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The thermodynamic analysis of the reactivity of metal ions’ complexes with flotation
reagents

Abstract: The interrelation between the kinetic and thermodynamic characteristics of metal ions’
complexes with potassium butylxanthate and sodium dibutyldithiophosphate, and physical-chemical
parameters of minerals were considered. The correlation dependences for the activation energy of the
decomposition of dibutyldithiophosphate complexes of metals and an average atomic Gibbs energy of
formation of sulfide minerals were determined. The Evans-Polanyi-Semenov principle for complexes
of metal ions with S- and P-containing ligands was confirmed. The X-ray results analysis showed
that the concentrate contained chalcopyrite, pyrite, chalcocite and galena minerals. Further the
thermodynamic and kinetic parameters of formation of complexes on the sulfide minerals’ surface
were calculated according to the proposed dependencies using the averaged atomic Gibbs energy.
The interaction process of sodium dibutyldithiophosphate with sulfide minerals of Py-Cu-Zn ore was
described as diffusional interaction observed for the majority of minerals, and the kinetic interaction
observed only for chalcocite, which corresponds to the formation of durable surface compounds.
It was established that heat of complex formation processes correlates with the energy density of
minerals in particular. In this regard, both kinetic and thermodynamic components of solution
and solid substance (mineral) should be taken into account to develop flotation reagent regime for
polymetallic ores.

Keywords: average atomic Gibbs energy of formation, sodium dibutyldithiophosphate, com-
plexes, enthalpy, energy of activation, minerals, flotation reagents

Introduction. The crucial issue in the enrichment of polymetallic ores is to establish the re-
lationship between the structure of organic compounds and their properties, for example, between
the electronic structure and the sorption to minerals, structure of metal complexes and flotation
ability. The solution to this problem is a key to the creation of a new thermodynamic approach in
the development of enrichment reagent modes of polymetallic ores.

As it has been shown in [1-2], the effectiveness of the influence of S-containing organic compounds
to their flotation ability depends on the nature of the active groups.

High flotation ability of sulfur-containing organic ligands into the pulp of polymetallic ores can
be achieved by combination of following factors:

- presence of large hydrocarbon radical and functional groups (collecting agent), capable of reacting
with sulfide minerals of polymetallyc ores or sulfidation products;

- high concentration of oxygen to oxidate the mineral surfaces;

- pH in the range of 8-10 providing the stability of collecting agents.

Nowadays there are six main energy approaches based on the following concepts used to explain
the properties of minerals and inorganic crystals:

1. The energy of crystal ion lattice (decomposition energy of the crystal to free ions);

The atomization energy (decomposition energy of the crystal to free neutral atoms);
The adhesion energy of atomic cores and coupling electrons of a crystal;
Electronegativity of atoms;

Structural friability parameters of compounds;

. The average atomic Gibbs energy of minerals.

In this paper, the interpretation of data is based on a comparison of approaches 1-2 and 6. The
first approach was developed in the first half of the XXth century, and it is based on works of the
following authors: Goldschmidt [3], Madelung [4], Pauling [5], Zahariasen, Wasastyerna [6], Born
and Lande [7-8], Haber [9]. However, this approach failed to provide the detailed explanation and
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prediction of crystals’ properties [10-11]. Apparently, this lead to emergence of a second-energy
approach formed in the second half of the XXth century described in the scientific papers [12-14].
The sixth approach was formulated by professor Kh.K. Ospanov [15-18].

Purpose of research is to evaluate the relationship between the physical-chemical parameters of the
complex formation of non-ferrous metals’ ions and the thermodynamic parameters of the formation
of minerals.

Experimental part. The copper sulphide ore (Deposit from Central Kazakhstan) has been
used as an initial ore.

Initial solutions of metal salts CuSO 4, FeSO 4, Pb(NO 3 ) 2 and potassium butylxanthate, sodium
dibutyldithiophosphate (10 ~® molesL ~!) have been prepared by dissolving an accurately weighed
quantity of the sample in bidistilled water; working solutions have been diluted to concentrations
10 =* molesL ~1.

Initial solution of hydrochloric acid (0.1 M) was prepared from fixonal by dilution in 1 L of
bidistilled water. Working solution of hydrochloric acid was prepared by dilution of initial solution
to concentration 10 3 molesL ~1.

The pH-metric measurements have been performed using a 410 pH-meter by procedure [19].

The potentiometric investigations of the metal complexes decomposition in acidic medium (0.001M
HCI) have been performed using an I-500 ionomer with ion-selective electrodes from chalcosite
(CuqS), pyrite (FeSy) [19].

X-ray diffraction analysis of the investigated mineral samples was carried out on DRON-3M [20].

The common constants of the complex formation were determined according to procedure [21].

The thermodynamic and kinetic parameters of complex formation processes heave been calculated
by equations from [22-23]. The Arrhenius equation has been used to calculate the kinetic parame-
ters. Activation energy of the decomposition of metal-dibutyldithiophosphate complexes has been
calculated graphically according to the equation (1):

2 3(%1RT (1)

Results and discussion. The thermodynamic and kinetic parameters of complexation processes
between metal ions of ores and S- and P-containing reagents were calculated. Fe-containing minerals
in the sulphide ores are mainly represented by pyrite and chalcopyrite, Cu-containing minerals - by
covellite, chalcocite and chalcopyrite, Pb-containing minerals - by galena, Zn-containing minerals -
by sphalerite [24-26].

The interaction of flotation reagent with the surface of minerals occurs in several stages: the
interaction of mineral with medium regulated ions in the presence of a solvent and dissolved oxygen;
the diffusion of reagent to the mineral’s surface; the replacement of surface compounds by flotation
reagent; the fixing of reagent on the surface (formation of surface complexes) [27].

The interaction between a flotation reagent and mineral surface not only depends on the bonding
atom, but also depends on the adjacent atom of mineral surface, a flotation reagent and the medium
in the system of flotation. Energy equation of a reagent interacting with mineral surface has been
deduced from this model. Research results indicate that the interaction energy between mineral
surface and a reagent is about several dozen kJ-mole ~' | and the relationship between adsorbing
concentration of xanthate on mineral surface and energy of interaction is the exponent form.

Generally, from the thermodynamic viewpoint it is described by equation (2) [28]:

lgk = lgAg —

AG = A7’671(()C’omp) - (AfG%z + AJCCA;(J)"(Mm)) (2)
where ATG?Comp) is free Gibbs energy of formation of the flotation reagent’ (ligand) complex on

the surface; A fG%i g 18 free Gibbs energy of formation of the ligand; A fGOT( Min) is average atomic
Gibbs energy of formation of mineral.

Considering that, the fixation of collector reagent on the surface of mineral occurs predominantly
in alkaline medium, and the fact that the primary reagent is the medium regulator (lime), and
predominant ion is hydroxide one. Then, products of oxidation of sulfides mostly thiosulfates or

sulfates of same metals are formed on the surface of the mineral [29].
14
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Therefore the flotation reagent reacts with a metal salt on the mineral surface and forms a complex.
Further, values of the rate constants of decomposition of these complexes were calculated using
method of comparative calculation. It makes possible accurately calculate the activation energy for
complexes of Pb(II) ions with potassium butylxanthate and sodium dibutyldithiophosphate (Table

1).

TABLE 1 — The analysis of thermodynamic and kinetic parameters of formation of complexes which correlates with the
average atomic Gibbs energy

Mineral Thermodynamic parameters | Kinetic parameters
a) minerals b) complexes of 1:2
-A,GY, ~AHY kJ -] Igk E,kJ -mole !
kJ -mole ! - g —atom™' | mole™?
208 K [3I18K
C4HoOCS2K
CugS* | 28.70 34.05 7.88 8.48 53.67
FeSs 54.70 47.20 -6.32 -1.55 439.53
PbS 60.72 -276.84 -9.61 -3.87 520.59
(C4HQO)2P82N3
CuaS 28.70 26.30 -2.92 -1.65 115.26
FeSq 54.70 -47.95 -4.74 -1.91 257.00
PbS 60.72 -57.12 -5.16 -1.97 289.86

Tablel presents that the rate constants decreases with increase of average atomic Gibbs energy,
in particular the flotation agent reacts with mineral surface at less rate. The data of table 1 shows
that the complexing ability of sodium dibutyldithiophosphate correlates with the change in average
atomic Gibbs energy. Therefore, a similar correlation should be observed for kinetic characteristics
as well, namely for the activation energy

E =546-A,G% —41.44, R = 0.99.
So the correlation between the thermodynamic and kinetic characteristics is described by
E=-202-AH} 4 167.61, R = 0.99
for sodium dibutyldithiophosphate and
A HY = —136.30 - InE + 570.44, R = 0.99

for potassium butyl xanthate, which can be the Evans-Polanyi-Semenov’s principle was observed
[29].

However, the relationship between activation energy and heat of sodium dibutyldithiophosphate
complex formation is more complicated. For that reason, the correlation between the heats of
formation and data of the energy density of minerals has been established:

AHY = —0.42 - E? +38.35-F,, — 825.19.

The minerals’ oxidation in an aqueous solution can possibly explain the way pyrite reacts. In
presence of oxygen some compounds that have a high energy density such as goethite or hematite
containing oxygen atoms can be formed on the surface [30]. Therefore, in order to cause an inter-
action between potassium butyl xanthate and highlighted compounds the reasonably high energy
consumptions are required. The resulting compounds are not stable enough to form a durable
hydrophobic layer [31].

It was shown that the collector fixation process on the mineral surface occurs according to the
laws of the first order. Moreover, the data of complex formation are included into the sorption
equations [32-35]. Therefore, it is important to rely on the results of X-ray diffraction analysis of
concentrates obtained during ore dressing by froth flotation using sodium dibutyldithiophosphate as
a flotation agent.
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The formation of surface compounds during the interaction of complex agents with sulfide minerals
occurs by the same mechanism, and can be characterized by thermodynamic and kinetic sorption
parameters for surface-exchange reactions. Subsequently, a qualitative X-ray diffraction analysis of
samples of Cu-containing ores was carried out. The results are shown in Table 2.

TABLE 2 — The results of X-ray diffraction analysis of the concentrate samples

I, h, mm | d, A| I/Ip | Mineral
3.44 8 5.59 PbS
3.13 70 | 48.95 FeSo

ZnS

3.03 143 | 100.00 | CuFeS,

2.96 31 21.68 CusS

2.42 18 12.59 FeSo

7nS
2.20 13 9.09 FeS,
/nS
1.91 46 | 32.17 FeSq
7nS

1.81 13 9.09 PbS
1.63 33 | 23.08 FeSs
7nS
1.59 37 | 25.87 | CuFeS,
1.57 21 14.69 | CuFeSq
1.54 7 4.89 FeSs
7nS

The X-ray analysis results show that the concentrate consists of chalcopyrite, pyrite, chalcocite
and galena minerals. Further the thermodynamic and kinetic parameters of complexes formation on
the surface of sulfide minerals were calculated from proposed correlations with the average atomic

Gibbs energy (Table 3).

TaBLE 3 — Calculations of physical and chemical characteristics of complex formation on the concentrate surface

Mineral | E#, kJ-mole~! —ATH%, kJ-mole~!
PbS 289.92 -60.48

FeS, 257.07 -44.24

ZnS 553.94 -191.00

CuFeS, | 202.50 -17.25

CusS 115.18 25.93

It was demonstrated that interaction process of sodium dibutyldithiophosphate with sulfide mine-
rals of polymetallic ore could be described as diffusional for the majority of minerals, and as kinetic
only for chalcocite. The kinetic interaction causes the formation of durable surface compounds.

Therefore, both kinetic and thermodynamic components of solution and solid substance (mineral)
should be considered at the development of flotation reagent regime of polymetallic ores. It sug-
gests that sodium dibutyldithiophosphate could be used as the primary flotation reagent during the
enrichment of polymetallic ores in pure or mixed states.

Conclusion. A systematic analysis of the heats of complex formation, rates constants and
activation energy for complexes of ions which are part of the basic minerals, shows that the activation
energy is directly dependent on the average atomic Gibbs energy of minerals, and therefore also
depends on the heat of formation of sodium dibutyldithiophosphate complexes.

Meanwhile, the potassium butylxanthate’s interaction follows the Evans-Polanyi-Semenov’s princi-
ple. Based on the above ratios the thermodynamic and kinetic parameters of formation of complexes
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with minerals including to the Py-Cu-Zn ore by using sodium dibutyldithiophosphate as collecting
agent were calculated. Consequently, the obtained relationships allow predicting the behavior of the
complexes in solution during the flotation taking into account the mineralogical composition of ore.
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Metrann noHmapbIHbIH, PJIOTOPEAreHTTEPMEH KOMILJIEKCTEPiHIH peakuusiJibIK Kabiserrijairiniyg
TEPMOAMHAMUKAJIbIK, aHAJIN31

AnHoTanus: Merajul MOHIJAPBIHBIH KaJUiAiH OyTHJIKCAHTAT€HATHIMEH KOHE HATPHUiAiH aubyTuiguTrnodocdaTbiMeH
KOMIIIEKCTEDiHIH, KHHETHUKAJIBIK, JKOHE TEePMOJMHAMUKAJIBIK CHIATTaMaJjapbIHBbIH MHHEpaJIapAblH  (U3NKaA-XUMUSIIBIK
mapaMeTpJiepiMeH e3apa GailJIaHbIChl KAPaCThIPbLIAbL. MeTangapabiH, quoy THiauTrnodocdaTThl KOMIIEKCTEPIHIH bIIBIPAY BIHBIH,
OeJICEeHIeHy SHEPTHUsiCbl MEH CyJIbMUATI MUHEpaJJapAblH Ty3lIyiHiH opTaiia aToMABIK ['Mb0C SHEPrusichbl apachbIHIaFbl
KOPPEJIAIUSJIBIK ~TOYEJIIIIKTED aHBIKTAJIIbI. Merajul HMOHIAPBIHBIH, KYKIpT- KoHe (ocdOop-KypaMIsl JIUTAHITaAPMEH
rommiekcrepi ymin DBanc-Ilonsun-CemenoB npunmumi goiengesai. PeHTreH aHaimns HOTHKeepl KOHIEHTPATTHIH KypPaMbIHA
XaJIbKOIIUPUT, IIUPUT, XaIbKOLUT, TAJICHII MIHepaagap Kiperinin kepcerri. Opi Kapail opraira aTroMabIK, ['ubcc sHeprusco! yImin
YCBHIHBLIFAH TOYEJIJIIIKTEpPre CoifiKec CyIbMUuATI MUHEpaJIapAblH OeTiHge KOMIJIEKCTED TY3iIyiHIH TEePpMOJUHAMUKAJIBIK, KOHE
KUHETHKAJIBIK, apaMmerpsiepi ecerrresai. Harpuit qubyruaaurnodocdaTbiHbIH KOTIEIaHbI-MbIC-MBIPBIIITHl KEHHIH CyIbhuATI
MUHEpPaJIapbIMEH 9PEKETTECY IPOIECi MUHEPAJAAPAbIH, Kol O6eJiiri yuriH auddy3usiyiblK, ajl XaJbKOIMT YIIiH KUHETUKAJIBIK,
pexumMmae Gepik OeTTik KOCBLIIBICTAPABLIH Ty3imyimen »kyperinin kepcerri. Kowmmekcrepain Ty3imy »KbBUIybl YJIKEH I9PEXKeIe
MUHEPAJIAPIBIH SHEPrOTBIFBI3ABIKTAPBIMEH KOPPEIANUAIANTHIHBL OpHATBLLALI.  OCbliFaH opail, HDOJIMMeTAJIbl KEeHIAEPIiH
peareHTTepMeH GANBITHUTYBIHBIH, (DJIOTAIUSIIBIK PEKUMIH KypyJa €piTiHIi MEH KATTBI 3aTTbIH (MHHEPAJbIH) KHHETHKAJIBIK
2KoHE TePMOJIMHAMUKAJIBIK, KOMIIOHEHTTEDPIH €CKepy KarKeT.

Tyiin ce3mep: Ty3uiyAiH oprama aToMAbIK, ['mOOC SHeprusicel, HATPUHAIH IuOyTHIAUTHOMOCDATHI, KOMILIEKCTED,
SHTAJIBIINS, OEJICEH IEHY SHEPrUsi, MUHepaJsiap, GpJIoTopeareHTTep.

III.K. Amepxanosa ' , P.M. Illnsmoe ' , A. C. Yamu ! , M.C. Taru6aesa ?

I Eepasutickuti nayuonasvhoti yrusepcumem um. JI.H. Dymunesa, Acmana, Kaszaxcman
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TepMoauHAMUYECKUI aHAJIN3 PEAKIIMOHHOM CIIOCOGHOCTY KOMIIJIEKCOB MOHOB METAJIJIOB ¢ (pJIOTOpEeareHTamMmu

AnHoTauusi: PaccMoTpeHa B3aMMOCBSI3b KUHETUYECKMX W TEPMOJAMHAMUYECKUX XAPAKTEPUCTUK KOMILJIEKCOB HOHOB
METAJUIOB € OyTHJIOBBIM KCAHTONE€HATOM Kajud U AuOyTmiauTuodocdaroM HATPUsS C (DUIUKO-XUMUYECKUMH I1aPpAMETPAMU
muHepasioB.  OnpejiesieHbl KOPPEJISIIMOHHBIE 3aBUCUMOCTU JJIsi SHEPIUM aKTUBAIMUA pacnaja Ju0yTuaauTrodochaTHbIX
KOMIIJIEKCOB METAaJIJIOB U CPeJiHel aTOMHOU 3Heprueil ['ub0ca obpazoBanusi CyabduIHbIX MuHepaJsioB. [loaTBep:K/ieH NPUHIUI
Opanca-ITonsian-CemeHoBa I KOMILJIEKCOB HMOHOB METAJJIOB C cepy- U (pocdop-comep:KanMy JIMTaHgamMu.  Pe3yiabrarThl
PEHTTEHOBCKOI'0 aHAJIN3a MOKA3BIBAIOT, UTO KOHIEHTPAT MPEJCTABIIEH XAJbKOIUPUTOM, MUPUTOM, XAJHLKOIUTOM, Faj€HOBBIMU
muHepasamu. Jlajee ObLIM pacCYUTAHBl TEPMOJMHAMUYECKME M KUHETHYECKUE MapaMeTpbl 0Opa30BaHUsl KOMILJIEKCOB Ha
IOBEPXHOCTH CYJIbMUIHBIX MUHEPAJIOB COIVIACHO IIPEJJIOXKEHHBIM 3aBUCUMOCTSAM JJjid CPEIHel aToOMHOW sHepruu ['ubbca.
TTokazaHo, YTO HpoIleCcC B3auMOJelcTBuUst auOyTuiauTrnodocdara HATpUsA C CyIbMUIHBIMA MUHEPAJAMU KOJIYEIaHHO-MEIHO-
IIMHKOBOHM PyZbl MOXKET OBbITh ONMUCAH KakK AudPy3UOHHBIA [Jisi GOJBIIUHCTBA MHUHEDPAJIOB M KAK KUHETUYECKHN TOJIBKO
ISl XaJbKOINTA, KOTOPBIA IPOTEKaeT C 0Opa30BaHMEM IIPOYHBIX ITOBEPXHOCTHBIX COEIWHEHHN. YCTAHOBJIEHO, UTO TEIJIOTAa
06pa3oBaHusl KOMIIEKCOB KOPPEJIUPYET C SHEPrOIJIOTHOCTHIO MUHEPAJIOB B OOJIbIEll cTereHn. B CcBsSA3u ¢ 9TUM Ipu pa3paboTke
DIIOTAIMOHHOIO PEXKIMa PEAreHTOB IIOJIUMETAIINIECKUX PY CJIEIyeT YINTHIBATH KAaK KHHETHYIECKHE, TAK U TEPMOIUHAMUIECKUE
KOMIIOHEHTBI PacTBOpa U TBEPZOro BelecTsa (MUHEpasa).

KuroueBble ciioBa: cpenHss aroMHas sHeprus ['mb6ca obpazoBanusi, IuOyTwigurHodOChaT HATPHUS, KOMILIEKCHI,

SHTAJIBIINS, SHEPIUs aKTUBAIMH, MUHEPAJIbI, (DJIOTOPEATrEHTHI.
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TarubaeBa M. C. - marucrp, rasubiil cnenuanuct, AO «HanuoHasbHBI IEHTP IOCYIapCTBEHHON HAyYHO-TEXHHIECKON
SKCIEPTU3bl», yi. Borenbait 6aTbipa, 221, Anvarer, Kazaxcran.

Iocmynuana 6 pedaxyuro 30.01.2018
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«JI.H. I'ymuaes arbingarbl Eypas3ust yITThIK yHUBepcuTeriniy Xabapuibicbl. Xumusi. I'eorpadmusi.
DKoJIOrusi CepUsChI» >KYPHAJIbIHA MaKaJjia >Kapusijiay epekeci

1. 2Kypuan makcarbl. XuMus, reorpadus, IKOJIOrus cajajgapbl OOUBIHINIA MYKHUAT TEKCEPY/IEH OTKEH FBLIBIMHI
KYH/IBUIBIFBI 6ap MakKajagap Kapusiiay.

2. 2Kypnanma mMakaa KapuUsIaylibl aBTOP MAaKAJAHBIH KOJI KOWbLIFaH 1 JaHa Kara3 HYCKACHIH I 'bLIbIMU
GacbuibiMIap GemiMine (pemakimsra, MekemxKaiipl: 010008, Kasakcran pecrnybiukacesl, Acrana kanacsl, K. Cornaes
kemeci, 2, JL.LH. C'ymunes arwiamarst Eypasust yarTeik yamBepcuteri, Bac rumapar, 408 kabuaer) »KoHe e-mail
vest chem@enu.kz snexrponabik momraceia Word, Tex, PDF dopmarrapbingarsl HycKajgapblH JKibepy KarKer.
MaxkaJia MoTiHIHIH Kara3 HYCKAChl MEH 3JIEKTPOHJIBI HYCKaJapbl O0ipaeit Oosynapsl KaxkeT. Makasamap Ka3ak, OpbIC,
aFBUIIIBIH TIAAEPIHIE KAOBLIIAHAIH.

3. ABTOpabIH KoJKaszbaHbl peaakuusira >kidoepyi makasanbiy JI.H. I'ymuaeB arbianmarsl Eypasust
VITTBIK, YyHHUBEPCUTETIHiH xabapiubIChbIHJa Oacyra KeJliciMiH, mIeTes TijliHe ayJapbLIbIil KalTa
OacpuIyblHa KediciMmin OGingipeai. ABTop MakaslaHbl pelakIusara >Kibepy apKbliibl aBTOP TYpPaJibl
MoJIiMeTTiH AypBICTBIFBIHA, Makaja KellipiiMmereHziride (miaruarTTbiH >KOKTBIFBIHA) >K9He Oacka Ia
3aHCBI3 KOIlIipMeJiepiH >KOKTBIFbIHA Kerijgaeme depeJi.

4. Maxkasiaubiy Kestemi 18 Gerren acnayra Tuic (6 Gerren Gacram).

5. MaxkasiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(aap)dvr, amuoi-atconi

Mexemenir, moavl, amaysvl, KaAACHL, Memaeremi (erep aBTOPJAD OPTYPJ MEKEMeJEe KYMBIC *KACAHTHIH
Gouica, OHJIa Op ABTOP MEH OHBIH *KYMBIC MEKeMeci KacbIHia 6ipzeit 6esri KONbLLy Kepek )

Aemop(aap)dvr, E-mail-v

Mawxana amaywe

Annomayus (100-200 ce3; dopmyrnachl3, MakaJaHbH aTayblH MeHiHine KafTajaMaybl KaxkeT; djebuerrepre
cinremeniep 6oIMAaybl KasKeT; MaKAJAHBIH KYPbUIBICHIH (Kipicrie /MaKaJaHbIH MAKCATHI/ MIHJETTEP] /KaPaCThIPBLIBIIT
OTBIPFAaH CYPaKTBIH TAPUXbl, 3€PTTEY SJICTEPl, HOTUKEJED/TAJKbLIAY, KOPBITHIHIBI) CAKTAH OTBIPHII, MAKAJIAHBIH
KBICKAIlla Ma3MYHBI 6epiityi Kaxer).

Tyiin cesdep (6-8 ce3 me co3 ripkeci. TyiliH co3mep Makaga MasMYHBIH KODCETIN, MEHJIIHIIE MaKaJIa aTaybl
MEH aHHOTAIMAJAFBI CO3JEPAl KalTajamail, Makaja Ma3MYHBIHIAFBI co37epai Kosmany kaxkeT. COHBIMEH Karap,
aKIapaTThIK-13/IeCTipy KyieIepinae MaKaJlaHbl 2KeHIJT TadyFa MyMKIH/IIK OepeTiH FhIJIbIM CaJIaJIapbIHbIH TEPMUHIEPIH
KOJIJIAHY KAXKET).

Hezizzi momin MakaJaHblH MAKCATbI/ MIHJETTEPI/ KAPACTHIPBUIBIT OTBIPFAH CYPAKTBIH TApUXbI, 3€PTTEY
oZicTepl, HOTHIKEIED / TATIKBLIAY, KOPBITHIHBI 6OIIMIEPIH KAMTYbBI KAXKET.

Tabauua, cypemmep — aTaaraHHAH KeifiH OpHAJIACTHIPBLIAIBL. Op Tab/IHIa, CypeT KACHIH/IA OHBIH ATAJIYbI OOJTYbI
Kaxker. Cyper ailKblH, CKAHEDJIEH OTIereH OOJIybl KEPeK.

MaxkaJiagarbl (POPMYAGAGDP TEK MOTIHJIE oJlapFa ciiTeme Gepijice FaHa HOMEPJIEHE]T].

Kammer konpambicta 6ap abbpesuamypanap MeH KwuicKapmyaapdar Oackajgapbl MIHIAETTI Typje ajFarrn
KOJIJIaHFaH 8 TYCIHIipiiayi 6epinyi kaxer. Kapotcvinali komex mypaas, aknapar OipiHiin 6erre Kopceriiei.

Odebuemmep Mizimi

Moringe omibumerTepre ciaremesep TiKXKaKIIara aJIbIHAIHI. Moringeri omebuerrep Ti3iMiHe ClITEMEIEPIiH,
HOMEpJIEHY1 MOTiHZE KOJJJAHBLIYbIHA KATBICTBI KYPrisimifge: MoTiHJE Ke3JecKeH ojebuerke ajramkpl ciareme [1]
apKbLIbL, eKiHmi cinreme [2] apkpuibl T.c.c. kyprizineni. Kiranka »kacajgaTslH clireMesepiie KOJJIAHBLIFAH GeTTTepi
e kepceriryl kepek (mbrcassi, [1, 45 Ger]|). ZKapusmanbaran enbekrepre cimremenep kacammaiinbl. CoHbIMEH
KaTap, PeIeH3nsIal oTHeNTiH 6achUIbIMIapra 1a cluremerep KacaaMmaiiae! (ogebuerrep Tizimin, ogebuertep TiziMiHin
aFBUIIIBIHINA 93ipJiey yiIriIepin ToMeHIeri MaKaaHbl pociMiey YIITICIHEH KapaHbI3).

MaxkaJjta COHBIHIAFBI OJIeOMETTEp Ti3IMIHEH KeiliH 6UbAU02PAPUAABIK, MIATMEMMED OPBIC KOHE AFBLIIIBIH
Tiniage (erep Makasa Kasak TLIiHZE »Ka3bliIca), Ka3aK »KOHe aFbUIINIbIH TiIiHge (erep Makasa OpbIC TLIH/IE XKA3BLICA),
OpBIC KOHE Ka3ak, TiTiH/e (erep MakaJa aFbLIIIBIH TLTIHIE XKa3burad Gosica) Gepiie.

Asmopaap mypasvt MaATMEM: ABTOPILIH aThI-’KOHI, FEIJIBIMUA ATAFbI, KBI3METI, JKYMBIC OPHBI, YKYMBIC OPHBIHBIH,
MeKeH-Kaiibl, TeesioH, e-mail — Ka3ak, OpbIC yKoHE arbLIIIbIH TiJIIEPIH/AE TOJTHIPHLIA IBI.

6. Komkazba MyKUST TeKcepiareH OOJybl KaykeT. TeXHUKAJBIK TajalTapra cail KeJMereH KoJrzkasbasap KaiTa
eoHgeyTe Kaiitapbutaabl. KosmkazbaHblH KaiTapbLIybl OHBIH, Ky pHAJIa 6achLIybIHA XKibeplryin 6iamipmerii.

7. Penakumsara TyckeH Makasia Kabblk (aHOHHMZL) Tekcepyre kibepinenl. Bapublk pelneHsusaap aBTopJapra
kibepiseni. ABrop (peleH3eHT MakKajaHbl Ty3eTyre YChIHBIC GepreH »kKafjafifia) yIl KyH apaJibIFbIHJ@ KaiiTa Kapall,
KOJT?Ka30aHbBIH TY3€TITeH HYCKACHIH PeJaKIusara KaiiTa Kibepyi kepek. PereH3eHT yKapaMChI3 Jel TaHBIFAH MaKaJIa
KaiiTapa KapacThIpbLIMaiiapl. MakaslaHbIH TY3€TLIT€H HYCKAChl MEH aBTOPIBIH PEIleH3eHTKE KayaObl PeTaKInsara
2Kibepimeni.
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8. Tesnemaxkpi. BacbuibiMra pykcaT eTiireH Makaja aBTOpJIAPBIHA TOJEM Kacay TypaJsibl eckepTiieni. Temaem
koseMi 2018 xkbutbr 4500 Tenre — EYY kpi3merkepJiepi yiria xkone 5500 TeHre 6acka yiAbIM KbI3MeTKepJIepiHe.

Pek3uBusurrep:

lecnabank: KBE16

BIMH 010140003594

PHH 031400075610

MUK KZ 91998

BTB 0000003104

TSES KZ KA
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ITosio>keHMe 0 PyKOMUCSIX, IPECTaBIISIEMbIX B >XKypHasl «BecrHuk EBpa3smiickoro HanmoHaJIbHOrO
yauBepcurtera umenu JI.H.I'ymuneBa. Cepusi: Xumusi. T'eorpadusi. dkosorusi»

1. Iesn xxypHasia. [lyGaukanus TIaTe /bHO OTOOPAHHBIX OPUTMHAJIBHBIX HAYYHBIX paboT IT B 06JIACTH XUMUH,
reorpaduu, SKOJIOTUN.

2. Asropy, kenarorieMy oy6JIMKOBaTh CTATHIO B YKypHAJIe HEOOXOAMMO IIPEJICTABUTH PYKOIMCh B TBEPJIOH Kouu
(pacreuaraHHOM BapuaHTe) B OJHOM 3K3€MILIsIpEe, NOAIMCAHHOM aBropoM B OTiesr HaydHbIX m3jaHuil (IO aapecy:
010008, Kaszaxcran, r.Acrana, ya. Carnaesa, 2, Eppasuiickuii narumonayibubiii yausepcurer uMm. JIL.H.T'ymunesa,
Y4ebHo-aAMUHUCTPATUBHBIH Kopiryc, Kab. 408) u mo e-mail wvest chem@enu.kz B dpopmare Tex, PDF u Word. Ilpu
9TOM JOJI?)KHO OBITH CTPOI'O BBIAEP’KAHO COOTBETCTBHE MexkIy Tex-daitiom, Word-daitiom, PDF-daitiom u tBeproit
KOIIHEH.

Asbik mybaukanmii: Kazaxckuil, pycckuii, aHTJIMACKAIA.

3. OrmnpasJjieHue cTaTeil B peJaKIUIo O3HAYaET corjlacue aBTOpoB Ha npaso M3narensi, EBpa3suiickoro
HanuoHaJibHOro yHmBepcurera umenu JI.H. I'ymuneBa, nsgaHus crareii B >KypHajie U Iepen3JaHUS
X Ha JIO00M HMHOCTpPaHHOM s3bike. IIperncraBisisi TekcT paboTbl i myOJuKanmuu B >KypHaJe,
aBTOpP rapaHTHUPYeET MNPaBUJIbLHOCTh BCeX CBeAeHUil o cebe, OTCyTCTBHE ILIaruarta u JApyrux ¢opm
HeIPaBOMEPHOr'o 3aMMCTBOBAHUS B PYKOIIUCH, HaJJjiexkallee opopMieHre BCeX 3auMCTBOBAHUI TEKCTA,
TabJIniy, CXeM, UIJIIOCTPALUA.

4. OGbeM cTaTbu He JOJ/KeH HpeBbInaTh 18 crpanur (0T 6 cTpaHun).

5. CxeMa HOCTPOEHUsI CTATbU

I'PHTH http://grnti.ru/

Mruyuaasve v Pamuauro aemopa(os)

INoaroe naumenosaHue opzanusayuu, 20pod, cmparna (ecau aBTOPbl PAGOTAIOT B PA3HBIX OPraHU3AIMIX,
HEOOXO/IMIMO IIOCTABUTD OJMHAKOBLIH 3HAYOK OKOJIO (DaMUJIMKM aBTOPA U COOTBETCTBYIOIIEH OPraHM3aIyn)

E-mail asropa(oB)

Haszsanue cmamvu

Annomayus (100-200 csoB; He HOJKHA cofepkKarb (DOPMyJbI, IO COAEPXKAHMIO IOBTODSATH HA3BAHUE
craTby; HE JOJDKHA COAEpXKaTh OubiamorpadudecKue CCBLIKH; JIOJKHA OTPaykaTb KPATKOE COJEpXKaHHe CTaTbH,
COXpaHss CTPYKTYpPy CTaTbu — BBeJEHWE/ TMOCTAHOBKA 3a7[auu/ 1eju/ WCTOPHs, METOABl HCCJIEIOBAHUS,
pe3ysIbTaThl/00CY 2K AeHU, 3aKIIOYeHNEe/ BBIBOIDI).

Karoueesvie caosa (6-8 cnos/cioBocouerannit. Kirouesble c10Ba JOMKHBI OTpakaTh OCHOBHOE COJIEPIKAHUE
CTaTbU, WCIOJIL30BATh TEPMHUHBI U3 TEKCTa CTaTbHU, & TAKXKE TEPMUHBI, OIPEJEJIAIONNe IPeJAMEeTHYI0 00JacTh U
BKJIIOYAIOIINE JPYTe BaXKHbIE [MOHATHS, [TO3BOJISIONIE OOJErYUTh U PACIIMPUTH BO3MOYKHOCTH HAXOXKJEHUS CTATbU
cpeacTBaMu WHGPOPMAIMOHHO-TIOUCKOBOI CHCTEMBI ).

OcHosHoli. mekcm cmamovbu J0KEH CONEPXKATh BBEJEHHE, TOCTAHOBKY 33J@4r/ 1€,/ UCTOPUIO, METOIbL
HCCJIEIOBAHUS, PE3Y/IbTATHI/00CYKICHIe, 3aK/IIOYUEHNE / BBIBOIBL.

Tabauubt, pucyHKru HEOOXOINMO PACIIOIATATD Mocye yrnoMuHauus. C Kaxk 0¥ UITIOCTpaIieil JOIKHa C/IeI0BATH
HaJIUCh. PUCYHKU JIO/KHBI OBITH Y€TKUMH, YUCTHIMU, HECKAHUPOBAHHBIMU.

B crarbe Hy™Mepytorcs sumib Te pOpMYabL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKHU.

Bce abbpesuamypst u coxpaweHus, 3a WCKIIOYEHHWEM 3aBEeJOMO OOIIEM3BECTHBIX, JIOJIKHBI OBITH
pacmudpoBaHbl IPU IIEPBOM yIIOTPEOJIEHUU B TEKCTE.

Csenienusi o purarcosol noddepoicke paboThl YKA3bIBAIOTCS Ha IMEPBOIl CTPaHUIE B BUIE CHOCKHU.

Cnucokx aumepamyput

B Tekcre ccbuiku 0603HAYAIOTCS B KBaJIPATHBIX CKOOKax. CCbUIKM JIOJKHBI OBITH IIPOHYMEDPOBAHBI CTPOrO IO
HOPsIIKY yHOMUHaHUsSL B Tekcre. IlepBasi CChUIKA B TeKCTe Ha JIMTepaTypy JOJKHA MMeTb HoMmep (1], Bropas - [2] u
T.71. CchblIKa HA KHUTY B OCHOBHOM TEKCTE CTATBU JOJI?KHA COMPOBOXKIATHLCS YKA3aHUEM WCIOJb30BAHHBIX CTPAHMIT
(mampumep, [1, 45 crp.]). Ccbuikn Ha HeonyGJUKOBAHHBIE PAGOTBHI HE JIONMYCKAIOTCs. HeKeaaTesbHbl CChUIKU Ha
HepeleH3upyeMble n3/aHust (IIPIMephl OIMCAHUSI CLIMCKA JIUTEPATYPBI, OIUCAHUS CIMCKA JIMTEPATYPbI HA AHIVIAICKOM
SI3BIKE CM. HIDKE B 00pasne obOPMIICHUST CTATHH).

B koH1E craThu, mocie CIUCKa JIUTEPATyPbl, HEOOXOAUMO yKa3aTh bubauozpagpuueckue 0aHHbLE HA PYyCCKOM
U AHIVIMHACKOM sI3bIKaX (ecyu cTarbs ogopMIIeHa HA Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM M aHIVIMICKOM s3bIKax (ecim
cTaTba 0pOPMIIEHA HA PYCCKOM fA3BIKE) M HA PYCCKOM M Ka3aXCKOM A3BIKaxX (eCm cTaTbs 0pOpPMIICHA HA AHTJIMACKOM
SI3BIKE).

Csederus, 06 aemopax: damMuiins, UMsi, OTYECTBO, HaydHAasl CTEIEH, JOJZKHOCTb, MECTO PabOThI, ITOJTHBIA
cITyKeOHBII ajpec, TeqedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M AHTJIMICKOM SI3BIKAX.

6. Pykonmcy mosmkHa OBITH TIHIATEJNBHO BbIBEpPEHA. Pykomnmcu, He cooTBeTCTByOIINE TEXHUYECKUM
TpeboBaHUsIM, Oy/IlyT BO3BpallleHbl HA H0paboTKy. BosppalneHnue Ha H0pabOTKy He O3HAYAET, YTO PYKOIUCH MPUHSITA
K OITyOJINKOBaHUIO.

7. PaboTa c 3jIeKTpOHHOI KoppekTypoil. Crarbu, nocrynusmme B OTiaes HaydHBIX M3ZaHUi (perakims),
OTIIPABJISIIOTCS] HA AHOHMMHOE PeIleH3MpOBaHue. DBce pereHs3uu M0 CTaTbe OTIPABJSIOTCS aBTOpy. ABTOpaM B
TeUYeHne TpeX JHel HeoOXOAUMO OTIPABUTH KOPPEKTYpPy crarbu. CTaTbu, MOJYyUMBIIME OTPUIATEILHYIO PEIEH3UIO
K HOBTOPHOMY PACCMOTPEHHIO HE MPUHUMAIOTCdA. VIcIpaBjieHHbIE BAPDUAHTBI CTATEl U OTBET aBTOPA DPEIEeH3EHTY
MPUCHLIAIOTCS B pemakinioo. CTaTbu, UMEOIINE TOJOKUTEIbHBIE PEIEH3UH, TPEJICTABIISIIOTCS PEIKOJIIETHH XKYPHAJIA
1151 OOCY?KICHUS U YTBEPXKICHUST JIJIsl Iy OJIMKAIAN.
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IlepuomguyHoCTh XKypHAaJja: 4 pasa B rog,.

8.0mtata. ABTOpaM, HOJIYYMBIIUM IIOJOXKHUTEIbHOE 3aKJIIOYEHNE K OIYOJUKOBAHUIO HEOOXOIMMO ITPOU3BECTHU
omIaTy mo ciaeayommM peksusutam (s corpyaaukos EHY — 4500 renre, mis croponHmx oprammsanmii — 5500
TeHre):

PexBusursbr:

Ilecnabank: KBE16

BUVH 010140003594

PHH 031400075610

NNK KZ 91998

BTB 0000003104

TSES KZ KA
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National
University. Chemistry. Geography. Ecology Series"

1. Purpose of the journal. Publication of carefully selected original scientific works in the fields of chemistry,
geography, ecology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version)
in one copy, signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan,
Astana, Satpayev St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail
vest chem@enu.kz in Word, PDF and Tex format. At the same time, the correspondence between Tex-version,
Word-version, PDF-version and the hard copy must be strictly maintained.

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right
of the Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and
the re-publication of it in any foreign language. Submitting the text of the work for publication in the
journal, the author guarantees the correctness of all information about himself, the lack of plagiarism
and other forms of improper borrowing in the article, the proper formulation of all borrowings of text,
tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put
the same icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it
should not contain bibliographic references, it should reflect the summary of the article, preserving the structure of
the article - introduction/ problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from
the article, as well as terms that define the subject area and include other important concepts that make it easier and
more convenient to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research
methods, results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should
be followed by an inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used
in the text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the
mention in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc.
The reference to the book in the main text of the article should be accompanied by an indication of the pages used
(for example, [1, 45 p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed
publications (examples of the description of the list of literature, descriptions of the list of literature in English, see
below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and
English (if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh
languages (if the article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work
address, telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for
revision. Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial
office) are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the
proof of the article within three days. Articles that receive a negative review for a second review are not accepted.
Corrected versions of articles and the author’s response to the reviewer are sent to the editorial office. Articles that
have positive reviews are submitted to the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.
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8. Payment. Authors who have received a positive conclusion for publication should make payment on the
following requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):

Requisites:

Tsesnabank: KBE16

BVH 010140003594

PHH 031400075610

MUK KZ 91998

BTB 0000003104

TSES KZ KA

MaxkaJsaHbl pociMey yJrici
MPHTU 27.25.19
A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos 3

2 Unemumym meopemuseckoti Mamemamury u Hayunsr evwucaenuti Eepasutickoeo
HAYUOHAALHO20 Yhusepcumema umenu JI. H. l'ymunesa, Acmana, Kazaxcman
3 Axmaobuncruti pecuonasvon 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucnennoe nuddepeHimpoBanne pyHKIiI B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTEIHHOIO) IIONEPEYHNKA

Bsenenue

TekcT BBEIEHMUSI. ..
ABropam He ciejlyer HCHOJIb30BaTh HecTaHjgapTHble makerbl LaTeX (ucmosb3yiive ux Jmib B
cilydae Kpaitaeil HeoOX0MMOCTH )

2. 3aroJoBOK CeKIUAM
Okpy:KeHwusl.

Teopema 1. ...

JlemmMma 1. ...

Ilpennoxxkenue 1. ...

Omnpenenenue 1. ...

Ciaeacrsue 1. ...

3ameyanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JlokaszaTenbcTBoO. Tekcr moka3aTelbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKU

. — L. — ; [ 7(N)
on(en; DN)y =0n(en; T; F; D)y = (z(N),;IJIVf)eDN ON <6N, (l 790N>>Y, (1)
rie On (en: (™), 0on))y = on(en; T F; (1), on))y =
= s TFO—en (I0 D00 (1) 85 -
fEF Y
‘,ngﬂ <1(r=1,...,N)

Tabsmrbl, pUCYHKH HEOOXOIUMO pACIoJiaraTh mocje yrnoMmuHanus. C KaxKJio# WLTIOCTpanueil JoKHa
cJ1e10BaTh HAJIINACh.

3. Ccbuiku u 6ubdaunorpadus
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