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BEPOSATHASA ®OPMA IIPUCYTCTBUA
MUKPODJIEMEHTOB B CIAHIHEBbBIX 30JIAX
KOTJIOATPEI'ATA 3JIEKTPOCTAHIIUU

PROBABLE MODES OF OCCURRENCE OF TRACE
ELEMENTS IN OIL SHALE ASHES OF POWER PLANT

JI. 1. TIEIT L. PETS

TammasH, DCTOHHS Tallinn, Estonia

Mode of occurrence is the way in which an element is chemically bound in
kukersite ashes. Basing on the composition of mineral trace elements of
kukersite, the probable mode of their occurrence in kukersite ashes of power
plant hus been suggested.

MUIUTHOHBI TOHH CTAaHUA-KYKEPCHUTA, C)KETOJHO CIKUTAEMBIE B TOMKAX IBYX
KPYITHBIX 3JICKTPOCTAHIIUH JCTOHUH, BO3BPAINAIOTCS B OKPYIKAOLIYIO CPEAY
MUJUTMOHAMH TOHH 30JIbI TONKH W JETY4HX 3071. [lo HUM ONeHHBarOT
9KOJOTHIECKOE BIHSIHUE KYKSPCHTA.

MHKpPO3IEMEHTBl B TBEPAOM TOIUIMBE PACHPEACICHBI MEXAY OpraHH-
YECKMM M MHHEPATIbHBIM BEILECTBOM, IMPHYEM OCHOBHBIM HMX HOCHUTEIICM
CUMTACTCsl BEINECTBO, Macca kotoporo mpesbimact 30 % or obmei mMaccs
torumBa. Jns cnaHma-kykepcura, A00BIBAEMOrO0 B OCTOHHH M HMCIONb-
3yeMOro B Kad€CTBE TOMIMBA HA JJICKTPOCTAHLHMSX, 3TO — MHHEPAIbHOC
BCILLECTBO.

ABTOp [AHHOW CTaTbH YKC AHATH3HPOBANA CBSI3b LIMPOKOrO Kpyra
MHKPO3JIEMEHTOB 30JIbl C OTACIbHBIMUA MHHEpPATaMU ClaHUa-kykepceura [1].
B cBs3u ¢ MCMONB30BAHHEM JIETYUMX CIAHLEBBIX 307 B MPOMBILIICHHOCTH
CTPOUTEIBHBIX MATEPUANIOB TLHIATEIbHO H3YICHBI HX MHHEPAIbHBINA COCTAB U
€ro 3aBHCHMOCTh OT TEMIEPATYPHOrO PEKHUMA CXKHMIAHHS KYKEPCUTA.
Ceozanbie JaHHBIE PUBEAEHBI B padorax B. Kuxaca u . Onuxa [2, 3].

TokcraHOCTh OOPa3yHOIIMXCS CAAHLEBEIX 3071 ONpEAessieTcss (hopmoi
HAXOXICHHUS B HHUX MHUKPOIICMEHTOB. [locneansis 3aBHCHT OT hopmbI
HaXOXKJICHHs MHKPO3JEMEHTa B HMCXOJHOM KYKEPCHTE H TEMIICPATYyPHOrO
peXMMa KaK CXKHTaHMs TOIUIMBA, TaK M (HOPMHPOBAHMS JNETYYHX 307 IO
TPAKTY 30JI0yJIaBIHBAHUS.

Llenb gaHHOM pabOTHl — HAa OCHOBE HAKOIICHHBIX 3KCIEPUMCHTATBHBIX
JAHHBIX OMPEIETUTh BO3MOXKHBIC (POPMBI HAXOXKIACHHUS MHKPOIIEMEHTOB B
JICTYYHX CIAHUCBBIX 30JIaX.
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[lpr CKUraHWHd KYKEPCHTa B TOMKE KOTIOArPEraTa 3JICKTPOCTAHLIUH
TemrepaTypa B ee 30He cropanust gocruraet 1400 °C, a Ha BBIXOAC U3 TOMKH
— 1100-1200 °C. ITo TpakTy 3010yIaBIHBAHHS FA30BBIN MTOTOK OXIKAACTCS
n0 170 °C. TloHwKeHHE TeMIEpaTypbl CHKUTaHUS KYKEPCHTA B TOIKE
kornoarperata 3nekrpocranuuu g0 1100-1350 °C Beger k U3MCHEHHIO
MHHEPAIbHOIO COCTaBa, TEMIEPATYPBl IUIABICHMS W BSDKYLIUX CBOWCTB
JETYYHX CIaHIEBBIX 301 [2, 3].

MHUKPO3IEMCHTEI, CBSI3aHHBIC C OCHOBHBIMH MHHCPATBHBIMH KIIACCAMH
KykepcuTa, mpuBeAeHbl B Tadm. 1. Tepmoxummueckue mpeoOpa3oBaHUsI
OT/CTBHBIX MHHEPAJIOB-HOCHTENCH MHKPOIJICMECHTOB TIPH TEMIICPATYPE,
JTOCTUTAEMOMN B TOIKE, PA3THYHbI. Bl1aronpusTHBIC YCIOBUSI CO3TAFOTCS IS
MIOJTHOTO PA3M0KCHMSI KAPOOHATHBIX M CYIb(HIHBIX MUHEPATIOB, IIHHHCTHIC
MHHEPAJbl PA3MAralTCs YaCTHYHO, CHIIMKATHBIC H AKUECCOPHBIC MUHEPAIIBI
TCPMHUYCCKOMY BO3ACHCTBUIO HE MOABEPrarorcs. [as pasHBIX MHHEPATIOB
TEMIICPATYpPhl ~ DOCTIDKCHMS MaKCHUMyMa  «KaXKYIIETOCs»  HM300apHOTro
NOTCHIMATA — ¢7 CUIBHO BApBUPYIOT. Bce CnpaBOuUHBIC AAHHBIC, HCIIONb-
30BAHHBIC B JAHHOW PaboTe, B3SITBI U3 PYKOBOACTB [4—0].

Tabnuya 1. COMyTCTBYIONIIE MIKPO3JIEMCHTHI
B OCHOBHBIX KJIACCAX MITHEPAJIOB KYKEPCHTA
Table 1. Associated Trace Elements in Mineral Classes of Kukersite

Kitaccer MHKp()B.TICMCI'I’I‘LI
MHHEPAJIOB

KapGounatsr | Sr, Ba, Sc, Y, Ln, Co, Ni, Zn, Pb, Th, U
Cymspusr | Cu, Ag, Zn, Cd, Hg, Ga, Pb, As, Sb, Se, Mo, W, Re, Co, Ni
CHIIMKATEI Rb, Cs, Sr, Ba, Sc, Y, V, Cr, Co, Ni, Cu, Zn, Zr, Pb, Hf, Nb, Ta, LLn, Mo, W,

Re
I'unpoxeuyet | Zn, Cd, Hg, Pb, V, Cr, Zr, Nb, Ta, Co, Ni, Mo, W, Re
OKCHJIBI Zr, V, Cr, Nb, Ta, Mo, W, Re,

Bonbmoe coaeprkanne kapOOHATHBIX MHHEPAJIOB: KAJIBIMTA, JOJIOMHUTA U
CHACPUTA — OTJIMUUTCIbHAS OCOOCHHOCTP MHHEPAIBHOH YaCTH KYKCPCUTA.
Jist HUX g JOCTHTAeT cBOEro Maxcumyma coorBercteeHHO npu 900, 800 u
500 °C. Hmsi xapOOHATOB MHKPOSJICMCHTOB, CBSI3aHHBIX C YKa3aHHBIMU
MHUHEpaIaMHy, 3Ta TEMIEpaTypa HE TMPEBBILIACT TEMICPATYPHl TOIKH.
[TpogykTamMu pasnokeHus KapOOHATOB SIBISIOTCS JHOKCHI YrIICPOJa,
OKCHIBI MAKPOIJIEMEHTOB U MUKpo3jaeMeHTOB: St, Ba, Sc, Y, Ln, Co, Ni, Zn,
Pb, Th u U.

Jst cyaspuaHoro MuHepasa nuputa gr MakcumancH npu 700 °C, a ais
Pa3IOKCHUS CyIb(HIHBIX TPUMECCH MHUKPOIJICMEHTOB JOCTATOYHO TEMIIC-
paTypsl, gocturacMod B Tomke. [IpoayKThl OKHCICHHS MUPUTA — OKCHIBL,
cynb(atsl xkenesa u npuMecHsx MukpoaaemeHTos: Cu, Ag, Zn, Cd, Hg, Ga,
Pb, As, Sb, Se, Mo, W, Re, Co u Ni. B ycroBusix pexkuma TOmku
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OONMBIIMHCTBO Cyab(aToB, B TOM YHCIC H JKEJIE3d, pPa3NararTcs C
00pa30BaHUEM COOTBETCTBYIOIIHX OKCHIOB.

CunMKaTHBIN KITacC MHHEPAJIOB MPEACTABICH B KYKCPCUTE TITMHHCTBIMU
MHHEpaIaMH, IOJIECBBIMU HIMATAMH H aKIIECCOPHBIMH MHHEPATAMH.

W3 rnMHUCTBIX MUHEPAIOB OMPEACICHBI THAPOCIIOAA, MyCKOBUT, OHOTHT
u rnaykoHuT. [lpouece aeruapokcunu3anyuy THAPOCTIOA HAYMHACTCS IMPH
500°C [7]. MyckoBut pasmaractcs npu 700 °C, OHOTHT H TJIAyKOHHUT
TECPMOYCTOHIHBEE MYCKOBHUTA.

[Ipy HarpeBaHHH TIMHUCTBIX MHHEPAJIOB B HX BAKAHTHBIC MO3HULIHH
murpupyior copoupoBanusie  uwonHsl Cu, Zn, Co, Ni, Nb u Ta.
Bunoobpasyromue mexcnoesbie katuonsr V(III), Cr(IIT), Ni(II) u Ba Take
ocTaroTcst B CTpyKType MuHepanoB [7]. Ilpu pasnoskeHHMH TIMHHUCTBIX
vunepaitos F, Rb" u Cs*, usomopdpno samemaromme K', Boiaensrores B
Buzae HF, Rb,O u Cs,0.

[Tonesbie mmatsl HauuHAKT MIaBuThCs npu 1360 °C u pacnmaBasoTCs
npu goctiokeHnd 1480 °C [8]. Tax kak mocaeaHssi B TONKE HE JOCTHTACTCS
U BpeMs MPEOBIBAHMS YACTHI] TOILIMBA B 30HE FOPCHMsI COCTABISCT JIHINb
HECKOJIBKO CEKYHJ, TO MOJICBBIC LIMAThI, HE YCIEB PACIIABUTHCS, MMOMAIA0T
B 30Jy TONKH MIH JCTYYVK) 30J1y. COXPaHssi MHKPOIJIEMECHTHI B CBOCH
CTPYKTYpe. AHAJOTHYHAS CHTYalUsl CKIAABIBACTCS W U CHJIUKATOB
AKILICCCOPHBIX MHHEPAJIOB: rpaHara, cena, TypmaauHa u uupkoHa. OHu
SBIISIFOTCSI HOCUTEIsIME MukpodsiemenToB Sc, Y, Ln, V, Cr, Zr, Hf, Nb, Ta,
Mo, U u Th.

Kracc MHHEPAnIOB TMAPOKCHIOB MPEACTABICH B MHHEPATbHOH YaCTH
kykepcura auMoHHTOM. OH ob6esBokuBaercst mpu 200 °C, mpespamasce B
oxcnp cxenesa (III) u coxpaHsist B CBOGH CTPYKTYPE COPOHPOBAHHBIE MHKPO-
SJeMEHTEI. B ycioBusix pexxuva padorel Tomkd okcua skeneza (1) m
okcuael Zn, Cd, Hg, Pb, Co uw Ni Moryr BoCCTaHaBIMBATHCS M0
3JIEMEHTHOTO COCTOSIHHSL.

KBapu ¥ axkmeccopHbIC MHHEPAIbl — PYTHI M aHATA3 — MPEACTABHTEIN
OKCHIHOrO kjiacca MuHepanos. Keapu — HauOonee YHCThI MHUHEpPA ¢ HAU-
MCHBIIMM KOJHYECTBOM MHKPOIJICMEHTOB. JIHOKCHIBI THTAHA B KAYECTBE
npumeceit couepxkar Zr, V, Cr, Nb, Ta, Mo, W u Re.

Penrrenonudpaxromerpudeckum mMerogoM ananusa (PJIA), mo meronuke
npuBeAcHHON B pabote [1], cHATI audpakTorpammsl mMpod CraHua, 3076l
TOIKH M JETYYHX 30, OTOOPAHHBIX CO BCEX Y3/I0B TPAKTA 30JI0YIaBIUBAHHS
OT MapOoreperpeBaTerst 0 AbIMOBOU TPYOB! (BKITFOUHTEIBHO).

ComocraBneaue  audpakTorpaMm — CBHAECTEIBCTBYET O TOM, UTO
MHHEPAIBl KaJbLUTA M JOIOMHUTA MPUCYTCTBYIOT BO BCEX AHATH3HPYEMbIX
npobax. Coaeprxanue 0OOMX MMHEPAIOB YMEHBLIACTCS 110 TPAKTY 30/10YIaB-
nuBaHMUs. B TOnKe OHM YaCTHUUHO pa3nararoTcs, oOpa3ysi OKCHABI MaKpoO- U
mukpodnemenToB. Okcua Kanpius CyabdaTH3HpyeTCss ¢ 0OpasoBaHHEM
muHepana runca. CBHAETENbCTBA ITOrO — OTCYTCTBHE THIICA B Mpodax
KYKCPCHTA, HEOONBLIME €ro KOMMYECTBA B 30J€ TONKH M BO3PACTAIOLIHE
cozepxkanHus B nmeTyuux 3omax. OKCHA MarHus B pesyibTaTe Mpolecca
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kapOoHM3aIMu obpasyer kapOoHaT MarHus — Marue3ut. CoaepkaHue 3TOro
MHHEpPaJa IOCTENICHHO MOBBILIAETCS TI0 TPAKTY 30710y 1B IMBAHMSI.

ConocraBnenne auQpakTOrpaMM MOKA3bIBACT, YTO MPU CKUTAHUH
CIaHLA B TONKE MOJHOCTBIO HE PA3/araroTcs JAKE T MHHEPAIBI, ¢y KOTO-
PBIX JOCTHTaET MAKCUMYyMa IPU TEMIEPATYPE HAMHOTO HHIKE TEMIIEPATYPhI
TONKH. DTO O3HAYAET, YTO YACTh U3YYACMBIX MUKPO-3JICMEHTOB HAXOAUTCS B
30/I€ TONKM M B JETYYHX 30/1aX B TOH & (OpPME, YTO M B HCXOJHOM
kykepeure [1].

OKCHEPUMEHTAIBHOE ~ M3YUYCHHC  KOJMYECTBEHHOIO  PaCHpEae/ICHUS
MHKPO3JIEMECHTOB B 30JIaX IIOKA3aJI0, YTO OJHH SJIEMCHTHI PACIIPEAEISIFOTCS
PaBHOMEPHO, a COACPIKAHUE APYTHX BO3PACTACT IO TPAKTY 30JI0YIIAB-
muBanus  [9-13] KonmuecTBeHHOE — pacmpeneneHue  MHKPO-3JICMEHTOB
OLICHMBAETCs] BEIMYMHOM NPUBEACHHOM KOHUeHTpauuu — Y; [14]. Ilpu
0omBIION 30apHOCTH 3011 — Oonee 90 % — Vi paBHa ko3¢ duuueHTy odora-
uieHust — KO. 910 CrpaBeIMBO M AUISI M3YYACMbIX CIAHICBBIX 30J1: 30JIbI
TOMKHA W JIETYYUX 30JI CEMH Y37IOB TpakTa 3omoyiaaBmuBaHus. KO g u Y| g
STHX 307 PACCUMTAHbI HA OCHOBAHWHU COJACPYKAHHS MHKPOIIEMCHTOB B KX
npodax, mpodax UCXOTHOro KyKEPCHTa H €ro 30apHocTH [9—13].

Tabnuya 2. Knaccnuraisi MUKPO03/IEMEHTOB 110 BEJIHHAM IPUBE/ICHHOI
KOHIIEHTPAIHH B 30J1€ TOIKHN — Y; ¥ B JIeTy4eil C/IAaHIEBOIl 30.1€ ILIMOBOIi
TpYOBLI — Y3

Table 2. Classification of Trace Elements by the Values of Their Effective
Concentration in Furnace Bottom Ash — Y; and Fly Ash of Chimney — Yy

Xapakrepuctuka | Y, Yg DIIeMEHTHI
I'pynna A
Jleryuume 0,1-0,6 |1,34,2 [Hg, F, Cl, Br, Rb, Cs, Ag, Zn, Ga, Pb, As, Sb,
Se, Mo, W, Re
I'pynma b
Mamnoneryuneu  (0,7-1,0 |0,8-1.2 |Cu, V, Cr, Ni, Co, Ba, Sr, Sc, Y, Ln, Zr, Hf, Nb,
HeJeTy4ue Tiay Thil

[To paccyuTaHHBIM BENHYWHAM MPUBEACHHOH KOHLCHTPALIMH MHUKPO-
SJIEMEHTOB B 30JI€ TONKH Y| M 30Ji¢ ABIMOBOH TPYOBI Yy MHKDPO3JEMCHTHI
pasmencHbl Ha AgBe rpymmel — A u b, Mukposnementsl rpymmel A co
sraueHusMA Y ot 0.1 10 0,6 u Y5 ot 1,3 10 4,2 — neTyune MUKPOSIEMEHTHI.
['pymmy b cocTaBmsiloT ManoneTydue U HEIETYYHe MUKPOSIEMEHTHI C V) OT
0,7 mo 1,0 u Y3 ot 0.8 mo 1.2 (Tabn. 2). Benuuunsr ¥; u Ys MUKPO3JIEMEHTOB
rpymnmsl A CBHAETEIBCTBYIOT 00 OOCIHEHUH STUMHU 3IEMEHTAMH 30715l TOIIKH
1 00OTALICHWH UMH 30JIbI JBIMOBOU TPYOBI.

[loce pa3noKEHHUsT COOTBETCTBYIOLIMX MHHEPATOB B TOMKE OKCHIBI
MHKPO3JICMCHTOB TPYIIbl A MEPEXOAIT B ra3o00pa3HOC HICMEHTHOC HIIH
OKCH/IHOE COCTOSIHHE. DTO MPOUCXOAUT B PE3YJIBTATE PCAKIMNA PA3JIOKCHHUS,
BOCCTAHOBJIGHUSI WM TIPOLECCA BO3TOHKH. Pa3nokeHMIO MOABEPraroTCs
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okcuasl Ag, Hg, Rb u Cs, BoccranoBincHuto — okcuasl Pb, Zn u Ga.
DIEMEHTBI 3TOW TPYIIbI BBIHOCSTCS M3 TOMKH KOTJIOArperara ¢ rasoBbIM
MOTOKOM B TPAKT 300y1aBauBanus. OHH MPEACTABICHBI KaK HEMETAIAMH,
TaKk M Meran-namMu. JIis JEeTyYuX MHKPO3JIEMEHTOB OONBIINE YMCICHHBIE
3HAUCHMs BEIHYUH TPHUBEACHHON KOHLEHTPALWH B 301¢ JBIMOBOH TPYOBI
03HAYAKOT, YTO YaCTh ATHX MHKPOIJIEMEHTOB, HE OCAWKIA’ICh Ha 30J1€,
MOKHAIACT TPAKT 30J0YJIABIMBAHMS C TA30BBIM IIOTOKOM M IIOCTYIACT B
armocgepy.

B ronke memeramisr Se(IV), As(Il) u Sb(Il) HaxoasTcst B BUAE OKCHIAOB.
[To TpakTy 30/10y/IaBIMBaHMs, O MEPE OXIAKACHHUs Ta3oBOro IOTOKa, Se
konaencupyercs B Buae Se0,. [Mocrenenno oxucisisics, As(Il) u Sb(Il)
ocakmatorcsi B Buae As;Os u Sb,Os [14]. Kpome BrimmeykazaHHBIX
HEMETAJIJIOB, B TOMKE MPUCYTCTBYIOT BCE TaJOreHbl. boOmplmas HMX 4acTb
00pasyeTcst B pe3yIbTaTe FOPCHMUSI OPTAHUUIECKOrO BEIIECTBA KyKEPCHUTA.

Metoaom (haKTOPHOrO aHaIH3a BBISIBICHBI KO3(D(MHIIHCHTHI KOPPESALIHUH
— Ky mexnay oraenbHbiMH djementamu [1, 15]. YV nmeryunx merannos
sHaueHust Ky BRICOKH C TajJOr€HAMH, KPEMHHEM U Apyr ¢ apyrom. Hamuume
METAJIOB W TaJOrCHOB TPHBOAMT K OOPa30BaHHIO TralorcHugoB. Bcee
ranorcauabl Rb u Cs, xnopuma Ag u ¢ropuzoB Zn u Pb moryr
00pPa30BBIBATHCS YKE B TOIMKE KOTIOArPEraTa 3IEKTPOCTAHLIMH.

TemmeparypHble YCIOBHS JIsi 00pa30BaHHUSI M OCAKACHUSI OCTATBHBIX
ranoreanaoB Ag. Zn, Pb u Bcex ramorennnoB Ga u Hg cozzarorcs Tonpko
MO TPAKTy 20J0YJIABIMBAHUS, IAe Temmeparypa cHmkaercs ¢ 1100 mxo
170 °C. st Mo, Re u W nHaubornee yCTOHIHBEIMH COCTUHCHHUSIMH SIBIISTFOTCS
UX OKCHJBI, W OHH JK€ OCWKIAIOTCS HA JETYUCH 30J€ IO TPAKTy 30J0-
VIIABIHBAHUSL.

Beicoxue 3naucHust Ky (0.95) Mo ¢ K u Na u orcyrcreue takoBeix ¢ Ca
CBHCTCIBCTBYET O BO3MOXKHOM oOpaszoBanuu momuoOzatoB K u  Na.
Benuunnaa Ky (0.8) v Zn u Pb ¢ Si ykassiBaeT Ha BO3MOXKHOE B3aHMO-
aeicTBUe OKCHAOB 3THX MetamnoB ¢ Si0,. OOpazoBanue cunMkaToB Zn
MOJKET MPOUCXOAUTH YXKEC B TOMKE, a cHaMkaToB Pb — mo Tpakrty 3omo-
VIaBIHBAHHSL.

Hamuune SO, u CO, B ra30BOM TMOTOKE TPaKTa 30710Y/IaBIMBAHUS BEJET K
cynb(aruzauuid M KapOOHHM3aLMHM YACTH JCTYYHX METaiioB. B Hauane
TPAKTa 30JI0YJABIMBAHMS TEMIICPATYPHBIC VCICBHS OJIArOMPHSITHBI st
obpasosanust u koHacHcauuu cynbparos Rb, Cs, Ag, Zn u Pb u kapbonaTos
Rb u Cs, B xonue — cynedaros Hg, Ga n xapbonatos Ag, Zn u Pb.

JlocTaTowHOE COAEPIKAHME PTYTH B JICTYUCH CIAHLCBOM 30J€¢ JBIMOBOMH
TPYOBI 7EKTPOCTAHLIMM MO3BOJIMIIO NPOBECTH ¢¢ (hasosbli ananus [11]. On
MOKa3aJl, uTo TOIbKO 3—5 % Hg HaXOAUTCsl B MECTAIMYECKOM COCTOSIHUH H B
Buac cyabpuaa. OcCTambHyl0 4acTh COCTaBISIIOT OKCHJ, OKCOXJIOPHA H
cynbdar pPryTH. OTO MOATBEPIKIACT BOIMONKHOCTH Kak OOpa30BaHMS
BBILICYKA3aHHBIX COCAMHCHMH JICTYYHX 3JICMCHTOB, TaK M MOpoLEecca
PEMOOHIM3ALMH JIETYYHMX MHKPOICMCHTOB TIPH CKMFAHWHM KYKEPCHTA B
TOIKE KOTJI0Arperara JICKTPOCTAHLIMH,
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B rpymny b BxomsT mMukposnemeHTsI, umeromue 3Hadenus Y, or 0.7 xo
1.0 u Y5 or 0,8 mo 1,2 (tada. 2). 910 mamoneryuue Cu, V, Cr, Ni u Co u
nweneryuue Ba, Sr, Sc, Y, Ln, Zr, Hf, Nb, Ta, U u Th mukposnementsr. B
JIETYYHX 3071aX OHH PABHOMEPHO pACHPEACICHBI IO TPaKTy 30J10-
yiaaBiauBaHus. Manonerydne MHKPO3JICMEHTBI B HEOOIBLIOM KOTHUYCCTBE
BBIHOCSITCS. M3 TOIIKH B Ta3000pa3HOM COCTOSHHHM. B Tomke mamomeryune
okcuapl Ni m Cr mepexomsT B razoo0pa3HOE COCTOSIHHE MO PEAKLHsSIM —
MepBBIN BOCcTaHOBICHMSI, BTOpoit okucnerus npu 1000 °C ¢ obpazoBanmem
razooopasuoro CrO; [16].

[Mocne pa3nokeHHsT COOTBETCTBYIOIIMX MHHEPATIOB B TOIMKE HEICTYUHE
MHKPO3JIEMEHTBI HAXOSITCS B BUAC TyromiaBkux oxcuaos. Okcuner Ba, Sr,
Y u Sc y4acTBYIOT B MpOLIECCE KAPOOHUBALMH U CyIb()AaTH3ALNH, OCAXKIASICH
Ha JeTydeHd 301¢ B BHAE KapOoHaToB M cymbdaTtoB. [os HemeTyuux
MHUKDPO3JIEMEHTOB UMEIOT MecTO BhicokHE 3HaucHust Ky ¢ Si, Ti, Al, Na u K.
CremoBaTenpHO, MHKPO3JICMEHTHI [PYIIBl b CBsI3aHBI € CHIMKATHOM
cocraBsromen. MckiroueHueM SIBISICTCST ST OH HE UMEET KOPPEISILIMOHHBIX
CBSI3CH C 3JIEMEHTAMH CHJIMKATHOH COCTABISIOILEH, HO 00NaZaeT COOTBET-
cTByrouiei cesispro ¢ Ca (0,99).

Tabnuya 3. Imnupnyeckue GopMy.Ibl CIIAHNA I CIAHIEBBIX 30.1
N0 TPAKTY 30JI0YIABJIHBAHIST KOTJI0ArPErara

Table 3. Empirical Formulae of Kukersite and Its Ashes

along Ash-Handling System of a Boiler Unit

Si Al |Fe |Ti Ca |Mg |[Na [K

Cranerg 2. 39|08 M 0;35110;0314]1£ 3,95 #0,9541 50 /011 0,4
3omna:

TOIKH SIOMINE DS OIS0, 05 MBI =201 881 K002 1 MQ;S

HaporieperpeBaTens ORISR0, T 006 8l 28 SIS0, 8¥E 008 #1801 7,

IMKJIOHA 455 1 S152 15 057 050651247 85 [10:8 2 | 10103k 1056

I momst snexTpoduIbTpa 455 illiAst s 050 HR010681 878 50, 75(0.03 1] * 107

IV nomnst snexrpoduistpa | 5.4 | 1,8 | 0,7 | 0,08 | 6,0 | 0,8 | 0,05]| 1,5

JIBIMOBOH TPYOBI 519 16 SERIR M7 0 08 R SISO SER R0 0S8 =15

[To TpakTy 30510yIaBIHBAHHS H3MCHSCTCS U MAaKPOIJICMCHTHBIM COCTAB
JICTYYHX 30J1. JTO OTPAXKACTCS B PACCUUTAHHBIX IMIUPHUCCKHUX (HhOopMyIax
CITAHIIEBBIX 30JI, CBUACTEIBCTBYIOUIMX O TOM, UYTO COACPKAHHE CHIMKATOB B
3071aX IO TPAKTY 30JI0yIaBiuBaHus Bospactaer (tadm. 3). C mociaeaHuM
CBsI3aHO W noBbimenue 3HaueHus Yy s Y, Eu, Lu, Co, Zr, Nb u Th no 1,2.
CrnenoBatenbHO, YacTh JJIEMEHTOB rpynnbl b momagaer B neryuwme
CIIAHICBBIC 30JbI B BHJIEC OKCHIOB — MOCIC PA3IOKCHHs KapOOHATHBIX U
Cynb(UAHBIX MHHEPAIOB B TOTKE, @ TAKXKE B BUAC CYIb(}HATOB U KapOOHATOB
— B pE3yJbTaTe UX 0Opa30BaHHs MO TPAKTY 30J0yJIaBauBaHus. Jpyras ux
YacTh BBIHOCHTCS B COCTaBE HEPA3TaracMbIX B TOMKC CHIHKATHBIX
MHHEPAJIOB.
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[TaparpynmoBoi KIAaCTEpHBIM aHAIU3 JAaeT BO3MOXKHOCTb ITOCTPOHMTh
JCHAPOTPAMMY  HMEPAPXHUCCKOH KIaCCH(PHUKALMU BCEX KOJUYECTBEHHO
OMpPEIEICHHBIX DIIEMCHTOB B CIAHIEBBIX 30iax [15]. B mel geryume u
HEJIETYYHEe MUKPO3JIEMEHTBI COCTABHIIN CAMOCTOSTENbHBIE KIIACTCPBI.

Takum obpaszom, Ha 0as3e SKCIEPUMEHTAIbHBIX JAHHBIX O COAEP/KAHHUU
MHKPO3JIEMEHTOB B IJIETYYHMX 30j7aX OTIACIBHBIX Y3JI0B TpPaKTa 30JI0-
VIaBIMBAHHUS OCYIIECTBICHO PA3ACICHUE MHKDPO3JIEMEHTOB Ha JIETYYHE H
HeneTydue. Pe3yipTaThl CTaTUCTHYCCKOH 0OpabOTKH 3THX AAHHBIX IOATBE-
JUIH  OPEAIONOXKCHUSI O MHOroodopasud (opM, B KOTOPBIX JIETYy4HE
MHUKPORJIEMEHTBI IPUCYTCTBYIOT B M3YYAEMBIX JICTYUHX CIAHLEBBIX 30/1aX.

PROBABLE MODES OF OCCURRENCE OF TRACE
ELEMENTS IN OIL SHALE ASHES OF POWER PLANT

EAPE IS

Summa ry

Kukersite is a heterogeneous substance that contains organic and mineral matter. It
is an ash-rich fuel with mineral matter forming more than 50 % of its mass. Many
trace elements have the affinity for mineral matter. Their association with individual
minerals of mineral matter was described earlier [1].

The main technology of combustion of kukersite at Estonian power stations is
the pulverized fuel combustion, and the fuel is burnt in the furnace at temperatures
of about 1400 °C. By fall of fuel combustion temperature down to 1100-1350 °C,
kukersite ash loses its building material properties [2, 3].

Thermochemical transformation of mineral matter minerals takes place at
various temperatures [4-8]. Carbonate minerals calcite, dolomite and siderite begin
to decompose at 900, 800 and 500 °C, respectively. Products of this process are CO,,
and oxides of major and trace elements (Table 1). Representative of sulfide minerals
is pyrite. It decomposes to SO,, ferrum and trace element oxides (Table 1).

Temperature 1400 °C in the furnace is enough for decomposing carbonates and
sulfides of all trace elements. Decomposition of clay minerals muscovite, biotite and
glauconite gives HF, Cs,0 and Rb,O. Quartz changes its modification (a—>f) at
575 °C, accessory minerals do not undergo thermal changes.

The samples of kukersite and ash samples from furnace, gas duct, cyclone,
electrostatic precipitator and chimney were taken and analyzed for the concentration
of 40 microelements [9-13].

Distribution of trace elements in ash samples is characterized by the values of
their effective concentration — Y; [14]. For ash-rich fuel ¥; is equal to enrichment
factor K, calculated proceeding from the element concentrations in the samples of
ash and kukersite, and the ash content of kukersite. Calculated sizes have enabled to
divide trace elements into two groups: volatile and low-volatile (Table 2).

Effective concentrations of volatile trace elements are minimum in the furnace
bottom ash and maximum in the fly ash of chimney (Table 2). After decomposition
of minerals, solid oxides of volatile trace elements formed take part in the reactions
of decomposition, reduction and also in the process of sublimation. Solid oxides



Probable Modes of Occurrence of Trace Elements in Oil Shale Ashes of Power Plant 471

may transform into gaseous elements or oxides and be carried in gaseous stream into
the ash-handling system.

Volatile trace elements are presented by metals and nonmetals. On the basis of
data obtained, the relationship between elements was established and corresponding
correlation factors were calculated [1, 15]. Volatile trace metals correlate well with
halogens, silicon and alkaline metals Na, K. This shows on formation of Rb, Cs, Ag,
Hg, Zn, Ga, Pb halogenides, Zn, Pb silicates and K, Na molybdates. Formation of
carbonates and sulfates also takes place in the ash-handling system.

Nonmetals — all halogens and oxides of Se, As and Sb occur in the furnace. The
most part of halogens results from the combustion of kukersite organic matter. SeO,
undergoes sublimation, As(II), Sb(II) oxides oxidize to As,Os, Sb,Os and then
precipitate on fly-ash [14]. These volatile elements are being remobilized by the
combustion process and, consequently, made available to the environment.

Nonvolatile trace elements form the second group of elements (Table 2). A part
of them gets into the ash-handling system in the composition of indecomposable in
furnace silicate minerals [1], and the other part — as high-melting oxides, carbonates,
and sulfates. Calculation of empirical formulae of kukersite fly ashes points to the
increase in the content of silicates along the ash-handling system (Table 3).

Trace elements are divided into two groups — volatile and involatile ones — on
the basis of the data of their content in some or other point of the ash-handling
system. Statistical treatment of the data has confirmed the conception about the
variety of their occurrence in fly ashes.
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