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ABSTRACT

Purpose Flotation tests have been used in order to achieve the purposes of this study which are: To obtain the highest
recovery with a maximum grade of P,Os from the tailing generated by the phosphate plant of Djebel Onk in the East
of Algeria. To get a good concentrate from the rejections, which gives an added value to the national economy. To
preserve the human life and finally to protect the environment from the heavy metals contained in the tailings.

Methods. To reach our goals we have used: the granular and XRD analysis to characterize the tailing composition so
as to choose the right reagents and conduct a good flotation. Flotation tests were carried out using Sodium Oleate as a
collector and alkyl hydroxamic acid (AERO 6493) as collector and frother, zeta-meter system to measure the Zeta
potential of the phosphate tailing and define the convenient values insuring the particles surfaces’ best adsorption.

Findings. The granular analysis has allowed us to observe a main mode represented by the fraction less than 125 pm
equal to 76.77%; the weight yield of the second mode of fraction (200 + 125) um is about 18%; the third mode
represents the coarse particle size range of a mesh of greater than 200 um represents only 4.94% in yield. However,
in the case of AERO 6493, the recovery reaches 97% in condition 150 mg/l of concentrate and 26.51% grade of
P,0s. On the other hand, the flotation test with the sodium oleate shows a low recovery with good content on P,Os
which reaches 30%.

Originality. Since the beginning of phosphate production in Djebel Onk phosphate complex in 1965, tailings have
been evacuated into the nature without any further treatment. The originality of this work lays in the recovery of
phosphate in the fine slice on the one hand and the elimination of heavy metals drained in the tailing on the other
hand.

Practical implications. Using the alkyl hydroxamic acid with different concentrations determined in the flotation
tests leads to a greatest recovery of phosphate with minimum financial charges of exploitation, transport, crushing
and grinding. In result, the productivity of the Djebel Onk complex can be increased and the environment can be
preserved too.
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1. INTRODUCTION

The industry generates great quantities of tailings
throughout the world, particularly the mining industry,
which produces a variety of rejections because of the
intensification of mining activities and the increased need
for raw materials. These residues must be managed in a
rational and safe manner, even if neutralized, in order to
protect the environment, preserve nature and human
health. On the other hand, the mining industry has been
the basis of the industrial sectors development for centu-
ries. Mining activities have expanded and developed an

amount of tailings, the deposition and storage of these
later became a serious problem for the mining industry
and environment threat, particularly over the last
30 years (Boujlel et al., 2018).

In modern mining industry, it is necessary to design
and construct retaining dikes and slag heaps to store
these tailings (Habashi, 2017).

There are legal international standards using for resi-
dues managing. In Europe, a draft legislation governing
the management of residues was first published by the
European Commission in October 2000. Today, the pur-
pose of regulation No. 596/2009/EC published in 2009 in

© 2019. D. Nettour, M. Chettibi, G. Bulut, A. Benselhoub. Published by the Dnipro University of Technology on behalf of Mining of Mineral Deposits.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

84




D. Nettour, M. Chettibi, G. Bulut. (2019). Mining of Mineral Deposits, 13(4), 84-90

accordance with the European Union Directive 2006/21/EC
on the management of mining residues is to stabilize for
a long term the processing organs and reduce the nega-
tive effects of mining activities on the environment, such
as leakage of acid, alkaline drainage and heavy metals
(Yassine, 2017).

The requirement of certain standards and obligations
contributes to the protection of natural resources, particu-
lar by promoting their recycling in order to improve the
management of tailings and taking into account the risks
for the environment and human health.

The mining industry residue management techniques
depend on the type of tailings, the purpose of the method
used, the regulation and the type of construction.
Containment dams, dry disposal, in-situ disposal in the
open pit, disposal in riverbeds, lakes and rivers, remov-
al of residues in surface pastes and residue removal are
the main methods used to treat rejections. Although
tailings dams are the most widely used methods for
mine waste disposal, they also cause many problems
such as cost, environment and human health. There are
approximately 3500 tailings dams in the world and
138 major dam’s accidents have been reported in total
in the last 15 years (Gallala et al, 2016).

The Algerian underground contains a high potential
of raw materials phosphate, the proven reserves at the
Jebel Onk deposit are currently estimated about 2 billion
tons (Bezzi, 2005). The Jebel Onk phosphate mining
complex was started in 1965, the residues of the latter
being of the order of 5000 per day, these phosphate resi-
dues are discharged directly into the wild without any
further treatment, with the presence of various heavy
metals such as Uranium, Cadmium, Zinc, Copper and
Arsenic, this is why, they are considered as harmful for
the environment (Nettour, 2018). According to the litera-
ture on phosphate beneficiation, flotation is the most
commonly method used for phosphate beneficiation with
more than 80% of global production enriched by flota-
tion (Nettour, Chettibi, Bouhedja, & Bulut, 2018). The
revalorisation and the sustainable management of the
mining tailings appear as adequate settlements for the
problems and the preoccupations of the mining industry
(Rao, Velan, Jamal, & Mahadevan, 2014).

So, the present work aims to find the beneficiation’s
possibility of phosphate tailings rejected by the phos-
phate complex of Jebel Onk in Eastern of Algeria. This
study represents a great economic interest on the one
hand, and on the other hand, human life protection and
the environment preservation. Moreover, in this work an
optimization of the physico-chemical properties of the
phosphate tailing is made.

2. MATERIALS AND METHODS

Approximately 50 kg of the representative samples of
phosphate tailings were taken from different points of the
tailings locations. The chemical reagents used in the
flotation tests are the sodium oleate which plays the role
of the collector; alkyl hydroxamic acid is used as frother
and collector agent to create hard and tenacious foam.
Hydrochloric acid and sodium hydroxide were used to
adjust the pH of the flotation pulp.
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First the tailing were completely homogenized and
then divided several times by the quartering mixing-
separation method to obtain a manipulating sample, its
weight is about 5 kg. The sample was milled by a ceram-
ic mortar mill to ensure that the particles sizes are less
than 150 um.

2.1. Granular analysis

In order to attain our goal, the sieving method even-
tually was used, which is one of several methods of
granular analysis. This analysis is carried out to describe
the granular composition of the product; as well as to
determine the respective percentages and weight of the
different fractions constituting the sample. These frac-
tions consist of particles whose size cover a relatively
small range to biggest one higher. In other words, this
technique makes it possible to recover the separated
fractions depending on the particles size (Horta, Monte,
& Leal-Filho, 2017).

An assortment of sieves consisting of: 500, 200, 180,
125, 63, and 45 um were used for sieving. The latter were
mounted on a mechanical shaker for 10 minutes to get a
complete separation of the particles according to their size.

2.2. X-ray diffraction analysis (XRD)

X-ray diffraction analysis (XRD) was performed on
samples of the tailing from the flotation feed, and the two
products issued from the flotation in order to identify the
mineralogical phases of the Jebel Onk complex tailing.

X-ray diffraction analysis was carried out on a dif-
fractometer 0/20 Rigaku Ultima IV, using K, copper
radiation (A =0.154056 nm). The XRD images are rec-
orded in the range from 5 — 90° (in 20) with a pitch 0.02°.

2.3. Scanning electron microscope (SEM) analysis

The microscopic observations on the flotation feed
were carried out by scanning electron microscope
(SEM), consisting of their imaging using a FTI QUAN-
TA 250 microscope to study the morphology of the min-
erals which constitute the phosphate rejections.

2.4. Zeta potential measurements

Zeta potential measurements were made on pure mi-
neral samples after mixing with different flotation rea-
gents (sodium oleate and alkyl hydroxamic acid) at vari-
ous concentrations. The instrument used in measuring
was a zeta-meter; Malvern Instruments (Fig. 1).

Figure 1. Zeta-meter system measurements
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All measurements were obtained at room tempera-
ture. The samples were prepared at 0.1% by weight of
mineral in a solution at different concentrations. The
prepared mineral suspension was stirred with an electri-
cal stirrer for 5 minutes. The pH of the solution was
adjusted using 1 Mol of either HCI or NaOH as needed.

2.5. Flotation tests

Mostly, flotation in conventional equipment gives
good results for particles that are typically in the particle
size range of 20 to 150 um in diameter for base metal
ores such as: chalcopyrite, malachite, galena, sphalerite
and others). But for the phosphate ores: (apatite, fluorap-
atite, francolite, vivianite etc.) the flotation works very
well for particles with size fraction from 38 to
200 microns (Chettibi, 2014).

The representative samples, after being homogenized,
were collected and sieved. The recommended optimum
size for the flotation in the case of phosphate minerals is
between 38 and 150 m (Chettibi, Boutrid, Laraba, &
Abramov, 2015; Chettibi & Abramov, 2016). Thus, the
size of the flotation charge used in this study was the
fraction —100 + 38 um, obtained by sieving. The flotation
tests were carried out using a Denver D-12 flotation cell,
the capacity of its tank is 1 liter; the rotor speed was set
at 1200 rpm in all flotation experiments. The pulp was
conditioned for 5 minutes with all the reagents at stan-
dard pH conditions, pure water was used in all tests. The
reagents used are the alkyl hydroxamic acid collector and
frother (AERO 6493) and sodium oleate (C18H33NaO,)
as a collector, the pH regulators used are hydrochloric
acid (HCI) and sodium hydroxide (NaOH). The recovery
of phosphate minerals was calculated from the dry
weight of the two flotation products: concentrates and
tailing using Equation (1):
CB. 100,

Recovery(%)= Oct (1)

where:
QO — feed weight in g;
C — concentrate weight in g;
o — phosphate content in feed %;
/S — phosphate content in concentrate, %.

3. RESULTS AND DISCUSSION

3.1. Tailings characterization

The granular analysis of the phosphate tailing rejec-
ted from the Djebel Onk plant makes it possible to de-
termine the weight distribution of the grains constituting
the studying sample. The variation of the weight yield as
a function of the granular fractions obtained by sieving is
characterized by 03 modes. The main mode M1 repre-
sented by the size less than 125 um equals 76.77% by
weight; the weight yield of the second mode M2 limited
in the fraction of (200 + 125) um is about 18% weight,
and the third mode M3 represents the coarse particle size
range higher than 200 um represents only a yield of
4.94% (Fig. 2).

The variation of the weight yield as a function of the
granular fractions obtained by sieving is characterized by
03 modes.
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Figure 2. Size distribution of studying sample

The main mode M1 represented by the size less than
125 um equals 76.77% by weight; the weight yield of the
second mode M2 Ilimited in the fraction of
(200 + 125) ym is about 18% weight, and the third
mode M3 represents the coarse particle size range higher
than 200 um represents only a yield of 4.94% (Fig. 2).

XRD is one of the non-destructive techniques of
multi-component mixtures; it allows a commonly utili-
ties, first a rapid analysis to identify the different min-
eral species included within a material as well as their
size parameters. And second it can also be used to
access quantitative information such as the relative
proportion of each species in a matrix and can justify
the nature and sometimes quantify the crystalline
minerals constituting the solid phases too (Ibrahim, El
Kammar, & Guda, 2015). For the recording of the
diffractograms, it is ne-cessary to prepare special pasts
from the sample preliminary grinded till a particle size
close to 30 microns.

The obtained results of XRD tests highlight the pre-
sence of phosphate elements of the apatite class such as:
Carbonate apatite [Ca;o(POs)s], Carbonate hydroxyapatite
[Ca1o(PO4)3(CO3)3(OH):], Fluorapatite [Cas(PO.);F], Car-
bonate fluorapatite [Caio(PO4)sCOsF1s5(OH)os] the hy-
droxyapatite [Cas(PO4);(OH)] and hydrated phosphate,
but the gangue elements are represented essentially by:
the dolomite [CaMg(COs),], the Calcite [CaCOs], the
quartz [SiO;] and gypsum [CaSO4] (Fig. 3).
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Figure 3. Diffraction pattern of phosphate tailing rejected
from Djebel Onk complex
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The chemical analysis results of phosphate sludge are useful substance with a content of 19.53%, the MgO
recapitulated in Table 1, from them we can noticed the content is of 5.8% and CaO with an important content
presence of the following major elements: P,Os as a which is round 41.9%.

Table 1. Chemical composition of Djebel Onk phosphate tailings
Component Si02 AbO;  FexOs CaO MgO SO3 | ¢10) Na,O P20s

Content % 11.70 1.93 0.61 41.9 3.85 242 0.29 0.00 19.53
3.2. Zeta potential measurements 0 __Na-oleate concentration (mg/) ,
Zeta Potential measurements permit, first to study and 0.05 0.1 0.15 0.2 025 0.3
to compare the fundamental properties of mineral sur- >
faces, such as the electrical characteristics of particle = -10 -
charge, and then to exanimate the interactions between 2 ¢
minerals and different reagents. The tests are conducted E -151
on the particles of pure calcite and apatite of the class 5
size less than 38 um. (Kawatra & Carlson, 2013). Nu- §_20 |
merous adsorption studies have shown that the ion in- S 25 -
volved in the adsorption of the anionic reagent is Ca?",
which composes all calcite minerals (Zhu, Qin, Chen, & -30 1 —e—Calcite Zeta potential
Liu, 2016; Silva et al, 2018; McDannell, Issler, & 25 ] —=— Apatite Zeta potential
O’Sullivan, 2019; Owens et al., 2019).
All tests were performed at a standard pH equal 8, Figure 5. Zeta potential of apatite and calcite at various con-
where the surface charges of calcite and apatite were centrate of Na-oleate concentration
overall negative. Therefore, selective separation between
apatite and other calcite minerals may be feasible at neu-  3.3. Flotation tests
tral pH by using anionic reagents. At these conditions, According to Figure 6, a very important floatability
the separation is practicable because both collector ad- of apatite has been demonstrated with the use of alkyl
sorption mechanisms (chemical and physical) are effec- hydroxamic acid as a collector. The increase to a maxi-
tuated on the mineral surface (Silva et al., 2018). mum recovery at a concentration of 150 mg/1 of the hy-
The results of different measurements are illustrated droxamic acid can be explained by the fact that the ad-
on Figures 4 and 5. In the case of alkyl hydroxamic acid sorption of the collector molecules on the mineral surface

(Fig. 4). it is very clear that the different values of zeta is very important.
potential between calcite and dolomite are important at

various reagent concentrations. 1007 gy o2 ROl 9845 96m
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Figure 6. Flotation test of apatite depending on Aero 6493
Figure 4. Zeta potential of apatite and calcite depending on concentration
AERO 6493 concentration
By comparing the P,Os contents determined in the
In the range of 20 to 75 mg/l of the concentration of  different apatite recoveries, we found that the best reco-
AERO 6493, the zeta potential of both apatite and calcite very content value of 81.6% is produced at Aero 6493

gradually decreases, which explains a significant adsorp- concentration of 250 mg/l (Fig. 6). It means an optimal
tion of the collector on the mineral surfaces. adsorption of the latter on the apatite mineral surface is

However, in the case of Sodium oleate (Fig. 5), by  realized (Filippova, Filippov, Duverger, & Severov, 2014).
the variation of the collector concentration from 0.03 to There is also a significant difference in P2Os levels when

0.30 mg/l, the Zeta potential of calcite and dolomite  the concentrations of AERO 6493 were increased, the
decreases progressively, it means the minerals surfaces P,Os content varied from 25.07% for a concentration of

become more and more hydrophobic. These conditions 180 mg/1 and 30.09% at a concentration of 250 mg/l as a
consequently improve the floatability of minerals (Chet- maximum value. The average content of P,Os defined in
tibi, Boutrid, Laraba, & Abramov, 2015). the flotation tests with AERO 6493 is about 27.6%.
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In the case of using sodium oleate, the obtained re-
sults of flotation are illustrated on Figure 7. The recovery
values are quite low, almost for all concentrations except
for 3.04; 15.20; 24.32 mg/1 ones, in which they are very
important and corresponded to 86.70; 83.51 and 69.32%
respectively. However, the content of P,Os in the flota-
tion concentrate is very high, the average value deter-
mined according to Figure 7 equals to 27.74% and this
represents a phosphate concentrate of a good quality
from a commercial point of view.
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Figure 7. Flotation test of apatite depending on Na-oleate
concentration

Comparative analysis of the results of flotation tests
for apatite by alkyl hydroxamic acid (AERO 6493) and
sodium oleate, at various concentrations, shows that the
recovery is better with AERO 6493, especially at concen-
trations higher than 20 mg/l, the average recovery ob-
tained is about 92.26%. However, in the case of sodium
oleate, the flotation recovery still remains very low with
an average value of 39.28%. These results are confirmed
by other studies reporting that alkyl hydroxamic acid
(AERO 6493) is a good collector for the apatite flotation
(Cao et al., 2015; Deng, Zhao, Zhong, Wang, & Liu,
2016; Maamri, Abbassi, & Batis, 2016).

4. CONCLUSIONS

The results reported in this work, based on granular
analysis, chemical analysis, zeta potential measurements
and flotation tests, allow a detailed characterization of
the phosphate tailings of Djebel Onk deposit, and they
can be summarized in the following points:

1. The mineralogical composition is marked by the
presence of the following mineralogical phases: Car-
bonate apatite [Cajo(POs)s], Carbonate hydroxyapatite
[Ca;9(PO4)3(CO3)3(OH),]; Fluor-apatite [Ca5(PO4)3F];
Carbonate fluorapatite [Ca;o(PO4)sCOsF;s(OH)os]; hy-
droxyapatite [Ca5(PO4)3(OH)] and hydrated phosphate,
but the elements of gangue are represented essentially
by: dolomite [CaMg(CO3),], silica in Calcite form [Ca-
COs]; quartz [SiO;] and gypsum [CaSOy4].

2. Optimal Zeta potential value, necessary for a
maximal apatite recovery is located —15 mV, -25 mV
corresponded to the concentrations 100 mg/l 0,3 mg/l
respectively.
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3. The flotation of the phosphate tailings were carried
out by the use of two reagents Sodium oleate and alkyl
hydroxamic acid permitted to get significant results,
particularly, at a concentration of 250 mg/l with a content
of 30.9% P,0s and a recovery equals 81.6%. Generally,
in all flotation tests with AERO 6493, the obtained con-
centrates are acceptable as a commercial product.

The beneficiation of phosphate tailings rejected from
Djebel Onk phosphate plant contributes strongly in the
development of the national economy, in the protection
of the environment and preserves both the nature and the
human life.
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35AT'AYEHHSA ®OCPATHOT'O HIVIAMY 3 BIAXOAIB HA 3ABOJI JKEBEJIb OHK (AJIZKHP)

. Herryp, M. Uerri0i, I'. bBynyt

Meta. Buuryyenns makcumansHo ynctoro PoOs 3 xBocTiB Ha ocdarHomy 3aBoxi xebens Onk (Cxinauit Ammkup)
3 METOI0 OTPHMaHHS 3 BIJIXOJIIB BUCOKOSIKICHOTO KOHIIEHTPATy Ha OCHOBI (UIOTAIIHHUX BUIPOOYBaHb [UIsl 3a0e3reueH-
HS IOATKOBOTO JIOXOMY, 30€peKeHHs 3/I0POB’ sl HACEJIEHHs 1 3an00iranHs 3a0pyAHEHHS! HaBKOJIMIIHBOTO CepelOBUINA
B)XKHMH METaIaMH.

MeTtoauka. J{1st 1ocATHEHHSI MeTH OyJIM BUKOPHUCTaHI HACTYITHI METOJH: TPAHYJIOMETPUYHHUNA 1 pEHTT€HOCTPYKTYp-
HUH aHaNi3 I BH3HAYCHHS CKJIaIy XBOCTIB Ta BHOOPY BIIIOBITHOTO peareHTy AJs 3a0e3ledeHHs SKiCHOI (hoTarii.
drnorauiiiHi BUTPOOyBaHHS MPOBOAMIKCS 13 BUKOPUCTAHHSIM OJieaTy HATpiio B SIKOCTI 30Mpaya Ta ajKiji-riipoKcaMoBol
kucnotu (AERO 6493) B sikocTi 30upaya it miHOyTBOpIOBaYa, CUCTEMH JJIsl BUMIpIOBaHHS 3eTa-noTeHiany docharHux
XBOCTIB 1 BU3HaYeHHs 10r0 ONTUMAaJIbHUX 3HA4YEHb, sIKi 3a0e3Meuy0Th HalKpalle IIOTJIMHAHHS 3 IOBEPXHi YaCTOK.

PesyabraTu. ['panynoMeTpuyuHuii aHai3 JO3BOJIUB BUIUTMTH OCHOBHUI KOMIIOHEHT, TIPH SIKOMY (pakiis po3mMipom
MmeHure 125 MkMm ckiana 76.77%; BaroBa yacTka Jpyroro KOMIIOHEHTa i3 po3Mipom ¢pakuii (—200 + 125) mxm cTaHo-
Buia Oym3bko 18%; 1 TpeTii KOMIOHEHT OyB INpEeACTaBJICHUH BEIMKUMM YacTKaMH po3mipoMm Ounbine 200 MKM, sIKi
3aiHsuH Beboro 4.94%. Oxnak, y pasi BukopuctanHs AERO 6493 moximBuM € BuirydeHHS 97% 3a yMOBH LIUTBHOCTI
koHueHrpary 150 mr/nm i 26.51% Bmicty P2Os. 3 iHmoro 6oky, ¢uroraniiiHi BUIIpoOyBaHHS i3 BUKOPUCTAHHIM OJI€aTy
HaTpiro MMOKa3aly HU3bKUH piBeHb BHIy4YeHHs (ocdary mpu Bucokomy BMicTi P,Os — o 30%.

HaykoBa HoBu3Ha. Briepmie mosenero (3 1965 poky) edekruBHICTh BuiydeHHs (ocdatis i3 qpidHOI dpakmii xBoc-
TiB 30aradeHHs MOPSA 3 BIUTyYEHHSIM 13 HIX BaXKUX MeTalliB Ha 3aBomi [xebens OHK. [0 mbOTro XBOCTH HE MijsAranu
epepoOIIi, a pO3MIIYBaJIHCS 32 MEKaMHU KOMILIEKCY.

IIpakTHyHa 3HAYMMIicTh. BUKOpPHCTaHHS aiKiI-TiAPOKCaMOBOI KHCIOTH Pi3HOI KOHIEHTpALii mig Yac ¢uroTariiii-
HUX BHUIPOOYBaHb J03BOJMIO JAOCITTH HAHOLIBIIOTO BUIy4YeHHs (GocdariB mpyu MiHIMaIbHUX BUTpATax Ha eKCIUTyara-
1[I0, TPAHCIOPT, NOAPIOHEHHs 1 mepeMentoBaHHs. lle 103BONINTH 30UTBIIUTH MPOAYKTUBHICTH KoMILIiekcy JlxeOenb
OHK 1 30eperTu ctaH HaBKOJIMIIHBOTO CEPEJI0BHIIA.

Knrouosi cnosa: pocpamnuii xomnaexc [owcebens Onk, xeocmu, 30acauenHs, Gromayis, peaceHmu, aiKil-
2idpokcamosa Kucioma

OBOI'AIIEHUE ®OCPATHOI'O IIJIAMA U3 OTXOJ0B HA 3ABOJIE /UKEBEJIb OHK (AJIZKHP)
. Herryp, M. Uertu6u, I'. BymyT

Hean. M3Bneuenne makcumanpHo uncroro P,Os u3 xBoctoB Ha docdarnom 3aBone [xedenr Ouk (BocTounbit
AJDKHp) C LIENBIO MOJYYEeHUsI U3 OTXO/0B BBICOKOKAaUECTBEHHOIO KOHIIEHTpaTa Ha OCHOBE (PJIOTALIMOHHBIX HUCIIBITAHUN
JUIsl 00ecreyeHus! JIOTOIHUTENBHOTO JI0X0/1a, COXPAaHEHUs 3/I0pOBbSl HACENICHUS! M IPEIOTBPAICHUS 3arps3HEHHs
OKpYKaIOIIeH cpelibl TSHKEIBIMU METaJUIaMH.
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MeToauka. {151 JOCTIDKEHUS 1IeNd OBLIM MCITIOJIb30BaHbI CIEAYIONIE METObI: TPaHyIOMETPHUUECKUI U PEHTI€HO-
CTPYKTYPHBII aHaJIM3 JUIsl ONPEAEICHHUs] COCTaBa XBOCTOB M BhIOOpa MOAXOAALIErO peareHra Juis oOecrieueHus Kave-
cTBeHHOI (pioTanuu. MI0TAMOHHBIE UCTIBITAHUS TIPOBOJIMIINCH C UCIIOJIB30BAHUEM OJieaTa HaTpHsl B Ka4ecTBe coOupa-
TeNsl ¥ aNKWI-ruapokcamoBoi kucinoTel (AERO 6493) B kauectBe coOupaternst U meHooOpa3oBaTensi, CUCTEMBI JUIs
H3MEpEeHHUs 3eTa-MoTeHInaa GocdaTHBIX XBOCTOB M ONPENEIICHHS €ro ONTHMAaIbHBIX 3HAUY€HHH, KOTOpbIe o0ecreyn-
BalOT HaWJIy4llIee ITOTIOIIEHNE C TIOBEPXHOCTH YaCTHLI.

PesyabTaThl. ['panynoMeTpidecKkuii aHaM3 MO3BOJMI BBIACTHTH OCHOBHON KOMIIOHEHT, IPU KOTOPOM (DpaKIIus
pasmepom MeHee 125 MM cocrtaBmia 76.77%; BecoBas OIS BTOPOTO KOMIIOHEHTa C pa3sMepoM (pakiuu
(200 + 125) mxMm Obu1a OKONIO 18%; M TpeTHii KOMHOHEHT ObUI MPEACTABIEH KPYIMHBIMU YacTHIAMH pa3MepoM Oosee
200 mMkM, KoTOpBIe cocTaBmin Beero 4.94%. Omnako, B cirydae mcnonb3oBaHust AERO 6493 BO3MOXXHO H3BIIEUECHHE
97% 1ipu yCIOBHH IJIOTHOCTH KOHIIeHTpara 150 mr/n u 26.51% conepxanus P,Os. C apyroit ctopoHsl, ¢pioTaliiOHHbIE
WCIIBITAHHS C MCIIOJIb30BAHUEM OJieaTa HATPUs MOKa3ald HU3KUI ypoBeHb M3BJIeueHHs (Gocdara mpu BEICOKOM COIep-
»aHuu P,Os — 1o 30%.

Hayunasi HoBu3Ha. Briepseie nokaszana (¢ 1965 roga) adpdekTHBHOCTD u3BiieueHus hocdaToB U3 MEIKoM (Gpakiuu
XBOCTOB O0OTall[CHUsI HAPSITY C YIAJICHHEM U3 HHUX TSDKEJIBIX METaIoB Ha 3aBoze Jxebens OHK. JIo 3TOro XBOCTHI HE
TIOJIBEPTANINCH NepepadoTKe, a pa3MENIaIuch 3a MpeienaMy KOMIUIEKCa.

[pakTHyeckasi 3HAYMMOCTbD. Vcronp30BaHne aNKWI-THAPOKCAMOBOM KHCIJIOTHI Pa3IMYHOW KOHIEHTPAIMU BO
BpeMs (IOTALMOHHBIX WCIIBITAHUN IO3BOJIMIIO JOCTHYL HauOOJBIIEro M3BiedeHHs (hochaToB Npy MUHUMAJIbHBIX 3a-
TpaTax Ha SKCIUTyaTaIfio, TPAHCIOPT, M3MEIbUCHUE U IepeMajblBaHHe. DTO TO3BOJIUT YBEIWYHUTH IPOU3BOIAUTENb-
HOCTh KoMImiekca J[xkebens OHK U COXPaHUTh COCTOSTHHE OKPYIKaroIIeH cpei.

Knroueeswvie cnoea: pocpammuviii komniexc ocebenv Onk, xeocmol, oboeawenue, Gromayus, peazenmol, AIKUil-
2UOPOKCAMO8ASL KUCIOMA
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