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MHUKPOSJIIEMEHTBI B BBIHOCE IIBUIM H3 BPAIIAIOIUXCA
IIEMEHTHBIX ITEYEA, PABOTAIOIIUX HA CIIAHIIEBOM TOIUIMBE

Lidia PETS, P. VAGANOV

MICROELEMENTS IN THE DUST OUTBURST
FROM OIL SHALE FIRED ROTARY CEMENT KILNS

B OCcTOHMH OCHOBHBIM NPOH3BOIMTENIeM IeMeHTa siBiIseTcs 3aBopm «KyHma
Texacemn». [IpH O06XWre KIHMHKepa BO BpaLIAIOIIMXCS LEMEHTHBIX Medax
obpa3yeTcs MBLIb, KOTOpas IpPEICTaBISeET COO0M MOGOYHBIM MPOIYKT H
YIaBIHABAETCS DIEKTPODHUILTPAMH.

Maxkpo3s/ileMEHTHBIY COCTaB STOM NBLIM TIIATENBHO HM3YyYeH B Ja60paTOpHH
3aBOfla M Ha Kadempe arpoOXMMHH DCTOHCKOM CeIbCKOXO3SMCTBEHHOM
aKaJeMHH, MMOCKOJbKY 6iaromapsi 60JbLIOMY CONEPXKAHHMIO KaJIbLUS A KaJIHS
STOT MOOOYHBIM NPOXYKT ¢ 1964 r. HCIONB3yeTcs B CEJLCKOM XO3SIHCTBE
OCTOHHM [JISI HEWTpPATH3allMA KMCIBIX MO4B. II0 ®TOM NpHYHMHE B MBLIH
BpalLAIOLIMXCS MeYer onpeaeeHbl KOHIEHTPalUy LIIeCTH MUKPO3JIEMEeHTOB: B,
Mn, Cu, Co, Zn, Mo [1, 2], — T. K. HMEHHO OHH B IMEpPBYI0O OvYepelb
BOBJIEKAIOTCS B OHOJOrHYECKHME IpPOLECCHI H YCBAHBAIOTCS OpraHM3MaMH
KUBOTHBIX ¥ PacCTEeHHM.

B TO Xe BpeMsi ISl pellleHHs IIIHPOKOMACINTA6HBIX SKOJIOTHYECKHUX MPpoOIeM
He00X0IVMO UMETh IIPeICTaBIeHHE O CONEePIKaHUHU B U3y4yaeMOM 06beKTe 6olree
LIHPOKOro0 Kpyra MHKpO3JIeMeHTOB. Llenb DaHHOM pa6OThI — KOJIHMYECTBEHHO
ONpefeNuTh B MLeMeHTHOM nbuitd 30 MHKpPOSIEMEHTOB, BBISBUTH HX
pacmpefelieHHe Ha Pa3HYHBIX Tanax NbUIECYJABIMBAHUS M PACCYUTATh P
BEJIAYHH.

DKCcrnepAMEHTANBHAS 9aCTh

IlepBast cepus (C-1) mpo6 mbuTM ObUIa OTOOpaHa CO INHEKOB IO
3IIEKTPODUIBTPaMH 2-, 3- U 4-M [IeMEHTHbIX Mevyey 3aBoma «KyHma Texacem».
ITo cocTaBy Kaxmas npo6a 3TOM CepHH NpeCTABISIET cO60H CyMMapHYIO NpoGy
dpakuy ObUIH CO BeeX MOJeH 3IeKTPODHUIBTPA LEMEHTHOM MeYH.

Bropas cepusi (C-2) npo6 meLtH 661Ta 0TO6pana ¢ MoJiek IeKTPOGUILTpa 3-i
LIeMeHTHOM ne4H. IIpo6kI B3SATEI KaK C OTHENbHBIX moned — c IV u ¢ V, Tak u
CYMMapHO C HeCKOJbKUX monert — Il u V u III—V.

I'panyioMeTpHYeCKHIl COCTaB P06 paccCMaTpHUBaeMBbIX CepHl pasnuyeH; B C-2
Npeo6IafaioT YacTHLEI 60Tee MENKUX hpakiui.

Bo Bpemsi oT60pa npo6 mapaMeTpEI MOJIei SIEKTPODUILTPA, IepeYrCIeHHBIX
BbIIlle, COCTABJISIM cooTBeTcTBeHHO 10/8, 33/5, 32/25, 37/5,32/5, 21/3 u 35/2
kB/MA, Temnepatypa B kKamepe — 320, 310, 310 u 320 °C u BiaxHoOCTb 37,6;
38.3; 37,.1:m:35.5:. %
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IIpo6y aHaMM3WUPOBAaIH  BBICOKOYYBCTBHTEIBHBIM  HHCTPYMEHTAJIBHBIM
HEUTPOHHO-aKTHBALIMOHHBIM MeTOIOM aHainu3a (MHAA)Bma6opaTopuu CaHKT-
Iletepbyprckoro yauBepcutera (Poccus) Mo MeTOIHKe, OMUCAHHOM aBTOpPaMH
panee [3, 4].

Konm4yecTBeHHO OmnpefeeHbl CIeOyOlIie 3IeMeHThL:
xaneKoduinbHbe: Au, Ag, As, Sb, Hg, Zn;
cugepodunbHeie: Fe, Co, Ni, Ir;
mutodunenele: Sc, Cr, Br, Rb, Sr, Zr, Cs, Ba, Na, Hf, Ta, U, Th, La, Ce, Nd,
Sm,-Eu; Tb, Yb, Tm, Lu:

WX cpemHKe KOHIIEHTpAIlMK B Mpo6ax 06euX (CepHii MpUBEIeHEI B TaOIHIIE.

ITonmyxonmuuecTBeHHO ompemnesieHbl Cd U Se; UX COmepKaHUS 0YeHb MAJbL.

W3 MakposneMeHTOB ompemeleHbl KOHLeHTpanuu Fe U Na; uUX cpenHue
COIepKaHHMs MO cepusaM cocTaBisiior: Fe — 2,75 (C-1) u 2,26 (C-2) %; Na—0,3
#u 0,12 % COOTBETCTBEHHO.

O6cyXeHre pe3ylbTaToB

W3 9ncia 1ecTH 3JeMEeHTOB, KOUYECTBEHHO 0XapaKTepPHU30BaHHbIX B [1, 2], B
HacTosIer pabore ompeneileHnl gBa — Zn U Co, YTO Hal0 BO3MOXKHOCTH
CPaBHUTh JaHHbIE, MOJyYEeHHBIE C MHTEPBAIOM OKOJO 25 JET: MO MUHKY —

KOHICHTPAIlHA MHKPOSJICMCHTOB B BRIHOCE ICMCHTHBIX IE9YCH, I/T
Concentration of microelements in the outburst of cement kilns, g/t

DIIeMEHT C-1 C-2 DieMeHT C-1 C-2

TR SR MG TR T RGN 2 41
Cr 14 22 Nd 10 19
Co 11 5 Sm 3 33
Ni 11 9 Eu 0,6 1,2
Zn 120 80 Tb 0,3 0,6
As 17 13 Yb 1,0 2,3
Br 140 280 Tm 0,1 -
Rb 130 230 Lu - 0,5
Sr 100 290 Hf 22 2,5
Zr 15 150 Ta 0,2 0,4
Ag 0,5 0,9 Au 0,2 0,07
Sb 1,0 1,1 Th 7,0 6,0
Cs 6,0 13 U 2,4 312
Ba 290 245 Hg 0,01 0,01
La 12 15 Ir 0,003 -
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74 [1] u 99 [2] r/T npoTuB HeHewHHX 120 (C-1) 1 80 (C-20) r/T (Tabauia); no
KobaneTy — 2,15 [1] m 2,2 [2] mpoTtuB cooTBeTcTBeHHO 11 m S5 Tr/T.
CpaBHHTEIbHBIE KOHIIEHTPAIHA — BEJIWYHUHBI OMHOr0 MOpSigKa (XOTS B ObLIN
OnpeneieHbl Pa3INYHBIMHE METOLAMH), YTO YKa3bIBae€T HAa CXOICTBO COCTaBOB
HCNIOJIB3yEeMOr0 ChIphSi 1 HEU3MEHHOCTh TEXHOJOTHYECKOr0 Mpoliecca.

AHanu3 NOJyYeHHBIX MAaHHBIX MOKa3ajd, 4YTO MO Mpo6aM obOeux Ccepui
KOHIIEHTPAILIMH ONpelielIIeMbIX DIIEMEHTOB BapbUPYIOT Malo. IJIst 06eux cepum
XapakTepHa CHMOaTHasi CBSI3b MEXIy COIepXaHHEM MakpoajieMeHTa Fe u
MukpoaeMeHTOB Co u Ni. Ilinst cepun C-2 HabmrogaeTcs ciiabast TeHIEHIIHAS K
MOHMXEHUIO KOHILEHTPAalUM MHKPORJIEMEHTOB B Tmpobe ¢ V mois
ANeKTPODHUIBTPA OTHOCHUTENBHO MPoOEI ¢ IV momus. 1o XMMHYECKOMY COCTaBy
npoba ¢ V mons 31ekTpodunbTpa Haunboiee GIM3Ka K MBUIH, MMOCTYHAIOLIEH B
atMocdepy M3 OBIMOBBIX TpyO 3aBoma. IlocepuiiHOe cpaBHEHHE DIIEMEHTOB
MOKa3bIBaeT MOBLILIEHHEe KOHIEHTpallMi GOJNBIIMHCTBA 3JIeMeHTOB B C-2.
CrnemoBaTenbHO, O6o0nee Menkue ¢GpakKIMHd MNBUITH O0OTrallleHBl  PSIOM
MHKPOB3IIEMEHTOB.

PacueT k03 dunmeHTOB 060rameHus (K) mpoBeeH OTHOCHTEIBHO KIIapKOBBIX
COIEepXKaHUM BTHX DIIEMEHTOB B 3eMHOM Kope. OKa3aloch, UYTO TOJBKO MJIS
yeTbIpeX U3 HUX — Br, As, Agu Au — K > 1.
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Pac. 1. HopMmanmu3anuss JaHTaHOHLOB ObUIM, OTOOpPaHHOM €O IIHEKOB 3a
3nekTpoduabTpaMu 2-#u (1), 3-i (2) m 4-i (3) LEMEHTHBIX Me4Yed M0 XOHIPHUTaM
Fig. 1. Lanthanides normalization by chondrite
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I3 CONOCTaBIeHUs JaHHBIX MO peik03eMeNbHbIM 3eMeHTaM (P3D) B mbutn
OHM OBLTM HOPMAaJM30BaHBI MO XOHOpHTaM [S] (must mpo6 cepum C-1). Ha
OCHOBE PAaCCYMTAHHBIX HaHHBIX MMOJYYEHEI MIaBHBIE KPUBEIE, NPUBEIEHHEIE Ha
puc. 1. TIpo6er I W 3 cxomHBI MmO coctaBy P33, u mus aTUX npob6
KOHIIEHTPAallUM JIeTKMX ¥ cpegHuX P3D He3HaYuMTeNbHO MPEBBLIUAIOT
KOHILIEHTPAlMM TSKEJbIX 37JeMeHTOB. IIpeBblllieHHe KOHILIEHTpPAIlWM JErkux
DIIEMEHTOB HaJ TSKeJIbIMH HMeeT MecTO B mpobe 2. CiiemoBaTelbHO, OYeHBb
YYBCTBUTEJBHBIA M TOYHBIM METOI aHAIN3a HAaeT BO3MOXKHOCTh COMOCTAaBISTh
MeXIy co60¥ OTHeNbHbIe rpynmbl P3D.

JaHHBIE N0 MHKpPODIEMEHTHOMY COCTaBy MBUIM OBUIM TMOXBEPTHYTHI
MHOTOMEPHOM CTaTHCTHYeCKOM 06pab6orTke. IIpu 3TOM (aKTOPHBIM aHAIK3
MpPOBeeH MO MTaHHBIM 28 BIEMEHTOB, MOCKOJBKY MCIONb3yeMasl MporpaMma
IOIyCKaja OrpaHUYEeHHOEe YHUCIO MPHU3HAKOB. MeTOOOM IIaBHBIX KOMIIOHEHT
PaccYUTaHbI K03 DHUITUEHTHI NaPHOM KOPpesIsuy. MakCHMaIbHOE KOJTHYECTBO
3HAYMMBIX CBSI3eM yCTaHOBIEHO HJsi Ta — BoceMb. 3HAYUMBIE CBSI3H UMEIOT
mexny cobout Fe, Th, Co, Ni, Sc, Hf.

Ha ocHOBe HakKTOpPHBIX Harpy3ok MOCTPOEHBI B3IE€MEHTHbIE IHUarpaMMbI
(puc. 2). Ha mpuarpamMme 22, NOCTPOSHHOM B KoopauHatax F; — F,, BBISBIEH
accouar cugepoduiabHbIX 31eMeHTOB ¢ Th u Sc (I). Xots paznuumne Mexny F,
U F; He6oubiuoe (F, 6eper Ha cebs 29,2 % obuiewt gucnepcuy, a F; — 17,5 %),
3aMeHa F, Ha F; 4 OCTpOeHHe OWarpaMMbl B KoOopauHaTax F; — F; BBIIBHIIH
ellle OBa XOpowIO BbIpaXeHHbIX accommata (I u III) (puc. 26). Panee
BBIIEJIEHHRIA accouMaT | mMOmoaHUICS HECKOIBKHUMHU SJI€MEHTaMH, a acCOLMAT
III o6bemuaun P3D. Ha guarpaMmax 000COOJNEHO OT IPYTHX BIIEMEHTOB
pacmoJiaraeTcsi 30JI0TO. DTOT 3JIeMEHT He HMeeT HA OTHOM 3HAYMMOM CBSI3H,
yTO OBIBa€T OYEHb pedKO. BO3MOXHO, MpH MOJYYEHHH KIHMHKepa 30JI0TO
BOCCTAQHABIMBAETCS M3 MHPHUTA HIM [OPYrHX MHHEPAJIOB H CTaHOBUTCS
CaMOPOJHBIM.

IlepBOHAYANBbHO IJISL KaXI0HM NpO6BI ObLIH pPacCYMTAHBI YeThIpe dhaKTOopa; UX
KYMYJSITUBHAsE HUCIEPCHS COCTaBUIIA 38,4, 67,6, 85,1 ® 94,6 %.
D¢ deKTHBHOCTh PacCUYMTaHA IJISI TPeX MePBBIX GAKTOPOB.

ITo 3HaueHHsIM GaKTOPOB KaXIOH Mpo6bl B KoopauHatax F; — F, u F; — F;
MOCTPOeHbl guarpamMmsel (puc. 3). Ha kaxpo¥ amarpamme IOJy4eHO IO ABa
YeTKO BBIPAXEHHBIX KJAcTepa; KaXIb[H M3 HHUX 006pa3oBaH H3 TOYEK,
COOTBETCTBYIOLIMX (hakTOpam Mpo6 ogHOM cepuH. Takum 06pa3oM, Ha OCHOBE
OAHHBIX MO0 MHKDPORJIEMEHTHOMY COCTaBy MpOOBI MBUTH OKa3alUCh
KimaccuduuupoBanbl Ha naBe HcxomHble cepuu (C-1 m C-2). CpaBHeHHe
PacroJIOXKeHHsT TO4YeK B KJacTepax HaeT BO3MOXHOCTbH MOJaraTh, 4TO
M0 KOJNMYECTBEHHOMY MHKPO3JIEMEHTHOMY cocTaBy mnpo6el C-2 ogHOpOmHEE
npo6 C-1.

BriBOIBI

Metogom HWHAA B BbIHOCE MNbUIM ONpefeileHbl KOHIEeHTparuuu 30
MHKDOSJIEMEHTOB. YCTaHOBIEHO pa3NHMYMe HMX KOHIEHTpPalMi B mpobax,
KOTOpbIe OTOGPaHbI Ha PAa3HBIX 9TaNax NbLIeYIaBIUBAHUS X UMEIOT Pa3IHYHbIN
rpaHyJIOMEeTPHUYECKHHM COCTaB.
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st  BceX OMpeNEeNeHHBIX = BJIEMEHTOB BBIYMCIEHBI K03 (OHIIHEHTEI
oboramennsi. ToIbKO IS YeTbipex U3 HUX K > 1.

MHOroMepHOM CTaTHCTHYECKOM O06paGOTKOM [JaHHBIX MOJYYE€HBI
K03 HUIHEeHTEl NapHOM  KOpPpPEJSIHMH, BbISBIEHBI accoumaTel P3D w
ceMeMCcTBa Xelle3a, NpoObl MBUTH KIIaCCHGMHUIIUPOBAHEI HA IBE UCXOTHBIE CEPHH.

ABTOpBI BBIpAXAOT NIy60Kyl0 6arogapHOCTh TIOCHOXe H TOCIHOIHMHY
Typenx¥M 3a MOMOIIb, OKa3aHHYI0 NMpH oT6ope mpo6 Ha 3aBoje "KyHnna
Texacen".

Lidia PETS, P. VAGANOV

MICROELEMENTS IN THE DUST OUTBURST
FROM OIL SHALE FIRED ROTARY CEMENT KILNS

Summary

As it is known, calcinating of cement clinker is accompanied by formation of outburst dust,
containing considerable amounts of calcium and potassium. Since 1964, the kiln dust from the
cement plant "Kunda Tehased" is widely used as a lime fertilizer in Estonia.

Concentrations of macroelements and of six microelements in cement kiln dust, being used
for chalking, were published in [1, 2]. At the present time, the growing ecological standards
make necessary to widen the number of microelements to be controlled.

In the present study concentrations of 30 microelements containing in cement kiln dust and
their distribution between the dust precipitation stages were determined and some parameters
were calculated.

Two groups of samples were studied. The samples of C-1 series were taken from the screws
under electrostatic precepitators of the 2nd, 3rd and 4th rotary kilns. The samples of the C-2
series were taken under the fields of the electrostatic precipitator of the 3rd rotary kiln;
separately from the fields IV and V, totally from III and V, and from IIl to V.

Using a high-sensitive analytical method, instrumental neutron activation analysis, and
techniques described previously in [3, 4], concentrations of 30 microelements were determined
(Table).

The data on Zn and Co were compared with the corresponding ones reported earlier [1, 2],
which were for Zn 74 [1] and 99 [2] g/tonne and for Co 2.15 [1] and 2.2 [2] g/tonne. Though
the values to be compared have been defined by different methods and the interval between
the studies is about 25 years, the numbers are of the same order. This is the evidence of the
raw material composition being homogeneous and of the technological process being
unchanged.

To compare data on rare earth elements containing in kiln dust, they were normalized by
hondrites (Fig. 1).

Data on the composition of microelements in cement kiln outburst dusts were subjected to
multidimensional statistical treatment. Based on factor analysis the generalized correlation
matrix was obtained for 28 of the studied microelements. The correlation coefficients
characterizing the degree of mutual stochastic interdependence of the element concentrations
were calculated.

The maximum number of significant correlations was found for Ta, namely 8.

The analysis of the data obtained by means of the main component technique yielded the
factor loading and the factor matrix F,, F, and F;. A graphic representation of the results
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obtained in the planes of axes F; — F, and F; — F; is given in Figs. 2 and 3. In Fig. 2a one
association of elements is distinguished, and in Fig. 2b three associations were already
distinguished. In Fig. 3 both of the two diagrams contain clasters corresponding to initial
groups C-1 and C-2.
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