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LLienouHoit ruaponus
LEPCTHOrO }K1pa (naHonuHa)
B cpeAe NPOTOHHbIX

M anpPOTOHHbIX
pacTtBopuTenei

'KoHycnaes C.P., 2KaceHoBa B.A.*,
!AxatoBa 3.C., 'Hypb6aesa P.K.

'Ka3axcKmit HauMoHanbHbIN yHUBEpCUTET
M. anb-Papabu, Aamatbl, KaszaxcraH
2Ka3axCKuii HauMOHabHbIN arpapHbIii
yHuBepcuteT, AamaTbl, KasaxctaH
*E-mail: batiha@mail.ru

Mccnepyemoe UCXOAHOE Cbipbe — 3TO LIEPCTHbIN KUP OBel, 3aunb6alickoi TOHKOPYHHOW
N Ka3axCKOW apXapOMepUHOCHOW TOHKOPYHHOW MOpoA, KOTOPbIM BbIAENAETCA NpPU  MOViKe
wepctn Ha dabpukax nepsuyHOM 0bpaboTku wepctu (MOLLU) B TakmMx peroHax KasaxcraHa, Kak
CemunanaTuHcKas, AKTIOBUHCKan 1 ambblickas 061acTu, a Takxke Tokmak. Hamu 6b1aun nonyyeHbl
6e3B0AHbIN NAHONMH U3 XMpOoNoTa pasanyHbix ¢pabpuk MOLL. Mo cBoemy XMMUYECKOMy cocCTaBy
LIEPCTHbIN UP ABNAETCA CMECHIO CNIOMHbIX 3GUPOB KapboHoBbIX kncnoT C, —C, ¢ anndaTtnieckumm,
TEPMNEHOBLIMW, TPUTEPNEHOBLIMU U CTEPUHOBLIMM CMMPTamMKU. B ero cocTaBe coaepiKaTca TaKKe
BMTaMWUHbI, 6eNKkn, cTepuHbl U Apyrne GU3NONOrUYECKN aKTUBHbIE coefuHeHua. Mpu rnaponunse
LIePCTHOrO Kupa 06pasyloTcA CMecu CTEPUHOBbLIX CMUPTOB, TPUTEPMEHOBblE CMUPTbI U CONU
MKUPHBIX KUCNOT. LIeHHbIMU CPefin HUX ABAAIOTCA CTEPUHOBbBIE CNMPTbI, COCTaBaAlLwWwMe Ao 29% ot
CYMMbI BCEX CMMPTOB. XONECTEPON 1 ero NPOU3BOAHbIE ABNAIOTCA CbiPbeM A/1A CUHTE3a CTEPOUIHbIX
NeKapCTBEHHbIX NpenapaToB. COMM XKMUPHbIX KUCNOT HAXOAAT NPUMEHEHME B Ka4ecTBe amy/ibratopa
B Ppapmauum n KocmeTonoruu. Llenbto AaHHOW paboTbl ABASETCA MONHOE OMbIIEHUE LUEPCTHOTO
Xupa. Hamu nprseseHbl 3aKOHOMEPHOCTM MPOTEKAHWA LLEI0YHOTO TMAPO/M3a LWEPCTHOrO Xupa B
KUAKOW pase B NPUCYTCTBUM CMeCcei pa3IMyHbIX pacTBopuTeneil. B Kayectse pactsoputenei bbiam
M3yYeHbl CUCTEMbI: STAHON — BOAA, M30MPONaHON — BOAA, B KOTOPbIX LWEPCTHBIN KUP pacTBopaeTcs
MWb YacTMYHO. B cucTeme LWEPCTHbIN Xup — cnupT — Boga — NaOH obpasyertca ycToiumsas
amynbeua. MpeanoeHsl NyTv, NPENATCTBYIOWME 06Pa30BaHMIO SIMYIbCUN.

Kniouesble cnosa: LUepCTHbIﬁ XUP; NaHONNH; TMAPO0NN3; CTEPUHOBbIE CAUPTbI; XONecTepon;
3TAHO/; U30MNPONAHON; METAHON; BOAaA.

KYH Wwanbipbl MalibIHbIH
(naHoONUH) Heri3aik opTagarbl
NPOTOHADI XKaHe anpoOTOHAbI
epiTkiwTeri rmaponusi

!KoHycnaes C.P., 2KaceHoBa B.A.*,
'Axatosa 3.C., 'Hyp6aesa P.K.

on-bapabu aTbiHAaFbl Kasak yaTTbIK
yHuBepcuTeTi, Anmatbl, KasakctaH
2Ka3saK YATTbIK arpap/ibiK yHUBEPCUTETI,
Anmartbl, KasakctaH

*E-mail: batiha@mail.ru

3epTTeyaid, 6acTankpl WKKI3aTbl — Byn eainbait kaHe apxapMUPUHOC KON TyKbIMAAPbIHbIH,
JKYHIHIH  wakipi, on KasakctaH alimaKkTtapbiHaa Cemeli, AKktebe, Hambbin koHe ToKMaK
(KbipFbicTaHaa) »KyHAi anfalwkbl eHaey (KAB) dabpukanapblHAa KYHAI KyyablH 6actankbl
Ke3seHiHae 6eniHesi. Eprepekte AO dabpuKanapbiHAaFbl XYH WaNIPIHEH CYCbI3 NAHOAMH aNblHAbI.
KoM KyHiHiH, Wwanipi Co—C KapbOH KbIWKbIAAAPbIHbIH, anndaTTbl, TEPMeHai, YIWTepneHai KaHe
CTEPUHA] CNUPTTEPAiH KypAeni XMMUANbIK 3GUPAIK KocnacbiHaH Typadbl. Kol »KyHiHiH, Wwaknipi
KypamblHAa O3PYMEHAEP, aKybl3gap, cTepuHaep aHe backa ga dusumonorusanbik benceHai
KOCbl/IbICTap 6ap. KoW »KyHiHiH WalipiH ruaponusaeyae CTepuHai CuMpTTiH, YWTepneHai CnnpTTiH,
YKOHE MaMl/ibl KblIWKbIA Ty34apblHbIH, Kocnackl Tysineai. OcblnapAplH, apacbiHAafbl KyHAbl 3aT
CTEPUHAI cnUPT, on 6ap/blK CNUPTTEP KOCbIHAbICbIHbIH, 29% Kypaiabl. XONeCcTePOn aHe OHbIH
TYbIHAbI OHIMAEPI CTEPOUATHI A3PiNiK NpenapaTrapabl CUHTE3AEYAiH, WIKKi3aTbl 60/1bIN Tabblnaapl.
Mainbl KplLLKbIN TY343pbl 3MYNbraTop peTiHae papmaumsa meH KocmeTonornaaa Konaaoiiaabl. Ocbl
JKYMbICTbIH, MaKCaTbl YKYH WakipiHAeri Maiabl TONbIK biAbIPATY KaHe CTePUHAI CMMPT KocnanapbiH
any. yH woanipiH cyMbik dasagafbl TypAi epiTiHAi KocnanapAblH, KaTbiCybiIMeH CinTini opTaga
rmaponvsaeyaid, 3aHAbIIbIKTAapbl aHbiKTanabl. EpiTiHainep petiHae 3TaHon — cy, vM3onponaHon
— CY JKYMeCi KapacTblpbliabl, OHAA XYH LWAKipi TEK KapTblna epuai. *MyH wanipiHeH cnupT — cy
— NaOH KyleciHae TypaKTbl 3MynbCus anbiHagabl. OcbiFaH Opai, IMy/NIbCUAHBIH Ty3iNyiHe Keaepri
60naTbIH }KoNAAP KapacTbipblNgbl.

TyitiH ce3pep: »KyH WaNipi; NAHOAWH; TMAPONU3; CTEPUHAI CNUPTTEP; XOAeCTepOos; 3TaHO;
M30MPONaHoOA; METaHON; CY.

Alkaline hydrolysis of wool
fat (lanolin) in a medium of
proton and aprotic solvents
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1Akhatova Z.S., *Nurbayeva R.K.

1Al-Farabi Kazakh National University,
Almaty, Kazakhstan
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*E-mail: batiha@mail.ru
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The raw material being studied is the woolen fat of the sheep of the Edilbay fine-fleece and
Kazakh arkharomeric fine-fleece, which is excreted when washing wool in primary wool processing
plants (PWP) in the regions of Kazakhstan, such as Semipalatinsk, Aktyubinsk, Zhambyl and Tokmak.
Earlier we obtained anhydrous lanolin from the fat of various factories of the PWP. In both cases,
positive results were obtained and a certificate of compliance of anhydrous lanolin FS RK was
obtained. In terms of its chemical composition, wool fat is a mixture of C, -C,_carboxylic acid esters
with aliphatic, terpenic, triterpene and sterol alcohols. It also contains vitamins, proteins, sterols and
other physiologically active compounds. In the hydrolysis of wool fat, a mixture of sterol alcohols,
triterpene alcohols and fatty acid salts are assumed. Valuable among them are sterol alcohols, which
constitute up to 29% of the sum of all alcohols. Cholesterol and its derivatives are the raw materials
for the synthesis of steroid drugs. Salts of fatty acids are used as an emulsifier in pharmacy and
cosmetology. The aim of this paper is to complete the saponification of wool fat and the separation
of a mixture of sterol alcohols. We show the patterns of alkaline hydrolysis of wool fat in the
liquid phase in the presence of mixtures of various solvents. As a solvent, the ethanol — water,
isopropanol — water system in which wool fat is only partially dissolved has been studied. In the
wool fat — alcohol — water — NaOH system, a stable emulsion is formed. Ways that prevent the
formation of an emulsion are proposed.

Keywords: wool fat; lanolin; hydrolysis; sterol alcohols; cholesterol; ethanol; isopropanol;
methanol; water.
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1. BeegeHue

KomnneKkcHoe MCrnonb3oBaHWe OTEYeCTBEHHOrO Cbipbs U
ero nepepaboTka BXOAWT B NepeyeHb OCHOBHbIX HANpaBieHuit
CTpaTerMyeckor nporpammbl pPasBUTUA
OpHOM M3 TPaAMUMOHHLIX OTpacieil HapoOAHOro X03AMCTBA
pecnybnuku  asnserca Cpean npoayKumm
0BLLeBOACTBA 0CO60E MECTO 3aHMMaeT WwepcTb. Mpu NepBUYHO
obpabotke  wepctu (MOLW), nomumo wepcTy,
MCMONb3YIoWeNca B TEKCTUAbHOM MPOMbILWAEHHOCTH, 0bpa-

«KasaxctaH —2030».
OBL,EBOACTBO.
MbITOW
3ylOTCA MpPOMbIBHbIE BOAbI, COAEpXKalive B CBOEM COCTaBe
LIEPCTHbIN Xup (KnMponoT). LUepcTHbIN KMp C coaepraHmem ao
25% (Hanpumep, B TOHKOPYHHOW apxapo-MepUHOCHOI nopoae
oBeL, pasBoaMMmoN B KasaxcTaHe) 3aBMCUT OT Beca HEMbITOM
LIepCTH, KOTOPbIM MONHOCTbIO NEPEXOAUT B MPOMbIBHbIE BOAbI,
TaK KaK OCTaTOYHOEe coAeprKaHue XKMpa B MbITOM LIEPCTU No
pernameHTy He AOMKHO npesblwaTth 1%.

LLlepcTHbIR  Kup
npeacTaBnaeT coboi cMecb CNOMKHbBIX IPUPOB KMUPHbIX KUCNOT C

anudatTnyecknumy,
CTepUHOBbIMU cnupTamu [1]. U3 wepcTHOro Kupa nosyyatoT

no csoemy XMMHUYECKOMY COCTaBy

TEPNEHOBbIMKW,  TPUTEPMNEHOBLIMK  ¥©
TEXHUYECKUI KMPOMNOT, 3aTeM MeToAoM pPaduHUPOBAHMA U
OKMC/IEHWNA MPOU3BOAAT NAHONMH [2,3], ABNAIOLWMIACA AEaNbHOM
Ma3eBOol OCHOBOWM B dapMaLMm U KOCMETHKe. ITO KenTaa uam
KEeNTo-KopuyHeBas, MmaseobpasHas Macca C TemnepaTypoM
nnasneHuna 35-37°C u naotHocTbio 0,94-0,97 r/cm®, HepacTBo-
pUMaa B BOAE M CNMPTax, XOPOLWO pacTBopuman B 6eHsone,
xnopodopme 1 apunpax. B coctaBe NaHONMHA TaKKe coaepKaTea
6enkn, cBobogHble  CTEPUHOBbIE apyrue
dU3noNoOrnyeckn akTMBHbIe BelecTBa. bnarogaps Tomy, 4To B

CnUpPTbI n

€ro CoCTaBe COAEPNKUTCA A0 OAHOW TPETU CAOXKHbIX 3dUpPoB
CTEPUHOBLIX CMWPTOB, AHOAMH MOMKET CAYKWUTb LEHHbIM
CblpbeM Ana MOMyYeHUs CTEPUHOBLIX CMMPTOB. CTEpUHOBbIE

CNUpPTbI, B CBOKO o4Yepeab, ABNAKOTCA CblpbeM ANA NPOU3BOACTBA

CTEPOMAHbIX  JIeKAapPCTBEHHbIX
KopmoBbIx fo06aBok [4,5].

B NpOMbILLIIEHHOCTU peasin30BaHbl CXeMbl MOYYEHMUN XO-
necrtepona, npocTeMwero W3 npeacTaBUTeNeil CTEPUHOBLIX
CMWPTOB, M3 MO3rOB KPYMHOro poraTtoro ckota. OAHaKO orpaHu-
YEeHHOCTb TaKOro Cbipbf W WCMO/Mb30BaHWE €ro B KayecTse
[Ae/IMKATECHbIX MULLEBbIX MPOAYKTOB He M03BO/AET Ha 3Tol 6ase
pacLmMpATL NPOM3BOACTBO CTEPMHOBBIX CINPTOB.

[ONs  nonydyeHUa  CTEPMHOBBLIX  CMWUPTOB  /IAHOMMUH
HeobxogMMO  nogBeprHyTb rmaponusy. [Mpu  rugponuse
NaHONMHA HapAZy C CONSIMM KMPHbIX KMCAOT 06pasytoTcs
CTEPUHOBLIE, TeprneHoBble M anudaTtnyeckue cnuptbl [6-8].
Kaxgas rpynna CnMpTOB COCTOMT M3 MATM WAM  WECTU
coeamnHeHunit. Haunbonee LEHHbIMM Cpeay HUX ABAAKOTCA
CTePMHOBbIE CNMPTbLI, coCTaBnsaowme A0 29% OT CymMbl Bcex
OCHOBHbIM MpeacTaBUTesieM  Tpynnbl
onpesenstowmMm KauecTBo IaHOMHA, ABAAETCA X0NeCcTepos, a B
rpynne Xonectepon u
NAaHOCTEPON — ONTMYECKM aKTUBHbIE LMKAMYECKUE CMUPTbI,
HepacTBOpUMble B BOAE. XONECTEPUH M ero Mpou3BOAHbIE
ABNAIOTCA CbIPbEM A/1 CUMHTE3a CTEPOMAHbLIX JIEKAaPCTBEHHbIX
npenapatos [9]. Conn XMpHbIX KUcnoT, obpasylowmeca npwu
rMAPONN3E, HAaXOOAT MPUMEHEHME B KayecTBe SMy/bratopa B
dapmauum n kocmetonormu [10]. pyrve npoayKTbl rmapoamsa
NaHoNMHa (TeprieHoBble M anndaTUUECKMe CMPTbI) TaKKe MOryT
6bITb  MCMOMb30BaHbl B PA3NIMYHbLIX OTPACAAX HAPOAHOro

npenapatos, TropmoHoOB MU

cnupToB. CTepUHOB,

TPpUTEPNEHOBbLIX —  JIAHOCTEPO.

X038CTBa.

M3BecTeH cnocob ruaposvsa 1aHoIMHA B BOAHOM cpese co
WenoYamm WAM  LLeS0YHO3EME/IbHbIMM  OCHOBAaHUAMKU Npw
atTmocdepHOM aaBneHunm mn Temnepatype 80-100°C [5,6]. B
KauyecTBe pacTBOpUTENEl NPMMEHAIOTCA HEPacTBOPUMbIE B BOAE
6eHson, Kecunon, Tonyon, rekcau, a Ba(OH), 1 KOH ncnonbaytot
KaK TMAPOAM3YHOLLNIA AsTopbl  [7,8] rugponunsyot
TEXHWYECKMI UM HEOYMLLEHHbIN NAaHOAUH BOAHO-CMMPTOBbLIM

areHT.

© 2018 Al-Farabi Kazakh National University



6 LLleno4Hol ruaponms LWepcTHOro Xunpa (naHonunHa)...

pactBopom KOH npu 90-110°C. IKCTpaKumio CTEPUHOB Npo-
BOAAT U3 MPOAYKTOB rmaponnsa 6eHsonom. CnMpToByO YacTb
pacTBpAlOT B
dunbTpyloT. Komnaekc xonectepyMHa C XJI0PUCTbIM KasbLuem

aueToHe, A06aBAAIOT XNOPUA, KajbUMA U
BbiMaJaeT B 0CaAOK. X0NecTepos O4YULAOT KpUcTannmsaumnen
13 meTaHona.

TaKKe M3BecTeH Crnocob MNoayyYeHWA LEePCTHOro KMpa-
NAaHOAMHA € MOMOLWbBIO  CMeuuanbHOro  YCTPOWCTBA,
NO3BONAIOWEr0 BbIAENNTL LIEPCTHbINA KUP-NAHOMMH  MyTem
NPYMEHEHNA MeXaHUKO-TEPMUYECKOro BO3AEWCTBUA Ha PYHO
6e3 MCNONb30BaHMA MOMOLMX XUMUYECKMX CPEeAcTB; Cnocob
Bblle/IeHNA NaHOCTeposa, XoNecTepona M3 LIepCTHOro Xupa,
BKNIOYAIOLWMI  LWENOYHOM TMAPOAN3 CbipbA CMECbIO eAKOro
HaTpa M BOAbl, B KOTOPOM B KayecTse A06aBOK OMblIeHUsA
MCMONb3YIOT MUPOraNNoN WU 3TaHOA, TMAPOAU3 MPOBOAAT MpuU
Temnepatype 65-75°C B TeyeHue 3,5-4,5 4 Npu UHTEHCUBHOM
nepemewumsanum [11].

B HacToAwelt paboTte npuBedeHbl pesynbTaTbl MO
LEe/I0YHOMY TMAPONN3Y LIEPCTHOMO XMpa B BOAHO-CMUPTOBOM
cpegne ¢ fo6aBKamm pasIMYHbIX OPraHUYECKUX PacTBOpUTENEN.

2. JKCcnepumMeHT

IMApPONN3 NaHONMHA NPOBOAM/IN B aBTOK/1aBe C TYPOUHHOW
MeLUaKoW, UCKAtoYaoWwmii BHewHe Andoy3MOHHbIE MOMEXM.
Ona rmaponnsa ucnonb3oBanu asBToknaB obbemom 100 mn ¢
repmMmeTUYHbIM  NPUBOAOM, CHabXeHHbIM pybalwkoi Ans
TEPMOCTaTUPOBaHUA,  MPOBOOTOOPHUKOM U TypbUHHOM
MeLafKo co cKopocTbio nepemelwunsaHua 1300 06/muH. B
npeaBapuTenbHO HarpeTbi Ao 65-75°C aBTOKnaB, ¢ 6OKOBOro
3arpy3so4yHoOro lwTyuepa 4Yepe3 BOPOHKY 3arpyxanaum 20r
pacnnaBNeHHOro naHonnMHa B cmecn ¢ 40% M30MponunoBom
cnupTe, Tyda e npunaueanu rekcad (5-10 mn), 3atem repme-
TUYHO 3aKpblBaaW WTyLep, NOBbIWaAM TemnepaTtypy 4o 100°C n
BKAKOYAAN MeLanky. MpoaomKUTeNbHOCTL NepemellnBaHna
COAEPXMMOro peakTopa coctasnana ot 1 pgo 64. MNocne
NUCTeYEeHNA BpemeHM npouecca rMApoAnsaT caveanu wu3
peakTopa Yepes HUKHee 0TBepCcTUE NPob600TOOPHMKA. MPOoaYKT

rmaponnsa pnanee noasepraan  pasgeneHnro un aHaausy.

TemnepaTypy B TeyeHMe IKCMepMMeHTa MNOALEP)KUBaNM B
nHTepBane 90-140°C TepmocTaTtom ¢ ToYHOCTbiO +3°C. OnbITbl
npu 70°C nposoauMnnm B OBbIYHOW
konbe obbemom 250 mn, cHabKeHHOW 0bpaTHbIM XON04Wb-
HUKOM, C TYpOUHHOM
MELANKM CO CKOpOoCTblo nepemewmnsaHua 1-300 obopoTos B
MWHYTY. JIaHOAWH nepes
Temnepatype 40-42°C Ha BoaAHOM 6aHe. PacnnaBneHHbIN

KpYyrnogoHHOM

MCNO/1Ib30BaHNEM 3ﬂeKTpM‘-IECKOI:1

rMAapoanM3omM pacnnasnann  npu

NAHONWMH 3anvMBanuM B npeaBapuTenbHo Harpetyio go 50°C
TEPMOCTAaTUPOBaHHYO Konby obbemom 250 mn, npubaBnsanu
20% ruapokena, Hatpua B 40% wu3onponuiaoBom cnvpte u
opraHuyeckyto po6aBky,
MeLanKky 1 nocTeneHHo noAHWmann Temnepatypy go 90°C.
KoHBepcutio MNCXOAHOTO LIepCTHOrO
onpefenannm no W3MEHEHWUID YMCIa OMbIIEHUA LIEePCTHOro

3aTeM BK/IOYANIU  I/IEKTPUYECKYID
Upa-naHoMHA
YKUpa-naHoNMHa.

3. Pe3ynbTathl U 06CyXKAEHME

B nepBoW cepumn onbITOB NpW NOCTOAHHOW TemnepaTtype
70°C (Tabnuual) KOHLEHTPALMIO  LWenoun w
OUTeNbHOCTb ONnbIToB. KOHBEPCMA NAaHO/IMHA BO BCEX CyYanx

He npesblwana 39,9%.
YCTaHOB/IEHO, YTO B XO4e MNepemelunBaHMA NIaHOAMHA C

M3IMeHANn

BOZHO-LLEN0YHbIM PacTBOPOM MAeT 0bpasoBaHMe yCTONUMBOM
aMy/ibCcuK  (Konnomaa), KoTopas oCTaHaBAMBAET peakuuio. B
pesynbTate 06pasoBaHuA MPOBbIE  YaCTULLbI
NAHONMHA OKPYXKAlTCA ABOMHLIM  3NEKTPUUYECKMM  C/I0EM,

mMuuennol,

cocToAWMM U3 MOHOB HaATpUA, FMApOKCMﬂbHOVI rpynnbl w“

MOJIEKY1  BOAbl, WMEWMX AUMONAbHBIN  MOMEHT. [nA
paspyweHna  MuLennbl  HeobXoAMMO  MPUIONKUTb  U3BHE
noTeHuMasn,  MpeBbllWalOWMA  3HayeHne  €-noTeHuMana,

XapaKTepPU3yIOLWEro YCToMYMBOCTL MuLennbl. 3Toro addekTa
MOXHO [06WTbCA BBEAEHMEM B CUCTEMY MHOTOBAJIEHTHOrO
KaTMOHa MeTanna Uin U3MeHeHeM COCTaBa pacTBopuUTenei.

B Hallem c/iyyae NpuaoXKUTb M3BHE PAa3HOCTb NOTeHUMana
He nNpeaCTaBnsAeTcA  BO3MOXHbIM,  MOCKO/IbKY — CUCTema
NpaKTUYecKU He MNpPOBOAWUT TOK, a BBefJeHWE B cucTemy
MHOTOBa/IEHTHbIX KaTUOHOB METanna 3HAUYUTENIbHO YXYALWWT

Ta6baunua 1 — Mmaponus wepctHoro Kupa npu 70°C B cpeae 40% 3Tmnosoro cnupTta

NaOH, % PactBoputenb T,°C Bpems, u Yucno ombinenus, % KoHBepcua, %
3 3TUNoBbIN cNupT 70 1 79,6 18,8
5 3TUNOBBIN CcNUpT 70 1 74,3 24,2
10 3TUnosbIN cNupT 70 1 71,4 27,1
15 3TWUNOBLIN CNMpPT 70 1 69,6 29,0
20 3TUNoBbIN cNUpT 70 1 66,1 32,5
20 3TnnosbIN cNupT 70 2 64,9 33,8
20 3TWUNOBLIN CNMpPT 70 3 63,5 35,2
20 3TUNoBbIN cNUpT 70 4 60,2 38,6
20 3TUnoBbIN cNupT 70 6 58,9 39,9
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BO3MOXKHOCTb pasfefieHna MpoAyKTOB rMaposvsa u fobasut
ewe ofHy CTaguto ux otaeneHuns. NMoaTomy mbl OCTaHOBWUIUCH
Ha cnocobe W3MEHeHWA coCTaBa pacTBOpUTENel, KoTopble
nocne peakumm MOXKHO NETrKO YAAAUTb U3 CUCTEMbI.

Ona npepoTepaleHna ob6pasoBaHMA MULENN B CUCTEMY
BBOAMAW BOAHbLIA 3TUAOBLIM cnupT. OgHako npu  3ToM
KOHBEPCUA NaHO/IMHA He yBeandumneanach (Tabavua 1).

Monaranocb, Y4TO KOArynsaLMIO CUCTEMbI MOXKET Bbl3BaTb
TaKXKe U U3MEHeHWe TemnepaTypbl, NO3TOMY ee MOAHANU [0
90°C wm 100°C. C nosblweHMeM TemnepaTypbl
KOHBEPCUA  NIAaHONMHA He  MOKasblBaeT  CyLeCTBEHHOro
n3meHeHus, Tak npu 90°C cocrtasndaet 54,6%, a npu 100°C
BO3pacTaeT o 66,3% (Tabnuupbi 2,3).

npouecca

OfHaKo TaKol MPOLEHT KOHBEPCUM Bbll HEAOCTAaTOYHbIM
0N NOMHOFO  KOJIMYECTBEHHOrO MpPEeBpaLleHMA  laHO/IMHA.
Mpu  nosbiweHunM TemnepaTypbl rmgponmsa go  90°C
(Tabnuua 2) rybuHa npeBpaLeHma N1aHONMHA YBEANYMBAETCA A0
51,0-54,6% npu  AanutenbHoctTM  onbitTa 64. Cnegyer
OTMETUTb, YTO 33aBUCMMOCTb MNPOLEHTAa KOHBEpPCUW  OT
O/IMTENIBHOCTU  OMbITa HE HOCUT J/IMHENHbIN XxapakTep. ITo
pe3ynbtaT 06pa3oBaHMA  3MYNbCUKM, KOTOpas Habnopaerca
BM3Ya/IbHO.

MosbliweHne Temnepatypbl Ao 100°C nosbiwaeT KOHBep-
cuio go 66,3% npu gauTenbHocTM onbiTa 64 (Tabavua 3),
ogHako obpa3oBaHMe YCTOMYMBOM 3IMYNbCUM B  CUCTEME
npenAaATcTBYeT NOAHOMY TMAPOAN3Y.

Tabauua 2 — M'maponms naHonnHa npm 90°C B WENOYHON cpese B NPUCYTCTBMM 3TUIOBOIO CNMUpTa

NaOH, % PacTtBopuTens T,°C Bpems, u Yucno ombinenus, % KoHBepcusa, %
10 3TUNOBbIN CNUPT 90 2 62,1 36,6
15 3TUNOBbIN CNUPT 90 2 60,4 38,4
20 3TUNOBbIN CNUPT 90 2 59,0 39,8
10 3TUNOBbIN CNUPT 90 4 58,3 40,5
15 3TUNOBbIN CNUPT 90 4 55,0 43,8
20 3TUNOBbIN cNUpPT 90 4 46,5 52,5
10 ITUNOBbIN CNUpPT 90 6 48,0 51,0
15 3TUNOBbIN CNUPT 90 6 45,9 53,1
20 3TUNOBbIN cNUpPT 90 6 44,5 54,6

Tabauua 3 — M'maponms naHonnHa npu 100°C B WwenoyHom cpege B NPUCYTCTBUMM STUNOBOMO CAMPTA

NaOH, % PacTtBoputens T,°C Bpems, u Yucno ombinenus, % KoHsepcusa, %
10 3TUNOBbIN CNUPT 100 2 53,0 45,4
15 3TUNOBbIN cNUpPT 100 2 52,9 46,0
20 3TUNOBbIN CNUPT 100 2 52,1 46,8
10 3TUNOBbIN CNUPT 100 4 51,9 47,0
15 3TUNOBLIN CNUpPT 100 4 47,5 51,5
20 3TUNOBbIN CNUPT 100 4 41,0 58,1
10 3TUNOBbIN CNUPT 100 6 44,6 54,5
15 3TUNOBLIN CNUpPT 100 6 42,3 56,8
20 3TUNOBbIN CNUPT 100 6 33,0 66,3
B panbHelwmMx onbiTax B KayecTBe MAPOAU3YIOLWLErO NpaKTUY4eCKN OfMHAKOBa W cocTaBnseT okono 46%, B

areHTa WCMo/b30BasM BOAHO-CMMPTOBbIE PACTBOPbI €4KOro
HaTpa C pPa3/IMYyHOM KOHUeHTpauueil. B KauecTBe cnupToB
MCMNONb30BaAN METU/IOBLINA, 3TWAOBLIK M  W30MPOMMUIOBbLIN.
Kpome Toro, B cuctemy BBOAMAM [A06ABKM OpraHUYECcKMX
pacTBOpUTENIeN, TaKMX KaK rekcaH u 6eHson.

MpU UCNONb30BaHWUM PA3IUYHON KOHLEHTPALMK LWenoym
KOHBEPCUA NAaHO/NIMHA B METWMIOBOM M 3TUNOBOM ClMpTax

ISSN 1563-0331

M30NPOMMUI0OBOM CNINPTE HECKO/IbKO HUKe — 41,4% (Tabnaunua 4).
MOCKONbKY M30MPONUAOBbLIN cnUPT 6onee nNpUMeHUM B
NPOMbILLJIEHHOCTH, AanbHelwmne onbITbl nposoaunn
napannenbHo B 3STUI0BOM U M30MPONUIOBOM CnNupTax. BeeaeHune
B 9TAHO/IbHbIN PACcTBOP eAKOro HaTpa A06aBok 6eH30Ma U rekcaHa
pesKo MOoBbIWAET KOHBepcuto JaHoAuMHa po 86,7 u 88,8%.
BeeseHne pob6aBok 6eH30Ma K M30MPOMNaHONbLHOMY PacTBOPY
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eQKOro HaTpa TaKXe MoBblwaeT KoHBepcuio go 87,8%, a
BBegeHMe A06aBOK rekcaHa M ONTUMANbHOIO BpemeHu 4 4
NoBbILLIAET KOHBEpPCUIO laHoAMHA 40 89% (Tabnuua 4). Jobasku
YTO peLuaLmm
$aKTOpOM B YBE/IMYEHUN KOHBEPCUW NIAHOAMHA ABNAETCA He
npuvpoaa cnupTa WaM opraHuyeckon nobasku, a mexdasHoe
paBHOBecMe MNPOTOHHbLIX, AMPOTOHHbLIX pacTBopuUTenen u
YKMPOBOW dasbl NAHONMHA, ONPeAENsoLLMX MIOHHOe paBHOBECUE
B cucteme. CoCTosiHME 3TOrO paBHOBeECMA nNpegonpeaenaer
BO3MOYKHOCTb 06pa3oBaHMA 1 Koaryaaumio muuenn. O4yeBnaHo,
YTO COCTOAIHWE 3TOr0 PaBHOBECUSA ONPEeAEeNsieTcA HU CKOMbKO
npupoAOH CNMpPTa 1 opraHuyeckol A06aBKK, CKONbKO CTENEHbIO
pPacTBOPMMOCTU IAHONIMHA B OpraHM4Yeckoi gobaske, LWenoun B
CNUPTOBO-BOAHOM CMEcH, CPOACTBOM 3TUX a3 mexay coboi.
Ona npepoTspaweHma obpasoBaHMs 3MyAbCUM B CUCTEMY
BBOAMANA0BABKM PA3NMYHbIX OPraHUYEecKUX pacTsopuTenen -
6eH30/1a M rekcaHa. BeeaeHue 3TMx [06aBOK MNPUBOAMUT K
CYLLECTBEHHOMY YBE/IMYEHUIO KOHBEPCUMM NIAaHONMHA, NpUdYem
b6onee BbICOKME ee MNoKasaTenn Habnwogatotca npu pobaske
rekcaHa. CremneHb cmelueHua rekcaHa (0,014*°) ¢ somoi no

OpraHNU4ecKunx pachopMTeneﬁ NOoKasanu,

rekcaHa Habatogatotca 6onee BbICOKME CTEMeHW npespaLleHns
(tabnuua 4).
BbI6paHbl Ceaylolme napameTpbl: Bpemsa — 4 4, Temneparypa

NIAaHONMNHA Ona  panbHeWWwuMx onbiToB 6blan
OMblNIeHUs naHonuHa — 100°C 1 opraHuyeckas obaBKa rekcaHa.

3aKoHOMepHOCTH
NaHoO/IbHO-BOAHOM PacTBOPE AKOro HaTpa TakMe Xe, Kak 1 npu

rmgponvsa  NaHoAMHa B U30Mpo-
npoBefeHnn npolecca B BOAHO-3TaHO/bHOM cpege. C pocTom
TemnepaTypbl ¢ 70 go 100°C KoHBepcuA Bo3pacTaeT o 89%.
CnepyeT OTMETUTb, 4TO NpW BCeX TemnepaTypax Ao0b6aBku
reKkcaHa NnpenATcTBYOT 06Pa30BaHMI0 SMY/IbCUMN.

Hamun 6biAn  npumeHeHbl
6UHapHble PacTBOPUTEIM — CAUPTOBBIV PACcTBOP €KOrO HaTPa,
[06aBKM rekcaHa W 6eHsona. MNonsapHbIN
pacTBOpUTENb COXPAHAET CNOCOBHOCTb PACTBOPATL MOHbI, HO He
COAEPXUT  KUCNOTHOTO OHKM  06blYHO
GONbLIYI0  AUINEKTPUYECKYIO MPOHULAEMOCTb W BbICOKYIO
Ona NOJIHOTO OMblIeHUA
obpasoBaBluelica Npu ruapoause, fob6aBAAAN pacCUMTaHHOe

NnonApHble W HenonspHble
ANPOTOHHbIN
BoAOpOAa. numetot
NONAPHOCTD.

3MyNnbCUN,

KO/IN4eCTBO CNUPTa, reKCaHa n 6eH3ona. npeMMyLLI,ECTBO TaKnX
paCTBOpMTeerﬁ B TOM, 4YTO OHM obecneynBatoT Xopouwyr

CPpaBHEHWIO CO cTenmeHblo cmelweHus 6eHsona (0,18%) Ha pPacTBOPUMOCTb, KoTopasa cnocobcetayeT BbICOKOM
NopsAAOK HWMKe, BMAMMO, MO3TOMY B MPUCYTCTBUM A06aBOK CeJIeKTUBHOCTMU.
Tabnuua 4 — BavaHue pasnnyHbix GakTOPOB Ha rMAPOAN3 NAHOAMHA
NaOH, % PactBopuTennb Cnupt, % Opra. T,°C Bpems, 4 Hueno KoHBepcus, %
nobaska OMblIEHUA

20 3TWUNOBbIN CNMpPT 40 - 70 6 58,9 39,9

20 3TUNOBLIN CNMpPT 40 - 80 6 55,5 44,0

20 3TUNOBBIN CNUpPT 40 - 90 6 54,9 45,0

20 3TWUNOBbIN CNMpPT 40 - 100 2 52,1 46,8

20 MeTnnosbin cnnpT 40 - 100 2 52,5 46,4

20 M3onponunosbili cnnpt 40 - 100 2 57,4 41,4

20 3TWUNOBbIN CNMpPT 40 - 100 4 41,0 58,1

20 3TUNoBbIN cNUpT 70-85 beH3on 100 4 13,0 86,7

20 3TUNOBBIN CNUpPT 70-85 [ekcaH 100 4 10,9 88,8

20 M3onponunosbiii cnnpt 82-85 BeHson 100 4 11,9 87,8

20 M3onponunosblii cnnpt 82-85 lekcaH 100 4 10,7 89,0

4. 3aKkntoyeHue

Takum o6pasom, 6blAM HaMAeHbl YCAOBUA LWLENOYHOIO
rMApoAn3a naHonnHa. MokasaHo, YTo B LLE/OYHOM cpeae U3-3a
06pa3oBaHNA YCTOMYMBLIX KOANOWMAOB (3IMynbCUIA) KOHBEpCUA
NaHOAMHA HEBbICOKAs. BblABAEHbI YC0BMA, MPU KOTOPLIX, 3a
CYeT BBeAEHWA B CUCTEMYy KOaryiasHTos, He o6pasytotca
SMYNbCUM, W peakuus NPOXOAMT A0 KoHua. Tak, Ao6aBku
anpoTOHHbLIX pacTBOpuTENel TUna rekcaHa W 6eH3ona
NpenaTcTBytOT 06Pa30BaHMI0 MULLEN/ B CUCTEME LLE/I0Yb-BOAA-
CnupT.

YcTaHOB/IEHbl ONTMMasibHblE YCNOBMA Npolecca rmapo-
/132 NaHONUHA, YTO NO3BOIUIO NOBbLICUTL CTENEHb KOHBEPCUU
naHonuHa go 88-89%.

BbnarogapHocTn

Pabota 6bina
OMHAHCUMPOBAHUA  Hay4HbIX

BbIMO/MHEHA  3a
nccneposaHuii - MuHKUcTepcTBa
obpas3oBaHMA W Hayku Pecnybauvku KasaxctaH 4228/Td
«Pa3paboTka MeToA0B BblAENEHUS LWEPCTHOro Kupa U3
NPOMBbIBHbIX BOZ, LLEPCTU U ero rybokasn nepepaboTka».
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MeTuneH KeriHiH, MarHeTuT-
OMNOKa KOMMNO3UTIHIH
6etiHgeri apcopbUMACHIHbIH,
napameTpnepi

!Kypmanrfaxbl I.*,'Taxi6aesa C.M.,
'Mycab6ekos K.B., 2Kakbin6aes b.E.

'9n-®apabu atbiHaafbl Kasak, yaTTbIK
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yHuBepcuteT, LbimKeHT, KasakcTaH
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IAMOpP 9A4iCIMEH MArHeTUT KaHe MarHeTUT-ornoKa KOMMO3uTi BenwekTepi cuHTe3aenai.
MarHeTuT 6e/leKTepiHiH, ONOKa KypblabiMbiHA eHyi UK-CNeKTpocKonua KaHe peHTreHdasanblk,
Tangay agictepimeH Herisgenai. Komnosuttiy UK-cnektpiHge tepbenic xuiniriniv 1402 cm?
MaHiHAe MarHeTuTTiH Fe-O 6ainaHbicbiHa CaliKec WbIHAAP Tabbingbl. OMoOKa, MarHeTUT KaHe
ONapAblH, KOMMO3WUTIHIH,  ANPPAKTOrPaMManapbiH  CaAbICTbIpy  MarHeTUT-ONOKa  XKYMeCiHiH
andpakTorpammacbiHaa 20 6ypbiwbiHbiH 37,15; 43,37 maHaepiHae Fe,0,KOoCbINbICbIHA TOH WbIHAAP
naiga 60naTbiHAbIFbIH KepceTTi. CoHbIMeH KaTap 20 6ypbiwbiHbiH, 21,48 1 26,56 MaHaepiHAe cu-
NIMKATTapAbl CMNATTalTbIH WbIHAAPAbIH, 69ceHaeyi b6ankanabl. MeTUneH KeriHiH, ONoKa, MarHeTuT
YKOHE MarHeTUT-onoKa KomnosuTiHiH beTiHaeri agcopbuuscel 3eptrengi. Aacopbuus HaTuxenepi
JIaHrmiop aHe ®peHanux 6oibiHWwa eHaensi. boayablH 0NoKa, MarHeTUT KaHe MarHeTUT-onoka
KOMMO3UTIHIH, 6eTiHaeri Makcumangbl agcopbumsacel caikeciHwe 133,3 mr/r, 85,0 mr/r kaHe
166,6 Mr/r KypaiTbiHAbIFbI KepceTinai. AACOpbLMA KOHCTAHTAChl 4@ MarHETUT-0MOKa KOMMNO3UTIHAE
€H, YXOfapbl MaHre wueneHgi. JIaHrMmiop XaHe PpeilHaMx 6oWbiHWA aHblKTanfaH agcopbums
napameTp/siepi ©3apa KaKCbl YIIECin, OonoKa MeH MarHeTUT-ONMoKa KOMMO3UTIH METUIEH KeriHiH,
aAcopbeHTi peTiHae KonaaHyablH TUIMAIriH pacTaiabl.

TyitiH ce3aep: MarHeTUT; ONoKa; MarHUTTIK 6e/lWeKTep; MarHeTUT-onoKa KOMMNO3UTI; MeTUeH
Keri; agcopbums.

MapameTpbl apcopbumm
MeTUNEHOBOro ronyboro Ha
NoBepPXHOCTU KOMMNO3UTa
MarHeTUT-onokKa

KypmaHnraxu I'.*, ‘Taxkubaesa C.M.,
MycabekosK.B., 2Kakun6aes b.E.

1Ka3axcKuit HaUMOHaNbHbIN yHUBEPCUTET
um. anb-Papabu, Aamatbl, KazaxctaH
2tOKHO-Ka3axCcTaHCKuiA rocyAapCTBEHHbIV
yHusepcuteT um. M. Aye3osa,

LLbiMmKeHT, Ka3axcTtaH

*E-mail: gulnarkhank@gmail.com

MeTofom 3/MOpa CUHTE3MPOBAHbI YacTULbl MarHeTUTa M KOMMO3WTa MarHeTWUT-Onoka.
BK/tOYEHME YacTUL, MarHeTUTa B CTPYKTYpYy OMOKM obocHOBaHO meTodamu MK-cnekTpockonuun u
peHTreHoda3zoBoro aHanmsa. Ha MK-cnekTpe KomnosuTta o6HapyKeHbl NUKK Npu yactoTe KonebaHuii
1402 cm, xapakTepHble ansa Fe-O cBA3n marHeTuTa. CpaBHeHWe AMPPAKTOrPamMm OMNOKM, MarHeTuTa
1 UX KOMNO3MTa NOKa3ano NosBieHMe Ha AUdpaKTOrpamme CUCTEMbI MarHETUT-ONOKa MaKCMMYMOB
npu 3HadeHmnax 26 37,15 n 43,37, xapakTepHbix ana Fe,O,. Kpome Toro, o6HapyKeHo CHuKeHune
MHTEHCMBHOCTU NWKOB NpuU 3HauveHusx 26 21,48 n 26,§6, OTHECEHHbIX K CU/IMKATHbIM Tpynnam.
M3yyeHa aacopbuma meTuneHoBoro ronyboro Ha NOBEPXHOCTU OMOKM, MarHeTUTa U UX KOMNo3uTa.
PesynbTathl apcopbumm obpaboTaHbl no JIsHrmiopy v dpeiHanmxy. MoKasaHo, YTO 3HayYeHus
MaKCMMaNnbHOM aacopbLmmM KpacuTensa Ha NOBEPXHOCTU OMOKM, MarHeTUTa U KOMMO3UTa MarHeTuT-
onoka coctasaatoT 133,3 mr/r, 85,0 mr/r 1 166,6 mr/r cootTBeTcTBeHHO. KOHCTaHTa aacopbumnm Takxe
MaKCMManbHa B C/ly4ae KOMMO3UTa MarHeTuT-onoka. MapameTtpbl afcopbumm, paccyMTaHHble no
NaHrmiopy n ®peitHANNXY, HAXOAATCA B XOPOLLUEM COFNACcUM U YKa3bIBAOT Ha NPeANOYTUTENIbHOCTb
MCNONb30BaHUA OMOKM M KOMMO3WUTa MarHeTUT-ONnoKa B KayecTBe afcopbeHTa MeTUIeHOBOro
rony6oro.

KnloueBble €nOBa: MarHeTUT; OMOKAa; MarHUTHblE YaCTULbl; KOMMO3WUT MarHeTUT-OmMoKa;
MeTuNeHoBbIN ronyboli; agcopbums.

Parameters of adsorption
of methylene blue on the
magnetite-flask composite
surface

!Kurmangazhi G.*, Tazhibayeva S.M.,
'Musabekov K.B., ’Zhakipbayev B.E.

Al-Farabi Kazakh National University,
Almaty, Kazakhstan

2M. Auezov South-Kazakhstan State
University, Shymkent, Kazakhstan
*E-mail: gulnarkhank@gmail.com

© 2018 Al-Farabi Kazakh National University

Magnetite and magnetite-flask composites were synthesized by the Elmore method. The
inclusion of magnetite particlesinto the structure of the flaskis justified by methods of IR spectroscopy
and X-ray phase analysis. On the IR spectrum of the composite the peaks characteristic of Fe-O
of the magnetite were found at the oscillation frequency of 1402 cm™. Comparison of diffraction
patterns of the flask, magnetite and composite showed the appearance on the diffraction pattern
of the system magnetite-silica maxima at values of 26 and the 37.15, 43.37 characteristic of Fe,O,.
In addition, the decrease of peak intensity was found at the values of 26 21,48 and 26.56 assigned
to the silicate groups. Adsorption of methylene blue on the surface of the flask, magnetite and their
composite was studied. Adsorption results were processed according to Langmuir and Freindlich. It
is shown that the maximum adsorption values of the dye on the surface of the flask, magnetite, and
their composite are 133.3 mg/g, 85.0 mg/g, and 166.6 mg/g, respectively. The adsorption constant
is also maximal in the case of a magnetite-flask composite. The adsorption parameters calculated
according to Langmuir and Freindlich are in good agreement and indicate the preferability of using
the flask and composite magnetite- flask as a methylene blue adsorbents.

Keywords: magnetite; flask; magnetic particles; magnetite-flask composite; methylene blue;
adsorption.
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MeTuneH KeriHiH, MarHeTUT-onoKa KOMno3uTiHiH b6eTiHAaeri
aacopbuunacbiHbIH, NapameTpaepi

'KypmaHnfaxbl I.*, 'Toxibaesa C.M., *Mycabekos K.b., ?Xakbin6aes b.E.

19n-dapabu Kasak yATTbIK yHUBEepcuTeTi, AnmaTbl, KasakcTaH

2M. 9ye308B aTblHAafbl OHTYCTIK Ka3aKkcTaH yHusepcuteT, LLbiIMKeHT, KasakcTaH

*E-mail: gulnarkhank@gmail.com

1. Kipicne

MarHuTTi HaHobBeANWeKTep, COHbIH, iWiHAe Temip OKcuAi,
6romeanUNHaNbIK, [1-3].
OucnepcTiniri MeH MeHLWIKTI ayAaHblIHbIH, YKOFapbliblFbl 6y
3aTTapabl  TeHaeci
MYMKIHAIK 6epeai. OnapablH, KemerimeH eHZIPICTiH, Kanablk,

MaKcaTTa KeHiHeH Ko/iJaHbliagbl
oK copbeHTTEep peTiHAe KapacTbipyfa

CynapblH MeTann WoHAapbiHaH, 6osaynapaaH, 6eTTiK-aKTUBTI

3aTTap4aH napmeHAi Tasanayfa 6onagbl [4-6]. EpTepekTte
acanfaH KyMbICbIMbI3Za [7]  mMeTuneH KeriH  OMOKaHbIH,
MarHWUTTIK  KOMNO3WTIMEH cygaH 6enin  any  MyMKiHAiriH

KepceTKeH eaik. bipak on ymbicTa agcopbuma mexaHUsmi
KapacTblpbl/IMaFaH KaHe afcopbuuanbik napameTpnep Aae
ecenTtenmereH. Anafa aacopbumAHbIH NIPMEHARrH peTTey
YWiH KaHe copbeHTTepAai TMIMAI KONZaHy YWiH ONapablH,
aacopbumanbik, KabinetimeH KaTap Keilbip apcopbuMAnbIK
napameTpnepiH aHblKTaFaH »KeH. AACcopOuMANbIK ypAaicke TaH
cunaTTamanapAbl  aHblKTay Kes-KenreH apcopbaTtka calikec
afcopbeHTTi Tabyfa KaHe copbuumAnbIK yaepicTi peTTeyre
MYMKIHAIK 6epeai. OcblfaH opai KYMbIC MaKcaTbl — MeTu/eH
Keri  60sybIHbIH, betiHge
aacopbumanaHy ypaiciHiH, napameTpiepiH aHbIKTay.

MarHeTuT-onoKa KOMMO3MUTI

2. Toaxipnbenik 6enim

MymbicTa KbiHblpaK KEHOPHbI ONOKaNapbIHbIH, KaTbICbIHAA
dAmopAbIH, aaici 6oiibiHwa KymcaK xaraaiiaa FeSO, 7H,0 waHe
FeCI3-6H20 Ty34apbiIMeH aMMMAK Cybl
OrMoKa KOMMo3uTi anbiHAbl.TyHbara Tycipy ypaici eki KeseHHeH

KaTbICblIHOA MarHeTuT-

Typadbl: 3aT KOHLEHTPALMACHI KPUTMKa/bIK KaHbIFy KesiHge
OpbIH anaTtblH wWanwax, TyniH Ty3y ypaici [8,9], omaH KeliH
KpucTanaplH, 6eTiHe epiTiareH 3aTtrapapiH, Anddysmcbl apKblibl
TyhiHgepaiH 6anay ecyi Xypeai.

Peakuns TeHgeyi:

2FeCl,6H,0 + FeSO,7H,0 + 8NH,OH - Fe,0,{, + 6NH,Cl +
+(NH,) SO, +23H,0

TyHbafa Tycipy VYPAiCiHIH, Herisri apTbIKWbINbIFbl —
HaHobeNWeKTepaiH WoiFbiMbl 95% -Ke KeTepqj.

ANbIHFAaH MarHeTUT-onoKa KOMMo3uTi beTiHge meTusieH
KeriHiH, agcopbumackl 3epTrengi. Aacopbuma wamacbl MbiHA
dopmyna 6oMbIHLWA aHbIKTaNAbI:

(Co—C) -V
m

A:

MyHAafbl A — agcopbuun, mr/r; C,kaHe C — meTuneH KOriHiH,
HacTanKbl }aHe agcopbumagaH KeniHr KOHUEeHTPaLMAChI, Mr/A;
V — 6osy epiTiHAICIHIH Kenemi, 1; m —agcopbeHT maccacel, T.

MarHetut-onoka komnosuTiHiH, WK-cnekTtpnepi Cary 660
FTIR KypblnfbicbiIMeH KababikTanfaH WK-Oypbe
doTomeTpiHAe TyCipingi.

PeHTreHaik pudpaktorpammanap APOH-3M gudpakTto-
MeTpiHAE anblHAbI.

CNeKTpo-

3. Hatuxenepgai Tankbinay

3AMopAbIH, daicimeH Tabufu mMuHepan -onoka Kypbibl-
MbIHQ MarHeTWUTTi eHrisy apekeTi KacanblHapl. 1l-cypette
OMOKaHbIH, YK9HEe OHbIH, MAarHUTTIK KOMMNO3UTiHIH, UK-cnekTpaepi
bepinreH. bactankpl  MuHepanablH, WK-cnekTpocKonuanbIK,
TYCipiNiMiHEH CUAMKATTbIK TONTapAblH 3p-TYPAi KyliHe ToH
Tepbenic KuinikTepiHii, WbiHAapbiH Kepyre 6onaabl. 3434 cm?
MYTbINY  KaHe 1636 cm™ alimarblHAA CyAblH, KaHe CUAMKaT

© 2018 Al-Farabi Kazakh National University
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1-cypet — OnoKaHblIH, (1), MarHeTUT-onoKa KOMNO3UTIHIH, (2) }KaHe MeTU/IeH Keri-MmarHeTUT-0MNoKa »KyheciHiH (3) K-cnekTpnepi

TonTapbiHbIH, O-H 6ainaHbicTapbiHa cakec Tepbenic WhbiHAapbI
6aikanagpl. 1100 cm™ xaHe 471 cm? Tepbenic xuiniktepiHge Si-
O-Si  6ainaHbICTapbiHbIH, BANEHTTIK »KaHe AedopMaumanbik
TepbesnicTepiHe TaH WbIHAAP KepiHeai. 792 cm™ — geri Tepbenic
WbIHAAPbl OMOKA KypaMblHAAFbl MeTaNn OKcUATEpiHe calKec
60/1ybl MYMKIH.

AN MarHeTUT-orMoKa KOMMNO3UTiHIH, WK-cnekTpiHae 6yn
WbIHAaPAbIH, NapMeHainiri esrepin, 1402 cm™ Kuiniringe »KaHa
Tepbenic WblHbl Nanga 6onagbl, 0N ONOKA KypamblHA eHreH
marHetuTTiH, Fe-O 6alinaHbiCbiHbIH, cMnatTamackl. CoHbimeH, UK-
CNEKTPOCKOMUABIK 3epTTeynep CUHTe3AeNreH MarHeTUTTiH,
onoKa KypamblHa KepceTes,, onapapliH,
KOMMNO3UTIHIH, Ty3inreHAiriH ganengenai. byn »alT onokaHbiH,
CUIMKATTLIK KabaTTapblHbIH, apacbiHAa NaKeTapasblK KEHICTIKTIH,
60/1ybiMeH HaltNaHbICTbI.

MeTuneH KeriHiH, aacopbumAcbiHaH KeniHri TycipinreH
MarHeTuT-onoka  KomnosuTiHiH, ~ UK-cnektpiHae  epekuwe
e3srepictep 1600-1100 cm™ apanbifbiHaa 6aiikanagbl. COHbIMEH

KipreHiH AFHN

bipre KomnosuTt beTiHae apcopbumanaHfaH cygbiH  OH-
TonTapbiHa TaH 3434  cml-4eriKyTbiNy  SKONAKTapblHbIH
WMHTEHCUBTININ  TemeHaenai. KomnosuttiH,  UK-cnekTtpiHge

OonoKafa TaH XKYTbINy XONaKTapbl e3repicke WangblKKaHbIMEH,
cakTanbin oTblp. An 1402 cm?-geri Fe-O 6aiinaHbicbiHa ToH

KYTbIY  Konafbl
NIPMEHAIr  TeMEeH KYTbly KOMaKTapbl
1490 cml-geri KyTblny Konafbl
6aliNaHbICTbl APOMAT CaKMHACbIHbIH, Naraa 6onFaHbIH KepceTes,.
1397 xaHe 1338 cm?-geri Tepbenic onakTapbl aMMH ToMTa-
pblHa ToH. By e3repictep KomnosuT 6eTiHAe KaTUOHAbIK 6oay —

KesiereineHin, OHbIH OpHbiHA bipHewe
navga 6onfaH.

KomnosuT betinge C=C

MeTWUNEH Keri MONeKynanapbiHbliH, aACcoPOUMACHIHbIH, alifaFbl.
CoHbimeH  KaTap e3repictep
e34epiHe Hasap aygapap/bikTah. ONoOKa MeH OHbIH, MarHUTTIK
KOMMO3uTiHAEe TabbiifaH 792 Hemece 793 cml-geri KyTbiay
}onakTapbl 60ayaplH, aacopbumacbiHaH KeliH 886 cm™ kaHe
792 cmi-pge eki wbiH 6epin oTbip. [10,11] aBTOpnapabIH,
ManimeTTepiHe calikec, by KONAKTap MarHeTUT KypamblHAAFbI
retutTi (a-FeOOH) cunatraybl mymKiH. An 471 cm? -geri Si-O
H6alinaHbICTapbliHbIH, AedopmaumanbiK TepbenicTepiHe KaTaTblH
YKYTbINY KOMaFbl @3repicci3 kanagbl [12].
CoHbIMeH, MWHepanbl  KypamblHa
€Hri3in, anblHFaH KOMMNO3WUTTIH 6eTiHge MeTUNEH KeriHiH,
agcopbuma-naHyblH  ganengeaik.  AacopbumaHbiH,
MexaHU3Mi peTiHAe CUAMKAT wWoHZapbl 6oKblHWA eTeTiH
MOHaZIMacy PeakUMACHIH KaHe OH, 3apaaTbl 60Ay MOHAAPbIHbIH,
Tepic 3apAaTbl
6onaabl.

CMEKTPAiH, OH  ’KafblHAAfbI

OnoOKa MarHeTuTTi

Heri3ri

MUHepan 6eTiHe TapTblAyblH KapacTbipyFa

1-kecte — MeTuneH KeriHiH OMNoKa }KaHe MarHeTUT-0NoKa KOMNOo3MUTIHAEr aACopPOLUMACBIHbIH, JIeHrMIOp KaHe PpeltHanmx mogeni

6oMbIHLWA ecenTenreH agcopbuma napameTpaepi

Kyrie JleHrmiop 60MbIHLWA dpernHannx 6oMbIHLWA
Aco, mr/r K, n/mr R? K, mr/r n R?
Onoka 133,3 0,0782 0,922 9,549 1,57 0,996
Marnetut 85,0 0,0023 0,928 7,549 1,22 0,979
Onoka-marHeTuT KoMnoswuTi 166,6 0,0860 0,912 11,221 1,67 0,934

KasYY xabapuwbicbl. Xumua cepuscbl. —2018. — Ne1(88)
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2-cypet — Onoka (1), marHeTuT (2) }XaHe MarHeTUT-onoka KOMMO3uTiHIH, (3) AudpaKkTorpammanapsbl

MarHeTuT-onoKa KomnosuTi peHTreHdasanblK Tangay aaici
60MbIHLWA 3epTTenai (2-cypeT). bacTankbl ONOKAHbIH, PEHTIeHA K
andpaktoprammacbiHga 26 6ypblwbiHbIH - MaHaepi  20.56;
21,48; 26,56 xaHe 31,91 Kypanapbl. OnapAblH ilwiHae aca }KofFapbl
MaHAaepi 21,48 aHe 26,56; audpaums OypbiwbiHbIH, 6y
MaHAepicuankaTTapraTaH. MarHeTuTTiHaMdpakToprammacbiHAA
aca KepHeki WoiHaap 20 bypbiwbiHbiH, 30,09; 35,47; 37,15 xaHe
43,37 MaHgepiHae Tabbinapl. [Oan ocbiHAaW wbiHaap [13]
JKYMbICTA MarHeTUTTiH, peHTreHorpaMmacbiHAa TabbliFaH XKaHe
onap Fe,0,-Ke KaTKbi3blNfaH. Al MarHeTUT-0NoKa KOMMO3UTIHIH,
AMbpaKTorpaMmacbiHAA CUNMKATTapFa ToH WbIHAAP TeMeHaen,
OHblIH ececiHe MarHeTUTKe CalKec aHa WbiHAap narnga 6onabl.
Onap 20 6ypblwbiHbiH, 37,15; 43,37 maHAepiHe TeH. byn
MaliMeTTep MarHeTUTTIH, ONOKa Kypbl/ibiIMbIHa eHyi Typanbl NK-
CNEKPOCKONUA 9AiCiHIH, HITUKeNepiMEH XKaKCbl yinecyae.

MeTuneH KeriHiH, aacopbuuacbl 6GOWMbIHWA KacanfaH
3KCNEPUMEHT HITMXKeNepi MarHeTUT-onoKakomnosuTi beTtiHaeri
aacopbuma MaHiHIH, Keke marHetut beTiHgeri aacopbumsa
M3HIHEeH WaMameH eki ece Kofapbl 60NaTbIHAbIFbIH KOpCeTTi
(3-cyperT). CoHbiMmeH KaTap aacopbuma M3oTepmacbiHaH OMoKa
MEH MarHeTUT-onoKa KOMMNO3UTIHAE afacopbuma MaHiHIH, KypT
JKOFAPbINANTbIHABIFbIH Kepyre 6onagbl. Aacopbuma manimeTrepi
MarHeTUT-oMoKa  KOMMO3WTIHIH,  agcopbumanbik  Kabineri
6acTankpl MWHepan — OMoKaMeH Lamanac 6oNaTbIHAbIFbIH
KepCceTTi.

Apcopbuma HaTuKenepiH JIsHrmiop KoHe PperHaAnX
TeHaeynepi 6olblHWA eHAey aacopbuma napameTpsepiH
aHbIKTayfa MYMKiHAIK 6epepi[14-17]. MeTuneH KeriHiH
MaKcumangpl agcopbumacel marHeTuT 6etiHae 85,0 mr/r, onoka
6etinae 133,3mr/r, an KOMNO3UTiHAEe
166,6 mr/r Kypainabl. AocopbumanbIK Tene-TeHAIKTIH, KOHCTaH-
TanapbiHa KeneTiH 6oncak, K maHi JlaHrmiop 6oMbiHWAE Aa,
dpenHganx 6olbiHWA pa ecenTeniHai. EKi Kafpanpa Aga
afcopbuma  KOHCTAHTacbl  MArHeTUT-onoka KOMMO3UTIHAE
»Kofapbl 6onbin oTblp. COHbIMEH KaTap Tafbl 6ip MaHbI3abI

MarHeTuT-onokKa

ISSN 1563-0331

KepceTKiw — 1/n. OHblH, maHi 0,6-0,8 apasbifblHAa »aTca,
TaHZanfaH aacopbeHT agcopbat ywiH TMimai 6onfaHbl [16].
1-kecTegeH 1/n MBaHiHIH OCbl lamafa CIMKeCTiriH Kepyre
6onaabl. CoOHbIMEH, aAcopbUMANbIK NapameTpaepaiH, maHaepi
MarHeTuUTTi  OMOKa  KypbUIbIMbIHA  €HFi3y  MUHepangblH,

aacopbumanbik KabineTiH KofapblaaTaTbiHAbIFbIH KepceTes;.
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3-cypeT — MeTuneH Keri 60aybiHbIH ONoKa (1), marHeTuT (2)
YK9HEe MarHeTUT onoka KomnosuTi (3) beTiHgeri
aacopbumAcbiHbIH M30TepManapsbl. T =298K

KopbITbIHAbI

OnoKaHbIH, MAarHUTTIK KOMMO3MTTEPi a/ibiHbIMN, ONAPAbIH,
aacopbumanblk  Kabineti meTuneH KeriHiH, aacopbuwmAcel
H6oWblHWa HaFanaHabl. Aacopbuma manimeTTepi JISHIMIOP KaHe
dpenHgnnx mogenbaepi  bolbiHWA eHAenin, aacopbuuma
napameTpiepi aHblKTangbl. MaKcumanabl agcopbuma meH
aAcopbumMa KOHCTAHTACbIHbIH, MIHAEPI MarHeTUTKe KapafaHza
HacTanKkbl ONOKaAa }KaHe KOMMNO3UTTe efayip ofapbl 6onapl.
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The objective of present work is to construct structure-property models for the prediction
of applied thermochemical properties of polyatomic molecules based on the mass distribution
descriptors. The performance of the model was assessed based on the values of coefficients of
determination and root mean square deviations. The results were compared with existing literature
values, and it was observed that the mass distribution descriptors not relying on quantum-chemical
information exhibit a similar performance compared to quantum-chemical QSPR models and can
at least form the reliable foundation for the construction of the quantitative structure-property
models. Conclusions were made about the possible applicability of the model.
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Llenbto aaHHOM paboTbl CTaBUIOCH MOCTPOEHME MOAENEN CTPYKTYpa — CBOWCTBO ANA NpeacKa-
3aHMA TEPMOXMMUYECKMX CBOMCTB MHOrOATOMHbIX MOIEKY/1 HA OCHOBE AECKPUNTOPOB pacnpeaesne-
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YPOBEHb TOYHOCTU M MOTYT BbITb UCMONb30BaHbI B KayecTse GpyHAAMEHTa ANA NocTpoeHus Gonee
CNOYKHbIX KBAHTOBO-XMMUYECKMX MOZE/EN «CTPYKTYpa-CBOMNCTBO». CAenaHbl BbIBOAbI O BO3SMOXHOMN
NPUMEHUMOCTU MOAENH.
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apHanfaH macca ynecTipim MoAesib apKbl/ibl KYPbIZbIM-KacueT MofenbAepiH KypacTbipy mMaKcaTbl
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1. Introduction

The quantitative structure-property relationship (QSPR)
models find wide applications in modern chemistry [1,2]. Their
ability to model the properties of substances makes them a good
alternative to certain types of experiments and ab initio studies
due to time efficiency and computational affordability.

The effort was made in present work to construct and apply
the system of descriptors that would model the sorption
properties of compounds from various classes. On the path of
attaining this objective, the system of descriptors was constructed
based on proton mass distribution [3]. To explore the limits of
applicability of the model, several comparative studies were
carried out in present study. The comparisons were made with
the literature data of the results of two previous works [4,5].
The first work was devoted to modelling of aqueous biphasic
systems (ABS) using QSPR methodogy based on quantum-
chemical descriptors relying on the information about dipole
moments, interatomic distances, atomic charges [4]. The second
work was devoted to the study of the retention volume of
organic molecules adsorbed on Carbotrap graphitized carbon
material [5]. The set of physical-chemical properties was utilized
in the construction of model of retention volume. The similarity
of both systems used in these studies is in the molecular
mechanism of the process, which is the intermolecular
interaction responsible for sorption process. And it was this
type of property that the technique used in present work was
applied to. The common characteristic of the majority of QSPR
methodologies is in the utilization of ab initio descriptors
originating from quantum-chemical computations [2,4]. Such
computations are often time-consuming and become non-
trivial for polyatomic molecules. In this research, we explored
the possibilities of description of physical-chemical properties
without the use of quantum-chemical computations, i.e.,
utilizing the basic knowledge about the substance to construct

the models of macroscopic thermochemical properties. The
choice of descriptors was suggested by the effort to model the
molecular charge distribution utilizing only the concepts of
distribution of mass. The first option was to utilize the concept of
multipolar moments, but it involves the necessity to solve the
problem of divergence of multipolar series. To find the non-
expanded property, we utilized the concept of distribution of
mass, which is close in physical meaning to the gravitational
index [5], but we were searching to find the property that would
not rely on quantum-chemical computation or any molecular
structural data.The choice of descriptors utilized in the present
work [4] is close in similitude to the concept of molecular mass
distribution in polymer science [1], but is based on the analogies
from the theory of intermolecular forces and when extended to
the description of polymers would correspond to the case when
polymer is formed as a heterogeneous chain with monomer
units possessing the alternating structure.

2. Methods

The multilinear regression methodology was utilized in all
methods used in present work. The least squares deviation of
model values from experimental values was minimized (formula)

A=3(Q = Qo) = min (1)

The form of Qcomp depended upon the nature of the
model used. In the previously described atomic mass distri-
bution descriptors method [4], there is utilized only the chemical
formula of the substance, which is used to construct the atomic
(protonic) mass distribution functions.The degree of mass in
summation was varied from 1 to 3, which corresponds to various
models with various dimensionalities. The given descriptors are
the measure of the degree of spatial interatomic distribution of
charge in the molecule. For illustrative purposes, it is instructive
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18 Mass distribution descriptors in modelling of sorption properties

to reason based on the deviation from the presumably spherical
shape of the molecule with deviation corresponding to the
presence of polarity. The higher the polarity, the higher is the
degree of intermolecular interaction. The mass distribution
descriptor (linear, quadratic, cubic) characterizes the degree of
interatomic distribution of the mass of protons (or the degree of
their localization on an atom) in molecule. The higher this
number, the less distributed is the mass, i.e. the molecule is
more compact, in other words — the molecule possesses the
lower polarity. Furthermore, one may anticipate that the lower
is this number the higher is the number of atoms in molecule,
which indirectly characterizes the polarizability, as the increase
of the number of atoms leads to the increase of the volume of
the molecule, and dimensionality unit of polarizability is equal
to the dimensionality unit of volume. As an example, the
isoelectronic series is considered composed of Ne, HF, H,0, NH,,
CH, with the total number of electrons being equal to 10. The
quadratic and cubic terms of the model introduce additional
degree of variational freedom of the model to account for the
nonlinearity of the relationship between the interatomic proton
mass distribution and electronic properties of the molecule.
The typical values of the descriptors for the isoelectronic
molecules are shown in Table 1. Distribution of numbers in the
results of computation characterizes Ne {10, 10-10, 10-10-10} -
as a sphere and chemically inert, HF{(1+9)/2, (1+9-9)/2,
(1+9-9:9)/2} - linear molecule possessing high dipole moment
and producing high polarizing effect, NH_{(7+3)/4, (7:7+3)/4,
(7:7-7+3)/4} — the molecule possessing dipole moment and

exhibiting electronic donor properties, CH,{(6+4)/5, (6-6+4)/5,
(6:6:6+4)/5} — molecule possessing no dipole moment but high
polarizability responsible for hydrophobicity of alkanes.
Correspondingly, Ne and CH, form weak intermolecular bonds,
HF and NH, — form polar intermolecular complexes due to their
polarity. The advantage of this scheme is that no geometric
information is utilized, and the description is limited to chemical
formula. The quantity modelled (distribution coefficient or
retention volume utilized in present work) is expressed as

Qcomp _ z e X v, (2)

i

v=Olmey m, Y iy mny @
k k

k k

o4 _ 0 (4)
aei B

The expanded form of the model is

mep = e1Vy + eyvy + e3v3 + eyvy + esvs + egvg (5)

Conditions expressed in equation (4) lead to the system of
linear algebraic equations (6) allowing to find the parameters of
the model

e Z Vi1 Vi1 T € Z ViiViz T €3 z Vi1Viz t ey Z Vi1Via tes Z Vi1 Vis t €6 Z ViiVie = z Qv,y
ey Z Vi2 Vi1t ez Z VizViz T e3 Z Vi2 Vi3t es Z Vi2Visa T €s Z Vi2Vis T €g Z VizVie = Z ini,z
ey z Vi3 Vi1t ez Z Vi3 Viz2 te3 z VizVi3t ey Z Vi3 Vi4 T s Z Vi3 Vis T €e Z Vi3 Vie = z QiVl._3
ey Z Via Vi1t ez Z ViaViz T e3 Z Via Vi3t e Z ViaVig T €5 Z ViaVis T €g Z ViaVie = Z QiVH
e Z Vis Vi1 t+ e Z VisViz te3 Z VisVi3 t ey Z VisVi4 T €5 Z VisVis T € Z VisVie = z ini,S
e Z Vie Vi1 T €2 Z VigViz T €3 Z Vie Vi3 T € Z VieVia T €5 Z VieVis T €6 Z Vi Vi = Z Q6

Table 1 — Isoelectronic series example

Average Average .
Number of . Average cubic
Molecule sum of quadratic
atoms sum
protons sum
Ne 1 10.0 100.0 1000.0
HF 2 5.0 41.0 365.0
H,0 3 3.3 22.0 171.3
NH, 4 2.5 13.0 86.5
CH 5 2.0 8.0 44.0

(6)

The method can systematically be extended to account for
the cases of possible incompleteness in the description of
structure of isomers. In order to accomplish this task, the concept
of pseudoatom or the node can be introduced describing the
regions of bonds formation. For instance, in CH,, there is only
one branching node, in C,H,—two. Itis possible then to introduce
the measure of mass distribution of the nodes and count the
nodes in the molecule in addition to counting the atoms. For
example, we consider the case of n-propanol and 2-propanol.
The difference between these two molecules is that the nature
of branching is different. In n-propanol, the nodes are C(H,C),
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C(HZCZ), C(HZCO), O(CH) leading to 15, 20, 22, 15, respectively.
In 2-propanol, the nodes are C(H,C), C(C,HO), O(CH), C(CH,)
leading to 15, 27, 15, 15, respectively. There are then possible
several levels of mass distribution hierarchy — atom, node,
branch, etc. with the atom characterizing the elemental
composition, node and branch —structural chemical composition.
The parameters scheme for the nodes-based complemented

mass distribution descriptors model is provided in the equation
7. The existing atomic mass distribution descriptors are
complemented by nodes-based mass distribution descriptors.

The evaluation of validity of models was made based on
computation of coefficients of determination and root mean
square deviations using equations 8 and 9.

o 2 3 4 2 3
V= {Z my, Z my, Z my, Z mg,n, Z Myode,k » Z Myode,k » Z Myode,k - Mnoder 1} (7)
k k k k k k k

(Qcomp,i - Q) (Qcomp,i - Q)
R? = d (8)

ot~ Q@ — @

i

3. Results and Discussion

To evaluate the range of applicability and substantiate the
assumption about preferential applicability to modelling sorption
processes, the system of mass distribution descriptors was
tested on two sets of results modelling the distribution
coefficients of organic molecules belonging to different classes
of substances and retention volumes of organic molecules. The
data of [5] was used, and results were compared with the results
obtained by models obtained in [5]. To explore the possible
extension of the mass distribution model to make improvements
of performance, several additional descriptors were applied
including chemical hardness (proportional to the difference
between LUMO and HOMO energies) and electronegativity
(proportional to the sum of LUMO and HOMO energies). The
final result remained invariant to the supplement by quantum-
chemical descriptors making almost negligible alterations to the
coefficients of determination and RMS deviations of the results
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Figure 1 — Results of modelling of logP values using atom-based
mass distribution descriptors
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(Qcomp,i - Q)(Qcomp,i - Q)

RMS = : (9)
VN

provided by models based only on mass distribution descriptors.
The results of evaluation of performance of the models are
shown in Tables 2-5 and Figures 1-2.

Coefficients of determination for the models of logD (PEG)
and logP (octanol) obtained using mass distribution descriptors
are equal to 0.91 and 0.86 correspondingly. Comparatively large
deviation of the results for benzamide in case of modelling of
logP values may be attributed to the complex nature of
interaction pattern of this molecule with the solvent due to the
presence of heteropolar amide group consisting of NH and CO
dipolar groups along with the dependence upon the
conformational state, which would necessitate the introduction
of additional descriptors. A distinctive difference between the
octanol and PEG data modelling is in the fact that ABS containing
PEG is composed of polymer with interacting fragments fixed in
space, such that making the interaction more directed and the
whole framework of the polymer closer in similitude to the
surface rather then the liquid. Such arrangement of interacting

35
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Figure 2 — Results of modelling logD values using atom-based
mass distribution descriptors
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20 Mass distribution descriptors in modelling of sorption properties

units makes the importance of local (depending on specific
orientation and interatomic orientation) interactions less
pronounced. In the case of octanol, all kinds of orientations
contribute to the total interaction energy due to constant
translational and rotational motion of molecules, hence,
making the locality and anisotropy of interaction more
important and creating stricter conditions for the degree of
accuracy of the model of charge distribution. In order to check
this assumption, additional tests were carried out by model-
ling the retention volume of organic compounds on Carbotrap
graphitized carbon material [6]. The best representative result
of modelling is shown in Figure 3. The coefficient of deter-
mination of the mass distribution model for this type of
interaction is 0.98, which supports the assumption of lower
importance of the locality of interaction in modelling
sorption properties.

Table 2 — LogD values modelled using mass distribution descriptors

Experiment

T T T
Mass distribution model
Full correlation

0 2 4 6

Mass distribution model

Figure 3 — Retention volume on Carbotrap graphitized carbon
material (R?=0.98)

Substance C H (e} N Cl Atoms-based Nodes-based Exp. [5]
Benzene 6 6 0 0 0 1.28 1.24 1.48
Toluene 7 8 0 0 0 1.39 1.33 1.55

1,2-Dichloroethane 2 4 0 0 2 1.07 0.80 0.90
Ethylacetate 4 8 2 0 0 0.74 0.73 0.57

Methanol 1 4 1 0 0 -0.30 -0.004 0.10
Ethanol 2 6 1 0 0 0.1 0.16 0.25

n-Propanol 3 8 1 0 0 0.42 0.45 0.49

2-Propanol 3 8 1 0 0 0.42 0.49 0.40

n-Butanol 4 10 1 0 0 0.70 0.70 0.68

n-Pentanol 5 12 1 0 0 0.96 0.93 0.92

n-Octanol 8 18 1 0 0 1.72 1.56 1.54

Chlorobenzene 6 5 0 0 1 1.62 1.86 1.81
Acetonitrile 2 3 0 1 0 0.58 0.24 0.23
Aniline 6 7 0 1 0 1.33 1.29 1.08
Acetophenone 8 8 1 0 0 1.59 1.44 1.38
4-Hydroxybenzoic acid 7 6 3 0 0 1.47 1.46 1.63
Benzyl alcohol 7 8 1 0 0 1.39 1.39 1.16
Acetic acid 2 4 2 0 0 0.21 0.26 0.23
Benzoic acid 7 6 2 0 0 1.47 1.42 1.45
Nitrobenzene 6 5 2 1 0 1.42 1.32 1.36
Methyl iodide 1 3 0 0 0 0.75 0.75 0.75
Anisole 7 8 1 0 0 1.40 1.48 1.53

Phenol 6 6 1 0 0 1.26 1.25 1.32
1,4-Dichlorobenzene 6 4 0 0 2 1.96 2.11 2.12
1,2,4-Trichlorobenzene 6 3 0 0 3 2.29 2.21 2.14
4,4-Dichlorobiphenyl 12 8 0 0 2 2.59 2.88 3.14
p-Toluic acid 8 8 2 0 0 1.61 1.55 1.69
Benzamide 7 7 1 1 0 1.54 143 1.24
4-Chloroaniline 6 6 0 1 1 1.62 1.84 1.44
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Table 3 — LogP values modelled using mass distribution descriptors model

Substance C H 0 N Cl Atoms-based  Nodes-based Exp. [5]
Benzene 6 6 0 0 0 1.53 1.51 2.13
Toluene 7 8 0 0 0 1.87 1.66 2.73

1,2-Dichloroethane 2 4 0 0 2 2.07 1.44 1.48
Ethylacetate 4 8 2 0 0 0.69 0.73 0.73

Methanol 1 4 1 0 0 -1.27 -0.70 -0.77
Ethanol 2 6 1 0 0 -0.44 -0.44 -0.31

n-Propanol 3 8 1 0 0 0.23 0.27 0.25

2-Propanol 3 8 1 0 0 0.23 0.11 0.05

n-Butanol 4 10 1 0 0 0.83 0.89 0.88

n-Pentanol 5 12 1 0 0 1.40 1.47 151

n-Octanol 8 18 1 0 0 3.03 3.10 3.00

Chlorobenzene 6 5 0 0 1 2.34 3.061 2.84
Acetonitrile 2 3 0 1 0 0.06 -0.15 -0.34
Aniline 6 7 0 1 0 1.67 1.48 0.90
Acetophenone 8 8 1 0 0 2.17 1.87 1.58
4-Hydroxybenzoic acid 7 6 3 0 0 1.72 1.53 1.58
Benzylalcohol 7 8 1 0 0 1.84 1.69 1.10
Acetic acid 2 4 2 0 0 -0.60 -0.45 -0.17
Benzoic acid 7 6 2 0 0 1.75 1.62 1.87
Nitrobenzene 6 5 2 1 0 1.53 1.60 1.85
Methyl iodide 1 3 0 0 0 1.51 1.51 1.51
Anisole 7 8 1 0 0 1.84 1.87 2.11
Phenol 6 6 1 0 0 1.43 1.30 1.46
1,4-Dichlorobenzene 6 4 0 0 2 3.15 3.49 3.44
1,2,4-Trichlorobenzene 6 3 0 0 3 3.97 3.88 4.02
4,4-Dichlorobiphenyl 12 8 0 0 2 4.32 4.81 5.23
p-Toluic acid 8 8 2 0 0 2.17 1.90 2.27
Benzamide 7 7 1 1 0 1.97 1.73 0.64
4-Chloroaniline 6 6 0 1 1 2.36 2.62 1.83
Table 4 — Parameters of the model of atom-based mass distribution descriptors
e, e, e, e, e, e,
LogD 9.8904 -1.8348 0.09912 -0.001281 0.168521 -11.08808
LogP 5.6433 -0.9986 0.05237 -0.000669 0.077283 -6.174813

Table 5 — Characteristics of the method of atom-based mass-distribution descriptors. For data from [5] (square root of s?)

LogD LogP
Atoms [5] Atoms [5]
R? 0.91 0.94 0.86 0.88
RMS 0.20 0.17 (square root of s?) 0.49 0.49 (square root of s?)
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In order to explore the effects of the information about the
existence and distribution of intramolecular valence bound
interatomic states produced upon the accuracy of modelling,
the nodes-based complemented mass distribution model is
applied in present work to the construction of the model of
distribution coefficients of substances using the data from [5].
The results are provided in Tables 2, 3, 6 and 7. The introduc-

tion of the nodes-based mass distribution descriptors
improves the predictive power of the model and resolves the
problem of the incompleteness in the description of the
structure leading to the unique definition of the molecular
formula within the mass distribution descriptors model and
allows the observation the difference between the isomers at

the level of descriptors.

Table 6 — Performance characteristics of the method of nodes-based mass distribution descriptors.

LogD LogP
This work [5] This work [5]
R? 0.96 0.94 0.91 0.88
RMS 0.14 0.17 (square root of s?) 0.41 0.49 (square root of s?)

Table 7 — Parameters of the model of nodes-based complemented mass distribution descriptors

LogD LogP LogD LogP
e, 2.311871 4.532165 e, 4.356853 10.422386
e, -0.465578 -0.899983 e, -0.213608 -0.500303
e, 0.028244 0.057987 e, 0.003426 0.007795
e, -0.000608 -0.001294 e, 0.165462 0.033625
e 0.007819 0.153072 e -31.153714 -76.072929

4. Conclusions

The observation was made in the present work that mass
distribution descriptors perform better for cases of interaction of
substance with the solid or fixed molecular framework and
perform slightly worse for cases of interaction of molecules with
liquids, although the level of deviations is coincident with the
models utilizing the quantum-chemical descriptors. This can be
explained by the nature of descriptors utilized. Although they do
describe the charge distribution, the level of information is not
sufficient to describe the whole range of orientations available in
liquid phase, but for the cases of interaction with solid phase, i.e.
the surface, such information is sufficient as only a limited
number of orientations is responsible for the contribution to the
total adsorption characterizing macroscopic property, and
locality of interaction centers does not introduce strict conditions
upon the accuracy of the model of interaction. A distinctive
characteristics of mass distribution descriptors is that only a
limited knowledge about the system is utilized, namely, the
chemical formula. No use of quantum-chemical computations is
made and no effort is spent for computing or measuring the
quantum-chemical parameters of molecules, which makes this

References (GOST)

method computationally favourable for certain types of research
problems. The results of computations show that the introduction
of the interatomic valence bound states-specific information
may introduce the major changes in the results of modelling
making the predictions even more accurate compared to the
quantum-chemical or physical-chemical descriptors in the
description of physical-chemical objects exhibiting the complex
formation properties. The general conclusion attained in present
work is that the mass distribution descriptors can at least form a
reliable foundation for complementing them by quantum-
chemical or physical-chemical descriptors in modelling the
macroscopic properties of substances.
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OnpeaeneHune npumecei
LBETHbIX U peaKo3emMme/ibHbIX
MEeTaN/IoB B OKcuae

CKaHAMA MeToa0M macc-
CNEeKTPOMETPUM C
MHAYKTUBHO CBA3aHHOM
nnasmoi
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M. anb-Papabu, Aamatbl, KaszaxcraH
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Llenb Hactoawero uccnepoBaHusa — pa3paboTka MeTOAMKM onpegeneHus npumecent B
OKCUAEe CKaHAMA METOAOM MacC-CMeKTPOMETPUU C MHAYKTMBHO CBA3aHHOM nsiasmoi (MCMN-MC).
MeTogonorua paboTbl BK/AKOYANa: aHaNUM3 HOPMATUBHOW [AOKYMEHTaLuW, pernameHTupytoLei
HOMEHKNATYPY U COoAEp)KaHMe NMpUMecei B OKCUAE CKaHAMA, a TaKKe MeToabl UX onpeaeneHus;
nposeseHne NPesBapuTeNbHOTO MOJYKOJIMYECTBEHHOTO aHanunsa Sc,0, metogom WUCM-MC u
BbI6Op 3/1€MEeHTOB-NpuMeceit ANA AafbHEWWUX UCCNefoBaHui; BbIGOp U30TOMOB 3/1eMEHTOB U
ycnoBuiA paboTbl macc-CNeKTPoOMETPa; UcciefoBaHUe BAUAHUA MATPUYHOTO 31emeHTa (CKaHams)
Ha pe3ynbTaTbl NPAMOro OMpeAeneHus 3/eMEeHTOB-NPUMecel; OLEeHKa MNpPaBUIbHOCTU U
BOCMPOM3BOAUMOCTH onpeaeneHuii. BoibpaH 31 anemeHT: Na, K, wenouyHosemenbHble mMeTanbl,
Al, 3d-anemeHTbl, Pb, 15 peaKko3emesibHbIX 31eMEHTOB, TOPUiA. MiccieioBaHO BAUAHUE MATPUYHOTO
a/eMeHTa — CKaHAMA Ha NpsMoe onpeaesneHve npumeceit. YYeT cnekTpanbHbIX U HEeCNeKTPasbHbIX
BAWAHWI HA onpegeneHne Npumecei B OKCUAE CKaHAMA NPoBeAEH C MOMOLLbIO MeToAa [06aBoK
M MeToAa BHYTPEHHero cTtaHgapTa. B KayectBe BHYTpPEHHeEro CTtaHZapTa MPUMEHANM pacTBop
MHANA. PaccuMTaHbl MeETPONIOTMYECKME XapaKTEPUCTUKM pa3paboTaHHON MeTOAMKKU: npeaenbl
BOCMPOM3BOAUMOCTH, Npeebl MPaBUAbHOCTU, PaclUMpeHHan HeonpeaenéHHoOCTb.

KnioueBble C€10Ba: OKCWUA CKaHAMA;, MacC-CMEeKTPOMETPUA C WMHAYKTMBHO CBA3AHHOM
naasmoin; meto A06aBOK; MeTOZ, BHYTPEHHErO CTaHAapTa; MeTOAMKA aHaM3a; MEeTPOsIorMyeckune
XapaKTePUCTUKM.

CKaHaui oKcuai
KYPaMbIHAAFbI TYCTi }KaHe
CUpEK Xep meTanaap
KOCMacblH UHAYKTUBTI
nnasmameH 6aiinaHbiCKaH
Macc-cneKTpomeTpus
dAicneH aHbIKTay

3n06uHa E.B.*, YcmaHosa [.C.

on-dGapabu atbiHAaFbl Kasak yaTTbIK
yHuBepcuTeTi, Anmatbl, KasakctaH
*E-mail: elena.zlobina@kaznu.kz

3epTTeyaiH, MaKcaTbl — MHAYKTUBTI NnasmameH 6aiinaHbickaH macc-cnektpometpus (UMNB-
MC) agaici apKblibl CKaHAMIA OKCUAI KypamblHAAFbl KOcnanapapbl aHbIKTay aAicTemeciH aasapnay.
KYMbICTbIH METOZA0M0MMACHI MblHaHbl KaMTUAbI: HOPMATUBTI KyXKaTTapApl Tanzay, HOMeHKAaTypa
)KOHEe CKaHAMI OKCWAi KypamblHAAFbl KOCMaHbl pernameHTTeyli HOPMATWMBTI Ky)KaT aHanwusi,
COHbIMEH KaTap onapapl aHblKTay aAicTepi; MHAYKTUBTI niasmameH 6aiinaHbickaH Mmacc-
CNEeKTPOMETPUA dAicCi apKblNbl CKAHANW OKCUAIHE anAblH-aNa XKapTblian cCaHAbIK capanTama »Kyprisy
)KaHe api Kapai 3epTTeyre 3NeMeHT-KoCnanapabl, Macc-CNeKTPOMETPAiH, KYMbIC icTey afaalibl
MeH 3/1eMeHT M30TONTapblH TaHAay. dnemeHT-Kocnanapabl TiKenel aHblKTayaa MaTpuuanbik
3/1EMEHT CKaHAMWAiH SCepi 3epTTey, aHbIKTaYAbIH, KaUTaNaHbIMAbINbIFbl MEH AYPbICTbIIbIFbIHA 6aFa
6epy. 31 anemeHT TaHaan anviHfFaH: Na, K, cinTinik »kep metangapbl xkaHe Mg, Al, 3d-anemeHTTepi,
Pb, 15 CX3, Topuit. Kocnanapap! Tikenei aHblKTayAa MaTpULAIbIK 31eMeHT CKaHAWWAiH, acepi
3epTreniHAi. CKaHAMM OKcuAi KypamblHA@Fbl KocCnanapabl aHblKTayda CrnekTpasbAbl KaHe
CneKTpanbabl emec acepsiepAi KOCy-any dAiCi KaHe ilKi CTaHAapT SAiCi apKbl/bl ¥KacanblHAbI.
[aspnaHfaH aficTeMeHiH, METPOOrMANBIK cMnaTTamanapbl ecenTeniHgi: KavTanaHbIMAbIAbIK Weri,
[AYPBICTBIK LWeri, KeHeuTinreH 6enriciagik.

TyWiHai ce3pep: CKaHAMIN OKCUA; UHAYKTUBTI N1a3MameH 6aiiaHbICKaH Macc-CNeKTpoMeTpus;
KOCYy-any 94ici; ilWKi cTaHAapT d4ici; Tangay aAictemeci; MeTPOoNOrMANbIK cMnaTTamanap.

Determination of non-
ferrous and rare earth metals
impurities in scandium

oxide by inductively coupled
plasma mass spectrometry

Zlobina E.V.*, Usmanova D.S.

Al-Farabi Kazakh National University,
Almaty, Kazakhstan
*E-mail: elena.zlobina@kaznu.kz

© 2018 Al-Farabi Kazakh National University

The purpose of this study is the development of the method of the impurities’ determination
in scandium oxide by inductively coupled plasma mass spectrometry (ICP-MS). The methodology of
the work included: the analysis of the normative documentation regulating the nomenclature, the
content of the impurities in scandium oxide and the methods of their determination; carrying out a
preliminary semi-quantitative analysis of Sc,0, by ICP-MS and selection of the elements as impurities
for further study; selection of the elements”isotopes and the conditions for ICP-MS analysis; study of
the effect of the matrix element (scandium) on the results of the direct determination of impurities;
the assessment of the accuracy and reproducibility of the determination. 31 elements were selected
as impurities: Na, K, alkaline earth metals, Al, 3d-elements, Pb, 15 rare earth elements and thorium.
The effect of the matrix elemental scandium on the direct determination of the impurities was
investigated. Considering spectral and non-spectral effects on the determination of impurities in
scandium oxide was carried out by the standard addition and the internal standard methods. Indium
solution was used as the internal standard. Metrological characteristics of the developed technique:
reproducibility limits, accuracy limits and expanded uncertainty were calculated.

Keywords: scandium oxide; mass spectrometry with inductively coupled plasma; standard
addition; method of the internal standard; analytical method; metrological specifications.
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1. BeeaeHue

KOHTPONb XMMMYECKOro CcoCTaBa YMCTbIX BeLLecTB MU
MaTepuanoB — C/I0XKHasA aHaUTUYEeCKan 3a4adya. ITO CBA3AHO C
HenpeaCcKasyemocTblo MOBeAEHUA 3/1eMEeHTOB-MpUMecein npu
WX OAHOBPEMEHHOM OMpeAeNeHUK, a TaKKe KOHLEeHTpauuamm
npumecein, PasNUYAOWMMMCA HA HECKONbKO nopsakos [1].
HecmoTpss Ha akKTyanbHOCTb npobnembl, He CyuwiecTyet
YHVUBEPCANbHOIO aHa/NUTUYECKOro meToaa, obecneymBatowwero
TOYHOe, 6bICTPOE W OAHOBPEMEHHOe onpeaeneHne BCeX
BO3MOMHbIX Npumecei. Mcrnonb3yemble MeTogbl aHanusa —
XMMWUYECKMe, CMNeKTpanbHble, 3N1EKTPOXMMUYECKME,
PEHTreHOCNeKTPaibHble MNO3BONAIOT KOHTPOAMPOBATb /IMLWb
OrPaHWYEHHYIO YacTb 3apaHee U3BECTHbIX 31EMEHTOB, MPU 3TOM
He ypaétca AOoCTUYL HeobXOAMMOM TOYHOCTW, A M3MepeHUus
ABNAIOTCA TPYAOEMKUMMU, JOPOTOCTOALLMMU U AAUTENBHBIMMU.

MHCTpYyMeHTaNbHbIMM BO3MOXKHOCTAMMU OAHOBPEMEHHOro
onpepenenna ot 50 go 80 anemeHTOB-NpuMecei obnagator,
COOTBETCTBEHHO, CNeKTpoMeTpus  c
WHAOYKTUBHO  CBA3AHHOM (MCM-A3C) m
CNEKTPOMETPUA C MHAYKTUBHO CBA3aHHOM nnasmol (MCMN-MC).
Mpu 3Tom abcontoTHble npegenbl OOHAPYXKEHUA 31eMeHTOB
coctasaaoT 10 (MCM-A3C) n 103 r (MCM-MC). ina gocTvxkeHUa
YKa3aHHbIX  aHA/IMTUYECKMX  XapaKTepucTuKk  Tpebyetca
nepesefeHve aHanu3upyemblx TBepabix obpasuos B 0,5-1%
pPacTBOPbI HEOPraHNYECKUX KMCNOT C COAeprKaHMEM MATPUYHbIX
KomnoHeHToB ~1x102% macc. (gna UCM-A3C) n ~1x10° % macc.
(ana NCM-MC), 4To CyLLeCTBEHHO OrpaHUYMBaAET BO3MOXHOCTM
MeToA0B [2-4]. BarKHyO ponb B paclMpPeHWUU aHANUTUYECKUX
BO3MOYKHOCTEM METOL0B UrPaeT NpeaBapuUTesibHan XMMUYecKas

dTOMHO-3MUCCUOHHaA

naasmon macc-

NoAroToBka Npob K aHanusy, BK/AOYAKOWAA YacTUYHOe WU
nonHoe oTaeneHune MaTPUYHbIX KOMMOHEHTOB "
KOHLEHTPUPOBAHUE 3/eMeHTOB-npumeceit. PacnpocTpaHéH-
HbIMK cnocobamu NPoOHONOArOTOBKM ABAAKOTCA IKCTPAKLMA U
MOHHbIN 0bmeH [5,6].

[na aHann3a oKcMA0B peaKo3emesibHbIX 3n1emeHToB (P33),
UTTPUA W CKaHAMA NPUMEHAIOTCA XUMUYECKMEe U XUMUKO-
CreKTpanbHble meToabl. MHorMe u3 paspaboTaHHbIX METOAUK
yctapeam  u TpebyldT  3aMeHbl, MO3TOMY  BO3HMWKAA
HEeobX0AMMOCTb  yAyYWeHWA  MEeTo40B  aHa/MTUYECKOro
KOHTponA P33, Y u Sc, X rapmoHM3aumm € CyLLecTBYIOLUMMU
TpeboBaHMAMMU Y BO3MOKHOCTAMW COBPEMEHHOM annapaTypbl,
METPONIOrMYECKMM U UHPOPMALMOHHBIM  obecneyeHnem.
MMpUMEHNTEeNbHO K aHaAM3y YMUCTbIX OKcnaos P33, uttpua u
CKaHAMA,  aKTyaNbHbIM  ABNAETCA  yBeAMYeHMe  4yucna
KOHTPO/IMPYEeMbIX MpUMecel U NOBbILLIEHUE YyBCTBUTEIbHOCTU
aHanusa.

MepcnekTMBHBIM cnocobom pelleHna [aHHOW 3adauu
ABnAeTcs  onpegeneHve npumecerr  metogom  UCM-MC.
OcHoBHble orpaHuyeHuna UCMN-MC ob6ycnoBaeHbl MaTpUYHbIM
3 deKToM 1 cneKkTpanbHbIMU UHTEPdEpeHUmamM [7-9].

MaTpuyHbI 3ddeKT cBA3aH C yBe/IMYEHMEM MNOTHOCTU
ob6bemMHOro 3apafga B BbICOKOBAaKYYMHOM  YacTu
CMEeKTPOMeTPa, YTO NPUBOAMUT K HONbLUIEN CTENEHN paccenBaHuA
MOHOB W, KaK CNefCcTBUE, K CHUMEHWNIO YyBCTBUTE/IbHOCTM Macc-
cnektpomeTpa. CHWXKeHMEe YyBCTBMTE/NIbBHOCTM  MPOMCXOAUT
TaKXe BCNeACTBME OCANKAEHMA MATPUYHbBIX 3/EMEHTOB Ha
pabounx noBepxHOCTAX KOHYCOB MHTepdelica.

OCHOBHOM MPWYMHOM CNEKTPaNbHbIX WHTepdepeHLmit
ABNAIOTCA NNIA3MOXMMUYECKNE peakLun, NpoTeKatolwme Mexay

macc-

© 2018 Al-Farabi Kazakh National University
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MOHaMW  OMpefefiiemMblX 3/1IEMEHTOB M KOMMOHEeHTaMu
pacTBopa. B pesynbtate 06pasyloTcsa MOJMATOMHbIE MOHbI —
okenapl (MeO*, ArO*), apruapl (Ar**, MeAr), rmapokeuapl (H O,
ArOH*, MeOH*), rugpugbl (ArH*, MeH*) n ap., umetowwme Takoe
}Ke OTHOLIEHMEe Macchl K 3apagdy 4To M M30TOM Onpeaessemoro
anemenTa [10].

Cpeam cnocoboB Npeofo/ieHNsa OrpaHnYeHNit, Bbi3BaHHbIX
CNeKTpanbHbIMK  UHTepdepeHuMUamn, ciaepgyeT  OTMETUTb
COBEpPLUEHCTBOBAaHME KaK  KOHCTPYKUMM  M3MEpUTENbHOWM
TaK M nporpammHoro obecrnedyeHus Macc-

Mcnonb3oBaHue

annaparypbl,
CMEeKTPOMETpPOB. MacC-CMeKTPOMeTpoB ¢
ABOMHOW  QOKycMpoBKOM B pexkume  Bbicokoro (10000)
paspeLieHus WU CMEeKTPOMETPOB, KOMBUHUpYOLWMX
MarHUTHbIA W 371eKTPOCTaTUYECKUIA aHaAM3aTopPbl, NO3BONAET
pasfenaTb MNWKM  WOHOB OMNpeAensemMblX 3/NEMEHTOB U
6ONbIIMHCTBA MellaoWwmux MOHOB. Ho gaxe 3TOT meTon He
MOXeT [0 KOHUa CnpaBUTbCA C NPo6/emMOoi ChneKTpanbHbIX
nHTepdepeHUmnit, Hanpumep, ANs oTaeneHus **Sct ot °0Zr*
Heobxoaumo paspeleHne 6onee 20000, 4To B CepUIHbIX
npubopax Hepeanusyemo. Kpome Toro, onucaHHble nNpubopbl
TPYAHOAOCTYMHbI M3-33 BbICOKOW LieHbl [11-13].

Bonee focTynHbIM NMPUEMOM yyeTa BKNaAa CNEKTPaibHbIX
Ha/NIOXKeHWUM ABNAETCA BbIBOA, YPaBHEHWM MaTeMaTuyecKom
KOPPEeKLUMKN, WMHAMBUAYA/bHbIX ANA Kaxaoro usoTtona [14].
KoppeKLMoHHble ypaBHEHMA MoApPa3yMeBaloT BBeAEeHUe ABYX
TMNOB Ko3bdULMeHTOB. MepBbIi TUN BbIBOAUTCA NPU Nepexose
OT OAHOro M30TOMa K APYromy nyTeM COOTHOLEHUA WX
NPUPOLHON PacnpoCTPaHEHHOCTH, BTOPOI — NosyyaeTca npu
aHanM3e UMUCTbIX PaCcTBOPOB aHANU3UPYEMbIX 3S1EMEHTOB.
MporpammHoe obecneyeHune COBPEMEHHbIX
CMeKTpoMeTpoB npoBOAMUTL  MaTeMaTUYECKYHO
KOppeKLMI0 UHTepdepeHUnii HemocpeacTBEeHHO B npolecce
MosyYeHUA pe3ynbTaTos, a YPaBHEHUA ANA MHOMMX U3BECTHbIX
UHTepdpepeHUnii 3apaHee COCTaBAEHbl W BK/KOYEHbl B
nporpammbl. Bo nsbexkaHve 60nbliol owWNOKKU, CBA3AHHON C
3G PeKTOM AUCKPUMUHALMKU MACC, B YPaBHEHUAX KOppeKLun
UHTEpdepeHUnii A0MKHbI  GUTypMpoBaTb M30TOMbI, Macchbl
KOTOpbIX passnyatoTca He 6osee yem Ha 10 a.e.m. B nocneaHee
BPEMA MNPUMMEHEHUIO TaKUX YypaBHEHWIN yaensetca 6onblioe
BHUMaHMe.

Mpobnemy ycTpaHeHWA MNOAMATOMHbIX WHTepdepeHLuit
peLllatoT, NPUMEHAA PeaKLMOHHYIO (MAN CTONKHOBUTE/bHYHO)
AYeiKy, NomellaeMylo B BbICOKOBAKYYMHOM 4YacTu macc-
cneKkTpomeTpa nepes ~ OCHOBHbIM  KBaJpyrnonem v
npeacTasasaolyo  coboil  AOMNONAHWUTENbHbIM  KBagpynosb,
rekcanosib UM OKTOMOJb, 3aNONHAEMbIN PA3NINYHBIMK razamu
(He, H,, NH, 1 T.4.). YoaneHve melwaoLlmx MOHOB NPOUCXOAUT
32 CYeT MX CTO/IKHOBEHWW WM peakumit c aTomMamu rasa,
3anonHaLWero A4enky. Mpoueccol, NpoTeKkatowme B A4Yelike,
Mo3BO/IAT CHU3UTb MOTOK UHTEPPEepPUPYHOLLUX MNOAUATOMHBIX
MOHOB Ha 6-8 MOpPAAKOB, 4YTO BMOAHE [AOCTAaTOYHO ANA
yCTpaHeHMA MHOTUX UHTepdepeHLmu [15].

[Nna KoNMYecTBEHHOro onpeseseHnA aHaiUTOB LUMPOKO
NPUMEHAIOT MeTOJ, BHYTPEHHero cTaHAapTa, NO3BOAIOLWMI
YYuTbIBaTb BAMAHUE HECMEKTPaNbHbIX WHTepdepeHumMn Ha

Macc-
nossonaet

pesynbTaT aHanusa. B KayecTBe BHYTpeHHero cTaHAapTa B
metoge WCN-MC 4yacto wucnonb3ytoT *In. Ho nonpaBKa
KOHUeHTpauuu ‘Li no ***In 6yaeT HEKOPPEKTHOM B CUY TOTO, YTO
BAUAHME MATPUYHOro 3bdeKTa Ha YyBCTBUTENBHOCTb Npubopa
no ’Li n In cywecTBEHHO OTAMYAIOTCA NO BeandnHe. TaKkxke
3In He nogoMAET B KayecTBe BHYTPEHHEro cTaHzapTa npw
onpeaeneHunn cuny nsotona **Sn,
cosgatolero nsobapHoe HanoxeHwe Ha *In. Ha npaktuke
naeanbHbl  BbIBOpP BHYTPEHHEro CcTaHAapTa He Bcerga
BO3MOMKeH [16].

Uenb HactoAwein paboTbl — paspaboTka MeTOAMKM
onpeAeneHna MNpumMecei UBETHbIX W pPefKo3eMeNbHbIX
MeTa/IIoB B OKCUAE CKaHAUA METOA0M MAaCC-CNEKTPOMETPUM C
WHAYKTUBHO CBA3AHHOM NN1a3MOW.

Oon0Ba B Haan4yma

2. dKCcnepumeHT

B paboTte pna uccnefoBaHWM Mcnosib3oBanu obpasel,
OKCMAQ CKaHAMA C HEeU3BeCTHbIM COoAepKaHWem npumecei.
McxoaHblt pactBop (MP) rotoBuau pacTBOpeHWemM TOYHOM
HaBeckn Sc,0, B KOHLEHTPUPOBAHHOM a30THOM KUCoTe npu
HarpeBaHUW C nociepyOWUM pasbaBneHMEM MONYYEHHOro
pactBopa 4o ¢uKcupoBaHHoro obbema. [ns nMpUrotosieHms
pacTBOPOB MCNO/Ib30Ba/IM a30THYH KMCAOTY MapKu 0.C.H., BCe
pacTBopbl FOTOBUAM C NPUMEHEHMEM BUAUCTUANNPOBAHHOWM
Boabl. [Mocysy [ANA  MPUTOTOBNEHMA  PacTBOPOB  nepes,
MCMO/Ib30BaHNEM BbIAEPKMBANMN B TeUeHue 2-3 AHel B 5 %-HoW
HNO,, 3atem npombiBanu 6MAUCTUNNMPOBAHHON BOAOW K
BbICYLUMBANN.

[Ona  nonyyeHWa  rpaflyMpoBOYHbIX  XapaKTEPUCTUK
NPUMEHANWU CTaHZApTHble pacTBopbl gna MCMN-MC  (Multi-
element Calibration Standard 1, Multi-element Calibration
Standard 2A - Agilent Technologies, CLUA).
BHYTPEHHEro CTaHgapTa NPUMeHAnn pactsop uHaua (Indium
Internal Standard Stock Solution). KanubpoBKy macc-
CMeKTpoOMeTpa NPOBOAMAN MO HACTpoeYyHOMY pacTeopy (Tuning
Solution).

MccnepoBaHua npoBoAMaAnN Ha macc-cnektpomeTtpe 7500a
(Agilent, AinoHua). Ycnosma paboTbl CNeKTpoMeTpa: CKOpOCTU
NOTOKOB nN/iasmoobpasytowero rasa v rasa-Hocutena 0,1 u
1,0 gm3/MUH, cooTBeTCTBEHHO, TemnepaTypa niasmbl 8000°C,
BpemA nHTerpauuu curdana 0,1 ¢, MOLHOCTb BbICOKOYACTOTHOTO
curHana 1600 Br.

MccnepoBaHne BAMAHWA MaTPUYHOIO 3/1eMeHTa (CKaHaWA)
Ha onpefenieHne coaepKaHna npumeceit NPOBOAUAN METOLOM
[063aBOK U METOA0M BHYTPEHHEro CTaHAapTa.

OnpepeneHve copepKaHWA 3/7eMeHTOB-Npumeceit Mo
meTony [Ao6aBoK npoBoauAM  rpaduueckum  cnocobom.
MonyyeHHble rpagyMpoBOYHble 3aBMcUmocTH | = f(CA) (1, -
WHTEHCMBHOCTb  @Ha/IMTMYECKOTO  CUrHana 3nemMeHTa B
uccneayemom pactsope, y.e., C, — KOHUeHTpauus aobasneH-
Horo MKr/gm3®)  NMHeapv3oBann  MeTOLOM
HaMMeHbLUMX KBaApPaTOB.

CofepkaHuWe 371eMeHToB Mo
CTaHAApTa paccynTbiBanun no dopmyne:

B KauectBe

31eMeHTa,

MeTo4y BHYTPEHHero
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I
Cx=1_x'k'cst, (1)
St

roe

C, — KOHUEHTPaLMA 3/1eMeHTa-NPUMecH, MKr/am’;

| — VIHT@HCWMBHOCTb aHaIMTUYECKOTO CUTHaNa BHYTPeHHero
cTaHZapTa (MHama), y.e.;

C,, — KOHUEHTpaLua BHYTPEHHEro CTaHAapTa, MKr/am’.

MonpaBoYHblit KO3PULMEHT k paccunTbiBanu ANA CMeECH
CTaHAAPTHOIO U ONpeseNsiemoro BelecTsa M3BECTHOrO COCTaBa
no déopmyne:

I, C:
k=222, (2)
Ix ' Cst

roe

C,’ — N3BeCTHaA KOHLEHTPaLMA 3/1leMeHTa-NPUMeCH, MKr/am’;
C,,' — M3BeCTHasA KOHLEHTPaLMA BHYTPEHHEro CTaHAapTa,
MKr/gm3,

3. Pe3ynbTaTbl M 06CyXKAEHUA
3.1 Bbibop onpedensemoblx anemeHmos-npumeceli

Bbl6bop NepeyHn anemeHToB-npumeceit 4Ns AanbHenwero
nccnepoBaHUA MPOBOAMAM, UCXOAA M3 TeX KOHTPO/MPYemblX

NoNyKoanyecTBeHHoro aHanusa WP, nposegéHHOro metogom
MCN-MC (tabnuua 1).

[na panbHeliwero nccnegosaHma 6bii BbibpaH 31 meTann:
Na, K, wenoyHoszemenbHble meTtannsl, Al, 3d-anemeHTsi, Pb, 15
pesKosemenbHbIX 3nemeHToB (P33), Topuid.

3.2 Bbuibop uzomonos anemeHmos 0aa MCM-MC
onpedeneHus
OfHOM U3 MPUYMH  WCKaXKeHWs pe3ynbTaToB  Macc-

CnekTpomeTpunyeckoro
CNeKTPbl onpeaenAemMblX 3/1eMEHTOB CNEKTPOB MOJIEKYNAPHbIX

aHanM3a ABNAETCA HaNOXeHue Ha
MOHOB, 06pasytolmnxca B Maasme B pe3yibTaTe peakuui
MeKay KOMMOHeHTamu npobbl, pacTBopuTens U aproHom. B
HEeKOTOPbIX C/y4yasX CrneKTpasbHble yaaetca
MUHMMU3MPOBATL MyTem BbibOpa NOAXOAAWMX M30TOMOB
onpeaensiembiX 371eMeHTOB, CBOBOAHbIX OT WHTepdepeHLumi.

Ha/0XXeHnA

MpoBeageHbl MCCNefoBaHMA MO Bbl6Opy Takux m3oTonos. B
Tabnuue 2 npeacraBaeHbl onpegeneHua
coAepXaHnA  HEeKoTopbIX Sc.0

273
nony4yeHHole AnAa MacC, pPEeKOMeHOOBAHHbIX I'IpOI'paMMOVI

pesynbTaTbl
3NeMeHTOB-Npumeceit B

cnekTpomeTpa Agilent U anbTepHaTUBHbIX Macc, cBO6OAHbIX OT
CMEKTPasibHbIX HANOMKEHWUI. B Tabnuue He NpuBeaeHbl AaHHble
[ONA 3N1eMEHTOB, UMEIOLLMX TONbKO OAMH MPUPOAHbINA M30TON.
Ona  cpaBHeHua B Tabauue npuBeAeHbl
noJsiy4eHHble MeTo40M BHYTPEHHEero cTaHaapTa.

pesynbTaThl,

Kak cnepyeTt 13 nonyyYeHHbIX AaHHbIX, NPU onpeseneHun
TakKMx meTannos Kak Mg, Ca, Sr, 1 Ba MOXHO Mcnonb3oBaTb
KaK PEeKOMEeHO0BaHHbIW, TaK W anbTepHaTUBHbLIA M30TOMNbI. B
cnyydae onpegenenus V, Cr, Mn, Cu, Gd, Tb, Dy, Yb, Lu

3/1eMEeHTOB, KOTopble npuseeHbl B TY-48-4-417-87 «CKraHauA ONTUMasbHble pe3ynbTaTbl nony4yeHbl TONbKO ana

OoKkuMcb Mapku CKO-3», a TakKe Ha OCHOBaHUM pe3ynbTaTOB  PEeKOMEHAOBaHHbIX Macc.

Tabnuua 1 — Pe3ynbTaTtbl NOAYKOMYECTBEHHOIO aHAAN3a Sc,0, metogom UCM-MC

dnemeHT CopeprkaHue, dnemeHT CopeprkaHue, InemeHT CopeprkaHwue,
macc.% macc.% macc.%

Li 2,13-10* Ni 2,03-102 Sm 4,00-10*
Na 1,94 Cu 8,50-10°% Eu 1,18-10*
Mg 1,34-102 Zn 8,75-10° Gd 3,44-10*
Al 8,94-10°% Ga 5,56-10* Tb 6,94-10°
Si 3,81-10% Br 2,31-10°% Dy 4,19-10*
P 0,08 Rb 3,00-10* Ho 9,13-10°
S 0,51 Sr 2,38:10? Er 2,69:10*
cl 0,13 Y 2,13-10°% Tm 5,44-10°
K 0,79 zr 7,00-102 Yb 3,94-10*
Ca 0,55 Cd 2,19-10* Lu 6,13-:10°
Ti 6,75-10° | 2,56-10°% Hf 6,00-10*
Vv 1,10-10* Ba 1,38:10 Pb 4,19-10°
Cr 7,88-10* La 1,31-10°% Bi 3,13-10*
Mn 4,06-10°% Ce 1,11.10° Th 0,09
Fe 0,05 Pr 3,31-10* U 3,00-10*
Co 1,44-10* Nd 1,44-10%
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Tabnuua 2 - CopepraHuMe HEKOTOPbIX 3/eMeHTOB-Npumecei B Sc,0,, nonyyeHHbix metogom WUCM-MC  gna  pasHbix

MU30TOMHbIX Macc

o w,,%BScO
PekomeHA,0BaHHbIN mer 70 273

ANbTepHaTUBHbBIN

0, 0,
Wy % B SczO3 Wy % B SCZO3

MeTann n3oTOn (pna pe:;)c;\:s:gg)sawblx 3070 (pna a::;fg:s;’;fiwblx (no Me'(r:c;gz:aHF\)/:;p)eHHero
Mg 24 3,71-107 26 3,92:107 2,28:107
Ca 43 1,71 44 1,63 1,83

\Y 51 7,44-10* 50 1,93-10° 7,63-10*
Cr 53 2,97-10° 52 5,74-10* 2,34-10°
Fe 57 1,18-10* 54 8,66-103 2,34-10°
Cu 63 6,09-10° 65 1,00-10? 2,66-10°
Zn 66 2,64-107 68 2,51-107 1,07-103
Sr 88 5,63-107 86 4,99-10? 7,47-10?
Ba 137 2,62:10° 135 2,45-10° 2,87-107
Gd 157 5,94-10* 159 1,93-10* 8,25-10*
Dy 163 7,48-10* 162 7,17-10° 9,40-10*
Yb 172 6,79-10* 171 7,53-10° 9,82:10*
Lu 175 1,83-10* 176 7,90-10° 8,91-10°

Mpobnema 3aBblleHMA Pe3ynbTaToB Ha Lesblii NopALoK
BO3HUKNA nNpu onpeaeneHuu
CBA3QHO CO CMEKTPa/ibHbIM HANOXEHWEM apruAoB MarHus,
Xxpoma u mean. CogepraHume sTUX MeTannos B npobe coctasnseT
10 macc. % c BepOATHOCTbIO BAUAHUA 84-95 %, UTO MPUBOAUT K
3aBbllWEHWIO Pe3y/1bTaToB.

Mpu  onpepenexHun cnegyetr  NPUMEHATb
anbTepHaTMBHLIA M30TON °*Fe, T.K. Ha PEKOMEHAOBaHHbIN
nsoton °’Fe ¢ BepoATHOCTbIO 92 % BAWAeT, 06pa3oBaHHbIN B
niasme MoH °FetH*,

3.3 UccnedosaHue 8aAUAHUA MAMPUYHO20 3ghghekma

BbicoKkoe coaepiKaHue cKaHAMA (MATPUYHbLIA 31EeMEHT) B
aHaNM3nMpyeMom pacTBope YBE/NMYMBAET KOHLEHTpauuio ero
MOHOB B Naa3me, YTO NPUBOAMT K YBE/IMYEHUIO MJIOTHOCTU
06bEMHOro 3apaga, NOBbIWEHUIO pPaccesHUA BCEX MOHOB U K
CHUXEHUIO YyBCTBUTENBHOCTU Macc-CnekTpomeTpa. BavaHue
MaTPUYHOTO 3/IeMEeHTa Ha onpeaeneHne MeTanNoB-npumecei
6b110 UCCNef0BaHO MeTOAOM A06aBOK U METOAOM BHYTPEHHEro
CTaHAapTa.

CornacHo meTtogy Ao6aBoK 6blna NpUrotToBaeHa cepus
KOTOpbIX coaepkaHne WP  ocraBanocb
NMOCTOAHHbIM, @ KOHUEHTpauuMmM [06aBOK CTaHAAPTHOroO
pacTBopa 3NemMeHTOoB-Npumecei yBE/IMYMBaNUCh
COOTBETCTBEHHO COOTHOLWeEeHMIo 1:2:4. B noay4YeHHbIX pacTBOpax
onpeaenanu anemeHtbl-npumecn  metogom UCM-MC. B
Tabnunue 3 npeacTaBaeHbl pe3ynbTaTbl NPAMOro onpeseneHuns
31EeMEHTOB-NPUMECEN 1 Pe3yNbTaTbl, NOJyYEHHbIe MO MeTo4y
006aBOK.

Kak cnegyeT u3 Tabnuubl 3, Ha onpegeneHue LBETHbIX
meTtannos: Mn, Fe, Cu, Zn, Sr, Ba, Pb n peaxkosemenbHbIix
meTannos Y, La, Ce, Pr, Nd, Sm, Gd, Yb He o6Hapy»KeHo BAMAHKE
MaTpUYHOro snemeHTa. Metogom A06aBOK MOXKHO MOBbLICUTb

UMHKA, YTO, BO3MOXHO,

Kenesa

pactBopos, B

4yyBCTBUTENbHOCTb onpeaeneHua Co, V u Cr, KoTopble He
06HapyXMBalOTCA Npu NpaMoM onpegeneHnn. Bcnepctsue
BbICOKOro cogeprkarua Ca, K u Na B uccnegyemom obpasue, nx
onpegeneHne metoaom A06aBoK He LenecoobpasHo. Cneayet
OTMETUTb, YTO NpW onpegeneHnn metogom gobasok Eu, Tb, Dy,
Er, Ho, Tm, Lu 6bin1 Nony4YeHHble 3aHMXKEHHbIE pe3ynbTaThbl, a
npu onpeaeneHnn Th — 3aBblleHHbIe.

[Ona vccnepoBaHUA BAMAHUA CKaHAMA HA onpegeneHue
3N1eMeHTOB-NpUMeceir NO MeToAy BHYTPEHHEero cTaHgapTa
6blN1a NPUroTOBNEHA CEPUA PACTBOPOB, B KOTOPbIX COAEpPKaHUe
BHYTPEHHEro cTaHgapTa — MHAMA OCTaBasioCb MOCTOAHHbLIM, a
cooTHoweHune MP:In coctasnano 1:1, 1:2 n 1:4. Mony4yeHHble
pe3ynbTaTtbl NpeacTaBieHbl B Tabanue 3.

Kak cneayet n3 Tabanubl 3, 414 TaKUX MeTannoB., Kak Ca,
K, Na, Mn, Fe, Cu, Sr, Zn, Ba, Pb pesynbtatbl npsamoro
onpegeneHva U pesynbTaTtbl, MNONYYEHHble  METOAO0M
BHYTPEHHEro CTaHZapTa, COrNacylTca  Mexay Cobow.
ONTMMaNbHBIM METOAOM, YYUTHIBAKOWMM MAaTPUYHOE BUAHMKE
CKaHAMA Ha onpejeneHne peaKko3emesbHbIX 31eMEeHTOB,
ABNAETCA MEeTo/, BHYTPEHHero ctaHgapTa

3.4 OuyeHka  Memposao2UYecKUx  Xapakmepucmuk
memoouku UCM-MC onpedeneHus 3snemeHmos npumeceli 8
OKcude cKaHous

OueHunBaHue MeTOANKHM
nposoaunu B coorsetcteumn ¢ PMI 61-2003 [17]. MokasaTenu
NPaBUAbHOCTU METOAMKN aHaIM3a OLLEeHUBAIN C MPUMEHEHNEM
meToza 006aBOK.

KauecTBo

nokasaTesei TOYHOCTU

pesynbTaToB  aHanM3a, MONYYEHHbIX B
COOTBETCTBMM C paspabaTbiBaeMolil METOAMKOW OLEeHUBANU
TaKXKe C no3vMuMi KOoHUenuuu HeonpegeneHHoctn [18].
MonyyeHHble pesyabTaTbl NpeacTaBieHbl B Tabavue 4.
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Tabnuua 3 — CpaBHeHWe pe3ybTaToBs, NOAYYEHHbIX METOAAMU BHYTPEHHero cTaHaapTa U 406aBoK Npu onpeaeseHun 31emMeHToB-

npuMmeceit B OKCUAEe CKaHaMA

CopeprkaHue, macc. %

CopeprkaHue, macc. %

Me Mpamoe MeTopn BHyTpeHHero MeTtop, Me Mpamoe MeTopn BHYTpeHHero MeTtop,

onpeaenexune cTaHfapTa n06aBoK onpeaenexune CTaHgapTa n06aBoK
Na 1,94 1,98 - Y 5,48-103 5,06-10° 2,80-10°
Mg 6,44-10° 2,28-107 - La 4,08-103 3,48-10° 2,36:10°
Al 0,933-10? 1,01-10° 0,706-107 Ce 3,64-10° 3,03-10° 2,02:10°
K 2,54 3,07 - Pr 9,91-103 8,19-10° 7,28-10*
Ca 1,18 1,83 - Nd 7,01-10% 3,13-10° 2,60-10°
\Y 2,50-10* - 7,63-10* Sm 4,54-103 8,28:10° 8,60-10*
Cr 0,445-103 - 2,34-10° Eu 3,00-10° 1,86-10° 3,43-10*
Mn 2,98-10° 7,71-10° 3,90-10° Gd 5,94-10* 8,25:10* 7,15-10*
Fe 6,65-107 8,29-:10? 6,36:107 Tb 0,88-10* 1,50-10* 2,93-10*
Co 3,04-10* - 6,88-10* Dy 7,48-10* 9,40-10* 8,95-10*
Cu 3,75-10° 2,66-10° 4,74-10°3 Ho 1,17-10* 1,42:10* 2,88-10*
Zn 3,31:10° 1,07-10° 2,93-10° Er 4,86-10* 6,67-10* 8,43-10*
Sr 6,54-10" 7,47-107 3,39:107 Tm 0,48-10* 1,00-10* 2,18-10*
Ba 3,26-10% 2,87-107 1,71-102 Yb 6,79-10* 9,82:10* 8,78-10*
Pb 10,3-10° 4,22-10° 6,51-10° Lu 9,44-10° 8,91-10° 33,0-10°

Th 0,36 0,27 -

3.5 Paspabomka memoOuKku onpedeneHus npumecel 8
oKcude CKaHOusA

MeToauKka onpedeneHua NMpuMeceit B OKCUAe CKaHAWA
metogom MCI-MC BkatoyaeT chegytolwme atanbl:

1. MpurotoBneHne OCHOBHOIO MUCCNELyeMOro pacTsopa.

PactBopuTtb Hasecky (0,5000+0,0002) r wuccnegyemoro
obpasua okcupa ckaHaua B 15 cm® KOHLEHTpUMpOBaHHOW
a30THOM KMCNOTbl MpWU HarpeeaHuu. lepeBecTn pacTBop B
MepHYH K06y BmectumocTbio 200,0 cm® 1 JOBeCTU 40 METKM
2,5 %-HOoW a30THOW KUCNOTOM.

2.MpwuroTtoBaeHne CTaHAAPTHbIX PACTBOPOB ANA MOAYYEHUA

rpagyvpoBoOYHbIX  xapaktepuctuk  WUCMN-MC  onpegeneHusn
MeTanNnos..
B MepHble KONGbl MNOMECTUTb aJIMKBOTHbIE YacTu

CTAHAAPTHbIX PACTBOPOB LBETHbIX Y PEAKO3EMENbHbIX META/II0B
(Hanpumep, Multi-element Calibration Standard 1, Multi-
element Calibration Standard 2A — Agilent Technologies, CLLA). B
Kaskayto Konby pobasutb no 10,00 cm® pactBopa MHAMA
(BHYTpeHHMI cTaHAapT) ¢ KoHueHTpauuen 1,00 mr/am3. Losectn
00 MeTKM 2,5%-HoW a30THOW KUCNOTOMN.

[PafyMpoOBOYHbIE  XapPAKTEPUCTUKM
koopauHatax /I =f(C, , mka/om?)

3. MpwuroTtoBaeHWe pacTBOPOB A/1A aHAIM3a.

ANMKBOTHYtO YacTb 2,00 cm® OCHOBHOMO pacTBOpa OKcuAaa
CKaHAWA MOMECTUTb B MEPHYIO Koiby BMecTumocTbio 50,0 cm?,
no6asutb 10,00 cm® pactBopa MHAMA (BHYTPEHHUI CTaHAAPT) C
KOoHueHTpaumen 1,00 mr/am® posectm A0 meTkM 2,5%-Hol
a30THOW KMUCNOTOM.

noCTpPOUTb B
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4. NMoaroToBKa Macc-CNeKTpoMeTpa K aHanunsy.

MoAroToBUTL Macc-CNEKTPOMETP COMMAaCHO WMHCTPYKL MK
npovssoguTens.

5. OnpegeneHne sneMeHTOB-NPUMeECei B OKCUAE CKaHAMA
metogom UCM-MC.

6. PacyéTt pesynbratoB aHanmsa.

CopeprkaHue Kaxporo meTtanna (w, macc.%) B okcuge
CKaHAMA paccymTaTtb No Gopmyne:

Cye Vi-Vy-1077-100%
V3-m

Wpe =
(3)

CyeVi-Vy-1077
. Vi-m

’

roe
Cy. — KOHLEHTPaLMA meTanna, onpeaenéHHas no
rpasyvpoBoyHomy rpaduky, MKr/gm?;

V, — 06bEM 1CXOAHOTO pacTBOpa OKCKAa CKaHAmA, Cv’;
V,— 06b€M mepHOii Konbbl, cm’;

V, — 06bEM anMKBOTHOM YacTu pacTeopa, cm’;

m — macca HaBeCKM OKCUAa CKaHaus, T;

10° — ko3 duuMeHT nepecyéra.

7. MeTponormyeckas 06paboTka pe3ynbTaToB aHaim3a.
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Tabnuua 4 — MNokasaTenn TOYHOCTU MeToguKM (% macc.) (SR — CTaHA4ApTHOE OTKAOHEeHWe BOCMPOU3BOAMMOCTM; R — npegen

BOCMpPOM3BOANMOCTH; AC -

NOKa3aTesib NPaBUIbHOCTU METOAUKWU aHanu3a, A - rPaHuLUbl MHTEpPBa/sia, B KOTOPOM Haxo4UTCA

NOrpeLIHoCTb Pe3yNbTaToB aHaAn3a Npu 4oBepuTebHOM BepoaTHocTM P = 0,95)

PacwupeHHan
— Cop‘;:::iizwe' Bocnpounssoanmoctb MpaBunbHoOCTb ToyHOCTb HEONPeAENEHHOCTb

S, R 4, £4 ot
Na 2,5 0,79 2,19 0,04 0,15 0,06
Mg 5,0-10°% 5,9-10°% 1,6-10° 2,9-10* 1,1-10° 8,84-10°
Al 7,0-10° 3,1-10° 8,8:10° 1,6-10* 6,2:10* 8,68:10°
K 2,1 0,56 1,56 0,03 0,11 0,08
Ca 1,8 1,49 4,14 0,07 0,29 0,17
\ 1,0-10* 1,6-10* 4,5-10* 7,9-10°® 3,2:10° 4,22-10°
Cr 5,0-10* 6,3-10* 1,8-103 3,1-10° 1,2-10* 1,06-10°
Mn 5,2:10° 2,5-10° 6,9-10° 1,2-10* 4,9-10* 6,93-10°
Fe 6,4-107 3,7:10°% 0,01 1,8-10* 7,3-10* 7,85-10*
Co 2,0-10* 2,2:10* 6,0-10* 1,1-10° 4,3-10° 4,67-10°
Cu 4,2-10° 9,7-10* 2,7-10° 4,7-10° 1,9-10* 1,10-10*
Zn 4,0-10° 3,3-10° 9,1-10° 1,6-10° 6,5-10* 5,26-10°
Sr 4,2:10? 4,1-10? 0,11 2,0-10° 8,0-10° 2,95-10*
Ba 2,8:10% 5,4-10° 0,01 2,6:10* 1,1-10° 8,48-10*
Pb 2,6-102 4,2.10* 0,12 2,1-10° 8,3-10° 1,09-10°
Y 4,3:10° 1,3-10° 3,7:10° 6,6:10° 2,6:10* 5,87-10®
La 3,6:10° 6,1-10* 1,7-103 3,0-10° 1,2-10* 1,55-10°
Ce 2,8-10° 9,4-10* 2,6:103 4,6-10° 1,9-10* 1,11-10*
Pr 3,8:10° 6,8:10° 0,02 3,4-10* 1,3-10° 6,58:10°
Nd 4,4-10° 3,0-10°% 8,2:10° 1,5-10* 5,8-10* 2,84-10°
Sm 1,8-10° 3,1-10°% 8,6:10° 1,5-10* 6,1-10* 9,03-10°
Eu 1,2.10° 2,2:10° 6,0-10° 1,2-10* 4,3-10* 8,61-10°
Gd 4,0-10* 4,3-10° 1,1-10% 2,1-10° 8,5-10° 1,08-10*
Tb 4,0-10° 5,4-10° 1,4-10* 2,7-10°® 1,1-10° 7,38-107
Dy 5,0-10* 4,7-10* 1,3-103 2,3-10° 9,2:10° 5,96-10°
Ho 1,0-10* 6,2-10° 1,7-10* 3,0-10° 1,2:10° 1,71-10°
Er 5,0-10* 1,7-10* 4,7-10* 8,4-10° 3,31:10° 3,63-10°
Tm 2,0-10° 3,6:10° 9,9-10° 1,8-10° 7,01-10° 8,44-107
Yb 5,0-10* 5,0-10* 1,4-103 2,4-10° 9,77-10° 1,04-10°
Lu 3,0-10° 6,8:10° 1,9-10* 3,3-10° 1,33-10° 1,29-10°
Th 0,30 0,09 0,24 4,3-10% 0,02 0,07

4. 3aKkntoyeHue

B paboTe npoBeaeHbl MUCCNEAOBaHWUA A/1A Pa3paboTKu
METOAMKM OonpeaeneHus 371eMeHTOB-MpumMeceit B OKcuae
CKaHOMA MeTOAOM  MACC-CMEKTPOMETPUM C  MHAYKTUBHO
CBA3aHHOM nnasmoi. [lepeyeHb onpeaensembix B Sc,0,
3/1IeMEHTOB, pacluMpeH No cpaBHeHuto ¢ TY-48-4-417-87 po 31
anemeHTa u BKAtoYaeT: Na, K, LwenoyHosemenbHble meTanssl, Al,
3d-anemeHTbl, Pb, 13 P33, UTTpuiA, NaHTaH, TOPUIA.

OCHOBHbIMW ~ GAKTOpPaMK, BAUAIOWMMKU Ha TOYHOCTb
pe3ynbTaToB aHanu3a, nonyyaemblx metogom  MCM-MC,
ABNAIOTCA  CMEKTpasibHble UHTEpbEpeHUMM U MATPUYHbBIN
addekT.

Ona  anemeHTOB-NpUmecen, onpeaeneHne  KOTOPbIX
MOXXHO NPOBOAWUTL MO PasHbIM M30TONam, 6blan BbIGPaHbI
M30TOMbl C HAWMEHbLUMM CMeKTpasbHbiM BAuAHMEM. [lpu
onpegenenun V, Cr, Mn, Cu, Gd, Th, Dy, Yb, Lu onTumanbHbie
pe3ynbTaTbl  NOJy4YeHbl TO/NBKO ANA  PEKOMEHAO0BaHHbIX
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Nporpammoit macc-cnekTpomeTpa u3otonos. Mpu onpeaeneHum
enesa cnegyert NPUMEHATb albTePHATUBHbIN M3oTon **Fe.
YCTaHOB/IEHO YTO, y4eT BAUAHWUA MAaTPUYHOTO 3/N1eMeHTa —
cKaHamA Ha onpepeneHue cogepkaHusa Cr, Co n Cd cnegyet
NpoBOAMUTL C MOMOLWbI0 MeToAa Ao6aBoK. ONTUManNbHbIX
pe3ynbTaToB NpU ONpeAeNeHnuM OCTaNbHbIX 28 3/71eMeHToB
MOKHO LOCTUYb C MOMOLLLbIO METOAA BHYTPEHHEro CTaHaapTa.

Takum 06pasom, npessioxKeHbl cnocobbl MUHMMMU3ALUK
MaTpUYHOro 3ddeKkTa U CnekTpanbHbIX WHTepdepeHumnin Ha
onpepeneHne npumecen B okecuae ckaHama metogom UCM-MC.
PaspaboTtaHa ¥ meTponorMyeckn o06OCHOBaHa MeToAMKa
onpeaeneHuns OKCMAe CKaHauA.
PaspaboTaHHaa MeTOAMKA MOMKET MPUMEHATbCA B MpPaKTUKe

3J'IeMeHTOB-rIpl4MECEI‘;I B

3aBOACKMX labopaTopuii MeTanaypruyeckmnx Npomn3BoACTB.
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