TYpJi epiTKim KojmanraH, SL-ABIH ©HIM MeJIIepiHe:
I-MeTumHAGTANHUH > TeTpaIMH > Tonyod, DP-1b1 eHIM Memmepi: TeTpamuH > Toilyon > 1-MeTuinHadTa v .
EpiTkim perinae Tomyoisasl Konmanral kezne SL men DP eHiM KapKbIHBI TOMEHIEH T, ce0ebi TeMiiepaTypa
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350 °C Gonran ke3zne, kpichiM 8 MIla xereni. Tomyonaein Temmneparypacsl 318,6 °C, xeickiMbl 4,11 MIla
OoJFaH Ke37e TOYOJIBIH OHIM KapKBIHIBUIBIFEI 6Te ToMeH Oomanbl. EpiTKinT peTiHae TeTpaiuH KOJIaHFaH
ke3ne SL eHIM KapKBIHIBUIBIFBI |-MeTWIHAQTaIMHTE KaparaHaa TeMmeH, aad DP eHIM KapKbIHIBUIBIFBI
l-meTunHadTaNTUHre KaparaHaa >kKorapbl Oomazpl, Oipak eki epiTkimte DP men SL-aiH eHiM geHreii ykcac,
ceOebl KeMip IHPOJU3 PEaKUUAChIHA a3 YINbIpalapl. 1-MeTHIHA(TaIMHHBIH €Ki apoMaTThl CaKhHa
KYPBUIBIMBI TETPAJIMHTE KaparaHaa KeMip OHIIPy MeJIIIepl »KOFaphl, COHIBIKTAaH SL-MiH eHIM MeJmepi
TeTpaIIMHHEH >KOFapbl 0onaznsl, an DP eHim Menmiepi TeTpanuHre KaparaHia TOMEH.

Mynna epitkim perinae Terpaius 350 °C TemmepaTypaja eHiM eHAipei.

TG-manoay. Epitkim periame terpanud 350 °C Temneparypana eHim enuipeni. RC, RD, DP xone SL-
nin TG-DTG tangaysl 6-CypeTTe KOpCeTiITeH.
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6-cyper. Tac xemip MeH KarThl 3a1ThiH TG-DTG nuarpammacst

6-CypeTTeH Tac KeMIpMEH op TypJi ©HIMHIH ayBIpJIBIFBIH JKOFaNTYbl IpiI€H YycarblHA Kapai
opHanacagpl: SL > DP > RC > RD. AybIpabIFbIH KOFaNTY XKbUIIAMIBIFBI: TaC KOMip MEH YII TYpJl KaTThI
3aTTHIH CH YJIKEH ayBIPJIBIFBIH JKOFAIITY JKBIIIAMIBIFBIHBIH HYKTECI, COHKECIHIIe, TeMIIepaTypackl 0ip-0ipine
OTe JKaKbIH €KeHIH KopeMi3. SL-1e aybIpiIbIFbIH KoFanTy Kelnaamabirsl 300 °C TemiiepaTypa aifHamachlHIA
eH KOFaphbl HyKTene Oomnael, Oynan ycak OemmexTepaid Oynanys! Oaiikanaabl.

DTG oGetinenenren 6-cyperre keMip oHimi 350 °C Temmeparypama MUPOIN3 PEaKIUSICHIHA TYCIICH/I,
conabikTad SL MeH DP kaTTel OemiHOeTIH 3aT O0JIbIN TaOblIa bl

Unppake3en  Tanpay OoibiHma  (7-cyp.) TONKBIH y3bIHABEB 3000-3750 cM'  apansirbiHza
THIPOKCHIIBAI (YHKIMOHANIBIK TOOBIH KepeeTeni: SL > RC > DP > RD.

RC

DP

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

7-cypet. Tac xemip MeH KaTThl 3aTThIH TG-DTG auarpammacet

TonkbiH y3bIHABIFR 28002950 cM ' GomFaH Kesxe Mailisl KemipcyTerin kepcereni: SL > DP > RC >
>RD 6onagsl. SL sxone DP-HBIH Tac keMipAiH Meiiepi >kOorapbl OONaTBIHBIH Kepyre Oonaapl, an RD
imingzeri Maiinel keMipcyTeridin Memepi kemip MenmepineH ToMeH 6omabl. ToIKbIH y3bIHIBFE 1600 cM '
OoJFaH Ke3/le apoMaTThl CaKiHa KYPBUTBICHIH KepceTeni: RC > RD > DP > SL.
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OHIMAI KbI3ABIPFaH Ke37¢ KOMIpAiH IMIHACTI THAPOKCWIbAI (DYHKIIMOHANABIK 3aT TIEH MAailIbl
kemipcyTek SL men DP apaceiama cakranansl. Kemipmin kyni RD-ra cakramanmbl. YIr TYpii KaTThl 3aTTHIH
Oynanysl RC-maH TeMeH eKeHiH Kepyre 00mabl.

Kopvimwinowl. EpiTkim kenemi TypakTsl OoJFaH Ke3[e KOMIpAiH KOChUTYy MeIIIepi KorapiaraH cailblH
DP ennipy nmenreiti yurrasaer, SL meHreiti azmam temenaeimi. Temmepartypa 375 °C-taH xoFaphl OOJIFaHIa
MMAPOJIN3 PeaKIusyIapblHa Tyceli, HOTWXKeciHAe SL eHIM KOpCEeTKIII KapKBIHIBI ecemi. bemmekTepain
OHIIpyi KapKbIHBI a3asiabl. EpiTkim petinae TeTpaiuH MeH |-metnnHadTanuy KoianaHrad ke3ae DP sxone SL
YKAIIITBI OHIPY KYHECi YKcac, oJapblH epiTKIll KapKbIHABUTBIFEI TOYOJ/IaH J1a KOFaphbl OOJIbI.

OHiMAl KbI3ABIPFaH Ke3[e KOMIpAiH IMIHACr THAPOKCWIbAI (DYHKIMOHAABIK 3aT IICH Mailbl
kemipcyTek SL men DP apaceiama cakramansr. Kemipaig kymi RD-ma cakranmampl. Yor Typsi KaTThl 3aTTHIH
Oynanysl RC-1an TemeH.
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Hccnenosanue nepepadorku ¢ppaxkuum yriasa Haomaxy

OObexToM uccnenoBanHus sApisercs yroibr Haomaxy. C mOMOIIBIO YCTaHOBOK IepepabOTKU MPH BBICOKOM
TeMIepaType U JaBJICHUH yrojb pa3iaraeTcs Ha TPU YacTH: ocTaTo4yHas yacTh — Rd, pactBopumas — SL n
HepacTBopuMas — DP. Onpenensnance 3aBUCUMOCTb PaCTBOPUMOCTH YIJIs OT TEMIIEPAaTyphl, €€ BIHSHHE Ha
konmuectBo DP u SL. B craTtbe npuBeneHsl pa3indHble METObI UCCIEIOBAHMS, TaKHe KAaK JIEMEHTHBIN U
rpaBumerpuuecknii anamms, WK-cnexrpockomms. Ilpm crabuinsHOM 0o0BbeMe pactBOpuTens npomaykr DP
yBennunBaercs, a oobeM SL ymenpmaercs. IIpu temneparype Bbime 375 °C HauMHaeTcs NUPOJH3, B
pesyabrate obOpazoBanue mnponykra SL mHTeHCHBHO yBennumBaercsa. [Ipu HMCIIONB30BaHMM B KadecTBe
pacTBopHTeNsT TeTpaIMHA W 1-MeTwnHadrammHa KimdectBo npoxykroB DP u SL cpaBHmBaercs, a mnx
PacTBOPUMOCTb CTAHOBHUTCS OOJIBIIE IO CPABHEHUIO C TOIYOJIOM.

Qiao En, Zhou Qixiong, Yu Xinyi, Geng Lili, M.I.Baikenov, A.b.Tateyeva,
Zh.Bulash, B.Zh.Kokzhalova, N.Zh. Rakhimzhanova, A.B.Karimova

Research of Naomaohu coal fraction processing

Taking Naomaohu coal as research object, raw coal (RC) was divided into three solid products, which were
residue (RD), deposit (DP) and soluble (SL), using high temperature and pressure extraction apparatus. The
effects of the solvent-coal ratio, temperature, coal size and solvent type on the extraction yields of SL and DP
were investigated and proximate and ultimate. TG-DTG and FTIR analysis were determined. The results
shown that: when the dosage of solvent was certain, with the amount of coal adding, the yield of DP in-
creased, the yield of SL decreased slightly; increasing temperature promoted extraction of SL and DP, and at
higher temperature than 375 °C the yield of SL increased rapidly because of large pyrolysis reaction; coal size
had little influence on extraction; choosing tetralin and 1-MN as solvents, the total yield of SL and DP was
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similar, which was higher than toluene. Hydroxyl substance and aliphatic hydrocarbon contents of RC were
mainly collected in SL and DP, ash content was mostly collected in RD, the moisture content of RD, DP and
SL was far below RC.
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The factors influencing hydrogenation of a primary coal tar

Due to steady increase in prices for oil, the receiving of fuel and chemical products from coal and heavy oil
gets the practical value that can be considered as one of the perspective directions in energetics and the petro-
chemical industry of the near future. Receiving liquid fuels from firm combustible minerals is reduced to de-
struction of molecules of initial raw materials, increase in the relative content of hydrogen, removal of oxy-
gen, nitrogen, sulfur and cindery mineral substances. The method of planning the experiment with use of the
composite plan of Boxing Wilson optimum conditions of carrying out process were determined, a hydrogena-
tion of fraction of primary coal tar to 175 °C. It was established the influence of various factors, such as the
process course temperature, reaction time, pressure of hydrogen and number of the added catalyst. The re-
gression equation is calculated, the importance of the equation is estimated by parametrical criteria of statis-
tics (Student and Fischer's criterion). It is defined that degree of a hydrogenation of fraction of primary coal
tar from the end of boiling at 175 °C rises with increase in temperature, duration and the maintenance of the
added catalyst. It is established that the most optimum temperature of hydrogenation processes 420 °C, the in-
itial pressure of hydrogen is 3,0 MPa and duration of carrying out process is 60 min.

Key words: hydrogenation, fraction of primary coal tar, temperature, hydrogen pressure, Nano catalyst.

A large number of experimental tasks in chemistry and chemical technology are formulated as extreme
tasks: definition of optimum conditions of process, optimum structure of compositions, etc. Due to an opti-
mum arrangement of points in factorial space and to linear transformation of coordinates, it is possible to
overcome disadvantages of the classical regression analysis, in particular the correlation between coefficients
of regression.

Planning of experiment allows varying all factors at the same time and allows receiving quantitative as-
sessment of the main effects and the effects of interaction.

In works [1-3] the hydrogenation of model objects in the presence of the synthesized Nano dimensional
catalysts on the basis of iron oxide is considered. It is established that the Nano catalyst Fe;O, shows high
activity and selectivity in comparison with other synthesized catalysts (B-FeOOH and Fe,05) [4].

In the process of a hydrogenation of heavy hydro carbonic raw materials the main objective is an in-
crease in an exit of liquid products due to transition of hydrogen to reactionary mix [5]. Various solvents,
fractions of coal tar, oil products, high-viscosity oil and its fractions can act as the donor of hydrogen. Ther-
modynamic calculations allow establishing optimum degree of a saturation of donors molecules by hydro-
gen [6].

Experimental

Studying the process of a hydrogenation of high-molecular substances with their transformation in low-
molecular [7] shows that this process depends on a number of factors including the main ones: pressure,
temperature, heating duration at an experience temperature, the speed of heating and catalysts.

In this work the method of planning of multiple-factor experiments is applied to definition of optimum
conditions of a hydrogenation of fraction of primary coal tar in the presence of the Nano catalyst [8]. During
planning complete factorial experiment all possible combinations of factors are realizes at all chosen levels.
The necessary number of N experiences is determined by a formula:

N=2"42k+n,
where n — number of levels; £ — number of factors.
As factors on which depends, process of a hydrogenation of fraction of the primary coal tar (PCT), the

following ones are chosen: z; — temperature,®C; z, — duration of hydrogenation process, min.; z; — num-
ber of the catalyst added to PCT fraction, %; z, — the initial pressure of hydrogen, MPa.
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Results and discussion

Because the analysis of parametrical sensitivity of process was an objective in this research, the orthog-
onal plan of the second order was chosen as the plan of experiment, providing equality to zero all covari-
ance’s between coefficients in the regression equation. Coordinates of the center plan, intervals of a variation
and levels of research are specified in Table 1.

Table 1
Levels of the studied factors
VA Z> Z3 Zy
7j° 400 50 0,2 1,5
AZj 20 10 0,1 0,5
1 420 60 03 2,0
-1 380 40 0,1 1,0
1,61 440 70 0,35 2,5
“1,61 360 30 0,05 0,5
The orthogonal plan of a matrix of the experiment is presented in Table 2.
Table 2

The plan of the matrix experiment fraction of PCT hydrogenation

Ne experience Xo X1 X, X3 X4 y
1 1 -1 -1 -1 -1 78,50
2 1 -1 0 0 0 77,00
3 1 -1 1 1 1 74,95
4 1 0 -1 0 1 79,60
5 1 0 0 1 -1 61,40
6 1 0 1 -1 0 69,40
7 1 1 -1 -1 1 77,30
8 1 1 0 0 -1 78,35
9 1 1 1 1 0 79,05
10 1 -1 -1 1 -1 73,75
11 1 -1 0 -1 0 77,10
12 1 -1 1 0 1 84,25
13 1 0 -1 1 0 76,55
14 1 0 0 -1 1 79,80
15 1 0 1 0 -1 82,60
16 1 1 -1 0 0 87,00
17 1 1 0 1 1 71,55
18 1 1 1 -1 -1 77,85
19 1 -1 1 -1 -1 73,75
20 1 1,61 0 0 0 91,03
21 1 —-1,61 0 0 0 63,31
22 1 0 1,61 0 0 79,65
23 1 0 —-1,61 0 0 51,73
24 1 0 0 1,61 0 90,78
25 1 0 0 -1,61 0 52,57
26 1 0 0 0 1,61 69,40
27 1 0 0 0 —-1,61 61,40

Where y — extent of the extraction of liquid products, %.
Plan parameters: k — 4; ng — 3; o — 1,61; number of levels N — 27.
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Thanks to orthogonality of a matrix the planning all regression coefficients are determined independent-
ly from each other by a formula:
N

J N 5, "
Zi:lxﬁ

According to the results of experiments regression coefficients and their error are calculated:

by =75,02 by =2,05 b, =4,07
by =-4,14 by =-1,65 by =47,86
blz :—3,15 b13 :—5,05 b14 :2,12
b21 = —3,15 b22 = 43,79 b23 = —2,19
b24 = *2,84 b31 = *0,18 b32 = *2,20
b33 = 45,82 b34 = 3,01 b41 = 2,12
by, =-2,84 by =3,01 by =43,00
birs =-0,01

The significance of the equation coefficients regression is estimated by Student's test according to the
formula:

t z‘bj‘/sbj .
Where b, — regression equation coefficient; 5, —— average square deviation the j of coefficient.
tv =167,66 tn =458 n =909
5 =-925 ty, =-3,66 th =106,96
112 = —7,04 113 =-1 1,29 t14 = 4,74
1231 = —7,04 ty = 97,86 fy = —4,89
124 = *6,35 131 = *4,04 132 = 4,92
t33 = 102,4 t34 = 6,73 t41 = 4,74
17 = —6,35 fy3 = 6,73 fyg = 96,1
tie =-0,02

Tabular criterion value of Student for the importance equation p = 0,05 and numbers of degrees free-
domof f'=ny—1=2; 1,(f) =4,3.

Thus, the coefficients b3, b4, blz, b13, bz], b23, b24, b31, b32, b42, b1234 aren't signiﬁcant and they should be
excluded from the regression equation. After an exclusion of insignificant coefficients the equation of regres-
sion is:

y=75,02+2,05x, +4,07x, + 2,12x,x, +3,01x,x, +2,12x,x, +3,01x,x;.

In order to check the importance of coefficients of regression and adequacy of the equation parallel ex-
periences were conducted in addition. Dispersion of reproducibility is counted by three experiences in the
center of the plan:

3.0
3° =—z“3-1y” - 81,33,

where y; =79,8 %;

y2 =81 %;
vy =283,2 %;
V=244 %.
The checking of adequacy of the received equation was carried out by Fischer's criterion:

2
N

ocm

=2

socnp
Dependences of influence of various factors (process temperature, duration of hydrogenation process,
number of the catalyst added to PCT fraction and the initial pressure of hydrogen) upon process of a hydro

up classing of PCT fraction are presented in Figures 1-4.
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Figure 3. Influence of the maintenance the catalyst Figure 4. The effect of the hydrogen pressure
on degree of a hydrogenation the PCT fraction on the degree of hydrogenation fraction PCT

These equations are adequate to experiment Fi = 6,55. Tabulated values of Fisher criterion
Favy= 19,45 significance level f; = 24, f, = 2. Therefore, the resulting regression equation adequately de-
scribes the experiment.

The analysis of parametric sensitivity of the regression equation is shown in Figure 4. Calculations are
made for the center of the plan. The degree of hydrogenation of fraction PCT increases with increasing tem-
perature, length and content of the added catalyst (Fig. 1-3).

Thus, the hydrogenation of PCT fraction in the presence of the Fe;0, Nano catalyst is carried out. In-
fluence of such factors as the process temperature, process duration, number of the added Nano catalyst, and
also initial pressure of hydrogen are analyzed. The optimal conditions for the hydrogenation process are es-
tablished. The optimum conditions for the hydrogenation process PKS fractions are 420 °C temperature,
60 minutes duration, the amount of catalyst added is from 0,1 to 0,5 % and an initial hydrogen pressure of
3 MPa.
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Bipinmiytik Tac kemip maibIPbIHBIH THAPOTeHNU3ANMICHIHA
(phaxTopaapabiH dcepi

MysHaii OaralnapblHbIH Y3AIKCi3 JKOFapiaybl KeMip MEH ayblp MYHaiilaH OTBIH JKOHE XHUMHSJIBIK
Genrineyinaeri eHiMaepal amy ToKipuOeni MaHbI3IbI 00majabl, Oy jKaKbIH OOJAlIaKTaFbl YHEPreTHKa MEH
MyHail XUMHUsI OHepKacimTepiHzeri kenereri O6ap OarbITTapablH Oipi periHae KapacTelpbuiabl. KarTh
JKaHATBIH Kaz0ajapJaH CYHMBIK OTBIHZApABl ally OacTamkbl OHIMHIH MOJIEKyJalapislH OeriHyiHe, cyTeri
KeJIeMiHIH OipmiaMa >KOFapiayblHa, OTTETiHi, a30TThI, KYKIPTTi XoHE KYJIi MHHEpasIsl 3aTTapibl KeTipyre
ocep ereni. BOKC-YHICOH KOMITO3HMIMOH/IBI HKOCIApBIH IaifanaHa OTHIPbIN, Kol (akTopibl TIXKipuOeHi
xKobaay 9iciMeH HaHOKAaTaJIM3aTop KAThICBIH/IA OipIHIIUIIK Tac KeMip IAHBIPBIHBIH THPOT€HU3AIUsICHIHBIH
THIMZI KaFgainapbl aHBIKTANAbl. bBacTamkpl CyTeri KbICHIMBI, KOCBUIATBIH HaHOKATAIU3aTOp KeJieMi,
TeMIieparypa MEH YPIIC YakbIThl CHSKTHI (hakTopnapabiH acepi 3eprreii. CTaTUCTHUKAHBIH MapaMeTpIliK
6enrinepi apkpuibl (CthromeHT jkoHe @uimep Oenrijepi) perpeccusi TEHAIN eCENTENIHIN, MOHALIIr
anplkTanapl. 175 °C  geifinri OipiHIIUIIK Tac KeMip MIAHBIPHIHBIH (PaKLMACBHIHBIH THUAPICY Oddpexeci
TeMIiepaTypaHblH ©CyiMeH, YPHAICTIH yaKbITHIHBIH JKOFapJaybIMEH, KOCBUIATBIH KaTaln3aTop MeJLIePiHeH
eceTiHl aHbIKTANABL. EH THiMzi >xarmnaid perinae temmepatrypa 420 °C, Gacrankbl cyreri KpicbiMbl 3,0 MIla
JKOHE YPIIC YakbITE 60 MUH OOJIATHIHBI OCNTiIICH/].

A M. [rocexkenos, M.W.balikenos, A.P.Panukos, JK.b.borkaHoBsa,
K.C.AxmeTkapumoBa, JK.X.MyngaxmeToB

DaxkTOopbl, BJUSIOIINE HA THAPOreHNU3AIUI0
MEePBUYHOM KAMEHHOYI0JIbHOM CMOJIbI

B cBs13u ¢ HEYKIIOHHBIM POCTOM IIeH Ha He()Th NIPAKTHIECKOe 3HAYEHHE IIPHOOpPETacT MoTydeHUe MPOILyKTOB
TOIUTMBHOTO ¥ XMMHUYECKOTO Ha3HAUEHHMS U3 YIJIA U TSDKETOH He(TH, 4TO MOXKET PAaCCMaTPHUBATHCI KaK OJIHO
U3 TEPCICKTUBHBIX HANpPAaBICHUH B 3HEPreTHKe M He()TEXMMHUYECKOIl MPOMBIIUIEHHOCTH Onykaiimero Oy-
nymero. ITomydenne >KUIKUX TOTUIMB U3 TBEPIBIX TOPIOUMX HCKOMAEMBIX CBOAUTCS K PAa3pyLIEHUIO MOJIEKYJ
HCXOJHOTO CBIPBS, yBEIMUYEHUIO OTHOCUTEIBHOTO COJEPKAHMS BOAOPOIA, YAAIECHHIO KHCIOPOa, a30Ta, CEPhI
U 30JIbHBIX MHUHEPAJIbHBIX BELIECTB. METOOM MIAaHUPOBAHHS SKCIEPHMEHTA C HCIONb30BAHHEM KOMIIO3H-
IMOHHOTO IUTaHa bokca-YuicoHa ObIIM onpeesieHsl ONTUMATbHBIE YCJIOBUS MIPOBEAEHHS IIPOIecca THIPO-
reHu3anu (Qpakiuy MEePBUYHON KaMEHHOYTONbHOUW cMoJbl 10 175 °C. YCTaHOBICHO BIHSHUC Pa3IHYHBIX
(hakTOpOB, TaKMX KaK TEeMIEpaTypa IPOTEKaHHs IPoIecca, BpeMsi IPOTEKaH!s PeaKkliy, JaBJICHHE BOJOPOAA
M KOJIMYECTBO N00aBIIEMOTo KaTajau3aTopa. PaccunraHo ypaBHEHHE pErpeccHH, 3HAYMMOCTH YpPaBHEHHUS
OLIEHEHA MapaMeTPUUECKIMU KPUTEPUSAMH CTaTUCTUKH (Kputepuil CThroaenTta u @umiepa). OnpeneneHo, 4To
CTeNeHb THAPOreHH3aluy (paKIUU MEPBUYHOI KAMEHHOYTOJIBHOM CMOJIBI ¢ KOHIOM KumeHus: 175 °C Bo3-
pacTaeT ¢ yBEIMUYEHHEM TeMIepaTyphl, IPOJOILKUTENPHOCTH M COAEpKaHMS J0OaBIsEMOro KaTalnu3aTopa.
YcraHoBieHo, 4To Hanbosiee ONTUMaNbHas TEMIIEpaTypa NPOTEKaHHs MPOLECCa THAPOTeHU3aluH COCTaBIISIET
420 °C, nauanpHOe naBneHue Bogopoza 3,0 Mlla u npogomKuTenbHOCTh poBeAeHus pouecca 60 MUH.
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Research of pre-oxidation property of catalytic and mesoporous adsorbent coal

Object of research — coal from Xinjiang Shuixigou prepared activated carbon by adding catalyst and the use
of pre-oxidation. Research results shows that the pore size of the activated carbon was 8.55 nm, the specific
surface area was 311.89 m%/g and the iodine adsorption value was 332.13 mg/g. After adding the urea, the
nickel nitrate and the iron nitrate, the specific surface area of activated carbon were increased respectively 1.7
times, 1.9 times, 1.7 times. And the iodine adsorption value is increased respectively 2.6 folds, 1.9 folds, 1.9
folds. After adding the ammonium nitrate, the pore size of activated carbon had a significant increase, reach-
ing 16.34 nm. After the air pre-oxidation, the specific surface area of activated carbon increased 2.2 times and
the iodine adsorption value increased 1.7 times. Research results indicated that it can improve the specific
surface area and adsorptive property of activated carbon by adding catalyst and the use of air pre-oxidation.
The ammonium nitrate is contributed to forming the mesopore of the activated carbon.

Key words: coal, catalyst, pre-oxidation, Adsorbent coal, urea, nickel nitrate, iron nitrate.

Today, due to increased demand and the widespread use of adsorbent coal its production development
grows. Since the adsorbent coal is porous, it is often used as absorber [1]. The adsorption capacity of adsor-
bent coal is dependent on the relative surface area and pore size, and therefore now calculate the surface area
and pore diameter of the adsorbent coal has become an object of study [2, 3]. According to literary data
[4, 5], the effect of the catalyst on the surface area of the adsorbent coal is high. The diameter of the pore and
structure the main factor affecting to the adsorption property of the adsorbent coal [6].

According to international standards, the activated charcoal is divided into small pore (d <2 nm), medi-
um porous (2 nm < d <50 nm) and macroporous (d > 50nm). Now, using traditional methods of production
of medium porous adsorbent coal to create problems of less relative surface area, which affects to the
absorption properties of adsorbent coal. At large porous carbon processing by adding the metal compounds
can be prepared medium porous adsorbent coal with larger relative surface area. It is possible to obtain coal
with different pore diameters with pre-oxidation. With pre-oxidation is possible to obtain coal with different
pore diameters. It is possible to increase the absorption properties of the coal, therefore using as raw material
Shuixigou coal, using pre-oxidation in presence of catalysts, using two methods it is possible to improve ad-
sorption properties and increase surface area of adsorbent coal. According to literary source [7], coal ash de-
creases till 5 %, evaporation is 25—40 %, humidity goes down to 10 %.

Table
Analysis data of Shuixigou carbon
Industrial analysis, % Element analysis, %
Shuixigou Mg Aq Vdat Cq Hy Oq Ny Sia
coal/carbon 5.42 2.35 34.15 78.52 4.42 13.59 0.84 0.30

According to the Table Shuixigou coal has low ash content, evaporation and humidity, it is good for in-
creasing content of carbon.

Discussion of catalyst influence to adsorbent coal:

1. Without catalyst.

3. CO(NH,),.

5. FCG\IO3)3'9H20.

Figure 1 shows the effect of adsorbent coal on iodine adsorption.
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According to the figure 1 after adding catalyst carbon iodine adsorption is increasing. At 1 — number
value of carbon iodine adsorption is 332.13 mg/g. At numbers 2, 3, 4 and 5 value of carbon iodine adsorption
is reaching 432.31 mg/g, 878.34 mg/g, 634.45 mg/g and 616.97 mg/g, along with it after adding of catalyst
value of carbon iodine adsorption reaches to its increasing limit. So we can see adding of catalyst is profita-
bly for growth of carbon iodine adsorption value.

The effect of the catalyst on the amount of product. Figure 2 illustrates that at 3, 4, 5 numbers amount
of adsorbent coal product is higher than carbon without catalyst, at number 4 amount of product is 15.2 %, at
number 2 amount product of adsorbent coal is the lowest, it is 7 %. Also with the addition of various cata-
lysts adsorbent coal adsorption is different, and the product of adsorbent coal is of poor quality. Adding these
catalysts CO(NH,),, Ni(NO;), 6H,0, Fe(NO;);-9H,0 decreases burning of coal, and amout of product of
adsorbent coal increases, but adding NH4;NO; as catalyst increases burning of coal, and amout of product of
adsorbent coal decreases.
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Figure 1. Effect of adsorbent coal Figure 2. Effect of the catalyst
on iodine adsorption on the amount of product

The effect of catalyst to carbon pore size. According to the Figure 3 pore of carbon is 8.55 nm, volume
of pore is 667 sm’/g, at 3, 4, 5 numbers pore of carbon doesn’t change, but volume increases. At number 2
the pore of carbon growths until 16.34 nm. So with ammonium nitrate catalyst mesopore of carbon is
formed.

The effect of catalyst to surface area and microporous area of carbon. Figure 4 shows the effect of cata-
lyst on adsorbent coal surface area and microporous area of carbon.
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Figure 3. The effect of catalyst Figure 4. The effect of catalyst on adsorbent coal surface
on adsorbent coal pore size area and microporous area of carbon

According to the Figure 4, at number 1 surface area of carbon is low, after adding catalyst it increases.
At 3, 4, 5 numbers surface areas of adsorbent coal are 529.94 mg/g, 580.71 mg/g, and 519.33 mg/g, and at 3
and 4 numbers pore area of carbon is the largest. It is 410.20 mg/g, 527.21 mg/g, so adding urea, nickel ni-
trate, iron nitrate contributes to improving of surface area of adsorbent coal.

Research and analysis of pre-oxidation of mezoporous adsorbent coal

1. Oxidation with air: Shuixigou coal is pyrolised with heating it until 200 °C, after it is oxidized with
air 2 hours and carbonized, after absorbent coal is taken.
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2. Oxidation with HNO;: Shuixigou coal and HNOj; solution are poured in flask, filtered, washed and
dried, after it is carbonized and absorbent coal is produced.

Figure 5 shows effect of pre-oxidation on iodine adsorption. According to the Figure 5, adsorption of
iodine by iodine in sample 2 is the highest, it averages to 562.35 mg/g, but in sample 3 it is lowest, it averag-
es to 279.14 mg/g. Value of adsorption of iodine shows adsorbent properties of adsorbent coal, so the more
iodine is adsorbed the better the adsorbent properties of adsorbent coal. That’s why oxidation with air im-
proves its adsorbent properties.

Figure 6 shows effect of pre-oxidation to its product amount. According to the Figure 6, in samples 1
and 2 the amount of adsorbent coal product doesn’t change, but in sample the amount of product is lowest, it
is only 4.3 %. At oxidation of coal with HNO;, quantity of oxygen rises, properties improves, temperature of
activation is decreases, also porosity increases. At oxidation with HNO; yield of coal product is decreases.
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Figure 5. Effect of pre-oxidation Figure 6. Effect of pre-oxidation
on iodine adsorption on its product amount

Figure 7 shows effect of pore volume on the adsorbent coal. According to the Figure 7, in comparison
with sample 1, in sample 2 the pore size doesn’t change, but in sample 3 pore size of adsorbent coal is big, it
is 18,34 nm.

Surface area and micropore area of pre-oxidized adsorbent coal: as it shown in Figure 8, sample 2 has
the biggest surface area about 695.98 mg/g, in number 3 surface area is the least, it is 280.13 m*/g.
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Figure 7. Effect of pore volume Figure 8. Surface area and micropore area
on the adsorbent coal of oxidized adsorbent coal
Conclusion

1. Mezoporous adsorbent coal from Shuixigou coal was gotten, its surface area isn’t big, but after
adding CO(NH,),, Ni(NO;),-6H,0, Fe(NO;);-9H,0 as catalysts surface area achieves 1.7, 1.9, 1.7 particles,
and iodine adsorption increases till 2.6, 1.9, 1,9, so catalysts make surface area of adsorbent coal bigger and
improves its adsorbent properties.

2. Adding NH4;NO; rises the porous of adsorbent coal, which riches 16.34 nm.
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KaranuTukassbIk xKoHe Me30KeyeKTi OesiceHaipliireH
KOMIip/AiH aJIbIH aJ1a TOTBIFY KACHETIiH 3epTTey

Fouibivu 3eprrey oobexrici — Shuixigou [Ibirkay kemipi. bencenaenaipinres kemipai exi ToCiIMeH anyra
Oonanpl: KaTauM3aTOp KOCY JKOHE ayiblH aja TOTBIFYIbl NaijanaHy apkeuibl. ToxipuOe HOTMXeciHAe
kenecizedt mamimer: Shuixigou Oencenpipinren kemipiHiH Meumepi 8,55 HM, HakThl OCTiHIH ayaaHbI
311,89 M%/r, ifoaTsiH amcopbumst Momi 332,13 mr/r Gomagsl. MoueBMHA, HHKENh HHTPATH JKOHE TEMIp
HHUTpPAThIH KOCKaHHAH KeliH, OesCeHAIpireH KkoMipaiH HaKThl 6eTiniH aygans 1,7, 1,9, 1,7 ece xoHe HOATHIH
agcopouus Momi 2,6, 1,9, 1,9 ece xorapnaiiapl. COHBIMEH KaTap aMMOHHWI HHUTPAaThIH KOCKaH Ke3Je
OenceHmipireH KeMip[iH KeyeKTUIIK Memmiepi xorapnan, 16,34 HM-re neifin xeremi. TOTbIFymaH KeHiH
OenceHmipinreH KeMmipAiH HakTel OCTiHIH aymaHel 2,2 ece >KoHe HOATHIH ancopbuus MeHI 1,7 ece
xorapiaiipl. OCBIHBIH HOTIIKECIHIE Kesieciledl KOpBITBIHIBI JKacayra OOJajbl, SFHH KaTajau3aTtop
KaTbICBIHJAQ aNJIbIH ajia TOTHIKTBIPY apKbUIbI €Ki Typui oficmeH OelnceHIipinreH KeMip[iH CajbICThIPMAabl
OeTTIK ayJlaHbIH KOHE afACOPOLMAIBIK KACHETIH apTThIPYFa 00Jiaibl ’KOHE AMMOHMIT HUTPATBIHBIH KAaThICHIHAA
OernceHaipinres KOMIpAiH ME30KEYESKTIIIr KalblnTacapbl.

Illay En, XKy Cuiyn, FO unn, XKen Jlunu, M.U.baiikenos, A.b.Tateesa,
K.Bymam, H.A.Opa3oBa, H.JK.PaxumxanoBa, A.b.banrabaesa

I/I3yqe}me CBOMCTB NnpeaABapUTECJIbHOI0 OKUCJICHUS
KaTAJIUTHIECCKOI0 1 ME30IMOPUCTOI0 aKTUBUPOBAHHOI'0 YIJIsA

OO6bekT uccnenosannst — Shuixigou yrons birkan. [TonydyeHne akTHBUPOBaHHOTO YIUISl OCYLIECTBILSIIOCH
JIBYMsI METOJAaMH: B MPUCYTCTBUU KaTanu3aTropa U IyTeM IIPeABAapUTENBHOT0 OKcuieHus. [Ipu npoenennn
IKCIIEPHMEHTa OBUIM TOJIYYeHBI CIIEMYIOIINE Pe3yJIbTaThl: KOJMYECTBO aKTUBHPOBAHHOrO yris Shuixigou
cocTaBisuo 8,55 HM, yzenbHas IUIOMIAAb MOBEPXHOCTH pasHa 3,11 M2T, azcopbumst Hoja cocTaBisuia
332,13 mr/r. Ilpu noGaBieHMM MOUYCBHMHBI, HUTpaTa HHKENS U )Kejle3a yJelbHas IUIOIagb ITOBEPXHOCTH
AKTHBHPOBAHHOTO YIJI YBEJIHMYMBAETCS COOTBETCTBEHHO B 1,7; 1,9; 1,7 pa3a, a ancopOuus Hoja Bo3pacTaeT B
2,6; 1,9; 1,9 paza coorBercTBeHHO. [Ipy no6GaBneHuy HUTpaTa aMMOHHUS MTOPUCTOCTh AaKTUBUPOBAHHOTO YIJIA
yBenuuuBaercsi u jpocruraer 16,34 um. Ilocne oxucneHus ynenbHas IUIOMIAAb AKTHMBUPOBAHHOTO YIS
yBeIuumiIach B 2,2 pasa, a ancop6buus yriast — B 1,7 pa3za. [lo pe3ynpratam uccieioBaHus caelaHo cieaylee
3aKJIIOYEHHE, YTO MPHU MPEABAPUTENLHOM OKHCIEHHH U B NPUCYTCTBHU KaTalM3aTOpa MOXKHO YBEIHYHUTH
YIEIBbHYI0 OBEPXHOCTh M aJCOPOIUOHHYIO CIIOCOOHOCTh aKTHBHPOBAHHOTO YIS, 4 TAKXKE B NPHUCYTCTBHU
HUTpaTa aMMOHHMS HAOTIOAAETCS] ME30IOPUCTOCTh aKTUBHPOBAHHOTO YIS,
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Evaluation of sorption properties of «sodium oleate — sulfhydryl collectors»
mixtures on copper-lead ore samples

The kinetic and thermodynamic parameters of the sorption process for mixtures of oxy-hydryl and sulf-hydryl
collectors on the Ayak-Kodzhan deposit ore samples were determined in this paper. An analysis of sorption
isotherms oxy-hydryls and sulthydryls howed a tendency to the formation of the adsorption layer is not the
entire surface of the particles. Preferably in the micropores (macro and mesopores), energy interaction
«adsorbate-adsorbent» is defined as the structure of the adsorbent and adsorbate structure (sulfur — and oxy-
gen-collectors), and hence, value of parachor and molear volume.

Key words: oxy-hydryl and sulthydryl collectors, sodium oleate, adsorption, Gibbs energy of adsorption,
adsorbate, molar volume, sorption isotherms, thermodynamic parameters.

Introduction

Currently, the mining and metallurgical cluster in connection with the depletion of the main large de-
posits of ore minerals at the fore front enhancement processing refractory materials that require the use of
new technological methods and reagent modes [1]. Consequently, the current is the assessment of the sorp-
tion properties of mixtures reagents that are individually able to allow to extract minerals containing hard
and soft cations.

Experimental

According to elemental analysis of Ayak-Kodzhan deposit ore is mixed (oxydized and sulfide). The
main useful component is copper, is essential as lead, and from impurities — molybdenum, titanium, present
in minor amounts any cadmium, nickel and manganese. From the data of X-ray analysis shows that Ayak-
Kodzhan deposits ore represented mainly chalcocite, galena, cuprite, pyrite and gangue — silica, aluminum
silicates. Elemental analysis was performed on the ore grade instrument (Spektrolab) and X-ray analysis was
performed X-ray diffractometer (XRD-7000 Shimadzu).

Working solutions of collectors mixtures (in a ratio of 1: 1 for two-component, in a ratio of 1:1:1 ter-
nary mixture) were prepared by diluting the concentrated solutions of the individual collectors to a concen-
tration of 10~* mole-1"". Determination sorption properties of collector’s mixtures surface polymetallic Ayak-
Kodzhan deposit ore is carried out according to the method described in [2].

Adsorption equilibrium constants were calculated by the formula

vV,
C,=C,2L, 1
1=y &
where C, and C,, are respectively, the concentration of the ligand and metal; V,, V,, — are their volumes.
Adsorption values are calculated according to the equation:
C,—-C, )V
A= M , )

m
where C;, C, — are the initial and the equilibrium concentration of the individual collectors in mole-l'l;
V' — is the volume of individual collectors in which the adsorption process, ml; m — amount of adsorbent, g.

1gA=1gK+%lng. 3)
lg4 and C, values determine the constants of Freundlich — Bedekker’sequation (3) or the graphical method

of least squares.
Results and discussion

The energy characteristics the sorption of sodium oleate, and other phosphorus collectors based on the
adsorption data for potassium butyl xanthate and sodium dibutyldithiophosphates were calculated (Table 1).
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Table 1

The sorption characteristics of sulfur and oxygen containing collectors for Ayak-Kodzhan deposit ore

s E, Vi P, g™ cm’- ~AGegs

Collector ¢ M mole/g | kI'mole”’ | cm’/g 'SI%mole'] 1gK; kJ-mole™
C4Hy,0OCS,K 5.32 1.21 8.568 204.72 1144 2.44 13.92
(C4Hy0),PS,Na 2.72 1.64 9.590 271.05 1046 2.09 11.93
C;7H;35COONa 0.17 1.60 7.838 276.77 1280 3.11 17.75
(C4Hy0),PS,NH, 2.69 1.47 4.508 249.19 601.7 8.92 50.9
(i-CgH,;0),PS,Na 1.99 1.64 10.15 278.21 1354.21 1.95 11.13
(i-CgH,;,0),PS,NH, 1.96 1.57 6.815 266.49 909.7 4.06 23.17
(i-C4Hy0)(iCgH;,0)PS,NH, 1.87 1.53 5.634 259.27 752.1 5.84 33.32
(i-C4Hy0)(iCgH7,0)PS,Na 1.78 1.61 8.010 271.75 1196.62 3.00 17.12

Analysis of the data in Table 1 provides an indication of the capacity for adsorption is observed, which
of sodium oleate is maximum, sodium dibutyldithiophosphates is minimum. Since, in this case, a mixture of
collectors is sorbed (but its not individual is collector, there is a competition for the formation of a complex
adsorption center — adsorbate).

It is also shown that the minimum activation energy formation of a sorption complex is observed for
ammonium dibutyldithiophosphates, and the maximum for ammonium diisooctyldithiophosphates. Conse-
quently, in the first case will be the most durable layer adjacent to the surface of the ore particles and the se-
cond layer is formed mainly of the adsorptive molecules and located at the interface between the solution-
gas, which confirms the high foaming properties of sodium diisooctyldithiophosphates.

Further, based on the energy parameters listed in Table 1, equilibrium constants of sorption process
diisooctyldithiophosphates collectors mixtures on the surface of the Ayak-Kodzhan deposit ore were calcu-
lated. Analysis of sorption curves (Fig. 1) showed that the mixture of sodium dibutyldithiophosphate — so-
dium oleate on the micropores was adsorbed, and for the adsorbate characterized by the formation of com-
plexes in the pores smaller than for mixtures of ammonium isooctylisobutyldithiophosphates and ammonium
diisooctyldithiophosphates. Next, changes of adsorption values the for mixtures of sodium diisooctyl-
dithiophosphate — sodium oleate and potassium butyl xanthate — sodium oleate (Fig. 2, 3), were calculated.

A, mole-g'!
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1 — sodium dibutyldithiophosphate — sodium oleate; 2 — ammonium diisooctyldithiophosphate — sodium oleate;
3 — ammonium isooctylisobutyldithiophosphate — sodium oleate

Figure 1. Adsorption isotherms of mixtures sulfur- and oxygen containing collectors
on the surface of Ayak-Kodzhan deposit ore
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Figure 2. Sorption isotherms sodium diisooctyldithiophosphate — sodium oleate on samples of copper-lead ore

It is shown that the change in the adsorption of the adsorbate concentration in the solution can be at-
tributed the interaction of sorbate to the Langmuir type on microporous adsorbents having macro-pores in its
structure. Typical sor mixtures potassium is sodium oleate. The specific interaction on sulfides of transition
metals (copper in this case), and oxydation products shouwed (Fig. 3).

A, mole-g!
0,035 A

0,03
0,025
0,02
0,015
0,01

0,005

0 : : : : , Copp moleL

0 0,0005 0,001 0,0015 0,002 0,0025

Figure 3. Sorption isotherms potassium butyl xanthate — sodium oleate

According to the BET theory convex portions of II and IV types isotherm (Langmuir adsorption) indi-
cate the presence of micropores in the sorbent, but, moreover, sorbents Il and IV also have macroporosity.
Isotherms III and V types are less common and represent a strong intermolecular interaction in the material
sorbate. The slope of the isotherm of type I characterizes the size of the micropores of sorbents: a — ultra
microporous, b — microporous. Isotherm IV b belongs transitional porous sorbent; IV b — homogeneous
macroporous and IV ¢ — with a mixed structure. The steeper the isotherm, the finer micropores. The limit
value of such a adsorption 4y, corresponds covering the surface monolayer. Concave portions indicate the
presence of macropores [3].

Isotherm of monomolecular adsorption on microporous adsorbents usually takes the form shown in
Figure 1. This curve has two straight segments — small and large values of the equilibrium concentration of
adsorbate. As the vapor adsorption and adsorption is carried out from solutions in pores with a radius 0.5—
1.6 nm.
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It is shown that the sorption process of a mixture is preferably at an exchange mechanism, with the
strongest collector reacts with the active sites of the surface, while the less active or collector forms com-
plexes with metal ions of the crystal lattice, or interacts with another collector via hydrogen bonds. Those, in
this case it is necessary to consider the change of energy in the process of breaking the bonds «adsorbent ad-
sorbent» and «adsorbate — adsorbate» and the formation of compounds «adsorbent — adsorbate» that quanti-
tatively described by the Aranovich-Tolmachev equation for monolayer adsorption. However, the sorption
analysis data gives an indication of the presence of multiple layers of material on the surface of the ore parti-
cles. The results are shown in the Table 2.

Table 2
The sorption characteristics for mixtures of sulfur and oxygen containing collectors
for Ayak-Kodzhan deposit ore
Sorbate 1gK N ~AG,4, kKJ-mole™
(C4H90)2P32Na - C17H33COON3 2.85 0.78 16.24
C4Hy0CS,K — C;H33;COONa 8.07 0.42 46.06
(i-CgH170)2P82Na - C17H33COONa 29.40 0.13 167.76
(i-CgH,,0)(1-C4HyO)PS,NH, — C1;H;35COONa 10.36 0.33 59.11
(i-CgH,;,0),PS,NH, — C;7H3;COONa 3.38 0.71 19.25
C4H90CSzK — (i-CanO)zPSzNa — C17H33COON3 11.36 0.26 64.84
(i-CgH,,0)(C4Hy0)PS,NH, — C4HyOCS,K — C;7H;3COONa 1.70 1.00 9.69

From the literature [3] it is known that for a quantitative thermodynamic characteristics of adsorption is
used to reduce the value of the standard free energy adsorption. Since dispersion forces causing physical ad-
sorption additive. A.V.Kiselev [3] reduced payment to reduce the free energy of adsorption of molecules to
the calculation of the standard increments to reduce the free energy of adsorption, due to certain structural
elements of the adsorbate molecules [4]. Those, under this assumption, the value of the Gibbs energy of ad-
sorption for individual collectors must contribute at adsorption mixture. It is shown that the most intensive
process of sorption proceeds to mixture of sodium diisooctyldithiophosphate- sodium oleate, followed by a
decrease in the sorption capacity of the mixture located potassium butyl xanthate — of sodium
diisooctyldithiophosphate — sodium oleate, sodium oleate — potassium butyl xanthate, for other mixtures
collectors sorption process is dynamic in nature and is associated with the occurrence of the reverse reaction
(desorption), or the destruction of the sorption complex.

Thus, the sorption constants of individual collectors, namely potassium butyl xanthate, sodium
dibutyldithiophosphates higher compared with other collectors. The energy characteristics of securing pro-
cess of collectors on the surface of the ore, allowing to identify the most effective individual collector, name-
ly ammonium dibutylditiophosphate were determined. The data are interpreted in terms of the theory volume
filling of micropores. It is possible to calculate the amount of adsorption for a mixture of collectors and de-
termine the nature of the consolidation process ore of the collectors molecules on the ore surface. The theo-
retical sorption isotherms in good agreement with the experimental data of sorption constants of Freundlich
equation for a mixture of collectors.
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Evaluation of sorption properties ...

[II.K.Amepxanosa, P.M.I1Insamos, H.M.Kyp6anamues, A.JK.bakpiToexkoBa

MbIc-KOPFAChIHAbI KEeH YJ/ITiJIepiHe HATPHUIA 0J1eaThl MeH CYJIb(Pruapuiabai
KOCHAJIAP KUHAFBIIITAPBIHBIH COPONUAJIBIK KacueTTepiH 0arajay

Maxkamana Ask-KomkaH KeH OpHBIHBIH KEHJEpIiHIH YiriIepiHe OKCTHAPWIBIL XXOHE CYJIb(QTHIPHIbIL
JKUHAFBIILITAP KOCHAJAPbIHBIH COPOLMS MPOLECIHIH TEPMOAMHAMHUKAIBIK JKOHE KMHETUKAJbIK HapameTpiepi
anpIkTanapl. CopOuus H30TepPMiHIH Tajaaybl aJCOPOLUSIIbIK KaOBIKTBIH OOIILEeKTepIiH TONBIK OeTiHae emec,
TEK MHUKpPOKybICTapja (Makpo- »oHE ME30KybICTap[a) TY3UICTiHi, «amcopbdat — aacopOeHT» opeKerTecy
JHEPrHsCHl aJCOPOCHTTIH XKoHE afcopOaT KYpbUIbIMBIMEH (KYKIPT JKoHE OTTEri 0ap )KMHAFBIIITAPMEH), SIFHA
rapaxop >kK9He MOJIbJIIK KOJIEMMEH, aHBIKTAJIATBIHBI KOPCETLIII.

[II.K.Amepxanosa, P.M.IlInsamos, H.M.Kyp6anamues, A.JK.bakpiToexkoBa

OueHka coOpOLIHOHHBIX CBOMCTB CMeCH 0J1eaTa HATPHUS U CYIb(PruApuiabHbIX
codupareJieil Ha 00pa3uax MeIHO-CBUHLIOBOM Py/AbI

B craTbe omnpenencHbl KHHETHYECKHE W TEPMOAMHAMUYECKHE NapaMeTphbl Ipouecca copOLuM Ui cMecei
OKCTHIPUJIBHBIX U CYIbOIUAPUIBHBIX coOupaTeneil Ha oOpa3uax pyasl MectopoxaeHus Ask-Komkan. AHa-
JIM3 U30TEPM COPOLIMY MOKa3aJl CKIIOHHOCTh K 00pa30BaHHIO aJCOPOLIMOHHOTO CJI0s HEe Ha BCEH MOBEPXHOCTH
YaCTHL], @ IPEUMYIIECTBEHHO B MUKpPOIIOpax (Makpo- 1 Me30I0pax), SHepreTHka B3auMoeicTBril «axcopoar
— a/IcopOeHT» OIIpeeNsIeTcsl Kak CTPYKTYpOH ancopOeHTa, Tak U CTPYKTYpoil agcopbara (cepo- M KUCIOpO-
cozepxamux cobupareneii), a clieJoBaTeNIbHO, BEIMIUHOI apaxopa U MOJIBHBIM 00BEMOM.
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TOHpraKTaFLI XUMHUAJIBIK 3.]'IeMeHTTep)_IiH aJIMa aralibIHBIH ecyiHe acepi

K.A.flcayn arbinmarsl XanblKapaiblK Ka3ak-TYPiK YHHBEPCHUTETiHIH BoTaHHMKanblK OGarbIHBIH ajMa arallbl
OCIpUIFeH TOMBIPAFBIHBIH arpOXUMUSICHl 3epTTeNii. AJIMa aralibl OCIpiIreH TOMBIPAaKKa arpoXUMHSIBIK
TaJIay KYPri3uIil, XUMUSIIBIK JIEMEHTTEP/IIH MacCaNbIK YJIeCi aHBIKTAIIBI. TOMBIPAKTHIH KYpaMbIHIars! 40—
60 cM TepeHIIKTeTI XUMUSUIBIK JJIEMEHTTEPIIiH Maccaiblk yieci, %: O — 48,98; Na —0,83; Mg — 2,24;
Al —5,85; Si—19,52; P — 0,07; K — 1,73; Ca — 15,49; Ti — 0,40; Fe — 4,89. Makanana TONbIPaKThIH
XUMUSUTBIK KYPaMBIH aHBIKTAY apKbUIbl OHBIH Camachl MEH XHMUSUIBIK KOPCETKIIITEPIH PETTEy TOCUIIEpiH
JKETUIAIPY KapacThIPbUIFaH.

Kinm ce30ep: Tonbipax, a3or, CiHipy Kabineri, pH, Oeiitapar, 31eKTpPOH.

Tomblpak — y3aK YakbIT KYPri3iireH Kyp/esi oHe KelIeH i MpollecTep HOTHXKECiHIe Maliaa Oonran
XoHe e3repymni Oip KyObutbic. Con ceGenTi XUMUSIIBIK KypaMbl KoHE KeiOip KaOaTTapbIHBIH XUMUSIIBIK
KACHUETTEpiH YHpEHY TEOPHSUIBIK >KOHE TOKIPHOENIK JKargaimapApl OypbIic MICHIyre >kopaeMm Oepemi.
TonbIpakTa KYpill >KaTaTblH KYpIeNdi OHOJIOTHSUIBIK, (PH3UKA-XUMHUSUIBIK JKOHE XHMUSUIBIK TIPOIECTEPIiH
ajjamM3aT KOFAaMBIHBIH 9P TYPJIi TIpPLILTIK cajiajgapbl YIIiH MoHI 30p. TaOWFu TOIbIpaK KyHApJIbIFbl OJIAp.IbIH
KaJbIITACybl TOMBIpaK Ty3yln (akrtop ocepiHeH OoJagpl >koHE TaOWFM OCIMIKTED OCIMIiTIriMeH
OaranmaHabpl. OHAEICTIH JKePiH KYHAPIIBIFBI aybll HIApYaIlbUIbIK ©HIMAEPIHIH TYCIM KeJIeMiMEH eJIILeHe .

Onedu MajTiMeTTepAeH Oerii OoaFaHAai, 6CIMIIKTEPIH HETi3T1 3JIEMEHTI PETiHAE TOIMbIPAKTaH a30T,
dbocdop, kanuit, kaabimid, KYKIpTTi cigipeai [1, 2]. CiHipy KabiieTi — op TombIpakTa ap Typ:i 0ojambl, o1
kebiHece eTe ycak OesmiekrepiiH ken OonybiHa OainaHbicTbl Keneni. CiHIpUINeH KaTHOHAAP TOIBIPAaK
KacHeTTepiHe Tikenei ocep eremi. Kanpumii KaTHOHBI Kapa TOIBIpAaKTap/a Cy, aya jKOHE KOPEK PEKHMiH
KaJIBIIITACThIPa/Ibl, TOMBIPAK KYPHUIBIMBIH, OeiiTapan opTa jkacayra KOMEKTece/I.

XUMHUSUTBIK, TajlayFa Kapacak, TOINBIPAKTarbl XUMUSUIBIK DJIEMEHTTEP KypaMbl Keml KoHe o Oipa3
JKBUIFA JKeTell. AJaia eciMIOIKTep YIIIH 3JIEMEHTTEPAIH MOJIIepi €MeC TOIBIPAKTaFbl ©CIMIIK CiHIpyre
BIHFaIBI popMaiapbl MaHbI3ABI [3].

TombIpakTa a30T KeTicrece, 6CIMIIKTIH ecyi Oerenei, KaIbIpaFbIHbIH JKaChlT 00SybI ©3repeli, Typii
OMOXUMISUIBIK TIpOLIeCTep OTyl Oy3bUIaTBIHIBIKTAH, €TiH OHiMi endyip KemMuni. OCiMIIKKe a30T 3aTTapbl
JKETICIICUTIHIH, OJIApJIbIH JKAIbIPAFbIHBIH TYCI CapFraloblHaH an-aHbIK Oimyre Ooyazwl. TombIpakka a3oT €Ki
JKOJIMEH KeNeJi: YJIKeH KbIChIM, opi Karanu3arop (Haii3arai) KaTbicybl apKbUibl ammuiak NH; Ty3imim,
KaybIH-LIAIIBIHMEH TYCE/1 )KOHE a30T CiHIpyIi OaKkTepHusIapablH KAaTbICYbIMEH HMIOFbIpIaHasl [4].

Anma aramrTapblHa CiHIMAI TYPHETi XHMISUIBIK DJIEMEHTTep KypaMbl OJIApABIH JKaJIbl KypaMbIHA
KaparaHjga eTe a3. JKemic aramTapblHBIH KaJIBIITHl ©CYI VIIIH KeHOip KOPEKTIK 3JeMEHTTep/i CiHiMi
(dopmana TOmbIpaKKa THIHAWTKBILII peTiHAe Kocy Kepek. OHbIH Tarbl Oip ce0ebi, Kbl CailblH >KUHAJFaH
OHIMMEH Oipre XHMUSUIBIK SJIEMEHTTEpAE TONBIPAKTAH AJBIHBIN, a3as/abl. SIFHU ajMa aralllbIHBIH KaJBIITHI
ecyiHe Kepek dJIEMEHTTep Meliepi azasizpl. JKemic aramrap/piH eHiMiHe acep eTei [S].

CoHJIBIKTaH arpoXuMUsl epeKeciHe COMKeC THIHAWTKBIII KOJNJaHy JKEeMIC aralliTapbIHBIH TYCIMIiH JKOHE
Kep KYHapJIbIFbIH KOTEPETIH MaHBI3/Ibl TOCLI OOJIBIN CaHaIa Ibl.

OchiFaH opail YCHIHBUIBIN OTBIPFAaH FHUIBIMHU JKYMBICTBIH HET13Ti MaKCaThl — TOMBIPAKTHIH XUMHUSIIBIK
KYpaMbIH aHBIKTAy apKbUIbl TOMBIPAK J>KOHE THIHAWTKBIIITAPIBIH ©3apa OpPEKEeTTeCy MpOIECTEpiHIe OTe
MaHBI3BI POJI ATKAPATBHIH TOMBIPAKTHIH HETI3T1 KAaCHETTePiH KaH-KAKTHI 3ePTTEY.

Tooicipubenix 661im

K.A.fcayu ateianarel XKTY-HiH boTanukasblk OaFbIHBIH TOMBIPAFbIHBIH arPOXUMUSICHIH 3€PTTEY YUIiH
OOTaHUKAIBIK OaKTarbl ajiMa arallbl OCIpUIreH TOIbIpAaKTaH op TYpJil TEPSHIIKTErl ChlHAMa alIbll,
TOTBIPAKTHIH XUMUSJIBIK KYPaMbIH PACTPJi  3JEKTPOHJIbI MHUKPOCKOI, DHEPrOJUCIIEPCTI aHAIM3aTop
KOMETIMEH aHBIKTAJIbIK. PacTpii 3JeKTpOH/IbI MUKPOCKOIITHIH ChI30a-HYCKACHl 1-CypeTTe KeNnTipiireH.
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TonblpakTafbl XUMUSAMNbIK 3NeMEHTTEPAIH ...

1 — karon;

— 5 2 — BenenbTa WIMHADI;
S e 3 — anon;
. - 4, 10 — nnadparmanap;

} 6 5, 6, 7 — 3NEKTPOMArHUTTI JIMH3AJAp;
— 8 — 00BEeKTHUB;
s 7 9 — cTurmarop;

} 8 11 — BaKkyyM/1bl KaMepa;

12 — criHaMa;
13 — nmerexTop;
11 14 — TOK KYIIEUTKIII;
14 15 15 — SIEeKTPOHABI COYyIeN TYTIKIIIE,
16 — reneparop;
17 — BakyyMabl Kamepa

-
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i
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12 13 15

1-cypet. PacTpii 35eKTpOHIBI MUKPOCKONITHIH IPHUHIMITHAIIB! ChI30a-HYCKACHI

Onextponabl TyTiK karoarad (1), Benenbra munmunapineH (2) xone anoarad (3) typansl. Karon
petinae BosbdpaMabl V-Topi3fii, cypeTTe KepceTireHiel, OyphllTa HiJireH ChIM KOoJJIaHbuIaabl. Katoars
KBI3IBIPFAH KE3[Ie TOKTHI TIiKeNeH >KIOEpPreHHEH JJIEKTPOHAAp TEPMOIMHCCHSCH KYpPedi. DIEKTPOHIAp
KaTOJINICH aHOJIThIH apalibIFbIHA OPHATIACTRIPBUIFAH KEPHEY apKbUIbl XKeenaeTinesi, ousl 1-1eH 50 kB neliin
e3repryre Oosajpl. BeHenbTa MUIMHAPI KOFAphl Kepi MOTEHIIMAI, DIEKTPOHIAP/IbIH aFBIMBIH PETTEIl OTHIPY
YIIiH KOJJAHBUIAAbI. DIIEKTpOoHIap OyJachl TYTIKTEH YII 3JEKTPOMArHuTTi JMHa3anapaaH etedi (5, 6, 7).
DJIEKTPOHAAP IBIH aFbIMBIHBIH (DOKYCHPOBKACHI OCHTI CHMMETPHSICHI Oap MarHUTTI alaH apKbUIbl ICKE acajbl.
On coyleHOMATAH TYPAThIH AJIEKTPOMArHUT KOMEriMeH maijma Oomajpl. MarHWTTI amaH SJeKTp TOTBIH
COJICHOM/| OpayblHAaH OTKI3reH Ke3/e maiaa 6omaspl. [TomoCcTi YIITHIK apKbUIbl KOHIEHTPIICHII, OTIll )KaTKaH
AJIEKTPOHIAP aFbIMbIHA dcep eTe/i. JIMH3aHbIH (OKYCThl apaKaIIbIKTHIFBI COICHOU]T OPAMBIHIAFbI TOK KYIIiH
e3repTe OTBIPBIN, OIPKAJBINTBl KUMBUIMEH perTeyre Oomanmel. JKyiene osnekTpoHnmap OyaachIHBIH
IIanbipaMayblH HIEKTeYHI eKi auadparma (4, 10) G6ap.

Homuoicenepoi manoay

Tomblpak KyHapblHa OJapIblH XUMHAJIBIK Kypambl Ja Keml ocep erenmi. Mblcalibl, KypFak, IIeJii
ay/aH/ap TOIBIPAFbIH/IA MOJIIEPACH apThIK CyFa epUTIH TY31ap KOCBIHIBICH kUi Ke3neceni. Onapasl cyMeH
IIakbIN, apThIK Ty37apAbl OyJI TOMBIPAKTaH KETIPMEHIHIIE, OJI KEPJICPACH JKaKChl ©HIM allbIHOAMIbI.
CoHbIMEH KaTap KeWOip TomblpakTapAblH CiHIpY KOMIUIEKCTEPI HATPHH KAaTHOHbIHA KAaHBIKKAH (COPTaH)
TOMBIPAK OPTACBIHBIH PEAKLIHUACHI CUITLII, ONapAblH (U3MKAJIBIK KACHETTEepl oTe Halap, bUIFajbl KOK Ke3le
KaThblIIl, aJl bUtrall Oosrania 0aToaKka aiiHaJIbIT KyHapChi3 00J1aIbl.

Kekrem aitbiana anpiaran tombIpakTelH 900 °C TemriepaTypaga pacTpii 3JIEKTPOHIBI MHKPOCKOII,
SHEPTOAUCIIEPCTI aHAIM3aTOp KOMEriMEH aHBIKTaJFaH XUMUSUIBIK 3JIEMEHTTIH MaccalblK yieci 1-kecre,
2-CypeTTe KOpCETiIreH.

l-xecrte
K.A.Slcayu aTtbinaarpl XKTY-HiH 60TaHMKAJIBIK 0aFbIHBIH
ajJiMa arauibl ecipijireH TonbIpaFbIHbIH XUMHSIBIK Kypambl (40—60 cM TepeHaikTe)
OneMeHT O Na Mg Al Si P K Ca Ti Fe
MaccanbIk yiec 48,98 0,83 2,24 5,85 19,52 0,07 1,73 15,49 0,40 4,89
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SnETpoEIH CypeT

2-cypet. K.A.fIcayn ateiagarsl XKTVY-HiH boTaHuKamblk OaFbIHBIH
aJMa aFarbl eCipiireH TOMBIParbIHBIH POM, sHeproaucnepeTi aHAIM3aTop KOMETiMeH aHbIKTaIFaH
Maccalslk yieci (40-60 cM TepenaikTe)

Korapeinars! 1-kecTeqeH kepiHin TypraHaai, TonelpakTa ¢pochop menmepi kekreM aibinaa — 0,07 %,
an xy3 aieiaga — 0,06 %. ®ochop MenmepiHiH azaro ceGedi Ky3/ie )KUHAIFaH aaMa arallbIHBIH OHIMIMEH
0ipre XMMUSUIBIK 3JIEMEHTTED, SIFHU aJIMAHBIH ©CYIHE 9Cep €TETiH IEMEHTTEp, MOJIIIepi JIe a3as/ibl.

®Docdop — GapibIK Tipi OpraHU3MHIH KypaMblHa KipeTiH MaHbI3ab1 a5ieMeHT. @ocdop dpepmentrepaiy,
BUTaMHMHAEPAIH KypambiHaa Oonaapl. Pocopchiz XJI0poduiun Ty3iIMeHai, oHaa JKeMic aFall >Karblparbl
KOMIPKBIIIKBUT ra3blH CiHipe anMaiabl. Ocimzaikte docdop xkeTicmece, )KamblpakTa Kapa KOIIKBLI Kachll,
Kapa JaK maiga OoJbIN, >KeMic aFalliblHBIH TYJIAeHyl MeH micyl Oasynaiinel. ©@ocdop THIHAWTKBIIIBIH
TOIBIPAKKA CHI'13y apKbLIBI aJIbIHATBIH KEMICTIH Canachl )KaKcapblll, OHIMi apTa/Ibl.

AnmanapblH XUMUSUTBIK KYpaMbl TYPaKThl €MecC, OJ1 KenTereH (hakTopiapra Toyemi: *KeMic COpThIHa,
MICIM-KETITY JopeXkeciHe, ocipy jKarmalblHa, CaKTay Y3aKThIFbIHA TOYEI . AJIMalIapAblH HETI3rl KypaMibl
Oemniri kaut 6omnbin TabbUIagBl. O KeMicTiH opTa ecemnned 9 % Kypaiasl. OpraHuKanblK KeIIIKbUIIAp (aiMa
MeH JUMOH KbIKbuaapsl) 0,7 % kypaiinbl. Aima jXKeMiciHiH ecyiHe eHIM Oepy YIIIH KaXeTTi KOPEKTiK
SNMEeMEHTEpIiH MaHbI3bl epekme. DoTocMHTe3 Ke3iHAe anMa arallbIHBIH JKalbIparbl apKbUIB JKOHE
TONBIPAKTAH AJIATBIH XUMUSUIBIK 3JIEMEHTTEPIH OeJCeHiirine OaillaHbICThI ©HIMHIH MOJAIObIHA YKaFail
skacaiapl. JKypri3uireH 3epTreysepAin HOTIKECiHe KapaFaH/a, TOMBIPAKTaFrbl HEri3ri MUHEPaIABIK KOPEKTIK
3arTap, a30T JKETKUMKCI3 0oJjica, ©CIMIIKTIH ecyl Oereiieii, >KamblparbIHBIH KachUl OOJIybl ©3repeil,
OMOXUMISUIBIK TIPOLIECTEP JKUBIHTHIFBI Oy3bUTaZbl. ANIMa aFallbIHBIH ©HiMI KypT kKemuni. Docdop
JKETKITIIKCI3 OOIBIN, ajaMa aFalibIHBIH a30T KOperi ImamajaH ThiC Kem 0oJica, OHAa OJ, KEepiCiHIIe, aaMma
aralbiHa Kepi acep eTel, aiMa KeMICIHIH IiCyl Keleyiaenai skoHe 0ip Me3rijiue mcmenm.

JKemicTiH TaMBIpJIapbl OHBIH KYPFaK 3aTTapbIHBIH 0ipa3 MeJIIepiH alajsl, ajl OHbIH MeJIIepi TifTi Oip
TOTBIPAKTHIH ©31HIe 1€, TYPl Karaaiiapra OalnaHbBICTBl ©3repil OThIpaabl. OCIMIIK TaMBIpJIaphl KOPEKTIK
3aTTap KETKUTIKTI OOJIFaH jkaraaiina MoJ Ty3iIel, )KoHe KOPEKTIiK 3aTTap TaMblp TaJlIIbIKTapbIHa HEFYPIBIM
JKaKbIH OpHAJIacca, COFYpJIbIM OJIap/bl CIHIpY Kyleiie Tycem.

Tamblp eciMAIKTIH ep OeTiHAeri MyllesepiHe, OnapAbl Cy >KOHE MHHEPAIIBIK 3JIEMEHTTEPMEH
KaMTaMachl3 €Ty apKbUIbl ocep eTyYMEeH KaTap, 3aT alMacyAblH apHailbl peakuusChbiHAH TY3LIeTiH
¢uTOorapMoHIap apKbUIBl Ja acep eTelmi. OpOip OCIMIIKTIH TaMblp KYHECIHIH KYpPbUIBICHI, TOIBIPAKTa
Tapalybl Oipaeit emec.

Ky3 aiipinga anpiaran  TombipakTeiH 900 °C  Temmeparypaga pacTpili 3JEKTPOHABI MHKPOCKOII,
SHEPrOANCIIEPCTI aHAIU3AaTOP KOMETIMEH aHBIKTAJIFaH XMMISUIBIK JIEMEHTTIH MaccalblK yieci 2-KecTene,
3-cypeTTe KOpCeTiareH.

Kewmiprteri, cyreri, a30T, pochop — opraHoreHik anemeHTrep. OapablH TONbIPaKKa TUTi3ep Maiaackl
ken. KemiprTeri ryMycCTBIH, OpraHMKaNbIK KaJIABIKTapAbIH KYpaMblHIA, CYTeTi ra3lapiblH, ©CIMIIK IeH
JKaHyapJapblH JACHEJICPIHACTI OpraHuKajiblK 3aTrTapia Oojaabl. TombIpak apKbUibl Onocdepamarsl OTTETI,
KeMipTeri, a30T, Maruui, gocdop, Kanui, KyKipT T.0. MaHBI3bI JIEMEHTTEP aifHaNbIMBI Kypeai. TonbpakTa
IIOMUHHI MeJIIIepi KoKTeM aibiHaa 5,85 %, an ky3 aieinaa 5,71 %. Temip op Typii OKCHATI, THAPOKCUATI
JKOHE Iajla KYKIPTTI KOCBIHIBUIAPABIH KypaMblHAa Kipedi. Byl 3JeMeHT OMONOIrMsIbIK JKaFbIHAH
ecimaikrepaeri xjaopoduibaiH Ty3lUlyiHe KaTbicaabl. Erep eciMmaikrepre Temip KeTicrece, OJIapAblH
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JKambIpaKTapbl CapFaiblIl, XJI0PO3 IEreH aypyFa MIaaabFaabl. TOMbIpaKTarbkl TEMip 3JEMEHTIHIH MOJIIIepi ap
Typmi. Meicanbl, kymnak Ttombipakrapaa 0,5-1,0 %, an deppanurti tombipakrapaa 20-50 %. 3eprrey
HOTIDKECI alblHFaH MoNliMeTTepie TeMip Meuuepi kekteM aibiHma 4,89 %, an ky3 abibiama 4,56 %
azaifraHbIH KepyTe 00JIaIbI.

2-xecTe
K.A.Slcayu aTbingarbl XKTY-Hin Borannkaiabik 6aFbIHbIH
aJIMa aFanlbl 6CipijireH TONbIPAFbIHBIH XUMHUSIBIK Kypambl (40-60 cm TepenaikTe)
OneMeHT O Na Mg Al Si P K Ca Ti Fe
MaccaJsIk yiec 49,45 0,92 2,31 5,71 20,25 0,06 1,69 14,67 0,39 4,56

T SmepoRm G [ Tonsx mnznz 8269 mam Fypoop: 0.000 k3B

3-cyper. K. A SIcaym ateranarsl XKTY-HiH boTaHUKaTBIK OaFBIHBIH
aJMa aFarbl eCipiireH TOMBIPaFrbIHBIH POM, sHeproaucnepeTi aHAIM3aTop KOMETiMeH aHbIKTaIFaH
MaccalbIk yieci (40—60 cM TepeHmIKTe)

TomnbIpakThIH TY3JaHybl Ke3iHIE OJapiAblH KypaMbIHIA CyJa CpUTIH KEIICHI[I HATPWUH KOHE MarHUi
WOHJIAPBIHBIH JKUHAKTATYBI JKypeai. JKyprizuireH 3eprreysep OOHBbIHINA, KOKTEM aiiblH/Ia albIHFaH ChIHA-
maga Ca — 15,49 %, Si — 19,52 %, Na — 0,83 %, Ti — 0,40 %, an xy3 aiieiana Ca — 14,67 %, Si —
20,25 %, Na— 0,92 %, Ti — 0,39 %.

®Docdop THIHAUTKBILIBI €TiC Ke3iHAe TYKbIMMeH Oipre Oepiymi. AnMa aramiblHIa KaHT, Kpaxmall, Mai
JKoHE 0acKa KOCBUIBICTApIbIH TY31IyiH KaMTaMachl3 eremi [6].

FoutbiMu 3epTTeynep OoliblHIIA ©CIMIIKTIH AaMybl YIIIH MbIHaJail KOpPEK opTachkl 0Oy Kepek, ojap:
a3oT, Qocdop, Kamuwif, KambI[Uil, MarHUi, TeMip, KYKIpT, KeMmipTeri, oTTeri, cyreri. TombIpakra OTTEri
Merepi kekteM aibiHga 48,98 %, an ky3 aibiHga 49,45 %. XKewmicrep yuIiH a30TTBIH HeETi3rl Ke3i —
TOIBIPAKTHIH OpPraHMKAJIbIK OeJiri. A30TThIH Kell 0eJjiri TONBIPaKThIH Kapalmipirinae Oomamel. bBipak
KapalripikTeri a30TThIH K601 Kypaeni KockutbicTap Typinze 6onaapl. COHIBIKTaH OHBI aliMa aFaliTaphbl CiHipe
anMariael. CiHIpUTYyl YIHIH Kyp/ei a30T TypJi MUKPOOHOJIOTUSJIBIK ITPOIIECTEPIe KAThICAIBI.

Tomnbipakra (ochopaslH e3repicke YIIbIpaybl €Ki ceOenTeH O0ojaabl: OpraHUKaiblK (HOCcHOpabIH
MUHEPA KOCBhUIBICKA alfHAITYBI %oHE (oc(op KBIIKBUIBI TY3apbIHBIH epIMEHTIH KOCBUIBICTAH epITill KyHre
KeIlyi.

KpeMuuit — TonbIpakTa €H Kol TaparaH 3jeMeHT. KpeMHMI KOCBIHABLIAPBIHBIH Herisrici kBapii (Si0,),
OJI CHJIMKaTTap KypambiHaa OacbiM. XKakcel eHIM ally YIIiH TOIBIpakKa kebiHece a3oT, ¢pochop kKoHe Kanui,
Kelie Kanpluid, MarHuid okeTicrieini. TonbIpakTeIH KYHAapiabIFBIH JKaKcapTy YIIIH —MHHEpaJIbl
THIHAUTKBIIITAD KOJIaHBIIA b

Ky3 ’koHe KOKTeM ailbIHa albIHFaH ChIHaMa TombipakThie 900°C Temieparypana pacTpili SIeKTPOH/IbI
MHUKPOCKOII, SHEPTOANCIEPCTi aHATN3aTOp KOMETriMeH aHbIKTaiaFaH (GocopaslH MaccallblK yieci 3-kecTtene
KOPCETUITeH.

OpraHuKaibIK 3aTTap bIABIpaFraHIa HeMece THIHBIC ally OapbIChIH/A Maiia OONFaH KeMipKBIIIKBLT Ta36l,
cy Oap xepie, KeMip KbIIIKbUIbIHA aiiHananel. Dochop ciHiMci3 Typinae kesmecemi. CiHimmi O0oiy yiriH
OipHeIIe arpoTeXHHUKAIBIK mapanap KaxeT. COHbIMEH KaTap bIIABIPATHIN CiHIMII (Gochopra aiHANIBIPATHIH
MuUKpoar3aiapzaa 6ap. @ocdop anma aralibl T1oHIHIE, )KEMICIHE, TYKbIMbBIH/A KUHAIA L.
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3-kecTe

AJiMa aFalibl 6CipilIreH TONBIPAKTHIH P TYPJi TepeHaikTeri ¢ocopabIH MaccabIK yiieci

Kepcetkimrep
AJBIHFaH TePEeHIIK, CM H KexTeM alibiHaa anbiHFaH H Kys3 aiipiHza anbiaran
P ¢dochop Menmepi P hocdop Memmepi
1520 7,337 0,05 8,491 0,10
2040 8,258 0,10 8,601 0,07
40-60 7,981 0,07 8,484 0,06

Onerre (ochop THIHANTKBIIIBIH €HTi3y ©HIM IIBIFBIMABUIBIFBIH KOII apTThIpMalbl, anaiia oJapIbiH
cakTayFa Te3IMJIUIIrH kakcaptansl. JKemicrepae ¢ocdop ete a3 Gornca, onapslH THIHBIC ally KapKbIHIbI-
JIBIFBI APTHII, OJI IIIPITill KeIe .

Kopeita aiitkanna, K.A.flcayn aTeiHmarbl yHUBEpPCHUTETTIH boTaHWKanblK OarblHBIH ajiMa aFralllbl
OCIpUITeH TONBIPAKTHIH XUMUSUIBIK KypaMbiH 3eptrereHnie ¢ocdop oxcuumi (P,Os) 0,15 %, nurpartrap
memmepi 1-107, cynbharrap Memmepi 4-10~ exeHi aHBIKTAIIBI.

XUMUSITBIK, KypaM, acep eTylli OactamaiapAblH MeJIepi MEH camachkl ociMIIK TYpiHE e, COHAan-aK
OHBIH ©CKEH OpTacblHA, >KMHAY YyaKbITbIHA, KENTIpy o[iCiHe, cakTay >KarnaiyapelHa Toyenai. OckeH
OpTaChIHAAFBI XKaFAaiaap 6CIMIIKTePAiH KYHAbUIBIFBIH KYPT ©3repTeI.

TomblpakTarbl bUFal KOPbl KOKTEM aljapblHIa JKOFaphl, ajl Ky3re Kapai KypT TeMeHzieimi. OHbIH
e3repyi Heri3iHeH TONBIPAKTHIH JKOFaphl KabaTTapblHAA )KYPETIHIITT aHBIKTAIbI.

OcimaikTepae (OTOCHMHTE3 apKbUIbl Iaijga OOJiFaH KOCHAaJapiblH JKEMICTEp MEH TYHHEKTEepiHIC
XKUHAITybIHA ceOenkep Oonanbl. Coll apKBUTBI ONapbIH KYPaMbIHAFbl KYPFaK 3aTTap, KaHT, AopyMeHep T.0.
KocrajapabliH Menuiepi eceni. JKemicTepaiH imIHAE XOFapbl-TapaMaairaH KeMipcylaplblH (LeUI0JI03a,
TeMUIIEIUTION03a) CHHTE31H XKeAeIaeTe 1.
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M.O.AnteiHOeK0BAa, 3.Y . Tojemona

Biausinue XUMHMY€ECKHX 3JIEMEHTOB MOYBbI
Ha NPOAYKTUBHOCTD IVIOAOHOIICHUSA s10J10HH

B crartbe uccienoBana arpoxuMus MOYBHI SI0JI0HB, BEIpalIeHHBIX B borannueckoM cagy MexmyHapoJHOTO
Ka3aXxCKO-Typeukoro yHuBepcurera uM. X.A.flcayu. IlpoBemeH arpoXumuyeckuil aHaiM3 MOYBBL U
ompeesieHa MaccoBas J0Js XUMHYecKuX siaeMeHToB. Ha rimy6une 40-60 cMm maccoBast o XUMHYECKUX
JJIEMEHTOB B COCTaBe MOYBHI cocTaBuna, %: O — 48,98; Na — 0,83; Mg — 2,24; Al — 5,85; Si — 19,52;
P—0,07; K— 1,73; Ca— 15,49; Ti — 0,40; Fe — 4,89. IIpu onpezneneHny XUMUYECKOTO COCTaBa MOYBBI
paccMOTpeH CIoco0 COBEPLICHCTBOBAHUS METOAOB YIIOPSIOYMBAHUS (PETYJIHPOBAHUS) XHMHUYECKUX
rokasarenen.
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M.O.Altynbekova, Z.U.Toleshova

Influence of the soil chemical elements on productivity of apple tree fruiting

In the Botanical Garden of K.A.Yassawi Kazakh-Turkish university in the article were tested agricultural
chemistry of the soil of the planted apple tree. By the results of agrochemical research of the soilplanted apple
trees in the Botanical Garden of K.A.Yasawi IKTU were determined the mass traction of the chemical
elements. In the depth of 40—-60 sm the mass traction of the soil consists of (%): O — 48,98; Na — 0,83;
Mg — 2,24; Al — 5,85; Si — 19,52; P — 0,07; K — 1,73; Ca — 15,49; Ti — 0,40; Fe — 4,89. When de-
termining the chemical composition of soil were stated the ways of improving of regulating methods of
chemical indicaters.
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Output of arsenic from dumps of plant «Tuvakobalt» by combined method

The presented materials of research show the possibility of the output of arsenic from dump sludge cake of
plant «Tuvakobalty» through their burning at 800-850 °C in a mixture of with soda and subsequent aqueous
leaching into the solution forming of sodium arsenate. Arsenic from the solution can be transferred to the ar-
senic sulphide by known techniques (by means of sodium sulphide, hydrogen sulphide, etc.). Thus the ob-
tained products can be used in practice for as antiseptics in agriculture, in the processing timber; as a biocide
in anti-fouling coatings for the navy, hydraulic structures and other constructions operated in the
bioaggressive environments.

Key words: waste dump, slurry, soda, burning, aqueous leaching, arsenic, arsenic compounds, sodium sul-
phide, hydrochloric acid, sulphidation.

Plant «Tuvakobalt» on the ores Khovu-Agsa was operated 20 years and was closed in 1991 due to the a
planned unprofitability of production. Huge amounts of gangue containing oxidized sulphides and arsenides
were accumulated, and more than 2 million m’ of tailings mixture of ammonium autoclave redistribution and
sludge cakes of magnesia cleaning of the solution were stored on site of five pool maps and trench burial for
years of work on drainage dumps [1].

According to the results of audit examinations conducted by UIGGM SB of RAS (Novosibirsk) and
TuvalENR SB of RAS (Kyzyl) [2] dumping products have predominantly carbonate-silicate composition
with a mass content (in terms of oxides), %: SiO, ~ 35-40; CaO ~ 18; Al,O; ~ 8; MgO ~ 8; Fe,0O; ~ 10. Ar-
senic concentration is in the range of 3.5-6.4 %, partial (10-20 %) in the form of metal arsenides not decom-
posed during pressure leaching. Concentrations of metals were increased: Co — 0.14-0.21 %; Ni — 0.15—
0.29 %; Cu — average 0.11 % and Ag — average 45 ppmw, Au — average 6 ppmw.

Waste from the processing of ore, accumulated in the five-maps storage and in the trench, located in the
0.8—1.2 km from the industrial area of the plant and 3 km from the village Khovu-Agsa. The plan of maps
represents rectangle of 250x50 m by diked dykes. Initially the waste entered to dumps by special transport,
then subsequently (and in generally) as a pulp through tubing in the pool-settlings. After clarification of the
liquid fraction of the pulp and compaction of solid sediment in the maps of disposal of waste (sludge) period-
ic pumping of clarified water are carried out into the hydrometallurgical plant. After that the remained solu-
tion dried under the influence of external factors. Maps of Khovu-Agsa can be attributed to the drained and
partially recultivated tailing dumps on the morphological type.

The formation of underground waters, which belong to the calcium-magnesian nitrate hydrocarbonate
type with high concentration of NH,", occurs in the dumps upon prolonged storage of waste. They contain a
high concentration of arsenic (2.2 mg/l). High content of arsenic (5.5 mg/l) were also found in the aqueous
extract. Increased content of arsenic in the aqueous extract indicates the presence of aqueous-soluble forms
of arsenic in dumps of plant as compared to the underground waters. It was noted in the work [1] that the
concentration of arsenic reached 29.5 mg/l in dried out aqueous part of one of the maps of the dump, which
corresponds to 50 TLV for this type of stored waste dumps.

As a result of detailed comprehensive studies carried out by UIGGM SB of RAS [2], geochemical mo-
bility of arsenic and the unsuitability of magnesia-arsenate salts for a long storage were established under
conditions of waste storage in the dumps of Khovu-Agsa. High concentrations of arsenic and magnesium
(up to 150 mg/1) in solution confirmed this fact. The underground water and the aqueous extracts are found
to not be saturated in regards to all arsenic compounds that cause the complete solubility of the last ones in
these aqueous systems [3]. Interaction with water containing atmospheric CO, and bicarbonate-ion, which is
formed by dissolution of calcite, inevitably initiates reactions of dissolution of technogenic arsenates with the
transition of HAsO,> and Mg2+ into the solution. Compounds of Mg(OH), and Cas(AsO,)-4H,0O also
decompose under the influence of carbon dioxide at high pH value and arsenic also goes into the solution.

After stopping of plant, ponds of tailing pits were completely drained and exposed by wind erosion at a
given time. According to [4, 5] formed «dry» dumps contain arsenic compounds of between 57 to
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75 thousand tonnes of except to their the presence of commercially concentrations of cobalt, nickel, copper
and some other metals. Due to the natural rain flushing of toxic compounds occurs in the lower layers of
dump. Perhaps they also got into the groundwater during the aging and the restructuring of the material of
the protective membrane of the bottom deck was occurred. The main centre of contamination is found to
cover an area of 2 km”, where the content of arsenic in the soil lies between 23 to 40 TLV. The arsenic
content reduced from 12 to 2.7 TLV in the soils of areas far from the plant to 5-30 km [6].

Except on environmental problems of disposal of arsenic-containing dumps of Khovu-Agsa, practical
interest for the Republic of Tuva, in view of its specific mining and geographical position, represents the us-
ing of dump materials as technogenic raw materials for the production of national economic destinations. For
using these dumps as a secondary technogenic raw materials with additional recovery of valuable compo-
nents (metals) and obtaining industrial commodity products (building materials, ceramics) the output of ar-
senic need to carry out from dump material. A study on the possibility of deep cleaning of arsenic from
dump materials with transfer it into nontoxic (commodity) products was carried out.

At the first stage the study of the release of arsenic from the dump waste Khovu-Agsa were held by
technology sulphide burning.

Experiments on sulphidation burning with preliminary calcination showed the possibility of deep re-
moval of arsenic from dump waste of Tuvakovalt plant (a decrease of the content in a cinder to 0.28-0,80 %
with a ratio of sulfidizator to a calcination product from 1:2 to 1:6).

This method of outputting arsenic from industrial products of metallurgical production allows to deduce
the arsenic stored in a compact form of sulphide and promising to use it as a biocide in anti-fouling coatings
for ships.

In terms of technology the process based on solid-phase reactions of decomposition and interaction,
must be carried out at closely interacting of components and ensuring of good diffusion of gaseous reaction
products produced in the conditions of countercurrent gas — solid, for which the most preferred one may be
special oven of shaft type. Appropriate special equipment is required for condensation and trapping of arse-
nic sulphide fumes and capturing and utilization of the sulfur dioxide formed. All this requires certain finan-
cial investment to start implementation of this technology that under the conditions of modern market rela-
tions creates certain difficulties of introducing new technologies [5, 7].

However in the literature analysis of the results of several studies on processing of products of arsenic
of copper-cobalt-nickel metal production, in particular, speiss leads to the conclusion about the small pro-
spects of existing search directions [8]. However in the practice of lead production the number of methods
for processing speiss of lead production was successfully tested [9]. The method of combined processing of
speiss of lead production which includes burning-sintering of speiss mixture with soda at red heat and subse-
quent aqueous leaching of obtained cinder should be regarded as the most appropriate one. This method was
used in industrial practice abroad [10]. This technology was tested by domestic researchers too [11, 12],
positive results being obtained.

So the technology including its burning in the mixture with soda and the subsequent aqueous leaching
of the formed cinder-cake was developed for processing of speiss of Leninogorsk lead plant (East Kazakh-
stan) [11]. Arsenic is recovered as the sodium arsenate into the solution. Experiments were performed on
samples of speiss obtained by melting of copper drosses in a shaft furnace of slurries. The following ele-
ments are included in the composition,%: 9.6 of lead; 26.1 of copper; 24.8 of iron; 25.6 of arsenic; 1.0 of
antimony; 3.0 of sulfur; 0.97 of nickel; 0.2; of cobalt; 1.45 of zinc; 0.4 of tin and 120 ppmw gold and
119 ppmw of silver. According to the mineralogical analysis of average sample consisted mainly of copper
arsenide (Cu;As), iron arsenide (Fe,As), metallic lead and small quantities of copper and iron sulphides. The
obtained cinder-cakes were leached by aqueous at 60—70 °C, at L:S = 5:1 within an hour. Optimal conditions
of burning is the temperature of 650 °C and time 4 hours. Consumption of soda was equal to the mass of
speiss. At aqueous leaching of cinder-cake extracting of arsenic in the solution was 97-98 %. Arsenic was
precipitated with calcium oxide to conditioned calcium arsenate from solution. Solution from leaching
contained 27.6 % copper, 8.0 % lead, 0.7 % of arsenic, 26.3 % iron; 10.5 % nickel. It was exposed to further
sulfuric processing for the purpose of extraction of lead into the sludge cake and its transfer to lead produc-
tion, and solution to extraction of copper and nickel. Thus the proposed technology provides a complex
removal of the main components of speiss into marketable product at the soda recovery in the form of
sodium hydroxide with the following consumption of reagents per 1 ton of speiss: 1 ton of soda; 0.45 tons of
calcium oxide; 0.06 tons of concentrated sulfuric acid (specific weight 1.84).
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In order to study the influence on indicators of the process of technological modes, consumption of rea-
gents and determination of their optimal parameters, the study on processing speiss of lead production were
repeated in the work [12]. Thus the optimum schedule of burning provided by the following parameters:
temperature 650 °C, duration of 4 hours, the consumption of soda 1 weight part per 1 weight part of the
speiss, which enables the extraction of arsenic arsenate to 97-98 % of its content in the cinder. Lead remains
the whole, 93 % of copper remains in oxide form in the cinder. During of arsenic leaching the solution with
23-26 g/l of arsenic and traces of iron and copper was obtained that provides high-quality obtaining of calci-
um arsenate. Consumption of 1.9 g of calcium oxide per 1 g of arsenic was determined optimal for precipita-
tion of arsenic from the solution.

Our laboratory experiments by using this combined method (burning-sintering + aqueous leaching) on
samples of technical cobalt concentrate containing 2,4-4,0 % of As, prepared by the ammonia-alkali
autoclave technology at the plant of «Tuvakobalt» showed the possibility of deep removal of arsenic from
the product at temperatures 600—650 °C of burning. After the leaching and washing, sludge cake contained
<0.5 % of As and increased metal concentrations, %: Co ~ 9,0; Ni~ 39,0; Cu ~ 16,5 [13].

In the development of this direction rather large research program on the possibility of using this meth-
od for the development of output technologies of arsenic from dump waste of the plant «Tuvakobalt» was
carried out including a large numbers of laboratory experiments, big testing for the combined method and
experiments on the transfer of arsenic from the resulting solution in a compact sulphide product.

Laboratory experiments was carried out on an average sample of waste dump of Khovu-Agsa contain-
ing 4,33 % As by the combined scheme.

According to IR analysis the sample contains mostly carbonate component, such as calcite. Also the
presence of sulphates, such as MeO-SiO,-H,O and arsenates is noticed.

According to X-ray diffraction (XRD), the original waste dump has the following mineral composition.
Two main phases are recorded clearly in the sample. This is phase of parasymplesite Fe;(AsO,),-8H,0 and
phase of calcite CaCO; (with the advantage of the last one). The phase of composition of pasymplesite dif-
fers from natural scorodite FeAsO,2H,O in that iron is divalent and contains not two, but eight molecules of
crystallohydrated water as well as other arsenates of group of a vivianit in it [14]. Having the same chemical
composition and the formula as symplesite this arsenate of iron is polymorphic analogue of the latter, but
unlike it has others a crystal lattice and a singoniya (monocline, but not triclinic, as at a simplezit). Further,
in the sample the following phases there were found: dolomite — (Mg, Ca)CO;, kaolinite —
AlL[Si;,040]-8(OH), smectite — K. ;AL[(Si, Al);O4¢]'nH,O. There are traces of chlorite, mica, potassium
feldspar. The total content in the sample of aluminosilicate phases prevails over the amount of arsenate and
carbonate phases.

The results of the carried out thermal analysis (Differential Thermal Analysis) of the sample in the tem-
perature range up to 1000 °C are in agreement with previous studies and confirm occurring decomposition of
carbonates during heating and stability of arsenic compounds. Thus according to the chemical analysis of
iron content in the cinder is 4.5 % that exceeds slightly the initial ones.

Experiments on alkali sintering were carried out in the range of temperature of 600900 °C, holding
time from 1,5 to 4,0 hours at the temperature given and a ratio variation in charge of initial slurry of dump to
soda ranging from 4/1 to 1/1. In a number of experiences of an additives of coal dust or a coke breeze at a
rate of 0,1-0,2 introduced into the common weight portion of charge.

The leaching of cinder was carried out by water at 60—80 °C, the leaching time is from 0.5 to 2 hours,
the ratio of S:L is maintained between 1:5-1:7.

The obtained data of laboratory experiments showed that the main factors determining the transition of
arsenic slimes into a soluble form of sodium arsenate are the temperature and the ratio in the mixture of
sludge and soda. As the results of experiments the holding time during the burning is not determinative. So,
under a temperature of burning of blend of 600-650 °C and changing of the ratio of the sludge/soda is equal
to 4/1, 2/1 and 1/1, the arsenic content in the sludge cake of aqueous leaching of cinder was equal to 3.75;
2.10; 1.35 %, respectively. When the temperature rises to 800 and 900 °C arsenic content in the sludge cake
of leaching decreases to 0.95-0.80 %. At introduction of coal additive (~10 % of the mass of the slurry) in
the initial coal charge and with ratio of mixture components of 1/1-1.5/1, at temperature of burning 850 °C
the content of arsenic in the sludge cake of aqueous leaching is reduced to 0.50-0.71 %.

According to X-ray diffraction (XRD) in the obtained sample of sludge cake dominant phases are
silicate, which chemical formula is NasMg,Si;0;y (or 2Na,0-2Mg0O-3Si0,), magnesian calcite —
(Mg, Ca)COs, magnetite — Fe;O, with a mixture of hematite — a-Fe,O;.
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After leaching the following oxides were identified as part of an average sample by quantitative X-ray
fluorescent analysis, %: Si0, — 27.88; Al,O; — 7.04; Fe,0; — 7.68; MgO — 7.99; CaO — 14.75; Na,0 —
18.91; K,O — 0.41; NiO — 0.163; CuO — 0.160; amorphous phase — 12.91.

Based on the successful results of laboratory experiments on scientific and industrial base of TuvalENR
SB of RAS, experimental tests in the bigger scale of technological scheme of the extraction of arsenic from
waste dumps of plant «Tuvakobalt» were carried out to produce of arsenic sulphide.

Burning-sintering was performed under the following conditions such as the ratio in the mixture:
waste:soda:coal = 1:1:0.1; temperature 850 °C; burning time of 3 h. At burning of arsenic compounds
interact with soda, while arsenic in aqueous-soluble form — arsenate persists in alkali slurry. A cinder
obtained by burning-sintering contained an average of ~ 3 % As. In addition it was determined by X-ray
flurorescence that the mineralogical composition of the resulting product also contains orthoclase (23.27 %),
silicon carbide (26.32 %), magnesite (3.38 %), goethite (3.32 %), dolomite (3.26 %).

The process of aqueous leaching of burning product was carried out on a pilot plant for the
hydrochemical processing of mineral and technogenic raw materials. 80 1 of water was poured into a stirred
reactor and heated up to 80 °C, then 20 kg of burning product was loaded (ratio S:L = 1:4). The leaching was
carried out under constant stirring during 0.5 h. After completion of leaching pulp is filtered on a nutsch
filter under vacuum. The filtered arsenate-carbonate solution is directed from the receiver to the storage tank.

The precipitate on the filter is subjected to 2-times washing out by hot water. The washings from the re-
ceiver is pumped into the reactor for leaching of next portion of product. According to Analytical
Department of UIGGM SB of the RAS (atomic adsorption methods) as a result of 13 kg of dried product was
obtained from the aqueous leaching containing arsenic of 0.47 %. Extraction of the arsenic in the solution
was 90 %.

In subsequent carried out experiments, arsenic obtained from the arsenate-carbonate solution was
precipitated by sodium sulphide under acidic conditions in the form of sulphide on the hydrochemical apparatus
for processing of minerals. 30 % of solution of HCI was used as an acid reagent. The precipitation of arsenic
sulphide was carried out at pH = 3 by using a solution of 12 % Na,S. The optimal conditions of precipitation of
sulphide were identified such as the solution temperature 50 °C, an excess of sodium sulphide 70 % from the
stoichiometrically required amount, precipitation time of 0.5 hour. As a result the degree of precipitation of ar-
senic sulphide was 99.6 %. The arsenic content in the filtrate was 0.02g/l. The obtained precipitate of arsenic
sulphide was washed out by hot water, was subjected to drying and was stored.

Thus investigations showed that this combined technology allows to deduce arsenic of dump waste of
plant «Tuvakobalt» in a stable stored form of sulphide. Moreover the obtained products can be used in the
following directions:

— as sodium arsenate solution obtained in the leaching as a main component in the manufacture of an
antiseptic for wood processing and agriculture;

—the sulphide of an arsenic obtained by sulphidation of leaching solution of alkali caking coal is
nontoxical (Group IV toxicity), stored middlings. In the future it can be used as a biocide of anti-fouling and
anti-corrosion coatings for ships, hydraulic structures as well as pipelines and other construction operated in
the bioaggressive environments.
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H.N.Konbuios, FO.JI. Kamunckuit

Kypamabl aic apkbLibl «TyBako0aabT» KOMOMHATHIHBIH
apajbIK 6HiMHEeH KYIIJJIAHBI IIBIFAPY

800-850 °C Ttemmeparypaja HATpUi apceHAThl ANbIHATBIH EPITIHAIHI CyJbl CLNTICI3ACHAIPY XKOHE coja
KOCTIaJIapblH KYHAIPY apKbUIBI apajblK KeKTapJaH KYIIoHAl oro yiiH «TyBakoOambT» KOMOWHATHI
3epTTeyiep Kypri3ai.benrini TexHomorMsIIap apKBUIH! KYIISH ePIiTIHAICI KYIIOH CyIb(UIiHe aybICTHIPUIA B!
(XYKIpTTI HaTpmi, KyKipTTi cyTek xoHe T.0). CoHbIMeH Oipre ajblHFaH OHIM AHTHCENTHK PETiHIE ayblT
IIapyallblIbIFBIH/A,aFAIITEl KaiiTa eHIey,TeHi3 (JIOTHI YIIIH Kapchl ©ceTiH >kaOblHaapaa OHonua peTiHme
KOJIJIaHbLIa/Ibl.

H.N.Konbuios, FO.JI.Kamunckuit

BbiBoa MbIlIbsiKa U3 0TBAJIOB KoMOnHaTa « TyBako0aabT»
KOMOMHHPOBAHHBIM CIIOCOO0M

[IpencraBineHHbIC MaTepUaibl MCCIIENOBAHMS MOKa3bIBAIOT BO3MOXKHOCTb BBIBOJIA MBILIbAKA M3 OTBAJIbHBIX
KekoB komOunHaTa «TyBakoGansT» mocpeactsoM ux obkura mpu 800-850 °C B cMecH ¢ cofoii U mocnenyro-
IIEr0 BOAHOTO BBIIIETAUYMBAHUS B PACTBOP 00Pa3yIOLIErocs apceHara HaTpys. MBILbIK U3 PacTBOPA MOXET
OBITH IepeBenEH B CyIb(UA MBIIIBIKA [0 U3BECTHBIM TEXHOJOTHSAM (CEPHUCTHIM HATPHUEM, CEPOBOJIOPOIOM
u 1ip.). [Ipn 3TOM moy4yaemsle IPOLYKTHI MOTYT OBITH MCIIOJIB30BAHEI B IIPAKTHUECKON NEATEIBHOCTH: B Ka-
YeCTBE AaHTUCENTHKOB B CEJILCKOM XO3SHCTBE, IPH 00pabOTKe JPEBECHHBI; B KayecTBe OHOIMAA B IPOTHBO-
obpacTraromux MOKPHITHAX AT MOPCKOTO (h10Ta, THAPOTEXHMYECKUX KOHCTPYKIMH M APYTHUX COOPYKEHHI,
9KCIUTYaTHPYEMbIX B OM0arpecCHBHbIX Cpelax.
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Sulphatization roasting of dump industrial product of «Tuvacobalt» combine

Data on research of removal possibility of arsenic from dump cakes of «Tuvacobalt» combine are presented.
Possibility of deep removal of arsenic from these dumps by means of their preliminary calcination and the
subsequent sulphidation at 900-950 °C at a sulphatizator ratio to a candle-end is shown, equal 1:2 to 0.28—
0.30; at a ratio 1:4, 1:5 and 1:6 respectively to 0, 5 and to 0.8 %.

Key words: arsenic, dump sludge, calcination, sulphatization firing, environment, steam solutions, aqueous
extract, sulfide-arsenide sublimates.

In this XXI century, as well as in the previous times, at mining and processing the arsenic containing
ores and concentrates of non-ferrous metals and gold remains steadily an arsenic conclusion tendency from
technological process in waste with the subsequent their burial (warehousing) in the form of pulps and sedi-
ment in tailings dams (technogenic lakes) or as a solid in specially equipped dumps or burial grounds. It
leads to violation of dynamic balance of a circulation of arsenic in the nature and to infection with com-
pounds of arsenic of placement regions of these warehousings and burials.

The wide-ranging field researches of hyper genesis of dump massifs of sulfide and the arsenic containing
industrial products of a number of mining and processing productions conducted at the beginning of this centu-
ry showed a real picture of threat to environment [1, 2]. Thus the attention that with storage period of dumps
(including also ferric arsenate complexes) extent of environmental pollution progresses sharply was paid.

At a turn of the XX—XXI centuries to a problem about danger of the arsenic containing dumps was de-
voted a large number of works. After the analysis of materials of these works authors of the monograph [3]
came to a conclusion that any warehousing or burial of arsenical waste is temporary and constitutes potential
ecological danger, and the problem of the arsenic containing dumps bearing threat for environment can be
solved at the organization of large-tonnage use of arsenical production in economic activity. However such
approach to this problem doesn't find a proper understanding yet and the problem of the arsenic containing
dumps remains with existence of dumps of previous years and their intensive growth on account of new re-
ceipts of waste of the working productions.

Special danger of environment pollution is constituted by old dumps of the enterprises which are once
functioning, but closed and stopped the production. As a rule, in such cases control of them is weakened, and
often is stopped completely, necessary preventive measures aren't undertaken. It leads to serious environ-
mental problems and subsequently forces to acceptance of urgent measures for environment protection.

One of the most ecologically dangerous objects in the Republic of Tuva are dumps of the arsenic con-
taining waste received at the hydrometallurgical enrichment of polymetallic ore of a Khovu-Aksy field at
«Tuvacobalt» combine during its work (1970-1991). The solution of this ecological problem is possible ob-
viously within complex processing of these dumps with development of ecologically safe and without the
dump technology of receiving products and simultaneous elimination of a source of environmental pollution.

The Khovu-Aksy field of the arsenide nickel-cobalt ores is unique on mineral structure [4]. In its ores
existence ~ 60 minerals is established. Arsenic in them is presented in mineral forms of primary arsenide:
shmaltin-hloantit — (Co, Ni)As;_,, skutterudite — CoAss, nickeline — NiAs, loellingite — FeAs,, safflorite
— (Co, Fe)As,, and the secondary arsenates relating to group of vivianites: erythrite —
(Co, Ni);[AsOy4],'8H,0 and annabergite — Ni;[ AsOy4],'8H,0. The main part of the arsenide minerals is pre-
sented by massive or continuous stringer ore. The oxidized minerals are only in a type of thin inclusions.

Unlike the arsenous cobalt ores of other fields in Khovu-Aksy ores the content of sulfur and iron is ra-
ther low (~ 1 % of sulfur and 4-5 % of iron), and arsenic and calcium oxide — raised (~10 % of arsenic and
~20 % of calcium oxide). Sulfides are in ore in the form tennantite — Cu;,As,S;3, chalcopyrite — CuFeS,,
pyrites — FeS,, galena — PbS, chalcocite — Cu,S. Gross ore contains, %: cobalt — 0.2—1.2; nickel — 0.4—
2.0; copper — 0.2—1.0. Waste has the quartz and carbonate structure including calcium carbonates, magnesi-
um, oxide of silicon, clay, minerals of skarn (the grenade, a pyroxene and etc.).
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On the developed autoclave ammoniac and carbonate technology cobalt, nickel and copper are trans-
ferred to solution. Also arsenic is passed into solution. All other components of ore form dump sludge. Ac-
cording to the chemical analysis slag products generally have carbonate and silicate structure at the content
in them of oxides, %: SiO, ~35-40; CaO ~18; Al,O; ~8; MgO ~8; Fe,0; ~10 [5].

Arsenic from autoclave solution was besieged a magnesium oxide pulp on reaction [6]:

(NH4),HAsO, + MgO = MgHAsO, + 2NH; + H,0

For this purpose a technical magnesia from 75 % of active oxide, previously crushed in a spherical mill
for 80-85 % to fineness — 0.1 mm which entered into a pulp in the form of magnesia milk, with the ratio
S:L = 1:4 is used. The consumption of magnesium oxide made ~13 kg/kg of cobalt. The residual content of
arsenic in solution shouldn't have exceeded 0.05 g/l. After sedimentation its concentration in a carbonate
pulp in terms of dry weight reaches 2.4 %. However, the real final industrial products transferred to cobalt
production, so-called concentrates often contained to 4 % of As.

The received solution was pumped over in a thickener, and the washed slime (tails from a condensation
of a pulp of autoclave leaching) averaging 93-97 % of the mass of ore was directed to the tailings dam. In
leached tails, as a rule, there was a quantity of metals in an arsenide form — from 10 to 25 % of the general
content of cobalt in tails (at the level of 0.1 %) [7]. Arsenate-magnesia sediment after purification of solution
from arsenic was buried with tails of autoclave enrichment.

In 20 years of work of «Tuvacobalt» combine more than 2 million M’ of waste of ammoniac and auto-
clave concentrating repartition with the contents not less 75 thousand tons are received and stored in dumps.
T of materials [8; 5—13] and concentration of arsenic in them within 3.5-6.4 %, and also valuable metals on
average, %: Co — 0.18; Ni — 0.22; Cu — 0.11; Ag — 45 g/t and Au — 60 mg/t [5]. Complex field appro-
bation of tailings dams of combine [5] showed that the steam waters formed as a result of long storage of
tails (slime) are characterized as magnesia-calcium with the raised content of NH,', nitrate and hydro car-
bonate type with the varying contents of chlorides. The laboratory researches conducted in work [5] showed
that high concentration of arsenic in sample of steam moisture (2.2 mg/l), and also its high concentration in
an aqueous extract (5.5 mg/l). The raised content of arsenic in the aqueous extract indicates existence of wa-
ter-soluble forms of arsenic in combine dumps. Earlier it was noted [8; 21] that in gradually drying out water
part of the tailings dam (map 5) concentration of arsenic reached 29.5 mg/I that answers 50 maximum con-
centration limits for this type of the stored waste.

On the basis of researches authors of work [8; 84-87] concluded that now the high speed of leaching of
arsenic of various types is noted by solutions. At impact of rainfall and seasonal floods on dumps dissolution
of arsenic in them can reach 10-12 mg/l in 144 days. In case of increase in acidity of solutions solubility of
arsenic can increase at increase of the maximum concentration to 16 mg/l. Dissolution increases in the alka-
line environment to concentration of 43 mg/I at rather slow speed of leaching.

From the review given above follows that the arsenical waste which is saved up in dumps of
«Tuvacobalt» combine in the conditions of continuous contact and chemical interaction with environment
constitutes serious ecological danger to the region. In this regard removal of arsenic from cobalt industrial
products and dumps of a field is represented actual to Khovu-Aksa. Besides, difficult geographical condi-
tions of the region, its remoteness from industrial centers, existence of problems of transport connection sets
a task of the maximum use of local sources of raw materials, including also technogenic waste, for ensuring
development of industrial and social spheres of the Republic.

In this regard, for complex use of dumps of «Tuvacobalt» combine as technogenic raw materials, with
additional recovery from them valuable components and receiving industrial products (building materials,
ceramics, etc.) it is necessary to clean arsenic from dump materials.

Large volume of works on an arsenic conclusion from technological processes of processing of the ar-
senic containing persistent raw materials of heavy non-ferrous metals and gold to dump low-toxic products
with use of sulphatization roasting was carried out in the second half of the XX century within the MG-16/20
MFM USSR program (ChMI AS KazSSR, Karaganda [9-11]; «Gidrotsvetmet» Institute of MFM USSR,
Novosibirsk [12—15]). In particular, sulphatization roasting was used (ChMI) during developing technology
of receiving cobalt, gold and other accompanying metals from the gold and arsenical ores of the Sayak-4
field (Kazakhstan). The technology passed trial tests with receiving high rates [16, 17].

Making use of this positive experience, we conducted researches whenever possible of use of
sulphidation roasting for an arsenic conclusion from dumps of «Tuvacobalt» combine.
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Iron sulfides (pyrrhotite or pyrites) and their mixes with element sulfur are used as a sulphatizator. As a
reducer a coke breeze is added to fusion mixture. The dump slimes sample used in this research on the data
obtained by means of a nuclear and absorbing method contained 4.25-4.40 % of As.

According to the X-analysis data, the basis of material has a carbonate component like calcite. Besides, in
sample are available: silicates and hydrosilicates, and also arsenical compounds like arsenates and arsenide.

Data of an X-ray fluorescence method give the following quantitative picture of contents of oxide forms
of elements. The obtained data show the greatest content of silica (30.27 %), further on decrease there are
calcium oxides (15.86 %), and magnesium (9.11 %), iron oxides (8.12 %) and aluminum (7.74 %).

The X-ray analysis (XRA) of this sample gives the following mineralogical composition of slime. In a
sample two main mineral phases are fixed accurately: it is a phase of a parasymplesite — Fe;(AsQ,),'8H,0
and calcite — CaCOs.

Compound with structure of Fe;(AsQ,),'8H,0 differs from a natural scorodite of FeAsO4-2H,O in that
in it iron is bivalent and contains not two, but eight molecules of crystal water, as well as other arsenates of
group of a vivianite [18; 624]. Data on this compound for the first time were published in 1954 (Japan). Later
it was revealed in ores of the Belorechenskoe field (Russia). Having the same a chemical composition and a
formula, as simplezite [18; 624], it is polymorphic analog of the last, however has distinction in a crystal lat-
tice and a crystal system (monoclinic, unlike triclinic at a symplesite).

Further, the sample contains the following mineral phases: dolomite — (Mg, Ca)COs, kaolinite —
Aly[Si4010]-8(OH), smectite — K, Al,[(Si, Al)4O10]-#nH,0. Traces of chlorite, mica, and also potassium feld-
spar are found. Proceeding from data of the X-ray fluorescence analysis, it is possible to draw a conclusion
that the total contents the aluminosilicate phases in material of slime can exceed the total content of the
parasimplezit and calcite.

Determination of nature of behavior of sludge at its heat treatment was carried out by using of a
derivatograph of system of MOM-1000 (Paulik, Paulik-Erdey, Hungary) in the atmosphere of own gas envi-
ronment. The temperature limit of heating was limited 1000 °C.

According to XFA in a product of a thermoengraving there are following mineral phases: quartz —
a-Si0,, amortized aluminosilicate, hematite (Fe,Os), dzhonbaumite — Cas(AsO,);OH. Also a plagioclase —
[(100-n) NaAlSiz;Ogt+nCaAl,Si,0g], portlandite — Ca(OH),, goethite — FeOOH, and also traces of Ca—Fe—
Mg-grenade (the general formula (Ca, Fe, Mg)[SiO,4]) are found.

According to the data of chemical analysis the content of arsenic in material after heat treatment, practi-
cally, remained completely. Thus instead of the parasymplesite in a sample the new chemical compound —
dzhonbaumit Cas(AsO4);OH was revealed. Data on him were published for the first time in 1980 (USA). In
the subsequent it was revealed in ores of a field of Solongo (Buryatia, Russia). The chemical formula of this
compound can be presented in the form 3Caz(AsO,),-Ca(OH),. From this it follows that this compound is the
main calcic salt of arsenical acid where three acid parts have one base — a hydrate of calcium oxide.

On the basis of the obtained data it is possible to present as follows the thermochemical process proceed-
ing by heating this sample of slime. In the field of temperatures to ~200 °C there is a removal from material of
the main part of crystalline hydrate water of the parasymplesite and other crystalline hydrates. At the subse-
quent temperature increase there is a further decomposition of mineral structures, aluminosilicates (a smectite,
chlorite, mica, kaolinite, etc.) with removal of hydrate, crystallization and molecular moisture. Thus, as data of
XFA of tests of a sample showed after their heating to temperatures of 300 and 600 °C, in them, as well as in
the sample plunged to high-temperature roasting (to 900 °C), parasymplesite Fe;(AsO,),-8H,O wasn't found. In
both samples the phase of a 3Ca;(AsQ4),"Ca(OH), is found accurately. From this it follows that parasymplesite
already at a temperature up to 300 °C reacts with a calcium component of the sample (likely with calcite). In the
field of temperatures with ~600 and to 900-950 °C there is a decomposition of dolomite, calcite and the hydrat-
ed aluminosilicates with formation of amorphous oxide structures.

The chemical analysis showed preservation and even some increase in a candle-end of concentration of
arsenic (with 4.0—4.5 to 5.3-5.4 %) that is caused by a decrease of the total sample mass and preservation in
it steady arsenic compounds. It indicates total absence in initial slime of magnesium arsenates which are
formed at magnesia cleaning of arsenic of autoclave solutions as according to literary data magnesium arse-
nate should decompose with distillation of arsenic trioxide at a temperature of 450-600 °C by the reactions:

2MgNH4ASO46H20 = 2NH3 + 7H20 + 2MgO + ASQO3 + 02
and
Mg3(ASO4)2'4H20 = 3Mg0 + ASzO} + 4H20 + 02
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This implies that the long-term storage in dumps magnesium arsenate react with the components of tails
of autoclave leaching, forming secondary arsenide and arsenate compounds of arsenic. Last ones as a result
of hyper genesis can further pass into soluble forms. Also it is possible that the insignificant part of arsenic in
this material can be in an initial mineral form of arsenides and arsenates of cobalt and nickel.

Experiments on sulphidation roasting were made in a closed system in neutral and recovery environ-
ments: in a horizontal tubular furnace with a suction of gaseous products of reactions of decomposition and
sulphidation. Results of primary experiences of sulphidation of initial sludge didn't yield positive results. On-
ly some decrease in concentration of arsenic is noted (to 3.5 %) at a ratio slime/sulphatizator = 2. Apparently,
stripping of arsenic in this case in the form of sulfide is obstructed by the complex composition of the sludge,
and the reaction occurring during the firing with formation of a stable arsenic sulfide of cobalt blocking for-
mation of arsenic sulfides [17]. Experiments on sulphidation of a candle end after burning of initial sludge at
900-950 °C yielded positive results. At a ratio in candle-end batch:Sulfur:Pyrrhotite = 2:1:1.3 in a
sulphidation candle-end the content of arsenic decreased to 0.28 %. Satisfactory results were received and on
batches with ratios a candle-end:Sulfur = 4:1 and Candle-end:Sulfur:Pyrrhotite = 4:1:1, respectively, equal
0.46 and 0.42 % of As. At a blending only of one pyrites or pyrrhotite (in the ratio 2: 1) the residual content
of arsenic in a candle-end decreases only respectively to 1.60 and 0.88 %.

Experiments on influence of temperature on sulphatization roasting of a candle-end of an initial cake
showed that the lower temperature limit is defined 900 °C. Sulphidation of a candle-end at temperatures be-
low 900 °C reduces rather sharply indicators on removal of arsenic from a candle-end. So, at temperatures of
process of sulphidation equal 700 and 800 °C, the content of arsenic in a candle-end decreases only to 2.30
and 2.10 % respectively. At the same time sulphatization roasting at 900 and 950 °C reduces concentration of
arsenic in a candle end to 0.53 and 0.30 % respectively.

The best results of a control series of experiments on removal of arsenic from products of preliminary
roasting of initial sludge were received at the sulphatizator expense in the relation to a candle-end equal 1:2—
1:1. Thus the content of arsenic in a candle-end of sulphidation decreases to 0.28—0.30 %. Also expenses of
sulphidation reagents in ratios 1:4 and 1:5 at which the content of arsenic decreases to ~0, 5 %, or in the ratio
1:6 (~15 % to a candle-end) when the residual content of arsenic in a candle-end reaches 0.7-0.8 % can be
technologically accepted.

Thus, the conducted researches showed the possibility of deep removal of arsenic from dump products
of «Tuvacobalty combine by means of conducting the technological process including preliminary calcina-
tion of initial sludge at a temperature ~900 °C and the subsequent sulphatization roasting.

Element sulfur, sulfur mix with iron sulfides (pyrites and pyrrhotite) can be used as the sulphatizator.

Residual content of arsenic in material decreases to 0.28—0.30 % at the sulphatizator expense in the ra-
tio to the candle-end 1:1-1:2; at a ratio 1:4.1:5 — to ~0,5 % and at a ratio 1:6 — to 0,8 %.
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«TyBako0ajabT» KOMOMHATHIHBIH APAJIBIK OHIMIEPiHIH
cyabpoauzupiien Kyuaipinyi

Makanana «TyBakoOanbT» KOMOHMHATBHI apaiblK KEKTEpAi KYIIAJMagaH KO MYMKIHIIKTEpi 3epTTeimn
ycoiapl. 0,5-ten 0,8 % apansikka cait 900-950 °C cynbdunipney kesinne ocel 1:2 0,28-0,30; 1:4, 1:5 sxone
1:6 KaTbIHACHIHA COMKEC, TEPEHHEH KYIIAIaHbl )OI MYMKIHIIKTEpi KOPCETIIII.

H.1.Konsuios, 10. . Kamunckuii

Cyabpuan3npywuuii 00:Kur 0OTBaJbLHbIX NPOMIIPOAYKTOB
komOuHaTa «TyBako6aabT»

B crarbe nmpezacTaBieHbl JaHHBIE 110 HCCIEAOBAHMIO BO3MOXKHOCTH YIAJICHUS] MBIIIbSKA U3 OTBAIBHBIX KEKOB
xombuHara «TyBakoOanbT». [loka3aHa BOSMOXKHOCTb IJIyOOKOrO yHaleHUs MBIUIbSIKA U3 JAHHBIX OTBAJIOB
MOCPECTBOM HX IPEABAPUTEIILHOM MPOKAIKU U MOCIeayowero cynshuauposanus npu 900-950 °C npu co-

OTHOILICHUH CyNb(uIU3aTOpa K orapky, pasuom 1:2 mo 0,28-0,30; npu coornouienun 1:4, 1:5 u 1:6 coorBer-
ctBenHo 10 0,5 u 10 0,8 %.
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AKa0a cyapabl MyHail eHiMIepiHeH Ta3apTyAa aAcopOUMsIIbIK JAICTI KOJAaHy

Makanana akaba cymapabl MyHail eHIMIEpiHEH Ta3apTyIblH aICOPOLMSIBIK OMICi Typaibl MajiMeTTep
kentipinren. CopbeHTTep periHae OenceHaipiireH Kemip, xKaHFaK KaObIpIIaK KeMipi :aHe araml yriHginepi
KOJIIaHbUIAbl. AKaba cynap[pl MyHail eHIMIEpiHeH Ta3anay OapbIChIHAA COPOLMSIAHY Y3aKTBIFBIHBIH,
copOeHT MeuuepiHid, cyapiH pH MoHI MEH TeMmreparypachlHbIH dcepiepi KapacThIPbUIBII, Ta3alaHy
JIOPEKECIHIH OHTAMIIBI JKaF Jailyiapbl aHBIKTAIIIBI.

Kinm ce30ep: akaba cy, MyHall eHiMzepi, COPOEHT, afcopOIs, OeJICeHIipLITeH KoMip, Ta3alaHy TopeKeci.

Kasipri Tanna enuipictik akaba cymap eHIIpiCiHIH op TYpJi calanapblHlIa: MyHall KoHE MyHall eHiM-
JepiH eHIIPYILi KOCIMOPBIHAAP, Kapa *oHE TYCTI METAJUIyprHs, MallhHA )acay eHEpKociOi, XuMUs KoHE
KeMip eHepkacinTepi, aBToxanapmail 6eketi, KOC, ADC, keH OalbIKTapblH OHIIpY OapbIChIHIA KOHE T.O.
eHepkacinTepae Ty3iremi. Ockl OHJIpiC OpPBIHAAPBIHAH HIBIFATHIH aKaba CyJap/blH KypaMbIHAA 9p TYpJi
JIACTaFbIIITap: MYHal jkoHe MyHait eHimuepi, bb3-tap, deHoi jxoHe Oackama opraHMKaJbIK KOCBUIBICTAP,
ayblp METaJUI HOHAAPBI, LMAHUATEP KOHE 9P TYPIi 3USHABI 3aTTap Ke3Aecei.

Comnrbl Ke3zie akaba CyablH KYpaMbIH aiiMarbl KEH JKOHE CaJIbICThIPMAIIbI ap3aH, CyJla epirilll, KeleH Il
KOCBLIBIC TY3y KaOineTi 6ap, copOLus, 1ecopOius KoHe MEXaHUKAIBIK KaCHEeTTEePl JKaKcapThIIFaH OipimaMa
KOJDKETEPIIK KOMITO3UITUSUTBIK MaTepruaIiapabl KOJIIaHy apKeUIbl Ta3apTy KohaaHeic Tabyna [1, 2]. Oceiran
opaii akaba cynappl Ta3apTy YIIiH aJICOPOIMSIIBIK TICTI KOJIAHYAbIH MPAKTUKAIIBIK MaHBI3BI 30P.

OnebuerTik MamimerTep [3, 4] OoitbiHIIa, agcopOIus 9/1ici apKbUIbl akaba cyap sl MyHal )KoHe MyHai
eHIMJIEpiHEeH Ta3apTyaAblH Oipkatap omictepi Oenrimi. byn omicrepae Taburu oHE XKacaHAbl COPOECHTTED
(xBapuTBHl KyM, OamIlbIK, KEpaMm3WT, IIBIMTE3€K, afaml YriHIuIepi, OelceHIipireH Kemip, MOJUCTHPOI,
XUMUSUTBIK TATIIBIKTAp JKOHE T.0.) KOJNJIaHbLUIa IbL.

Axkaba cynapasl MyHaii )koHe MYHall eHIMJIEpiHEeH Ta3anay OOMbIHINA pecell FalbIMIapbIHBIH FHUTBIMU-
3epTTey >KYMBICTAphIHAA CY MEH TONBIPAKThl MyHail MEH MyHall eHiMZepiHeH, (EHONJaH >KOHE METayll
MOHJApBbIHAH COPOLMAIIBIK JIICTIEH Ta3aylay HOTIKEC] KentipiareH [5]. bepinren xympicta Tabufy moaumep
HET131HAer1 COPOCHTTI ay ’K0Jbl YCHIHBUIFAH, SIFHA MYHJIA CYJIbl Ta3apTy XUTO3aH €PITIHIICIH CYHBUITBLUIFaH
cipke KpIIKbUIBI koHE 5—10 % KemaTuHHIH CyNbl €piTIHAICIMEH apaslaCTBIPBIN, CY3il >KOHE KenTipin
QJIBIHFaH KOJUIOMITHI IIOJIMMEP KOMIUIEKCI KOMETiMEH KY3€ere achbIpbUIFaH.

ConpiMeH KaTap akaba cynapisl MYHail eHIMIEpiHEeH Ta3zapTy OapbIChIHIAa acOecTTi MaTepuan —
acOecT KarazJaphl XoHE KapTOH OHJIPICIHICTI KalIbIKTap; MEHOMOINYPUTAH, TYHIPUIK TYpiHJETI oleMi
0,01-0,1 MM deppomarautTi MaTepuai; ruapodoOU3aTop KoHEe 6a3anbTTi TAIIIBIK HETi31HAEeTi COpOEHT —
KpEMHUI HeMece OpraHUuKaIbIK THAPOGOOTHIK KOCBLUIBICTAP KOJIaHbLIaAbI [6].

Axkaba cynapzpl JacTaFblITapIaH copOnusiay 6apbIChIHAA Y YPJIiC OPBIH alajibl:

— copOeHT OeTiHzeri CyHbIK (a3a MOJEKyIaJapblHbIH ChIPTKBI AU(GYy3HuAckl, OpOybIHABIK AUD Y3Hs

apKBUIBI HEMECe CYHBIKTBIKTHIH TYpOyIeHTTi Au(dy3us apKbUTBI apajiacybIMEH XKy3ere acabl;

— MOJIEKYJIAapIblH MaKpOKEYSKTepAeH MHUKpPOKeyeKTepAiH Oeringeri imki audysusicel, an OHBIH
KBUIIAMIIBIFBI COPOCHTTIH KYPBUIBICBIMEH >KoHE COPOLMIAaHATHIH 3aTTapAbIH MOJIEKYNa eJmeMaepi
ApKbUIbl AHBIKTAJIA]IbI;

— epireH 3aT MOJISKYJIACKIHBIH ©3/iTiHEH COPOIMSsIIaHYbI.

CopbenTTepai exi mapaMeTpMeH cunarrayra 0omazbl:

1. Copbuusira OaillaHBICTBI, SIFHU, COPOCHTIECH OalIaHBICKAH JJIEMEHT MAaCCACHIHBIH COpPOCHTTIH

MaccachlHa KaThIHACHI.

2. Tapany ko3¢ UIMEeHTI, epiTiHAI MEH COPOCHT apachIHAarbl 3aTTap/IblH Tapaaybl. Ajaiga copOeHT-
TEpMiH TPAKTUKAIBIK KOJNJAaHBUTYbIHA OalIaHBICTEI Oacka Ja cHularramMalap MaHBI3ObI: OaFachl,
KOJDKETIMLIIT, KoJIIaHy Mep3imi [7].

Kazipri ke3me eH Herisri cOpOCHT peTiHIe OeJICeHMIpIreH KeMip KOJAaHbUIaAbL. benceHaipiirex
KeMipai anyaa 6acTankpl MKI3aT peTiHAE KypaMbIHIa KeMipTek Oap Ke3 KelIreH MaTepuall naiianaHbliabl.
On xemnrereH perci3 oOpHalacKaH TpadUTTIH MUKpPOKpUCTangapeiHaH Typanasl. Cynel epiTiHginepal
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copOuusiay OapbIChiHIA TYHIPIIIKTENIeH >KOHE YHTAK TOpi3i KeMipiep, COHbIMEH KaTap KeMipTeKTi
TaJIIIBIKTap KOJIMaHbLTA b [8].

Ty#ipurikTi OejceHmipiireH KeMipliH kKemeriMeH [9] eHOekTe akaba cynaplibl MyHail eHIMJIIEpiHEH
Tazanayna copoLusiay ChIMBIMABUIBIFBI JKoFapel ekeHi 60—200 mr/r anbikrangsl. OckiFaH opail TyHipIIiKTi
OeJceHipireH KeMip/Ii MyHal KypaMaac eHIMIEp/IeH Ta3apTyAa KoJiJaHyFa O0JaThIH/IbIFbI KENTIPLITeH.

Tabury opraHUKaNIbIK KOHE OPraHOMUHEpAN/Ibl COPOCHTTEp MYHAl OHIMJEPIH KO0 YIIiH Ooalarsl
Mon Oonbin Tabbutaapl. Kebinece aramn yrinainepi, MoauduKanusulaHFaH IIBIMTE3€K, KENTIpUIreH IoHM1
JaKbUIIap, )KYH, KaFa3 KaJABIKTaphl KOJIIaHbUIa b [4].

KaliTa eHnenreH eciMIIiK IIMKI3aThIHBIH CKIHIIUIIK OHIMAEpPI — KYpilll Kaybi3bl JKOHE KapaKyMbBIK
(rpeuxa) epireH >koHe AMYJIBIMPIICHTeH MYHall OHIMJEpiHEe KATBICTHI COpOIMsIaHy OEJCEeH T 3epTTel-
red [10].

I'pex >kaHFak KaOBIPIIAFBIHBIH HETi3iHAE OCJICCHIIpUIreH KeMipAi amy MYyMKiHAiri [6] eHOekTe
kenripinren. KapGoHmsauus KesiHge YiIrinepai KbI3Ielpy 5 Tpaa-MHH ' KbUIIAMABIKTA | caF KeseMiH/e
OenMe TemmepaTypacblHaH O€NriJeHreH Temreparypara AeliH (keitOip toxipubenepne 950 °C-ka neiiin)
JKYPIi3iireH. AProH TasblH peakTopra 2 JI-car I KbUIIaMIBIKIEH xkibepren. Ypuic keickiMel 0,1 MIIa cy
oysiama 650, 700, 750, 800 xone 850 °C Temmeparypa Ke3iHze 9p TYpii yaksIT apanbirbiaaa (10 MuH-Tan
90 muH-Ke Aeiin) xyprizuireH. TepmMoenaeyaeH keifin Oencenaiprimrepai Oeame TemneparypacbliHa AeHiH
peaKTOp/Ibl KYPFaK aproHMEH YpJiey apKbUIbI CYBITKAH.

Axkaba cynap/AblH KypambIHIaFbl MYHAil ©HIMJEpiHIH IIeKTiK payanbl koHreHTparnwmscel (ILIPK) —
0,3 mr/nm’. Kypambiana 28,3 Mr/n myHail eHimiepi 6ap Temip skon akaba CylnapblH TaGUFM COpOEHT —
OCHTOHUT ca3biMeH copOuwmsuiay oxici [11] enbexre kentipiuireH. bByn KymbICTBI MyHall eHIMIEpiHIH
KOHIeHTpaIusichl 1,54—0,793 mr/n-ra nefiiH TOMEHIETeH.

bBizniH anmapIHFBI KYpri3reH 3epTTey JKYMBICTAPBIMBI3ZBIH HOTIDKECT akaba cynapibsl MyHai
OHIMIEPIHEH COPOLMSUIBIK 9JIiC apKbUIBI Tazanay OapbIChIHIA TAOUFH >KOHE JKacaHIbl COPOSHTTEP I KOJIIany
03BIK OHIMIUTITIH KepceTTi [12, 13].

YCBIHBUIBII OTBIPFAH JKYMBICTBIH MakcaThl TypKiCTaH JOKOMOTHB HaifanaHy JeTOCHIHBIH akaba
CynapblH MYHall OHIMIEPIHEH Ta3apTyIbIH COpPOIVUTBIK OMICIH TaOWFH JKOHE >KacaHABl COPOCHTTEPIIiH
KOMETIMEH KY3€ere achIpy OOJIBIIT TaObLIAIbI.

3eprTey HbicaHbl perige TypKicTaH JOKOMOTHB MaiijianaHy JIETIOCHIHBIH MYHal eHimuepi Oap akaba
cynapsl anbiHnel. CopOumsiiay ypaici TaOWFH JKOHE JKacaHIbpl cOpOeHTTep OelceHAipiIreH Kemip (arar
KeMipiH cynbl OyMeH KbI3IBIPY apKbUIbl ajiFaH), >kaHFak KaOblpmak kemipi (500—800 °C temmeparypana
KBI3ZBIPBUIFaH TAC KOMIpPiHAE TPEK >KaHFAFbIHBIH KaOBIPIIAFbIH KYHAIPY apKbUIbl allbIHFaH) KOHE aFalll
yrigmuici (arair kemipi apajlaHFaH araliTapiaH TYCKEH YIiHALIep) KaThIChIHIA KXY PIi3iii.

Axkaba cyapl MyHail eHIMIEpiHEH Ta3apTy.bl KYPri3y YLIiH Ko0j0aaa copOEHTTI CyMeH KaHACTBIPHIIL,
Oenrini Gip yaKbITTaH KeiiH 01 QUILTP Kara3bIHbIH KOMETIMEH CY3TillTe Cy3il ajdblHAbl. AJIBIHFaH QUIBTPAT
CHIABIMABLIBEFB 250 cM® Geuriln BOPOHKAachlHA KyHbLigbl. Ilurmerka kemeriMeH 10 cM® rekcaH ChlHAMA
OpHaJaCKaH bIABICKA KOChUIABl. Kocna KapKeIHIBI TYp/e maikayMeH 1-3 MuH 3KcTpakius xacaisiHabl. Cy
(hazacer ceritbiMaputbiFel 100 HEMece 250 oM’ IWIAHJPTE KUHAIIBIN, OHBIH JIQJT KOJIeMi aHBIKTAIbL. | ekcan
AKCTPAKT OOJITilll BOPOHKAHBIH YKOFaprbl O6JIriHEH KIOBETaFa allblll KYHUBLIABI KOHE SKCTPAKTHIAAFbl MYHaH
eHiMzepiHiH Memepi «Dmaroopar-02-5M» CYMBIKTBIK aHATU3aTOPhIHIA «OIIey» PEeKUMIHIC aHBIKTAIBI.
AHanu3 Kypriziarenie chlHaMaIarbl MyHail oHiMIepiHiH KoHIeHTpamuacs (X, Mr/am’) kenecineit hopmyna
OONBIHIIA TAOBUIIBL:

o Can VoK,
VCH
myHgarbl Cpy, — ChIHAMA SKCTPAKTHIHIAFbI MYHA#l OHIMIEPIHIH KOHLEHTpAIMsACH, Mr/am’; V., —
SKCTpAKIMsIAY YIIH aNblHFAH TekcaHHbH Memmepi, cM® (10 cM’); Vey — chbiHama KeneMi, cM’; K —

AKCTPAKTTHl CYUBUITY KO3 (duImeHTi (enmey Koidachl KejieMi MEH allbIHFaH JKCTPAKT aJIMKBOTACHIHBIH
KaTbIHACHI) [ 14].

Axaba cymapapl MyHall eHiMJIepiHeH Taszanay OenceHpipiireH kemip (0.K.), KaHFaK KaObIpIIaK Kemipi
(K.K.K.) JKoHe ararl yringici (a.y.) copOeHTTepiHiH KaTbicbiHAa 3eprTeiai. COHbIMEH KaTap Ta3alaHy Jopexecine
op Typii QakropnapasiH (copOLMsUIaHy Y3aKThIFbI, COPOSHT Mewepi, cyapiH pH MoHI MeH TeMmepaTypachl)
ocepriepi 3eprrenmi. 1-cyperte akaba cynap/bl copOeHTTEep KoMEeriMeH MYHai eHIMJIEpiHeH Ta3aiay OapbhIChIHIA
copOLMsUIaHy Y3aKTBIFBIHBIH acepi kenrtipumreH. CopOmmsutany y3akTteibiH 0,5 caraTraH 2 caraTKa JeHiH
JKOFapbUIaTKaHma OeliceHmipireH kemipae akaba cyablH TazanaHy gopexeci 90 %-mam 98 %-Fa, >kaHFaK
KaObIpiak kemipine 85 %-nan 96 %-ra, aram yrinaiciage 80 %-man 93 %-Fa apTTaThIH/IBIFBI AHBIKTAIIBL.
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1 — Gencennipiiares keMip; 2 — >KaHFaK KaObIpIIaK KeMipi; 3 — araim yrinaici
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1-cypet. Axaba cynapnbl COpOEHTTEp KOMEriMeH MyHall eHiMIepiHeH
Tazanay Iopexecine CopOIsuIaHy Y3aKThIFBIHBIH dcepi

Axaba cymapabl MyHail eHIMJIepiHEH Tazayiay OapbIChIHIIA COpPOEHT MeJIepiHiH ocepi 2-cyperTe
kepcerinreH. CopOentrepain MaccaceiH 0,5 r-HaH 2 T-Fa JIeHiH apTThIpFaHaa OeICeHIIPIITeH KeMipe akada
CYIBIH TazanaHy nmopexkeci 85 %-man 97 %-ra, xaHrak KaOwipmrak kemipinme 80 %-man 94 %-ra, aram
yringicinae 76 %-man 91 Y%-ra xorapbuiansl. Bencenmipinren kemipmis MemnmmikTi 6eri 400-900 M/r-abI
Kypaiabl 9HE OHBIH COPOLMAJIBIK KAacCHETi KEeyeKTepiHiH MIaMachl MEH KYPBUIBICBIHA TOYeJIUTiriMeH
OaitmanpicThl  Oonambl [15]. OcklFan opait akaba cymapAsl MyHaldl OHIMIEPIHEH Ta3alaHy Iopexkeci
OeJICeHAIPIIreH KOMIp/i KOJIIaHFaH/Ia aHaFyPJIbIM YKOorapbl 00J1aIbl.

1 — Gencennipiiares keMip; 2 — >aHFaK KaObIpIIaK KeMipi; 3 — arai yrinaici

2-cypet. Akaba cymapabl COpOCHTTEp KaThICHIHIAa MYHAH OHIMJICpiHEH Ta3ajaay

i

100

50

a0

70

Tazanany gspemect, ¥

Axaba cyapiH pH MoHiHIH TazanaHy JopekeciHe ocepi 3epTTelliHjai. 3epTTeleTiH CyFa KbIIIKbUT MEH
cirrinepai kocy apkbuibl pH Moni esrepriimi. pH MoHi apTkaH cailblH MyHail eHIMZIEpIHEH Tazaiay
JTOpEKECIHIH apTaThIHABIFBIH 1—-3-KkecTenepeH Oaiikayra Ooabl.

l-xecTe

Akaba cynapabl OesiceHaipiireH keMipMeH MyHali eHiMIepiHeH Ta3ajay Japexecine cyabiH pH MoHiHIH dcepi

CrprHama Ne Axata CYARIH BGHCCH,ZFlpIHFeH CopOumsnany Cynpiy pH MmoHi | Tazanany popexeci, %
MeJIepi, Mit KeMip, T Y3aKThIFbI, CaF
1 30 2 2 2,623 84
2 30 2 2 4,412 91
3 30 2 2 6,289 92,4
4 30 2 2 8,654 94,6
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2-KecTe

AKkaba cyaapabl skaHFaK Ka0bIpIIaK KeMipiMeH MyHaii eHiMIepiHeH
Ta3zajay aape:kecine cyasiH pH MoniHiH acepi

Coinama Ne Axaa CYARIH Kazrax K.a@,lpmax Copbuusaity CynsiH pH moHi | Tazanany nopesxkeci, %
MeJepi, Ml KeMipi, T Y3aKThIFBI, CaF
1 30 2 2 2,324 82
2 30 2 2 4,141 86,4
3 30 2 2 6,109 90
4 30 2 2 8,436 92
3-xecTe

Akaba cyaapabl aram yringiciven MyHaii eHiMepiHeH Tazanay qapexecine cyabin pH MoHiHIH dcepi

Axaba cyIsIH oL Copbnusnany . .
Copraama Ne Mermepi, Mt Araiu yriagici, V3aKThIFbI, CaF Cynpie pH momi | Tazanany gopexeci, %
1 30 2 2 2,146 80,5
2 30 2 2 4,058 84,2
3 30 2 2 6,004 88
4 30 2 2 8,157 90

Axkaba cynapapl cOpOEHTTEp KOMEriMeH MyHail eHiMIepiHeH Tazanay OapbIChIHIA TeMIepaTypaHblH
ocepi 3eprreningi (3-cyp.). Taxipude 20-60 °C apansirbiaa xyprizingi. Temnepatypanst 20 °C-tan 60 °C-
Ka JIeliiH jkoFapblUIaTKaHaa OelceHaipiireH kemipJe akaba cyIblH TazanaHy Jopexeci 78 %-man 97 %-ra,
KaHFaK KaOwIpmiak keMipiHne 72 %-nan 94 %-ra, aram yriguaiciage 66 %-man 92 %-ra apTThL

Herisinen, copOeHTTepni pereHepauusuiayIblH HEri3ri ym Tocimi 0ap: XUMHSUIBIK (peareHTTepIiH
epiTiHAIepiMEeH OHJIEY), TOMEHI1 TeMIlepaTypajblK (OyMEH OHJIey-TOMEHI'T MOJICKYJIaJIbIK MyHall ©HIMIICPiH
Oemin amyJa THIMJI) JKOHE TEPMHUSUIBIK (KOFaphl TeMIlepaTypajia KaWHAWThIH KOCBUIBICTApIBIH Oy-ra3
KocnajapeiMeH JecopOuuscel). CopOeHTTepai pereHepanysiiay YIOiH KbI3OBIPY, SFHH TEPMUSUIBIK OJiC,
konganburad [4]. 200-300 °C-ka neitinri temmeparypaga copOeHTTEpIeH MyHall eHIMIEpiHiH KenTereH
Oeomiri Oeminren. Pereneparms nopexeci (94 %) copOeHTTIH OacTamKbl MaccachkIMEH pereHeparysiaH
KeHiHT1 COpOSHT MaccalapbIHBIH KATBIHACHI apKbUIbI aHBIKTAJFaH.

Bepinren xympicTa copOuusiFa KOJAAHBUIFAH COPOCHTTEPAIH imiHAe OeliceHIipiIreH Kemip MeH
KaHFaK KaOBIpIIaK KOMIpiH pereHeparysiiay XUMHSJIBIK 9JIic OoWbIHINA Kyprizungi. bynm omicTiH Herisi
copOeHT JoHE peareHTTIH JecopOumschl kesiHge copOeHtTi 100 °C-nmeH acnmailThlH Temreparypajna Tras
TOpI3/l HeMece CYWBIK OpPraHMKAIBIK HeMece OCHOpraHMKaNBIK PearcHTTePMEH OHJICY OOJbIN TaObLIAJIbL.
Bi3gin sxyMbICTa peareHT peTiHae STaHo KoaaaHbulael. [laliganansluiFrad COpOSHTTEp MEH 3TIII ciiupTi 1:10
KatbiHacTa (5T copOeHT 50 M epiTiHOiAC) 5 MHH MarHMTTI apaJacTBIPFBIIIICH apallaCThIPBLIIbL.
CopOeHTTiH COpOIHSITBIK, CHIMBIMABLIBIFEI 80 Y%-Fa feiiH KaanblHa KeJe/Ti.

100
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Termeparypa, 'c

1 — GencenaipinreH kemip; 2 — >kaHFaK KaOBIpIIaK KeMipi; 3 — aFanr yriHgici

3-cyper. Akaba cymapabl cOpOCHTTEp KOMETriMEeH MyHal eHIMIepiHeH
Tazanay IopexeciHe TeMIepaTypaHbIH dcepi
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Kopeita aiitkanna, akaba cyiapabl copOeHTTepIiH KeMeriMeH MyHail eHIMAEpiHeH Tasajay
OapBICHIH/IAFBI Ta3aJIaHy JI9pEXeci op TYpIi mapamerpiepre Toyeljii 3epTTeliHimi. Akaba cyiapabl MyHai
KOHE MYHall eHiMJIepiHEeH Ta3zanay Ke3iHJe akaba CyAbIH MeIIepi, cOpOUusUIaHy Y3aKThIFbI, COPOCHT
Menepi, cynslH pH MoHI MEH TeMmmepaTrypachbiHBbIH ocepiiepi KapacThIpbUIAbl. ToKipHOCHIH OHTaMIbI
JKarJainapbl OelCeHIIpUIreH KeMipiAi KoiiaHFaHia (TasanaHy nopexect 98 %), me,)=2 I, T=2 caf,
t =60 °C, xaHraK KaObIpIIaK KeMipiHae (Ta3anaHy gopexeci 96 %) my )= 2 T, T=2 caf, ¢ = 60 °C, aram
yringicinne (tasanany gopexeci 93 %) my) =21, T =2 car, t = 60 °C 60IaThIHBIFbl AHBIKTAIIBI.
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J.K.Ocynosa, P.H.Hypaunnaesa

IIpumeHeHnune agcopOIUOHHOTO CIIOCO0Aa OYMCTKH CTOYHBIX BO/
0T He(PTEeNnPOAYKTOB

B craTtbe mpuBeneHs! cBefeHHS 00 aJCOPONMOHHOM METOJE OYHCTKHM CTOYHBIX BOJ OT HE(TEIPOTYKTOB.
B xauecTBe COpOEHTOB HCMOJIB30BAINCh AKTUBHPOBAHHBIM Yrojb, Yroib CKOPIYIBl IPELIKOTO Opexa H
JpeBecHble OMWIKH. IIpy OYMCTKE CTOYHBIX BOJX OT HE(TENPOLYKTOB OBUIM PACCMOTPEHBI HapaMeTphl
BIIMSTHUSI MAacChl COpOEHTa, MPOAOILKUTENILHOCTH copOLuy, 3Hauenus pH Boabl U Temmeparypsl pacTBOpa Ha
CTEMNEHb OYMCTKH; YCTAHOBJIEHBI ONITUMANbHbIE YCIIOBHSL.
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D.K.Yusupova, R.N.Nurdillayeva

Application of the absorption method
in treatment of wastewater from oil products

The article presents information on the adsorption method of treatment wastewater from oil products. As a
sorbent it was used activated carbon, coal walnut shells and sawdust. It was considered impact of the sorbent
mass, duration of sorption, pH of water and temperature of solution on treatment of wastewater from oil
products, and established optimal conditions.
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