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BbBepeHue

B cboTBETCTBUE CBHC CBOATA MUCUS U NPEAMET Ha AeNHOCT VIHCTUTYTBT no
MuUHeparnorus n kpuctanorpacusa ,Akagn. MieaH Koctos* (MIMK) npes 2012 r. npo-
OBk Aa oonpuHaca 3a yCTOMYMBOTO pa3BUTUE Ha 0BLLEeCTBOTO 1 oboraTtsaBaHe-
TO Ha YOBELLKMTE NO3HaHUA B obnacTTa Ha MUHepanorusita, Kpucranorpagusara
N MUHEpanHWTe CypOBWUHM 4Ypes3 3aabfboyvyeHn MynTUAMCUMNINHAPHW m3crnen-
BaHUS Ha NPUPOOHW, TEXHOTEHHU 1 eKCNEPUMEHTAITHO MOdenMpaHu MUHepPanHm
CUCTEMU N CUHTE3MPAHW HOBU MaTepuanm.

MHCTUTYTBT npoabimkaBa ybeanTenHo Aa 3alimrtaBa npeg HayvHata obuy-
HOCT 1 npef HalweTo obLLeCTBO M3BOOBaHaTa BMCOKA MEXAyHapOa4Ha OLeHKa
(A/A/A) 3a penHocTTa Cu 1 Aa Aoka3Ba CBOSITA KOHKYPEHTOCMOCOBHOCT B che-
paTta Ha Hay4YHWUTEe CU MPUOPUTETM 1 0BNacTy Ha KOMMNETEHTHOCT. B HaBeyepueTo
Ha 30-roguwHus 1obunen oT Cb3aaBaHETO HA CaMOCTOATENHO Hay4YHO 3BEHO Ha
BAH no npobnemnte Ha MuHepanorusaTa, kpuctanorpadusaTa U MUHepanHiTe
cypoBuHu, gHec MK e cpeq BogelunTe akageMmnyHn opraHm3auumn B ctpaHaTta.

Mpe3 2012 r. yyeHuTe oT MIMK nonoxwxa sHauyMTenHu ycunus 3a ycnewHara
peanusaumsa Ha M3CrnegoBaTesiCKUTE NPOEKTUM U NPeacTaBAHETO Ha OCHOBHUTE
pesynTtaTtu OT TAX B PEHOMMPaHN MeXAyHapoOHW CNCAHNS U Ha MPECTWXHMW Ha-
Y4YHU KOHepeHLmn. [poabimkm ga ce pas3BuBa 1 paslumpsisa CbTPYAHUYECTBOTO
HW C HaLW 1 Yy>XOEeCTPaHHM NapTHbOPU OT HaykaTa u Gu3Heca, NPoabIikM Aa ce
0o6HOBsIBa 1 nogabpka B M3NPaBHOCT U3cnegoBaTernckaTa HU MHAPacTpyKTypa.
HapacTtBa MHTepechbT y MnaguTte xopa Aa npeanodverar obyvyeHMeTo no npeg-
naraHata OT MHCTUTYTa JOKTOpCKa nporpama no ,MuHepanorus u kpucrtanorpa-
dusa“, KOATO UM JaBa MOATOTOBKA, 3HAHMS U YMEHMUS, KOHKYPEHTOCMNOCOOHM Ha
CbOTBETCTBALLOTO 06pa3oBaTeNHO 1 Hay4YHO HMBO B CBETA B Ta3u obnacr.

OT Havanoto Ha 2012 . MIMK e c HOBa CTpyKTypa Ha MbpBUYHUTE 3BEHA.
MpecTpykTypupaHeTo 6e N3BLPLLUEHO B CLOTBETCTBME C NMPOMSHATa Ha HEroBUS
cratyT npe3 2010 r., NpenopbKUTE Ha €BPOMNENCKUSI OOUT 1 PECYPCHOTO U Kaapo-
BOTO (hOKyCUpaHe BbpXY BOOELUNTE HAYYHWN TEMATUKN.

3a nopeneH MbT ocHOBHUAT npobnem B IMK v npes3 2012 r. 6e 3HaumMTenHus
dmHaHcoB HegocTur (Hag 40% oT HeobxognmuTe cpeacTea). BuanpuetnsT nogxon
3a andepeHUMpaHo MHCTUTYLMOHANHO dunHaHcupaHe B BAH cbobpasHo pesyn-
TatuTe oT AenHocTTa Hapean VMK cpen Ha-gobpe npeacrtaBswmuTe ce akage-
MUWUYHU MHCTUTYTU C 22% no-BuCOKa BrompkeTHa cybemnans oT Ta3n 3a nsMmuHanarta
roguHa. Toea, KakTo 1 COBCTBEHUTE NPUXOAWN OT NpeanaraHnTe Ha BbHLUHW KITMEH-
TN Hay4YHW, EKCMEPTHN U CEPBU3HO-aHaNUTUYHM YCIYrn NO3BONNXa U3NaLaHeTo
Ha TPyOoBUTE Bb3HArpaxaeHusi B MbieH pasMep, NoeMaHeTo Ha Han-Heobxoau-
MUTE pa3xoam 3a U3gpbXKKa U B KpaHa CMETKa — OCUNYpPsSIBAHETO HA CPaBHUTENHO
HOpMarHu yCcrnoBus 3a U3NbiHEHNETO Ha U3CNeaoBaTENCKUTE NPOEKTH.

Hactoswuar otyeT obxBalla AeHOCTTa Ha MHCTMTYTa npe3 18-Ta roguHa
OT BBBEXOAHETO Ha TpaauumsaTa 3a eXerogHo nyonvkyBaHe B CMHTE3MpaH BUg
Ha pesynTaTuTe OT uscrnegoBaTenckaTta Hu paboTa.
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1. MpegmMeT Ha 4ENHOCT, NPUOPUTETU U HayU€eH KanauuTeTt

1.1. NMpeomeT Ha 4EeAHOCT, MUCUA U NMPUOPUTETHU

MucwusTa Ha VIMK e ga gonpuHacs 3a yCTONYMBOTO pa3BuTMeE Ha obLLEeCcTBO-
TO 1 oboraTsiBaHETO Ha YOBELLKUTE MO3HAHWUS B Obnactta Ha MuHepanorusaTa,
MUHEeparnHuTe CypoBUHU 1 KpucTanorpaduara ypes 3agbnbodeHn Myntnancum-
NAWHAPHWN M3CNeaBaHUSA Ha NPUPOAHU, TEXHOTEHHU U eKCNePUMEHTaNHO Moae-
NMpaHN MUHEpPanHU CUCTEMU N CUHTE3UPaHN HOBU MaTepuarnu.

HayuHounacnegosartenckata pabota B MHCTUTYyTa € NOAYMHEHA U3LAIO Ha
Heroevsi NpeaMeT Ha AeWHocT: ,PyHOaMeHTanHN U NPUNoXHU U3crnenBaHus,
KOHCYNTaHTCKa, ekcrnepTHa, obCcnyxealla 1 aHanMTu4Ha AeNHOCT, NPUoXeHne
Ha Hay4YyHWUTE pes3ynTaTh U NOAroTOBKA Ha BUCOKOKBanuduumpaHi cneynanmnctu
B obractTa Ha MuUHepanoruara un kpuctanorpadusaTa, UscneasaHe n mogenvpa-
He Ha MPUPOOHUN N TEXHOTEHHW MUHEpPanHu CUCTEMN®,

VMK e cpeg mankoTo 3BeHa B AkagemusaiTa ¢ AokasaH MynTuaucLmninHa-
PEH HayyeH KanauuTeT, MOAEepHa u3crnegoBarerncka MHgpacTpykTypa, cnocobHa
Aa obesneyn KOHKYPEeHTOCNOCOOHM n3crneaBaHns B MHOIO LUMPOK CMEKTbP Ha Npu-
pPOAHUTE HayKK, U 4OBpe pas3BUTO NPOEKTHO, MHCTUTYLIMOHAMHO M KagpoBO CbTPYA-
HUYECTBO C MHOIO HaLUKN N YyXXOECTPaHHN Hay4YHW OpraHM3aumm OT Han-pasfinyHmn
obnacTtu. o Ta3n npuynHa B HOBaTa mM3cnegoBaTterncka cTpyktypa Ha BAH nHcTu-
TYTBT € YacT OT HanpaBMneHNETo ,HaHoHayKW, HOBM MaTepuanu 1 TEXHONormm®,

OcHoBHaTa genHocT Ha VIMK e cbcpenoToveHa B criegHUTE NPUOPUTETHHU
HanpaBreHus:

M3YYABAHE HA 3EMATA

— WscnegBaHe Ha MyHepanu 1 MMHepanHu CUCTEMU C Lien onpenensiHe Ha
TEXHMSA CbCTaB, CTPYKTypa, CBOMCTBA, B3aMMOOTHOLLEHUS, NPoLecn Ha hopmu-
paHe 1 N3MEHEHME N 3aKOHOMEPHOCTM B pasnpeaeneHneTo.

— PaspaboTBaHe Ha reHeTUYHN MOdENU U KpUTEPUM 3a NPOrHo3upaHe, Tbp-
CeHe 1 Npoy4BaHe Ha Haxo4uLa Ha MUHepPanHu CypoBUHM.

HOBW MATEPVANW N TEXHONOI'MA

— W3pacTBaHe, CMHTE3 N XapaKTepusmpaHe Ha MOHO- U MOSIMKPUCTasHu
MaTepmanu (ONTUYHU KPUCTanm, MMKPO- 1 Me30onopecTun gasu, cTbkna un ap.).

— MoanduumpaHe Ha MUHepanu u MaTepuanu ¢ uen nogobpsisaHe Ha Tex-
HUTE COPOLUMOHHM, KaTannTU4YHN U NOHOOOMEHHM CBOWCTBA U TbPCEHE Ha Bb3-
MOXXHOCTM 32 ONTMMAITHO MPUoXeHKe.

OMA3BAHE HA OKONHATA CPEOA

— WM3yyaBaHe Ha BaxkHM 3a OMa3BaHETO M eKONorocbobpasHOTO Mon3BaHe
Ha oKoriHaTa cpefa NPUPOAHU U TEXHOTEHHN MUHEpParHU CUCTEMU C aKLEHT Bbp-
Xy BbIMMLLA, pyau 1 OTNagbYHM NPOAYKTU OT npepaboTkarta nm.

NPNPOOA N CYPOBUHHW PECYPCU HA BBLITTAPUA

— WN3cnenBaHe, Hay4yeH aHanmns v NPOrHo3MpaHe Ha MUHEPanHOCYPOBUHHU-
Te pecypcu Ha bvnrapusa ¢ uen epekTMBHOTO 1M €KoNorocbobpasHOTO UM Onors-
30TBOpSIBaHE.
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— WNayyaBaHe, ona3sBaHe U CbXxpaHsiBaHE Ha MMUHEpParnHoTo pasHoobpasue
Ha cTpaHara.

NoAroTOBKA HA BUCOKOKBANNPUNUNPAHW CMOELUMAINCTA

— lMporpamHa akpeguTaumsa 3a obyveHue 3a npugobuBaHe Ha obpasoBa-
TenHaTta 1 Hay4Ha cTeneH ,JOoKTop“ Mo Hay4HaTta cneumnanHocT ,MuHepanorus
KpucTtanorpacdwms‘.

— Y4eBHu nporpamMum 1 crieumanuanpaHn KypcoBe 3a CTyAeHTU U creyumanu-
CTM OT HaLLUW N Yy>XKAEeCTPaHHU YHUBEPCUTETU U HAYYHN UHCTUTYTH.

1.2. HayyeH KanauuTeT n TeMaTu4yeH obxBart

®dyHOaMeHTanHoOTo Hay4yHO 3HaHMe BbpXy CTPyKTypaTa, CbCTaBa, CBOMCTBa-
Ta u ycrnosusTa Ha obpasyBaHe Ha MMHepanu U MaTepuanu, KOeTo gaBaT MUHe-
panorvsiTa u KkpuctanorpadgusaTa NoCpPeacTBOM CBOUTE MOLLUHM METOLOMOIMYHM
anapaty 1 4pes3 npunaraHeTo Ha KOMMIEKC OT Hal-CbBPEMEHHU aHaNUTUYHU
MeToaN, AHEC MMA U3KITHYMTENHO LUMPOK OOXBAT Ha NMPUIOXEHUE: KAKTO npak-
TUYECKM BbB BCUYKM OCHOBHM 0BnacTu Ha npupogHuTe Hayku (Hayku 3a 3emaTa,
MatepnanosHaHue, buomegmuuHa, OkonHa cpega), Taka U B HaW-LUMPOK KPbr
OT chepn Ha CbBpPeMeHHaTa UHAYCTpUS (MMHHO Aero U reonorus, MmHepanHu
CYPOBWHM 1 MPOJYKTW Ha TSXHa OCHOBA, OMa3BaHe Ha OKorHaTa cpefa oT 3aMbp-
csiBaHus, papmaLeBTMYHa 1 broMeauumMHCKa NPOMULLIIEHOCT M Ap.).

CnepBavikn CbBpeMEHHUTE TEHAEHUMU Ha MYNMTUAMCUMMITMHAPHO pa3BuThe
Ha HaykaTa B cBeTa, noHacTtosiem VIMK pasnonara ¢ ekun oT BUCOKOKBanmMuLIm-
paHu cneunanucTy B obriactta Ha MuHeparnorusTa, Kpuctanorpadusita, MuHepan-
HUTE CYpPOBMWHK, bu3nkaTa n xmMmmsiTa, paboTelm B eCTECTBEHO Cb3AaAeHu, BO-
Jewm B cTpaHaTa 1 Jobpe no3HaTtu B YyxbrnHa Hay4yHoM3cneaoBaTenckuy rpynm no:

— MuHepanorus, reoxvMMnsi 1 Onon3oTBOPSABaHE Ha BbIMULLA N BbITNLLHN

NPOAYKTU

— XapakTepucTuvKa 1 oLeHKa Ha MUHEparnHu CypoBUHM

— MogenupaHe, kKapTupaHe 1 NPorHo3npaHe Ha MUHepariHn Haxoguiua

— ApxeomuHepanorus n TexHornormdHa MuHepanorns

— KpucranHa cTpykTypa, CbCTaB 1 CBOMCTBA Ha MUHepanv u matepuanmu

— CTPYKTYPHM 1 XMMWUYHM TpaHcdopMaLmMm Ha MUHepanu 1 Matepuanm

— [NprpogHM 3e0nUTU N MUKPOMOPECTM aHanosun

— CuHTe3 Ha HOBW (DYHKLMOHAMNHW N HAHOPAa3MEpPHN MaTepuanm

— KpucraneH pactex Ha onTnyecku Kpuctanm

— Ekonorus n ononsoTtBopsiBaHe Ha TEXHOTEHHWU OTNaabLn

PaspaborBaHute B VIMK OCHOBHM Hay4HUW U HAYYHO-TIPUITOXKHN TEMATUKM
ca C MexayHapoOHO foKasaHa NMPOAYKTUBHOCT M KOHKYpEeHTOCNocobHoCT. Mpes
nocnegHUTe rOAMHN Ce M3BbPLUBA HGanaHcMpaHo TEMaTUYHO aganTMpaHe KbM
HaUWOHaNHNTE U eBPONENCKUTE Hay4YHU NPUOPUTETU C aKLUEHT BbpXy edpeKkTnB-
HOTO M3MON3BaHe Ha MUHeparHW CypoBMHU M OTNagbuyW, Matepuano3HaHue U
HaHOTEXHOMOrMM, EKONOTNS U KyNTYPHO-MCTOPUYECKO HACNEACTBO.



2. OpraHu3auMoOHHa CTPYKTYypa, nepcoHasn n obopyaBaHe

2.1. OpraHu3auuoHHa CTPYKTypa U KagpoBMu CbCTaB

Ot Havanoto Ha 2012 r. Hay4yHom3cnegoBaTernckarta geriHocT B VIMK e opra-
HU3MpaHa B CriefHUTe TpY Hay4YHW HanpasneHus (genaptameHTn): ,MnHepanorus
W MUHEpanHu cypoBuHun®, ,EkcnepMMmeHTanHa MuHepanorus n kpuctanorpadpua®
n ,CTpykTypHa Kpuctanorpadus n matepnanosdHaHme”. B TaxHaTa CTpykTypa ca
WHTErpMpaHn ocemTe aHanMTU4HN U eKcnepuMeHTanHu nabopartopuu, ¢ KOUTO
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pasnonara nHctutyta. OceeH Tsx B UMK ca o6ocobeHu owe AOMUHUCTPATUBHO
1 MNMomMoLLHO-00CMYyKBaLLO 3BEHO.

AkagemnyHuaT cbetaB Ha VIMK npes 2012 r. BknodBalle 26 yveHu: 3 npodpe-
copu, 17 goueHTn, 4 rmaBHU aCUCTEHTU U 2 CNeunanmcT ¢ JOKTOPCKU cteneHn. OT
TAX €OWH YYeH e JOKTOp Ha HaykuTe, a 24 ca goktopu. [pe3 nammuHanara roguHa
2 oywm npugobuxa akageMmyHata OITbXKHOCT rraBeH acucteHT — a-p J1. dumosa un
a-p M. Kaguiicku, a npodb. a-p J1. KOHCTaHTMHOB ce neHcMoHupa.

CpegHata Bb3pacT Ha y4eHuTe OT akagemMunyHust cbetaB Ha UMK e okono
51 rognHn. ToBa ca BUCOKOKBanuduumpaHu cneuuanncti B obnactra Ha MuHe-
panorusita, MMHepanHuTe CypOBUHU, KpucTanorpadpuara, gusnkara u XuMmmnsTa,
KOUTO Ca B CbCTOSIHME Aa OCUTYPSAT KOMMMEKCHO MyNTUAMCLMMMHAPHO U3yyaBa-
He 1 pellaBaHe Ha Hal-CbBPEMEHHO HMBO Ha CIIOXHM MPOGnemMn Ha NPUPOLHH,
TEXHOrEeHHW 1 eKCNepUMEHTanHo MogenvMpaHy MMHepanHi CUCTEMU U HOBOCUH-
TeanpaHn maTtepuanu. lNo-ronsiMata 4acT OT yYeHuTe ca crneuvannsvpani BbB
BOELLM CBETOBHM Hay4yHU LieHTpoBe B benrus, Nepmanus (4 ctuneHgnaHtu Ha
dongaums ,An. dpoH XymbonTt®), Ucnanus, Pycus, CALL, LLsenuapus, AnoHus n
ap. MNpes3 2012 r. y4eHn OT MHCTUTYTa Boamxa y4ebHun nporpamm u cneumanmsu-
paHu KypCoBe 3a CTYAEHTU 1 JOKTOPaHTK OT XaMOyprckus yHusepcuteT u [lokTo-
pPaHTCKOTO yyunuile Ha BAH.

OcBeH TOBa B MHCTUTYTa paboTaT 12 cneumannctu ¢ BUCLLE U CPEeOHO che-
umanHo obpasoBaHue, OCHOBHATA YacT OT KOMTO 3a 3aeTh C 00CnyXBaHETO 1 Noa-
OpbXKata Ha OCeEMTE aHanUTUYHU U eKCriepuMeHTanHu nabopatopuu, a gpyru
yyacTtsaT B pa3paboTBaHeTO Ha Hay4yHouscnegosatenckute 3agadn. UMK pasno-
nara u ¢ ManbK agMUHUCTPATUBEH €KUM OT 5 cneunanucTy B obnactra Ha onHaH-
COBO-CYETOBOAHATA OEWHOCT, KagpoBOTO obesneyaBaHe GUONMOTEYHOTO AEro 1
MaTepuanHoTO ocurypsieaHe ¢ borat onuT B opraHu3auusTta, cHabgsBaHeTo, WH-
dopMauUMOHHOTO 06CnyxBaHe, (PUHAHCOBOTO MNilaHUpPaHe, pa3xo4BaHe U OTYUTa-
He KaKTO Ha BroKEeTHUTE, Taka U Ha JOTOBOPHUTE CPeACcTBa C HaLMTe NapTHLOPK
B bbnrapusa n vyx6uHa. B nomoLHO-06CnyXBaLLoTo 3BEHO paboTAT 6 AyLuun.

Mpe3 2012 r. B UMK ce obyyaBaxa 9 gokTopaHTu: 6 pefoBHU, 2 Ha caMo-
cToATenHa nogrotoeka n 1 3agoyveH. Criegea aa ce oT6enexun ACHoO n3paseHa-
Ta TeHOeHUus npes3 nocnegHUTe roauHN Ha 3acuneH nHTepec 3a oby4veHme no
npegnaraHaTa OT MHCTUTYyTa AOKTOpPCKa nporpama no ,MuHepanorvs n kpuc-
Tanorpagus“. OCHOBHUTE NPUYMHK 3a TOBA Ce KPUAT B Nog4epTaHO MHTepauc-
LMNAMHApHUA XapakTep Ha 0By4YeHneTo, U3NON3BaHETO Ha Han-CbBpPEMEHHA
aHanuTU4Ha M eKkcnepuMMeHTanHa anapaTtypa M BUcokata kBanuvdukauma Ha
eKuna OT Hay4YHW PbKOBOAMTENM U NEKTOPU Ha crneumann3vpaHmn KypcoBe.

2.2. NacnepoBarternicka HopacTpykTypa

Cbc cBoute 8 cobcTBeHU nabopatopun (MO enekTpoHHa MUKPOCKOMMUS,
npaxoB M MOHOKPWUCTaNeH PEHTIEHOCTPYKTYPEH aHanu3, TEpMOXMMUS, CEKTPO-
CKOMWS1, XMMUYEH aHanu3, ekcriepMMeHTanHa MUHeparnorust U KpucTaneH pac-
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TeX, ONTUYHA MUKPOCKOMMS U MOArOTOBKA Ha Mpobwu u npenapatu 3a aHanus),
KaKTO M C OAMNOBOTO CU yyacTve B Apyru 3 BbHLWIHM (paMaHoBa, MbochayepoBa
1 MaccnekTpomeTpuyHa), B momeHTa VIMK e Hali-gobpe obopyaBaHata 1 ¢ Han-
BMCOKOKBaNuMunumpaH Hay4yeH cbCcTaB 1 0OCny)XBaLl, NepcoHan opraHm3aums B
Bbnrapua B obnactta Ha OeTannHOTO M3CrnedBaHe Ha CTpyKTypaTa, CbCTaBa,
CBOWNCTBATa, NOBEAEHNETO 1 B3aMMOAENCTBMATA HA TBbPAMTE MaTepuanm (Hesa-
BMCMMO OT MPOM3xo4a v pa3mepuTe M) U cucTeMuTe, KouTo Te hopmupar.

lMpe3 nocrnegHNTe HAKOMKO FOAMHU MO Hala uHWUMaTmBa 6sxa opraHunsm-
paHu KOHCOPLMYMW OT BOZAELUN Hay4yHU MHCTUTYTM Ha BAH, CY ,Ce. KnumeHt
Oxpuackn®, XTMY n MMK (kaTo 6a3oBa opraHu3aums) 3a 3akyrnyBaHe 4pe3 KOH-
KYPCHO 1 6104KeTHO prHaHCUpaHe U CbBMECTHO U3MOoN3BaHe Ha nscnegoBaTen-
CKa anapaTtypa OT Hal-HOBO MOKONeHue 3a Hag 2,5 MrH. nB.

MoHacTtosawem VMK pasnonara ¢ U3knio4mMTenHo MollHa anapartypHa basa,
crnocobHa Ha NpakTuka Aa nokpue NoYTu Lenusa Hay4yHom3crnegoBaTencky guana-
30H B cdhepaTta Ha MaTeprano3HaHNETo:

¢ JlaGopaTtopusa nNo enekTpoHHa MUKPOCKONUS:

— CkaHupaly enektpoHeH mukpockon CARL ZEISS SMT SEM EVO LS25
¢ aHanuTtnyHa cuctema EDAX Trident

— TpaHcMucroHeH enekTpoHeH mukpockon “Philips” EM 420 T (120 kV) ¢
aHanuTuyHa npuctaska EDAX

— CkaHupauy, enektpoHeH Mmukpockon “Philips” SEM 515 ¢ aHanuTuyHu
npuctasku EDAX n WDS.

— CkaHupaly enektpoHeH mukpockon “Philips” SEM 515 ¢ SE petektop

* JlabopaTtopusi N0 PEHTreHOCTPYKTYPEH aHanus:

— MoHokpuctaneH audgpaktometbp Oxford Diffraction Supernova A
C OBa PEHTreHOBM M3TOYHMKA U TemnepartypHa npuctaBka Oxford
Cryosystems Cobra

— MoHokpuctaneH gudpakrometsp Enraf Nonius 586 CAD 4

— [Npaxos peHTreHoB andpaktomeTsp Bruker AXS - D2 Phaser

— [MpaxoB peHTtreHoB audpaktometTbp APOH -3M ¢ koMnioTbpHa cucte-
Ma 3a (pasoBa naeHTugunkaums

— cneumanuampaH coTtyep 3a obpaboTka Ha AaHHM W NMbiHW 6asn oT
AaHHu ICDD un cTpykTypHu 6a3n ot gaHHm ICSD, CSD n PDB

e JlabopaTtopusi N0 TEPMOXUMMUSA:

— KOMMJeKCHa TepMoxmMuyHa anapatypa SETSYS Evolution 24 TGA-
DTA/DSC ¢ maccnektpomeTbp Omnistar 3a aHanua Ha rasoBarta gasa
Ha Setaram Instrumentation

— OundepeHunanHo-TepmmnyHM aHanmusatopu Stanton Redcroft STA 781
n DTA 675

— OndepeHunanHo-ckaHupaly, kanopumetbp Stanton Redcroft DSC
1500

— Tepmo-mexaHuyeH aHanmsaTtop Stanton Redcroft TMA 790
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e JlabopaTtopusi NO CNEKTPOCKOMNUA:
— WHdpayvepseH cnektpometbp Bruker FT-IR Tensor 37 ¢ nHdppayep-
BeH Mukpockon Hyperion 2000
— UV-VIS cnektpodhotometrbp CARY-100 Scan
* JlabopaTopua no ekcnepuMeHTariHa MMHeparnorua u KpuctasneH
pacTex:
— YcTaHOBKM 3a xvapoTepmareH CUHTE3 Npu BUCOKU M HUCKU Temnepa-
TYpPV U HansraHus
— Anapartypa 3a KpuUCTaneH pacTex OT CTOMWUIKM MO MeToauTe Ha
Yoxpancku n bpnmxkmeH-CTokbaprep
— [Meww 3a HarpsaBaHe go 1600°C
— lopewa npeca “Crystalox” 3a BucokoTemnepatypeH TBbpaocdas3oB
CUHTE3

3. MpobnemaTuka u pesyntaTtu ot genHocTTa npe3 2012 r.

3.1. Bpb3ka ¢ nonutukute u nporpamute Ha BAH

OCHOBHUAT kKaapoBU, MaTtepuarneH, uHaAHCOB U MHPOPMALMNOHEH pe-
cypc Ha UMK npe3 2012 r. 6e Haco4YeH KbM U3MbIIHEHWE HA CTpaTerMyecknTe
nonnTUKK, 3anoxeHun B ,[porpamaTta 3a ctabunusaumsa n passutme Ha BAH
npes3 nepuoga 2012-2014 r., ypes akTMBHO yvyacTue B peanusauusta Ha
criegHuTe nporpamu:

MonuTtuka 1: HaykaTta — ocHoBHa ABuUraTenHa cuna 3a pa3BuTve Ha Ha-
LMOHaNHaTa MKOHOMMKa U obLwecTBO, 6a3MpaHn Ha 3HaAHUA.

lMpoepama 1.2: ,Yecmoul4yugo passumue, payuoHarHO U eeKmueHo U3-
ron3eaHe Ha npupodHUMme pecypcu”— NocpeacTBOM: U3cneaBaHe, Hay4YeH aHa-
N3 1 NPOrHO3upaHe Ha MUHEepPariHOCYpPOBUHHUTE pecypcu Ha Bbnrapus ¢ uen
edheKkTMBHO 0MonN3oTBOpsiBaHe M NPUPOSOCHOOPAa3HO U YCTOMYMBO pa3BuTME Ha
HauMoHanHaTa UHMpPacTPyKTypa 1 MKOHOMUKA; n3y4aBaHe, NoOAAbPXaHe 1 onas-
BaHe Ha MVMHeparnHoTo pa3Hoobpasmne, reonoXKoTO M NaHAWagTHOTO NPMPOAHO
HacneacTBo Ha cTpaHaTa.

lpoepama 1.3: ,KoHKypeHmocrnocobHocm Ha 6brieapckama UKOHOMUKa U
Ha Hay4YyHUsl UHO8aUUOHEH Karauyumem® — 4pe3 cb3haBaHe Ha HOBU KOHKYpPEHT-
HW HayYHW NPOAYKTU N TEXHOMOMMN 3a HYXOUTE Ha UHOYCTPUATA U Ype3 HayvHa
noAkpena Ha Han-CbBpeMEHHO paBHYLLE Ha ObRrapckoTo NpeanpuemMadyecTso 3a
peanu3npaHeTo Ha ObMrocpoYHM yeneLwwHy busHec NpoekTu B cdeparta Ha edek-
TMBHOTO OMOM30TBOPSIBAHE Ha MUHEPariHUTE CypoBMHU Ha Bbnrapus.

lpoepama 1.5: ,MlHEbopmMayUOHHO, eKcriepmHO U orepamueHo 0bCrlyxeaHe
Ha bb/izapckama Obpxasa u obwecmso” — Ype3 M3BbPLUBAHE HA OMNeEpPaTUBHU
€KCMepTHW OLIEHKM, aHanMau 1 Npenopbky No Hav-akTyanHu npobnemu, cBbp3a-
HW CbC CbCTaBa, CTPYKTypaTa 1 CBOMCTBaTa Ha MUHEpanu u Matepuanm.
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lMpoegpama 1.6: ,KasecmeeHO U KOHKypeHmMOocCrnocobHo obyyeHue“ — no-
CPEeACTBOM Cb3[aBaHETO Ha ONTUMArHWN YCIOBUS 3@ HAy4YHO M3pacTBaHe U Mbll-
HoLeHHa peanusaums Ha ydyeHuTe oT MK 1 o6yyaBaHMTe OT HALIM CbTPYAHMLM
CTYLEHTW, JOKTOPaHTU U CreunanncTy B yCoBusaTa Ha CUMHO KOHKYPEHTHOTO
€BpOMNencKko Hay4YHOM3Crea0BaTeNICkO MPOCTPaHCTBO.

Monutuka 2: HayyeH noteHuuan n uscnepoBartesicka MHpacTpyKTypa
— YyacT oT EBponenckoTo nscneaoBaTesicko NPOCTPaHCTBO.

MexagyHapogHata genHocT Ha MIMK noHacTosileM ce ocbLUecTBsiBa Ypes
ABYCTPaHHN UHCTUTYLIMOHAINHM AOrOBOPY MO JIMHUS HA aKageMUYHMUS OOMeH, no
KOHKYpcHUTE nporpamu Ha ®oHa ,HayuHu nscnegsaHusa® (PHWN) n Ha eBponen-
CKM MHCTUTYLIMM, KQKTO N Ype3 roCTyBaHe Ha HaLLM YYEHU B YyXXON YHUBEPCUTETHU
N n3cnegoBaTencky LEHTPOBE Bb3 OCHOBA Ha CrneyerneHu KOHKYpCu, cneuvanu-
3auum, N0 CbBMECTHM NPOEKTU UMK MO NoKaHa.

lMpe3 nocnegHWTe HSKOMKO FOAMHU B MHCTUTYTa 6e MogMEeHeHO 4acT oT
OCTapsnoTo Hay4yHo obopyaBaHe C HOBa MOAEpHa TexHuKa, kato 6asa 3a npo-
BEX[AHEe Ha MeXOYyHapOAHO KOHKYPEHTOCMOCOOHM HayyHM m3credBaHusi B 00-
nacTTa Ha u3y4YaBaHEeTO Ha MUHepanu, MUHepanHM CUCTEMU U HOBU MaTepuanu,
pa3paboTBaHETO Ha rEeHETUYHM MOLENN 3a TbPCEHe M MpoyyYBaHe Ha HaxoauLa
Ha MUHepariHu CypoOBVHM, Cb34aBaHETO M MOANMULUPAHETO HA MaTtepuanu u
MUHepanu ¢ uen nogobpsiBaHETO Ha TEXHWUTE MOMe3HV CBOMCTBA. ToBa MpaBu
VMK TbpceH napTHbOp Npu pa3paboTBaHETO Ha HALMOHAIHN U EBPOMNENCKN N3-
cnenoBaTencky MPOEKTU B MHOTO LUMPOK CMEKTbP Ha Hay4yHOTO MO3HaHWe — OT
MUHeparnorus, kpuctanorpadusi U MMHepanHu CypoBUHK, 40 MaTepuanosHaHume,
npunoxHa uanka n bronorus.

Monutuka 3: HaunoHanHaTa MAEHTUYHOCT U KynTypHOTO pa3Hoo6pa-
3ue B EBpona n cBeTa.

lNpoepama 3.2: ,Mlcmopusma Ha 6brieapckume 3emu, bbneapusi u 6briea-
pume” — NoCpefAcTBOM y4acTUETO B U3OMPBAHETO M U3y4YaBaHETO Ha apxeorno-
rMYECKU N apXUTEKTYPHU NaMEeTHULM 1 apTedakT OT APEBHOCTTA A0 HALUN OHU
N pasBUTMETO Ha HOBWM Hay4HW HaMpaBMEeHUs KaTo apxXxeoMuHepanoruara u reo-
apxeornorudra.

3.2. NMonswu 3a HaykaTa, 6u3Heca n obLecTBOTO

B pe3yntaTt Ha U3NbJIHEHNETO Ha 3alioXXeHUTe B Hay4YHOMU3CIlieg0oBaTesICKmA
nnaH 3a 2012 r. 3agaym ca nonyveHn peguua BakHu 3a HaykaTa v HaumoHanHa-
Ta MHOYCTpUSI pe3ynTaTtu, Hamp.: HOBM 3HaHUS 3a CbCTaBa, CTpyKTypaTta, CBON-
cTBaTa, 3aKOHOMEPHOCTUTE B 0Opa3dyBaHETO, NOBEAEHMETO NPU TEXHOMNOMMYHaTa
npepaboTka n edhekTMBHOTO OMOM30TBOPSIBAHE HA MUHEepanu, HOBM Matepuanu,
MUWUHEparnHN CypOBWHW, MPUPOLAHN U TEXHOTEHHW MUHEpParHU CUCTEMMU OT Obnl-
rapcKoTO reornpocTPaHCTBO; CUHTE3UPAHE Ha peauua HOBU MaTepuanu CbC 3a-
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JadeHa CTPyKTypa v CBOWCTBa M MogudmumpaHe Ha Bede M3BECTHM TakvBa 3a
NPUNOXeHNe Kato MOHOOOMEHHULW, COpOEHTK, KaTanusaTopu, membpaHu, bar-
pvna, nogobpuTeny Ha NoYBK, ENEKTPOHHU KOMMOHEHTU, MEAULMHCKA Y ONTUYHM
NpoayKkTW; pa3paboTBaHe Ha TEXHOMOMMs 3a NPOM3BOACTBOTO HA HAHOPA3MEPHM
3€0NUTU; n3pacTBaHe Ha KpuUcTanu, NpUTexaBally KOHUYHA pedpakums, 3a ue-
nnTe Ha Cb3[aBaHETO Ha Nla3epu C BUCOKA SPKOCT; NOMbIBaHe 1 akTyanuanpaHe
Ha HaumoHanHu 6a3un OT JaHHW 3a MUHepanuTe, MMHeEpanHUTe CypOBUHU N HOBO-
CMHTEe3upaHuTe KpucTanHu asu.

Kato Bogewa nybnvyHa Hay4YHa MHCTUTYUMS B cdepaTta Ha MuHepano-
rmsiTa, MUHeparnHuTe CypOBMHU, KpucTanorpaduara u maTepuanosHaHUEeTo,
MK npeanara wmMpok Kpbr OT U3crnenoBaTencku, eKCnepTHU, KOHCYNTaHTCKN,
CEPBU3HM M aHanUTUYHKU ycnyrn 3a OusHeca, ObpXaBHaTa agMWHUCTpaUUS
N Hay4YHO-MHOBAUMOHHUSA CeKTop. ObnrorogMiiHn napTHbOPU U KIMEHTU Ha
npeanaraHuTe OT HaLMTE yYEHM eKCNEePTHO-KOHCYNTaHTCKN YCAYTn ca AECETKM
UPMU OT HaN-Pa3NNYHM UHOYCTPUATTHU CEKTOPM (TbpCceHe, MpoyyBaHe, Job6uB
N npepaboTka Ha MUHepanHu CypoOBWHW; HOBU MaTepuanu; apmaueBTuKa;
onassaHe Ha oKonHaTta cpefa v Aap.), HaydHomM3creLoBaTeNncku opraHu3auuu,
YHUBEPCUTETU U MYy3€EN.

MoTpebuTenn Ha Hay4yHU NPOAYKTU, €KCMepTEeH KanauuTeT U aHanUTUYHU
nacnegsanHna Ha UMK npes3 2012 r. ca peanua Hawm 1 YyxxgectpaHH UHAYCTPU-
anHu npeanpuatusa (,bankan®apma-AynHuuya“ AL, ,AXL International” (LLiee-
yus), ,6KC Bumowa*“ A4, ,EKO NHdycmpu“ EOQL, ,Eepomecm*“ OO0/, ,3eonum
b ,Pecmaspauyus — beHduda“ EOQ/, ,Hekcanum* O0L, ,Cmpoumuxc” OOL),
Hay4Hu uHctutyTm ot BAH (HAUM, NOHX, NOTT, HUITT, MEEC MIHcmumym
ro nonumepu, MHcmumym no kamarsnus), yamBepcurtetu (CY, XTMY, M"Y, YACT,
Tpakulicku yHugsepcumem) v My3eun (HaunoHaneH nctopuyeckn mysen, Haumo-
HaneH mysen ,3emsiTa u xopara“, Myaei Ha 3aHaATUTe — TPOsiH).

MMK yuyacTBa CbLLO Taka B opraHu3auusita 1 ynpaerneHUMeTo Ha peauua
OEeWHOCTU C HaLMOHareH xapakTep:

— VIMK e Hay4HO cpeguiue Ha 6bnrapckata MUHeparnoxka obLHOCT, 0beau-
HeHa B Bbnrapckoto MMHEpPanorM4ecko ApYXecTBO, YNATO VIHTepHeT cTpaHuua
(http://www.clmc.bas.bg/Minsoc/) ce nogabpxa OT Halwmsa yeb-aaAMUHUCTPaTop.
B nHcTUTYTa ce npoBexaaTt perynsipH1uTe COMpKN Ha OPY>KECTBOTO, KbAETO HALLK
W YyXXOW YYeHW AoKnaasaT U AUCKYTUPAT akTyanHu pe3ynTtaTu OT Hay4yHU n3cnea-
BaHMS B obrnactta Ha MUHepanornaTta U MMHeparHuTe pecypcu.

— WIMK e cepganuuwe Ha Bvnrapckoto kpuctanorpadcko apyxecteo c [Npea-
cepaten npod. a-p O. NeTpoB — 3aM.-OMPEKTOP Ha MHCTUTYTA, YnaTo MIHTepHeT
ctpanuua (http://www.bgcryst.com) cbLyo ce nogaobpka oT yeb-agMuHUCTpaTopa
Ha Hawwus yebcanT. MNoa ermaarta Ha YnNpaBUTENHWS CbBET HA APY)XECTBOTO Ha
1-3.11.2012 r. 6ewwe npoBeaeH IV HaumoHaneH kpuctanorpadckv CUMMNO3UyM.

— VIMK upes cBou y4eHu € akTUBEH y4aCTHUK B OpraHM3auuoHHaTa u naga-
Tenckata eMHOCTU Ha BbnrapckoTo reonornyecko Apyxectso n bvnarapckoto
KpucTtanorpadgcko Apy>KeCTBO.
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— MK e: xpaHuten Ha GasoBata akagemudHa konekumsi ,MuHepanHoTo
pa3HooOpasune Ha bbnrapusi®, B KOATO ce CbXpaHsABaT yHUKanH1 00pasumy oT Mu-
HepanHoTo 6oraTcTBO Ha CTpaHaTa M crneuuanuanpadn paboTHM matepuann oT
n3crieqoBaTenckuTe NPOeKTU U 3aJayn Ha yYeHUTe-MUHEPAaro3n OT UHCTUTYTA,
aKTUBEH YYaCTHUWK B HALMOHANHUTE U MexayHapoaHuTe opyMu Ha usgurHaTtara
oT HauumoHanHua mysen ,3emsita n xopata“ Coduncka nHmumatuea ,CbxpaHs-
BaHE Ha MMHeEpPAarHOTO pa3Hoobpasne”, YMATo OCHOBHA Lien e Aa onasu 3a obae-
LUTE MOKOJEHNsST MMHEparTHOTO BoraTcTBo Ha 3emsTa.

Mopagu cneundurkata Ha CBOS HayyeH KanauuTeT B3auMMogencTBue-
TO Ha y4yeHute oT VIMK ¢ HauMoOHanHUTe U peruoHarHUTe UHCTUTYLUU B
Bbnrapua u EBpona e cBbp3aHo npean BCUYKO C U3MbIIHEHUETO Ha ronsMm
Opown n3crnegoBaTenckm NPOEKTU C BbHLIHO (PMHAHCMpaHe, KakTo 1 C Halu-
T€ Bb3MOXHOCTU 32 KOMMETEHTHM €KCMEPTHU MHEHUSA MO BbNPOCHK, Kacaellm
Hanp. eeKTUBHOTO OMOJI30TBOPSIBAHE HA NPUPOOHU CYPOBMHU, OMa3BaHETO
Ha OoKoJlHaTa cpefa, BIMAHMETO Ha pasfMyHN NPUPOLAHU MPOAYKTU BbPXY YO-
BELUKOTO 3[paBe, OKaYeCTBABAHETO Ha flekapCTBEHU MPOAYKTU Ha dapma-
LueBTUYHaTa MHAYCTPUS 1 ap.

Mpe3 2012 r. N0 NMCMEHO UCKaHe Ha agMuHucTpaumaTa Ha OMbygcmaHa Ha
Peny6nvka Bbnrapus 6e n3arotBeHo eKCnepTHO CTaHOBMLLE OTHOCHO AENCTBUSATA
Ha MUHepana KIMHOMNTUIIONUT BbPXy opraHn3aMa Ha YyoBeka oT npod. a-p OrHsH
MetpoB — lNMpeacenarten Ha bbnrapckoTo kpuctanorpadgcko ApY>KECTBO U YNeH
Ha pbKOBOACTBOTO Ha MexayHapoaHaTa acounaumns no NPUPOAHU 3€0NUTH.

Mpod. arH C. Bacunes e gbnroroaunwieH HaumoHaneH ekcnepT Ha bbnra-
pusa B MlHCTUTYTa No eHepreTvka Ha CbBMECTHUSI U3CNegoBaTEeNCKM LIEHTbP Ha
EBponenckarta komucus, rp. lNeteH, XonaHaus, KbAeTo € BogeL, cneunanmcT Ha
€BPOMENCKO HMBO MO BbIPOCUTE Ha OKAYEeCTBSIBAHETO U CcepTUdMUMPaHETO Ha
Ovnomacarta BbB Bpb3Ka C NepCrneKkTMBUTE 3a U3MNOM3BaHETO 1 KaTo OMOropmneo 1
CypOBMHa 3a NPOU3BOACTBO HA XMMUYHWU NPOAYKTU.

MHoOro oT CbTpyAHMLMTE B MHCTUTYTA Ca y4aCTHULM B pa3nuyHuM oopmMun Ha
Hay4HWSI XXMBOT HA HaUMOHANMHO U MeXAyHapoaHO HUBO — npeacenaTtenu n une-
HOBE Ha YNpPaBUTENHM OpraHy Ha Hay4YHWU OPYXeCTBa, YNEeHOBE Ha peaaKUMOHHN
KOMnernm B peHOMUpaHN MeXayHapoaHU U HaUMOHAaNHW CUCaHUs, PeLEeH3EHTU
Ha Hay4HW TPYLOBE, YHACTHMLM B HAY4YHW XXypuTa MO KOHKYpCW 3a 3aeMaHe Ha
aKkageMUYHN ONTbXHOCTU U ap.

CbC cBOAITA akTUBHA U MHOronNocovHa mexayHapogHa aenHoct UMK 3awwm-
TaBa 3aBOKBaHUA CU MPECTUX HA KOHKYPEHTOCMNOCOOHa HayyYHa opraHu3aums u
BCE MO-YCMELLHO Ce MHTErpMpa B U3rpaxaalloTo ce eBPOMencKo nscnenoBaTen-
CKO NMPOCTPaHCTBO.

3.3. PesynTtatu oT AeMHOCTTa U Han-BaXkHU NOCTMXKeHUs npe3 2012 r.

Mpes3 2012 r. B UMK ce n3nbnHaBaxa 17 npoekTa ¢ 06wwo 41 Hay4yHomscre-
A0BaTesnIckM 3afayn, KakTo crnepsa:
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— 5 nnaHoBM NpoekTa ¢ KOMBMHMPaHO PUHAHCKMPaHe — OCHOBHO OT BloaXeT-
HaTa cybcmauns, HO 1 OT BbHLUHW U3TOYHULN;

— 5 npoekTa, hnHaHcupaHu no gorosopu ¢ PHU;

— 1 npoekt no Ceama pamkoBa nporpama Ha EBponeiickusi cbro3 (2007—
2013), Mporpama ,Kanauntetn“ (SP4), Hay4yHn nacnegsaHus B nonsa Ha Manku
W CpedHu nNpegnpusaTus, Ha Tema Jlasepu ¢ BUCOKa SpKOCT Ha 6a3arta Ha KOHWY-
Ha pedpakuyua“ (High Brightness COnical REfraction Lasers — HICORE);

— 1 eBponevickn npoekT no lNMporpamaTa 3a 3gpaBeona3eaHe Ha EC (EU
Health Programme), conHaHcupaH oT eBponerickata N3nbnHuTenHa areHums 3a
3gpaBeonasBaHe 1 3awimTa Ha notpebutenute (Executive Agency for Health and
Consumers - EAHC) Ha Tema ,OueHka Ha 6e3onacHOCTTa Ha npoussexgaHuTe
HaHOMaTepuanu Ypes xapakTepusmpaHe Ha TEXHUSA NOTeHUNaneH reHOTOKCMYEH
puck® (Safety evaluation of manufactured nanomaterials by characterisation of
their potential genotoxic hazard — NANOGENOTOX);

— 1 npoexT no Ol ,PernoHanHo passutne” bbnrapus-Ispunsa 2007-2013
r., CbpmHaHcupaH oT EC upes EBponeinckust boHA 3a perMoHanHo passuTue Ha
Tema ,YnpasneHue Ha pucka OT NPUPOLHN U aHTPOMOreHHW CBNavumLa B rpbLKO-
Obnrapckara norpaHmyHa 3oHa“ (RISK management of natural and anthropogenic
landsLIDES in the Greek-Bulgarian cross-border area - RISKLIDES);

— 4 nNpoeKkTa nNo ABYCTpaHHU AaoroBopu u cnoroabu Ha BAH no EBP ¢ Ha-
y4HM opraHm3auum ot PyckaTa (2 npoekTa), YewkaTta n PymbHcKkaTa akagemun
Ha HaykuTe.

HayuHute pesyntatv Ha yyeHuTe oT MIMK 3a 2012 r. ca oTpaseHu B 06LW0
78 ny6nivkauuu, ot komTo: 1 MoHorpadms (n3a. Ha BAH), 58 — B MexxayHapoaHu
crnvcaHnsi ¢ UMNakT-pakTop U pedepunpaHn coopHuum (47 nybnukyBaHu mn 11
— npueTtun 3a neyat) n 19 — B cnucaHma 6e3 numnakT-gakTop 1 HepedepupaHm
cbopHMUM.

KaTo usano e Hanuue u3BecteH cnagj B obuata nybnmkaumoHHa akTUBHOCT B
CpaBHEHWE C AaHHUTE 3a NocregHuTe 5 rogMHu, KOMTO Ce AbIMKM Npean BCUYKO
Ha psI3KO HamaneHus 6por Ha cTaTunTe B HepedeprpaHn cnncaHms n coopHu-
un. ChblueBpeMeHHO BpoAaT Ha nybnvkauumMTe B CNMcaHMs C MMNakT-chakTop u
pedepupaHn cOOpHULM Ce 3ana3Ba MPaKTMYECKM Ha CbLLOTO BUCOKO HMBO. U
ToBa € pa3dbupaemo, KaTo ce uma npeaBug cunHaTa opuveHTauMs Ha Hawara
Hay4Ha OBLLHOCT Npe3 nocrnefHuTe roavHU KbM MpeactaBsiHe Ha pesynrtatuTte
npean BCUYKO B pEHOMUPAHW MEeXOYHapOOHWN N34aHus.

CboTHOLEHMETO ,,6poit Ha nybnukaLmm/akageMmyeH cbeTas® (26 gy npes
2012 r.) e kakTO cneapa: obLy 6pon nybnmkaumm — 3 Ha eguH yveH; nybnmkaumm ¢
MMNakT-gakTop — oKoro 2.2; nyonukaummn 6e3 nmnakr-caktop — okoro 0.8.

HayuyHuTe pesyntatu Ha cbTpyaHuumTe oT UMK ca npeacraBeHu CbLo Taka
¢ 45 poknaga Ha 15 MexayHapoaHM U 2 HaUMOHaNHM Hay4YHn KOHGEepPeHLNN.

Mpe3 2012 r. 192 ny6nukauun Ha ydenute ot MK ca umtnpanm 567 nbtm B
cTaTuu, KHUMM 1 Apyra HayyHa nuTepaTypa. Tesv faHHu ca BnevaTnsiBaliu, kato
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B cpaBHeHue ¢ 2011 r. (158 nybnukauun n 372 yutata) pbCTbT HA LUTUPAHUTE
ny6nukauum e Hap 21%, a Ha yutatute ¢ Hag 52%. Kato usano ToBa e eguH
MHOro 4oObp arecTar 3a Ka4eCTBOTO Ha HallaTa Hay4YHa npogyKuusi U HerHaTta
BMCOKa MO3BaeMocT B NPOECUNOHANHNUTE Hay4YHU OBLLHOCTN.

Mpes 2012 r. gou. a-p MopaaH Myxoscku ny6nukysa MoHorpaduata
“Optical fluorides purification and crystal growing applicability and perspectives”
(AkagemunyHo nsgarencTeo ,lpod. MapuH [puHOB®), nnog Ha HEroBUTE AbN-
roroAvLLIHN N3cnefBaHus U OrpOMEH OMUT BbPXY CMECEHUTE ankano3eMHU
GryopuaHM CUCTEMU U KPUCTAITHUSA pacTeX Ha MOHOKpUCTaneH nyopuT ¢
ONTMYECKO KayecTBO.

Han-BaxxHO Hay4YHO NOCTUXKEHME:

KonekTus ¢ pbkoBoaunTen npod. ArH C1. Bacunes (B CbTpyaHUYECTBO C yye-

HM OT IHCTUTYTa No eHepreTuka n TpaHcnopT Ha CbBMECTHUS U3cneaoBaTencku
ueHTbp Ha EBponelickata komucusa (JRC-IET): Ha 6a3aTta Ha KpuTU4eH aHanma
Ha pedepupaHn faHHU U cOBCTBEHUN M3cnenBaHus 3a hasoBO-MUHEPATIOKKUS 1
XUMUYEH CbCTaB Ha nenenu oT pasHoobpasHu Bugose 6uomaca (IMB) e paspa-
©oTeHa cuctemMa 3a TAXHOTO knacuduumpaHe B 4 Tvna 1 6 noatvna, 6asunpaiya
Ce Ha TexHUs CbCTaB, MPOM3XOA U CBOWCTBA®. [JeMOHCTpMpaHo e, Ye Ta3n HoBa
knacudukaums Ha b nma He camo BaXKHO (hyHAAMEHTAsHO 3Ha4YeHUe, HO CbLLO
W NOTEHUMarnHo NpunoXeHWe 3a NpeaBwKaaHe CBOWCTBATa M MHOBATUMBHUTE U
yCcTON4MBM 06NacTu Ha ynotpeba Ha otgeneHute Tunose u nogTunose [MB**.
O4yepTaHu ca noTeHumManHuTe NpeaumcTBa 1 NPeav3BMKaTeNCcTBa, CBbP3aHu C
ononsoTtBopsiBaHeTo Ha 1B, kaTo: (1) obwo onon3oTBopsBaHe; (2) n3Bnu4aHe
Ha UEHHW KOMMOHEHTU n TAxHaTa ynoTpeba; (3) MyNTUKOMMOHEHTHO OMOM30-
TBOpsiBaHe; (4) TEXHOMOMMYHU NPeauMCcTBa M Npeau3BukaTencTea; u (5) Hakom
€KOMOTrMYHN 1 30paBHN pUCKOBE. MI3THLKHATO €, Ye MOCOYEHUTE HanpaeneHus 3a
OMnon30TBOpsiIBAHE, TEXHOMNOMMYHM U EKONMOrMYHN NPeaMMCTBA U NpeansBukaTern-
CTBa Ca CBbp3aHM OCHOBHO CbC crneunduyeH tun n noatmn MNb n morat aa 6b-
AaT NpeaBuaeHn Ypes M3Mon3BaHeTo Ha NpeasiokKeHnst KOMBUHMPaH XUMUYEH U
(ha3o0BO-MUHEPANOXKN KnacuduKaumMoHeH noaxos. HactoawoTo nscnegBaHeTo
e 6bae n3nonseaHo Npu POpPMyNMpaHETO Ha HOBW CTaHOAPTU 3a Ka4eCcTBO U
ceptnduumpane Ha Nb, KakTo 1 3a NPOrHO3HWU LENKU, CBbP3aHu ¢ 6bAELLOTO BU-
COKOTEXHOSOMMYHO U YCTOMYMBO M3Non3BaHe Ha BromacaTta 1 ononsoTBopsiBa-
HeTo Ha [MB.

[*Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An overview of
the composition and application of biomass ash. Part 1. Phase-mineral and chemical
composition and classification. Fuel, 105: 40-76.

**Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An overview
of the composition and application of biomass ash. Part 2. Potential utilisation,
technological and ecological advantages and challenges. Fuel, 105: 19-39.]
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Hait-3HauynMmo Hay4HO-NPUNOXKHO MOCTUXKEHUE:

KonekTtuns ¢ pbkoBoauTen gou. A-p B. lNeTkoBa (B CbTPYAHNYECTBO C yYEHU
OT TanuHcKusa TeXHONOrMyeH yHueepcnteT, EcToHns): MpunoxeH e KoMGuHMpaH
noaxof 3a MsdncnsBaHe Ha KMHeTUKarta 1 TemnepatypHuTe yCrioBUSA Ha TepMo-
okncnutenHoTo pasnaraHe (TOP) Ha cegem Buaa Bbruwa (OT JIMTHUTHY OO aH-
TpaLMWTHU) C MPOMEHIIMBO CbAbpXXaHWE Ha MUHEeparnHu BellecTBa OT pasnuyHu
HaxoguLa B bbnrapus, Pycusa n YkpanHa. KomGuHupaHoTto uscnegsaHe Ha TOP
C aHanu3 Ha oTAenswuTe ce rasoBe Ype3 MaccrnekTpoMeTpus U HppayepseHa
CMEeKTPOCKOMUs B 3aBMCMMOCT OT Temnepartypara M BuAa Ha Bbrnuwiara gasa
Bb3MOXHOCT [a ce onpegeny npodgwuna Ha oTAenswmTe ce eMmncnm cbobpasHo
TexHus npousxon. lNMpu npunaraHe Ha M30KOHBEPCUOHHUS MeTod Ha dpuamaH 3a
N34ncnsiBaHe Ha KUHETUYHUTE NapaMeTpu ce onpeaens akTuempallara eHeprus,
CTOMHOCTUTE Ha KOSTO Bapupar rnoseye 3a npobuTte ¢ No-BUCOKO CbAbpXaHWe Ha
OpraHN4YHO BELLECTBO U C BUCOKO ChAbPKaHWE Ha MUHeparHu BellecTsa. ToBa e
[oKasaTencTBo 3a TACHaTa Bpb3ka Mexay M1UHeparHusa CbCTaB Ha BbrnuLiaTta u
yCroBusiTa Ha npoBexgaHe Ha TOP.

[Kaljuvee, T., M. Keelman, A. Trikkel, V. Petkova. 2013. TG-FTIR/MS analysis of

thermal and kinetic characteristics of some coal samples. Journal of Thermal Analysis and
Calorimetry, DOI 10.1007/s10973-013-2957-y (in press)]

Han-Ba)kHO Hay4YHO U Hay4HO-MPUITOXKHO NOCTUXKEHUEe B pe3ynTaT Ha
MeXAYyHapOAHOTO CbTPYAHUYECTBO:

Konektuns ¢ pbkoBoamTen gou. a-p P. [leTpoBa (B CbTPYOHNYECTBO C YYEHU
OoT MIHCTUTYyTa Mo HeopraHnyHa xumus Ha Yelkata akagemus Ha Haykute): B
paMKMWTE Ha CbBMECTHUSA NPOeKT ,CTPYKTYPHN U3CreaBaHns Ha HaHOPa3MepPHM
nopecTu 1 cnoucTun Matepuanun® ca cuHteanpanu (1) Mg-mogudmumpanm 3-TCP
(CazPO,) matepuanm ¢ no-manbk pasMep Ha 4YactuuuTe, Mo-BUCOKA MOBBLPX-
HOCTHa Nnow, 1 NOPbO3HOCT B CPaBHEHWE C HaNUYHWUTE Ha nasapa TbProBCKU
npoaykTw, Kakto 1 (2) LDH HaHOKOMNO3UTHM MaTepuranu, NoaXoAsLUM 3a U3nons-
BaHe KaTo MNpeKkypcopu Ha katanusatopu. N3fcHeH e MexaHW3MbT Ha CTPYK-
TYpHUTE TpaHchopmauumn Npu HarpsiBaHe Ha LMpPKOHOCUNUKaTa OT rnasepuToB
tmn NasHZrSi,0,.0.4H,0. YctaHoBEHO €, Ye HeroBaTta KpucTanHa CTpyKTypa e
ctabunHa go okono 700°C, crnen KOeTo HacTbnBaT NPOMeHW, Boaelm Ao obpa-
sysaHe Ha NASICON-oB tn umpkoHocunukar — Na,Zr,Si,O,, n Na,SiO,.

[Kostov-Kytin, V., R. Nikolova, D. Nihtianova. 2012. Synthesis and structural trans-
formations of the “glaserite” type zirconosilicate, Na, H,, ZrSi,0,.yH,0. Materials Re-
search Bulletin, 47/9, 2324-2331.

Kostov-Kytin, V., R. Nikolova, T. Kerestedjian, P. Bezdicka. 2013. Temperature-in-

duced phase transformations of the “glaserite” type zirconosilicate Na;HZrSi,0,.0.4H,0.
Materials Research Bulletin, 48/6, 2029-2033.]
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Introduction

Academician Ivan Kostov Institute of Mineralogy and Crystallography (IMC)
of the Bulgarian Academy of Sciences (BAS) is a leading scientific institution in
Bulgaria in the fields of mineralogy, crystallography and mineral raw materials. It
conducts comprehensive interdisciplinary research of natural, technogenic and
experimentally modeled mineral systems and synthesized new materials.

In 2012, the Institute has continued to defend convincingly before the scien-
tific community and the society the high rating (A/A/A) for its overall activity and
to prove its international competitiveness in the fields of its research priorities and
areas of proven scientific competence.

Our scientists have made significant efforts for successful implementation of
the research projects and presentation of the main results in prestigious inter-
national journals and at reputable scientific forums. The IMC has continued to
develop and expand the cooperation with local and foreign partners from science
and business, to upgrade, renovate and maintain the research infrastructure. The
interest of young people to prefer training in our PhD program “Mineralogy and
Crystallography” is constantly growing because the program gives knowledge
and skills competitive in the corresponding educational and scientific level world-
wide in this area.

From the beginning of 2012, the IMC had a new structure of the primary
research units. The restructuring was carried out in accordance with the change
of its status in 2010, the recommendations of the European audit and the need of
focusing the staff and the resources on the leading scientific themes.

In 2012, again as in the recent years, the main problem for the Institute
was a significant financing gap (over 40% of the funds). The approach for differ-
ent institutional funding according to the results of activity, adopted by the BAS
management, ranked IMC among the best performing academic institutions with
budget allocation 22% higher than that for 2011. The Institute has managed to
cope with the financial difficulties by using own resources and to provide rela-
tively normal conditions for the execution of the research projects.

This annual report presents the activities of the Institute during the 18" year
of starting the tradition of annual publishing of our summarized research results.

Scientific activities during 2012

In accordance with its mission, areas of activities and priorities, the research
activity of IMC in 2012 is reflected in the developed research topics (Section 4),
the results of which have been published or accepted for publication in high-quality
peer-reviewed international and national journals or in proceedings of scientific fo-
rums (Section 8) as well as by the participation in different forms of international
cooperation (Section 5).



During 2012 the activity of IMC was concentrated in 17 projects, as follows: 5
projects financed mainly by the BAS budget; 5 — co-financed by contracts with the
Bulgarian National Science Fund; 1 — funded by the 7th Framework Programme
of the European Union, SP4-Capacities, Research for SMEs — “High Brightness
COnical REfraction Lasers” (HICORE); 1 — co-financed by the European Execu-
tive Agency for Health and Consumers (EAHC) — “Safety evaluation of manufac-
tured NANOmaterials by characterisation of their potential GENOTOXic hazard”
(NANOGENOTOX); 1 — by the European Territorial Cooperation Programme
Greece-Bulgaria 2007-2013 — “RISK management of natural and anthropogenic
landsLIDES in the Greek-Bulgarian cross-border area” (RISKLIDES); and 4 — by
the bi-lateral cooperation with the Academies of Sciences of Czech Republic,
Romania and Russia.

The scientific results of IMC during the year are presented in 78 publications,
of which: 1 monograph, 58 — in international journals and indexed proceedings
(47 published and 11 in press), and 19 — in non-indexed journals and proceedings.

The ratio “number of publications/academic staff” is as follows: total number
of publications — 3 per scientist; publications in international journals — about 2.2;
publications in other journals and proceedings — about 0.8.

The scientific results of IMC have been presented also by 45 reports on 15
international and 2 national conferences.

In 2012, 192 publications of our scientists have been cited in 567 papers,
monographs, etc. These data are impressive, as compared to 2011 (158 publica-
tions and 372 citations), because the growth of cited publications is over 21%
and those of citations — over 52%.

This is a very good testimonial for the quality of our scientific production and
its high usability in the professional scientific communities.

In 2012, Dr. Jordan Mouhovski published the monograph “Optical fluorides
purification and crystal growing applicability and perspectives”, Acad. House “Prof.
M. Drinov”, the result of his long-standing research and vast experience on mixed
alkali earth fluoride systems and crystal growth of fluorite with optical quality.

The most important scientific and applied results obtained during 2012
include achievements in the following priority scopes of IMC:

NATURAL AND TECHNOGENIC MINERAL SYSTEMS

A classification system of biomass ashes (BA) into 4 types and 6 subtypes
according to their composition, origin and properties has been developed based
on the critical analysis of reference peer-reviewed data and own investigations on
the phase-mineralogical and chemical composition of ashes from various types
of biomass*. It is demonstrated that such new BA classification has not only fun-
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damental importance, but also has potential applications in prediction of proper-
ties and utilization connected with the innovative and sustainable utilization of
BAs specified in different types and subtypes**. The potential advantages and
challenges related to utilization of BA are described, such as: (1) bulk utilization
(for soil amendment and fertilization; production of construction materials, ad-
sorbents, ceramics and other materials; plus synthesis of minerals); (2) recovery
of valuable components and their utilization (char, water-soluble, cenosphere—
plerosphere, magnetic and heavy fractions; and elements); (3) multicomponent
utilization; (4) technological advantages and challenges (slagging, fouling and
corrosion; low ash-fusion temperatures; erosion and abrasion; co-combustion
and co-gasification; prediction of phase composition; and others); and (5) some
environmental risks and health concerns (air, water, soil and plant contamina-
tion; acidity, alkalinity and leaching; volatilization, retention, capture and immo-
bilization of hazardous elements and compounds; ash inhalation and disposal).
It is emphasized that the definitive utilization, technological and environmental
advantages and challenges related to BAs associate preferentially with specific
BA types and subtypes and they could be predictable to some extent by using
the above combined chemical and phase-mineral classification approaches. This
study will be used in the formulation of new standards for quality and certification
of BAs as well as for prediction purposes connected with future advanced and
sustainable processing of biomass and BA utilization. (Research Group of Prof.
S. Vassilev in collaboration with the Institute for Energy — Joint Research Centre
(JRC-IE) at European Commission)

[*Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An over-
view of the composition and application of biomass ash. Part 1. Phase-mineral
and chemical composition and classification. Fuel, 105, 40-76.

**Vassilev, S.V., Baxter, D., Andersen, L.K., Vassileva, C.G. 2013. An
overview of the composition and application of biomass ash. Part 2. Poten-
tial utilisation, technological and ecological advantages and challenges. Fuel,
105, 19-39.]

SYNTHESIS. MODIFICATION AND STRUCTURAL CHARACTERIZATION

A combined approach for calculating the kinetics and the temperature con-
ditions of thermooxidative decomposition (TOD) has been used on 7 types of
coal (from lignite to anthracite) with variable mineral contents from different coal
deposits in Bulgaria, Russia and Ukraine. The combined study of TOD using the
analysis of released gases by masspectrometry and infrared spectroscopy de-
pending on the temperature and the type of coal makes it possible to determine
the profile of released emissions according to their origin. Using the isoconver-
sional method of Friedman for calculating the kinetic parameters it is possible to
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determine the activation energy, the values of which vary more in the samples
with higher contents of organic matter and mineral components. This is evidence
of the close relationship between the mineral composition of coals and the TOD
conditions. (Research Group of Assoc. Prof. V. Petkova in collaboration with the
Tallinn University of Technology, Estonia)

[Kaljuvee, T., M. Keelman, A. Trikkel, V. Petkova. 2013. TG-FTIR/MS analy-
sis of thermal and kinetic characteristics of some coal samples. Journal of Ther-
mal Analysis and Calorimetry, DOl 10.1007/s10973-013-2957-y (in press)]

To the most important scientific and applied achievements resulting from
the international scientific cooperation one can point to the results concerned
with the realization of the international project “Structural studies of nanosized
porous and layered materials” between IMC and the Institute of Inorganic Chem-
istry, Chezh Academy of Sciences, managed by Assoc. Prof. R. Petrova. In the
framework of the project have been synthesized: (1) Mg-modified B-TCP (Ca,_
PO,) materials with a smaller particles size, higher surface area and porosity
compared with the available commercial products on the market; and (2) LDH
nanocomposite materials suitable as precursors for catalysts. The mechanism
of structural transformation during heating of “glaserite”-type zirconosilicate,
Na,HZrSi,04.0.4H,0, has been elucidated. It was found that the crystal structure
is stable to about 700°C, then changes occur leading to formation of NASICON-
type zirconosilicate, Na,Zr,Si,O,, and Na,SiO,.

[Kostov-Kytin, V., R. Nikolova, D. Nihtianova. 2012. Synthesis and structural
transformations of the “glaserite” type zirconosilicate, Na, H,, ZrSi,Og.yH,O.
Materials Research Bulletin, 47/9, 2324-2331.

Kostov-Kytin, V., R. Nikolova, T. Kerestedjian, P. Bezdicka. 2013. Tem-
perature-induced phase transformations of the “glaserite” type zirconosilicate
Na,HZrSi,04.0.4H,0. Materials Research Bulletin, 48/6, 2029-2033]

1+x

Sofia, March 2013 Z. Damyanov
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1. Trends of activity

1.1. Short history

The Institute was established in 1984 under the name Institute of Applied
Mineralogy of the Bulgarian Academy of Sciences. In 1995 it was transformed
into Central Laboratory of Mineralogy and Crystallography (CLMC) which inher-
ited the best specialists, the equipment and the most vital scientific themes from
the former academic institute. Since 2005 the CLMC was named after the famous
Bulgarian mineralogist and crystallographer Academician lvan Kostov.

From July 1, 2010 the CLMC was renamed to Academician Ivan Kostov In-
stitute of Mineralogy and Crystallography after the high overall score (A/A/A) for
the five-year (2004-2008) achievements and activities based on the evaluation
procedure from the International Science Review Committee.

1.2. Mission, areas of activities and priorities

The IMC mission is to contribute to the sustainable development of soci-
ety and enlarging human knowledge in the fields of Mineralogy, Crystallography
and Mineral Resources by comprehensive multidisciplinary research of natural,
technogenic and experimentally modeled mineral systems and synthesized new
materials.

The main areas of activities of IMC include basic studies and applied re-
search, consulting, expertise, service and analytic activities, practical application
of scientific results and training of high qualified specialists in the fields of miner-
alogy and crystallography, investigation and modeling of natural and technogenic
mineral systems.

Based on the outlined areas of activities, the main scientific priorities
of IMC are:

UNDERSTANDING THE EARTH

— Investigation of minerals and mineral systems aiming at determination of
their composition, structure, properties, relationships, processes of formation and
alteration, and modes of distribution.

— Development of genetic models and criteria for prognosis, prospecting
and exploration of mineral deposits.

NEw MATERIALS AND TECHNOLOGIES

— Growing, synthesis and characterization of single and polycrystalline ma-
terials (optical and laser-grade single crystals, micro- and mesoporous phases,
glasses, etc.).
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— Modification of minerals and materials aiming at improving their sorption,
catalytic and ion-exchange properties as well as searching for possibilities for
their optimal application.

ENVIRONMENTAL PROTECTION

— Investigation of important for environmental protection and ecologically
friendly utilization natural and technogenic mineral systems accentuating at coals,
ores, and waste products of their processing.

NATURE AND NATURAL RESOURCES OF BULGARIA

— Investigation, analysis, and prognosis of mineral resources of Bulgaria
aiming at their effective and environmentally friendly utilization.

— Studying, preservation and collecting of the mineral diversity, geological
and landscape natural heritage of Bulgaria through supporting “National Minera-
logical Database”, “Heavy Minerals Map of Bulgaria”, and a basic academic col-
lection “Mineral Diversity of Bulgaria”.

TRAINING AND EDUCATION

— National Program Accreditation for education and training of PhD students
in “Mineralogy and Crystallography”.

— Educational programs and training courses for students and specialists
from Bulgarian and foreign universities and institutes.

1.3. Relation with the research policies and programs of BAS

In 2012, the human, material, financial and information resources available
in IMC were directed to the implementation of the strategic policies of the Pro-
gram for Stabilization and Development of BAS in the period 2012-2014.

Within the framework of the BAS strategic policies “Science as the main
driving force in the development of knowledge-based national society and
economy”, “Scientific potential and research infrastructure as a part of the
European Research Area” and “ National identity and cultural diversity in Eu-
rope and in the world”, the IMC participates in the realization of the following
basic programs:

— Sustainable development, rational and efficient use of natural resources

— Competitiveness of the Bulgarian economy and capacity for scientific

innovation

— Informational, expert and operative services to the Bulgarian state and

society

— High-quality competitive education

— The history of Bulgaria, Bulgarian lands and Bulgarian people
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1.4. Research topics and capacity

Fundamental scientific knowledge on the structure, composition, proper-
ties and formation conditions of minerals and materials that mineralogy and
crystallography give by their powerful methodology and set of most advanced
analytical methods, now has an extremely wide range of applications: both in all
fields of the Natural Sciences (Earth Science, Materials Science, Life Science,
Environmental Science) and in the industry (mining and geology, mineral re-
sources and products, environmental protection, pharmaceutical and biomedi-
cal industry, etc.)

Following the modern trend of multidisciplinary scientific development world-
wide, the Institute currently has a team of high-qualified specialists in the fields of
mineralogy, crystallography, mineral resources, physics and chemistry working in
leading in Bulgaria and well-recognized abroad Research Groups in:

— Mineralogy, Geochemistry and Utilization of Coal and Coal Products

— Characterization and Evaluation of Mineral Raw Materials

— Mineral Deposits Modeling, Mapping and Prognosis

— Archaeomineralogy and Technological Mineralogy

— Crystal Structure, Composition and Properties of Minerals and Materials

— Structural and Chemical Transformations of Minerals and Materials

— Natural Zeolites and Microporous Analogs

— Synthesis of New Functional and Nanosized Materials

— Crystal Growth of Optical Crystals

The productivity and competitiveness of the main research topics, devel-
oped in IMC, are internationally proven. During the last years they are gradually
adapted to the national and European scientific priorities with emphasis on the
efficient utilization of mineral resources, raw materials and wastes, materials sci-
ence and nanotechnology, ecology and cultural and historical heritage.

1.5. Research infrastructure

With its own 8 analytical and experimental laboratories (Electron Microsco-
py, X-Ray Powder and Single Crystal Diffraction Analysis, Spectroscopy, Ther-
mochemistry, Experimental Mineralogy and Crystal Growth, Chemistry, Optical
Microscopy, Samples and Preparations) and shares in other 3 external ones (Ra-
man, Mossbauer, LA-ICP-MS), IMC is currently the best equipped and with most
highly qualified research staff organization in Bulgaria in the field of detail study
of structure, composition, properties, behavior and interactions of solid matter
(regardless of its origin and size) and systems it forms.
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During the last few years, IMC, as a principal institution, organized consortia
with leading BAS institutes, Sofia University and University of Chemical Technol-
ogy and Metallurgy for purchasing modern research infrastructure by budget and
project financing: new scanning electron microscope SEM EVO 25LS — CARL
Zeiss SMT, new thermochemical equipment SETSYS Evolution 24 TGA-DTA/
DSC with mass spectrometer OmniStar of Setaram Instrumentation, new infra-
red microscope Hyperion 2000 of Bruker, new X-ray powder diffractometer D2
Phaser Bruker AXS, new X-ray single crystal diffractometer Oxford Diffraction
Supernova A with two X-ray sources and Oxford Cryosystems Cobra temperature
attachment, etc.

Currently IMC has a powerful set of analytical equipment which is capable of
ensuring practically the whole research range in the field of materials science.

1.6. Benefits for Science, Business and Society

As a result from the fulfillment of the topics in the research plan for 2012,
there have been obtained a series of important for science and national indus-
try results, namely: new knowledge about the composition, structure, properties,
modes of formation, behavior during technological processing and effective uti-
lization of minerals, new materials, mineral resources, natural and technogenic
mineral systems from the Bulgarian geo-space; synthesis of a number of new
materials with predicted structure and properties and modification of known phas-
es for application as ion-exchangers, sorbents, catalysts, membranes, dyes, soil
amenders, electronic components, medical and optical products; development of
technologies for production of nanosized zeolites; growing of crystals possessing
conical refraction suitable for design of lasers with high brightness; upgrade and
actualization of national data bases for minerals, mineral resources and newly
synthesized crystal phases.

Being a leading public scientific institution in the sphere of mineralogy, mineral
resources, crystallography, and materials science, the Institute offers a wide range
of research, expert, consulting, and analytical services for business, government
administration, and scientific-innovation sector. For many years partners and cli-
ents of the expert-consulting services offered by our scientists are tens of compa-
nies from various industrial sectors (survey, prospecting, mining and processing
of mineral raw materials; new materials, pharmaceutics; environmental protection,
etc.), scientific research organizations, universities, and museums.

IMC is engaged in the organization and management of a range of activi-
ties of particular national importance for the science and society:
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— IMC is a scientific center of the Bulgarian mineralogical community united
in the Bulgarian Mineralogical Society (http://www.clmc.bas.bg/Minsoc/) the web-
page of which is maintained by the Institute. The regular monthly sessions of
the Mineralogical Society are held in IMC where Bulgarian and foreign scientists
report and discuss new results from their research in the fields of mineralogy and
mineral resources.

—IMC is the seat of the Bulgarian Crystallographic Society (http://www.bgcryst.
com) with Chairman Prof. Dr. O. Petrov — Deputy Director of the Institute, and or-
ganization and core staff dominated by our scientists working in the field of crys-
tallography and mineralogy. The webpage of the Crystallographic Society is also
maintained by the IMC. Under the auspices of the Executive Council of the Society
the 4" National Crystallographic Symposium was held on 1-3.11.2012 in Sofia.

— IMC by its scientists is a vigorous member in the organizing and publishing
activities of the Bulgarian Geological Society and Bulgarian Crystallographic Society.

— IMC is a custodian of the basic academic collection “Mineral Diversity of
Bulgaria” including unique samples of the Bulgarian mineral wealth as well as
specialized working materials concerned with the scientific projects and problems
of the IMC mineralogists.

— IMC is an active member in the national and international conferences of
the Sofia initiative “Preservation of Mineral Diversity”, organized by the National
Museum “Earth and Man” and devoted on the preservation of the mineral wealth
of Earth for the future generations.

Due to the specificity of its scientific capacity the collaboration of the scien-
tists from IMC with the national and regional institutions in Bulgaria and Eu-
rope is connected, most of all, with the realization of a great number of research
projects with external financing as well as with our potentialities for competent ex-
pert opinions on problems concerned for example with the effective utilization of
natural resources, environmental protection, effect of various natural products on
human health, qualification of drug products of the pharmaceutical industry, etc.

Many of our scientists are participants in different forms of the scientific
life on a national and international level — chairmen and members of governing
councils of scientific societies, members of editorial boards of international and
national journals, reviewers of scientific papers, participants in scientific juries in
competitions for academic positions, etc.

With its active and multi-component international engagements the IMC de-
fends its prestige as a competitive scientific organization and continues to suc-
cessfully integrate in the developing European Research Area.
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2. Structure and Staff

The whole range of operative activities of IMC is organized in 3 research
departments (Mineralogy and Mineral Raw Materials, Experimental Mineralogy
and Crystallography, and Structural Crystallography and Materials Science) in-
cluding 8 analytical and experimental laboratories as well as in a small group of
administrative and support staff.

I
I
I

[ 1

e

Laboratory of Electron Microscopy
Laboratory of Optical Microscopy
Laboratory of Samples and Preparations

Laboratory of X-Ray Diffraction Analysis
Laboratory of Experimental Mineralogy
and Crystal Growth
Laboratory of Thermochemistry

Laboratory of Spectroscopy
Chemical Laboratory
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2.1. Short description of the structural units

Department “Mineralogy and Mineral Raw Materials”

Research Topics

— Mineral Systems

— Technogenic Systems

Research Activity

— Studying mineral objects formed in natural gradient systems aiming at the
development of genetic models and their practical applications

— Studying the phase composition, qualitative characteristics and distribu-
tion of components in technogenic systems formed in using mineral raw materials
as well as their impact on the environment

— Creation and actualization of mineralogical data bases

Main Research Objects: magmatic and metamorphic rocks; fluorite and bar-
ite deposits; sedimentary exhalative polymetallic deposits; metalliferous sediments
from ocean rift zones; coals and products of their combustion; waste products from
power engineering, metallurgy and ore dressing; agates; platinum-group minerals;
accessory minerals; heavy minerals concentrates; archaeological artifacts.

Department “Experimental Mineralogy and Crystallography”
Research Topics

— Synthesis and Crystallization of Minerals and Materials

— Modeling of Natural Processes and Systems

Research Activity

— Synthesis and crystallization of minerals and materials in model systems

— Investigation of products and processes of their formation

— Experimental modeling of natural processes in gradient fields

Main Research Objects: microporous materials, natural zeolites, tungsten
minerals, bentonites, phosphorites, sorbents based on clays and zeolites, ti-
tanium and zirconium silicates, basaltic glasses, catalysts, laser optics grade

single crystals.

Department “Structural Crystallography and Materials Science”

Research Topics

— Crystal Chemistry

— Physics of Minerals

Research Activity

— Determining of the crystal structure, phase and chemical composition and
properties of minerals, single crystals, crystalline and polycrystalline materials
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— Synthesizing of new chemical compounds with particular structures and
properties

— Completing crystallographic and spectroscopic databases for minerals
and materials

Main Research Objects: optical crystals and glasses, new crystalline materi-
als, zeolite type materials and thin films.

Analytical and Experimental Laboratories

— Laboratory of Electron Microscopy: (i) local investigations of the morpholo-
gy, preferred orientation, phase and chemical composition, textural relationships,
structural defects and structure of inorganic natural and synthetic phases, nano-
sized materials and thin films using various techniques of transmission electron
microscopy; (ii) quantitative and qualitative characterization (morphology, micro-
structure, chemical composition, phase and chemical inhomogeneities) of mas-
sive, dispersed, polished and non-polished minerals, rocks, synthesized phases,
thin films and other materials including biological tissues using scanning electron
microscopy and electron microprobe analysis.

— Laboratory of X-Ray Diffraction Analysis: (i) determining unit-cell param-
eters, space group symmetry and atom positions in the structure of crystalline
phases by X-ray single crystal diffraction analysis; (ii) X-ray powder diffraction
analysis with possibilities for: qualitative phase analysis, unit cell parameters re-
finement, profile analysis of peaks, structural analysis of polycrystalline phases
by the Rietveld method, quantitative analysis of natural and synthetic materials.

— Laboratory of Spectroscopy: measuring spectra of optical absorption in
the mid-, near-infrared, visible and ultraviolet regions.

— Laboratory of Thermochemistry: determining phase transition tempera-
tures, chemistry of thermal reactions, kinetic and thermodynamic parameters of
reactions and phase transitions in TG, DTG, DTA, and DSC regimes.

— Laboratory of Experimental Mineralogy and Crystal Growth: (i) low tem-
perature (up to 200°C) hydrothermal synthesis of microporous and layered mate-
rials; (ii) crystal growth by the Flux method; (iii) high temperature electrochemical
experiments in melts; (iv) crystal growth (up to 1660°C) by the Bridgman Stock-
barger method (Crystallox); (v) synthesis of ceramic and polycrystalline compos-
ites through hot pressing (Crystallox) (up to 1500°C and to 100 MPa pressure).

— Chemical Laboratory: analyses of rocks, ores, waste waters and techno-
genic products by standard analytical methods and atomic absorption analysis.

— Laboratory of Optical Microscopy: study of rocks, ores, minerals and tech-
nogenic products in reflected and transmitted light with possibilities for obtaining
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digital images by polarizing microscopes Leitz Orthoplan and Jenapol, micro-
hardness tester PMT-3 and binocular lenses.

— Laboratory of Samples and Preparations: crushing, milling, sieving
analysis, separation, preparation of polished plates and samples, thin and
polished sections.

2.2, Staff

The academic staff of IMC comprises 26 scientists: 3 Full Professors, 17 As-
sociate Professors, 4 Assistant Professors and 2 Researchers with PhD degrees,
including 1 D.Sc. and 24 PhD holders. In 2012 Dr. Louisa Dimova and Dr. Milen
Kadiyski were appointed Assistant Professors in Mineralogy and Crystallography,
and Prof. Ludmil Konstantinov was retired.

The average age of scientists from the academic staff is about 51 years.
They are highly qualified specialists in the fields of mineralogy, mineral depos-
its, crystallography, physics, and chemistry that provides a complex multidisci-
plinary investigation of the problems concerned with natural, technogenic, and
experimentally modeled mineral systems and newly synthesized materials. The
majority of scientists have specialized in leading scientific institutions in Belgium,
Germany (4 fellows of the “Alexander von Humboldt” Foundation), Spain, Rus-
sia, USA, Switzerland, Japan, etc. In 2012, scientists from the Institute conducted
various training programs and specialized courses for undergraduate and PhD
students from the University of Hamburg and the PhD School of the Bulgarian
Academy of Sciences.

In addition to the academic staff, 10 Researchers with university degrees work
also in the Institute most of which engaged with service and maintenance activities
in the 8 analytic and experimental laboratories but part of them have their own re-
search topics and areas of specialization within the framework of the main scientific
projects. They are encouraged to perform active investigations with potential to be
developed further into PhD theses.

IMC has also a small team of high-qualified specialists in the field of admin-
istrative, organization, legal, personnel and financial-accounting activities with rich
experience in the organization, supply, financial planning, spending and reporting
of cash flows as well as experienced supporting, technical and subsidiary staff.

Nine PhD students were trained in the Institute in 2012. It should be noted the
clear trend in recent years of increased interest in training offered by our PhD pro-
gram “Mineralogy and Crystallography”. The main reasons for this are highly inter-
disciplinary nature of the training, using modern analytical and experimental equip-
ment and highly qualified team of tutors and lecturers of specialized courses.
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2.2.1. Board
— Director: Dr. Zhelyazko Damyanov
— Deputy Director: Dr. Ognyan Petrov
— Scientific Secretary: Dr. Vilma Petkova

Department “Mineralogy and Mineral Raw Materials”
— Head: Dr. Mihail Tarassov
— Staff — 14

Department “Experimental Mineralogy and Crystallography”
— Head: Dr. Vladislav Kostov-Kytin
— Staff — 11

Department “Structural Crystallography and Materials Science”
— Head: Dr. Boris Shivachev
— Staff — 12

Administration:
— Chief: Valeri Genov, MSc.
— Chief Accountant: Krasimira Gavrilova
— Staff— 5

Support Staff — 6

2.2.2. Scientific Council
Dr. Ognyan Petrov — Chairman
Dr. Yuri Kalvachev — Vice Chairman
Dr. Nadia Petrova — Secretary
Dr. Boris Shivachev
Dr. Christina Vassileva
Dr. Diana Nihtianova
Dr. Eugenia Tarassova
Dr. Lubomir Dimitrov
Dr. Ludmil Konstantinov
Dr. Mihail Tarassov
Dr. Oleg Vitov
Dr. Rossitsa Nikolova
Dr. Vilma Petkova
Dr. Vladislav Kostov-Kytin
Dr. Zdravko Tsintsov



2.2.3.

Dr. Zhelyazko Damyanov
Dr. Milen Kadiyski

Research Staff

Professors

DSc., Dr. Stanislav Vassilev

Dr. Ludmil Konstantinov — retired since August 2012
Dr. Ognyan Petrov

Associate Professors
Dr. Boris Shivachev

Dr. Boryana Mihailova
Dr. Christina Vassileva
Dr. Diana Nihtianova

Dr. Eugenia Tarassova
Dr. Irina Marinova

Dr. Lubomir Dimitrov

Dr. Mihail Tarassov

Dr. Nadejda Lihareva

Dr. Nadia Petrova

Dr. Oleg Vitov

Dr. Rossitsa Nikolova

Dr. Vilma Petkova

Dr. Vladislav Kostov-Kytin
Dr. Yuri Kalvachev

Dr. Zdravko Tsintsov

Dr. Zhelyazko Damyanov

Assistant Professors

Dr. Louisa Dimova - since June 2012

Dr. Milen Kadiyski — since June 2012

MSc. Krasimir Kossev

MSc. Valentin Ganev (self-training PhD student)

Researchers

Dr. Rossitsa Titorenkova

Dr. Stanislav Ferdov

MSc. Iskra Atanasova-Piroeva
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MSc
MSc
MSc
MSc
MSc
MSc
MSc

PhD

MSc.
MSc.
MSc.
MSc.
MSc.
MSc.
MSc.
MSc.
MSc.

. Elena Tacheva

. Lachezar Petrov

. Lubomira Macheva

. Petya Ilvanova

. Svetlana Angelova

. Valeri Genov

. Yana Tzvetanova (self-training PhD student)

students

Christina Sbirkova — since January 2012
Borislav Barbov — since October 2012

Daher Daher — till September 2012

Lilia Vladimirova

Mariana Eneva-Dimitrova — since January 2012
Svilen Gechev

Valentin Ganev — since November 2012
Vencislav Dulgerov

Yana Tzvetanova



3. Main Equipment

Laboratory of Electron Microscopy

CARL ZEISS SMT SEM EVO LS25 with EDAX Trident system
Philips EM 420T (120kV) with EDAX 9100/70

Philips SEM 515 with WEDAX-3A

Philips SEM 515

various subsidiary and peripheral devices

Laboratory of X-Ray Diffraction Analysis

Oxford Diffraction Supernova A X-ray single crystal diffractometer
with two X-ray sources and Oxford Cryosystems Cobra temperature
attachment

Enraf Nonius 586 CAD 4 X-ray single crystal diffractometer

Bruker AXS — D2 Phaser X-ray powder diffractometer

DRON 3M X-ray powder diffractometer with PC-based system for
phase identification

specialized data processing software, full ICDD database and struc-
ture databases ICSD, CSD, and PDB

Laboratory of Spectroscopy

Bruker FT-IR spectrometer Tensor 37 with HYPERION 2000 FT-IR
microscope
Varian UV-VIS spectrophotometer CARY-100 Scan

Laboratory of Thermochemistry

SETARAM SETSYS 2400 TGA-DTA/DSC system with PFEIFFER
OmniStar mass spectrometer/gas analyzer

Stanton Redcroft differential scanning calorimeter DSC 1500
Stanton Redcroft differential thermal analyzers STA 781 and DTA 675
Stanton Redcroft thermomechanical analyzer TMA 790

Laboratory of Experimental Mineralogy and Crystal Growth

Low temperature (up to 150°C), low pressure (up to 5 MPa) hydro-
thermal crystallization

Melt growth by the Bridgman-Stockbarger method (Crystalox)

Flux growth

Hot-pressing (up to 1500°C, up to 100 MPa) (Crystallox)

Furnaces of different type up to 1600°C
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4. Research Topics

4.1. Mineral Systems and Mineral Genesis

1. Investigation of fluorite from the Slavyanka deposit, Bulgaria as a
material for application in the optics (B. Zidarova)

From a geodynamic point of view the Slavyanka deposit belongs to a region
of autonomous Alpine tectono-magmatic activation, namely the Ograzdenian
block of Serbo-Macedonian massif. It is a result of the activity of a paleohydro-
thermal gradient system. Its spatial development has been controlled by the lo-
cal structure-deformational pattern and the lithological situation determining the
morphogenetic type of the deposit. This is a case of vein-type deposit formation,
which is due to the presence of strike-slip faults (Central and Mikhaletz) as ore-
bearing structures and tensile stresses. The temporal evolution of the system
has been controlled by the generation of discrete impulse post-volcanic hydro-
thermal activity, fixed by a four-stage release of the mineral-forming impulses.
The paleohydrothermal activity has been organized in convective cells of several
orders hierarchically. Temperature gradient, the orientation of the heat flow and
the inhomogeneities in the local thermal fields determine the convective mass-
heat transport, which appear as zonality in the distribution of the fluorite formation
temperature and as regular variation of its constitutive peculiarities, thus leading
to a direction-dependent change of the fluorite properties. Inverse temperature
zoning is caused by an upward heat flow in the deposit which had been shielded
by Tertiary sediments, while the strong fracturing of the underlying gneissic mas-
sif makes it a heat collector, producing an inverse temperature gradient. Direct-
ed and non-reversible variations in temperature, concentration, pH and Peq' are
the indicators of zone variation in the constitutional peculiarities of fluorite. The
mechanism of formation of fluorite bodies depends on local peculiarities of the
hydrothermal system, namely, the mineral composition of the host rocks and the
degree of their tectonic pretreatment, the degree of opening of the system, chem-
istry of solution, and thermal gradient between the front of crystallization and the
solution. The hydrothermal solutions forming fluorite in this deposit have low salin-
ity (below 1 eq. wt.% NaCl), pH ~ 6, relatively constant Eh, T,=100-200 °C (5 °C)
and Peq' from 1 to 20 MPa. Most probably, the fluorite in this case came from a
complex form. Complexes of the type AIFg—” play an important role as interme-
diate form for the fluorine transport in an acid medium. Their destruction in the
presence of SiF2~ and Ca?* and in the solutions with pH ~ 6 leads to deposition
of fluorite, alkalization of the solutions and subsequent deposition of montmo-
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rillonite and quartz. The mechanism of growth of fluorite crystals and aggregates
on a microscale depends on the degree of opening of the hydrothermal system
and on the equilibrium state in the crystal-solution system. If the temperature
gradient between the front of crystallization and the solution in an open system
far for equilibrium exceeds certain extreme values (e.g. 22 °C as is the case
in the Slavyanka deposit), synergetic effects are effective, i.e. self-organization
of the medium through dissipation originating from convective mass-heat trans-
port in dissipative cells with polygonal cross-section of the front of crystalliza-
tion (instability of Benar). These are revealed in the anatomy of growing fluorite
aggregates through specific dissipative structures. The model proposed for the
formation of fluorite aggregates from the deposit is an alternative possibility to
the mineralogical concepts for the growth of mineral aggregates, which relates
their structure with the dynamics of the forming medium. In open hydrothermal
systems local variations in the concentration of Ca2* and F~ ions take also place
along the front of crystallization. The ratio of their activities and the product of
solubility [(aCay)x(aF_)Z/KspCaF2 Z 1] determine the processes of dissolution (<1)
and regeneration (>1) of fluorite crystals and aggregates and reflect in their zonal
structure. One can assume the zoned deposition of montmorillonite on the pyra-
mids of crystal growth or along the front of crystallization of dissipative cells has
resulted from self-vibration reactions of the solution. In a closed hydrothermal
system under stagnant conditions, taking place in some caverns due to gravity
stratification of hydrothermal solutions, local fluctuations in their concentration
have originated, leading to the occurrence of aggregates of banded structure (the
region Mikhaletz) (Fig. 1e, f). Under such conditions, though on rare occasions,
one can observe growth of fluorite spherolites in colloidal media, e.g. montmo-
rillonite gels or water saturated masses of montmorillonite.

Presented are optical transmission spectra (OTS) of the main fluorite varie-
ties (I and Il) from Slavyanka fluorite deposit and of single crystals grown by the
method of Stockbarger. These results are the basis for examination and express
evaluation of the quality and homogeneity of natural raw fluorite for the optical
industry. The zonal change of the constitutional peculiarities of fluorite is revealed
by its indicator properties. Most informative among them are the optical ones
— photoluminescence (PLS), X-ray luminescence (XRLS), thermoluminescence
(TLS), optical transmission spectra (OTS) as a consequence of the mineral-form-
ing processes in the epithermal hydrothermal deposits, namely It reflects the di-
rected and nonreversible change of temperature, concentration, pH and partial
pressure of the dissolved in these gasses.
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Fig. 1. Textures of fluorite aggregate (a—f) — polished sections
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The studies on the mineralogical peculiarities of fluorite from the Slavyanka
deposit aimed to solve two important problems. The first one is to create a concrete
theoretical model for the dynamics of the mineral-forming processes in the geologi-
cal space, where the deposits are located with their areas and separate bodies of
specific fluorite varieties. The second one is the prognostics of the potential of the
deposit according to the quantity of fluorite raw material applied for traditional uses,
as well as for some of its genetic properties, predetermining its application in ad-
vanced and more effective industries such as the optical industry.

Observing the dynamics of the hydrothermal process it was established, that
the temperature of homogenization of the fluid inclusions, the mineral composi-
tion of the primary and altered host rocks as well as the texture peculiarities of
the fluorite aggregates (origin of dissipative structures) are the most informative
for deciphering of the thermal regime of fluorite formation. Element composition,
the composition of the fluid inclusions as well as the composition of contemporary
underground waters in the region of the deposits are the most informative for the
chemistry of the processes. The mechanism of formation of fluorite crystals and
aggregates and their mineral assemblage points to their structural-textural pecu-
liarities and sequence of deposition as well as the whole complex of typomorphic
features, according to which natural bodies, built up by definite fluorite varieties
can be separated and individualized in depth. Additional information for the gen-
esis of the deposit can be obtained by the study of the constitutional peculiarities
of fluorite, which reflect its optical properties. The established evolutionary habit
row of fluorite varieties focuses on the evolution of the mineral-forming medi-
um and the variety of its parameters. A synthesis of this natural regularity is the
crystallogenetic diagram composed for the fluorite from the Mikhalkovo deposit,
which is also confirmed for the Slavyanka deposit and is, probably, valid for all the
deposits of the Fluorite formation.

The established regularities in the distribution of the temperature of forma-
tion and the corresponding habit of the fluorite varieties can be used for deter-
mination of the width of the ore interval in horizontal sections of the ore bodies.
Such zoning, confirmed in the distribution of fluorite varieties also in the Slavy-
anka deposit, also linked with temperature zoning, allows an exact determination
of the asymmetrical spatial distribution of the fluorite bodies for each of them,
indicating as perspective the Vodena Skala site in depth. According to extensive
mineralogical mapping in the Slavyanka deposit, it became possible to separate
industrial bodies from a definite mineral-genetic type with fluorite raw material of
specific quality for selective production.
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The mutual link between the constitutional peculiarities and the optical prop-
erties of fluorite allows a prognosis of the quality of the future synthetic calcium
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fluoride monocrystals as well as to judge according to their optical indicators
upon the crystal chemistry of fluorite from the initial raw material.

The correlation between the contents of Ce in the raw fluorite and the coef-
ficient of absorption of Ce3"360nm in the synthetic monocrystals could be used as
an express method for preliminary determination of their quality. The variety of
methods that could be used for determination of the optical quality of the syn-
thetic fluorite monocrystals (XRLS, TLS, OTS and IRS) show different informative
degrees resulting in varying reliability of the prognostic estimation. One important
characteristics of the fluorite subvariety 1I° is the very low content of the REE,
which are sometimes even absent (Fig. 2d, e). It could be explained by the obser-
vation that parallel to the progress of the mineral-forming process, the solutions
purify themselves of REE. Thus, it could be demonstrated that from that variety
ready optical details suitable for the infrared and visible spectra without further
recrystallization could be taken. In this way, the study of the fluorite structure and
its genetic properties provides a possibility to define and envisage some new
properties that could find efficient application in the future [48].

2. Mineralogy of the epithermal, low-sulfidation, adularia-sericite type
electrum mineralization in the Au-Ag Khan Krum deposit, Krumov-
grad goldfield, Eastern Rhodope mountain, SE Bulgaria (I. Marinova,
V. Ganey, R. Titorenkova)

The study of high-angle veins with colloform-banded texture in the Khan
Krum deposit (known also as Ada Tepe deposit) continued in 2012 [56, 57, 58].
On the basis of various types of data we described schematically the formation of
the bonanza of electrum colloform-banded texture into a few generalized stages:
(i) Filling of millimetre-to-submillimetre-wide joints with a colloidal solution; (ii) Co-
agulation of the colloidal solution and precipitation of a banded silicate gel. Elec-
trum aggregation in micron-sized globules and coarser clots disseminated within
the silicate gel; (iii) Drying and compaction of the banded gel, and formation of
pores and cracks of syneresis. Formation of colloform surfaces; plastic deforma-
tion of the gel under the action of gravity for the high angles of the joints. Simulta-
neous reorientation of aggregated electrum globules in transverse dendrite- and
chain-like shapes into the protruded parts of the gel, and flowing down of coarse
electrum clots into the concave parts, resulting from the huge difference between
the specific weight of electrum and that of quartz and adularia; (iv) Crystallization
of chalcedony; quartz and adularia, and formation of their crystals into the still vis-
cous electrum as well as further reorientation of electrum forced from the crystal-
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lization of silicates. Lining of pores and cracks of syneresis with relatively coarse
quartz and adularia crystals deposited from true solutions passing through the gel
like through a semi-permeable membrane. Crystallization of electrum; (v) Diagen-
esis (re-crystallization and erasing of the gel textures) [57].

In order to answer the question about the different electrum grades of indi-
vidual colloform macro- and micro-bands we analyzed a colloform-banded vein-
let (2.5 cm wide), which contains several electrum-poor macro-bands and one
electrum-rich submillimetre-wide banding of 4 individual micro-bands [58]. The
micro-banding has distinct brown color (Fig. 1a). Major, minor and trace element
abundances of the veinlet were determined on a polished section by Laser Ab-
lation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) measure-
ments. The analytical procedure with LA-ICP-MS included measurements of
23Na, 25Mg, 27A|, ZQSi, 4203, 49Ti, 53CF, 57Fe, 65CU, 662[’], 75AS, 7786, 95M0, 107Ag,
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Fig. 1. Major, minor and trace element abundances in a colloform-banded veinlet on the base of in-
situ LA-ICP-MS analyses: a) polished section of the analyzed colloform-banded veinlet and numbers
of the laser ablation spots (from 1 to 11); b) photomicrograph of the electrum-rich micro-banding
(micro-bands 8a, 8b, 8c, and 8d from left to right), analyzed between spots 8 and 9. Ablation craters
as small circular black spots; black bands and large black spot — cracks and a pore of syneresis,
respectively; electrum in white; ¢) positive correlation between Al and K, and negative correlation
between each of them and Si for each spot. Highest abundance of Fe in the micro-band 8d; d) chart of
some trace element distributions (in ppm) in the spots and apparent enrichment of the micro-banding
(micro-bands 8a, 8b, 8c, and 8d) in these trace elements; e) graph of the coefficient of enrichment: the
average ratio of abundance of each chemical elements analyzed in the micro-banding to the average
one in the macro-bands. The grey dashed line displays this ratio equal to 1
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1218, 125Te, 137Ba, 197Au, 205Tl, 298Pp, 209Bj, 232Th, and 238U in each macro-band
in one or two spots (spot diameter 35 um), ablating three craters near each spot,
staying away from any opaque mineral. The site and number of ablation spots
are given in Fig. 1a. The micro-banding was analyzed for the same chemical ele-
ments by three craters along each micro-band (Fig. 1b) between spots 8 and 9,
also staying away from any opaque mineral. The final chemical composition of
each macro- and micro-band was obtained by averaging the data from all respec-
tive ablation craters.

Considering all spots analyzed, there is strong positive linear correlation (R)
between Al and K (R = 0.92), on one side, and strong negative linear correlation
between Al and Si (R = —0.94) as well as between K and Si (R = -0.96), on the
other side (Fig. 1c), which means that nearly all K and Al are bound in potassium
feldspar (adularia according to the petrographical observations), and that the
amounts of sericite and alteration clays are negligibly small. The micro-banding
compared to the macro-bands as a whole is enriched in the following elements
(in times, in descending order): Bi (63), Te (39), Cu (36), Fe (33), Pb (29), Au
(18), As (18), U (7), Ba (5), Zn (4), Mg (4), Cr (3), Al (2), Tl (1.6), Na (1.5),
K (1.4), and Th (1.2), and it is slightly depleted in Si (0.9), Ti (0.8), Se (0.8), Ag
(0.8), and Sb (0.5). Ca has equal abundances in both macro- and micro-bands
(Fig. 1e). The high abundances of Bi, Te, Cu, Fe, Pb, Au, As, and Zn in the
micro-banding reveal, most likely, connection in mineral phases like those ones
already reported from optical observations and electron microprobe analyses
in the literature: hessite (Ag,Te), petzite (Ag;AuTe,), galena, pyrite, marcasite,
chalcopyrite, arsenopyrite, sphalerite, electrum. The highest grades of electrum
correlate with the highest concentrations of Bi, Te, Cu, Fe, Pb, Au, As, and Zn.
This fact infers the following: (i) the deposition of gold and silver as electrum was
very sensitive to the decrease in the activities of reduced sulfur and tellurium
species; (ii) the transport of gold and silver in the paleofluids was in the form of
complexes with sulphur, and with tellurium, and (iii) high sulphur and tellurium
abundances appear to be critical for high gold grades. In addition, electrum of
moderate to high grades is observed only in quartz-adularia micro-bands with
adularia abundance = 50 vol. %, what we attributed to an advanced boiling of
fluids [57]. It seems that most critical requirement for high electrum grades under
equal other conditions is the combination of advanced degree of boiling, and of
high abundances of gold, sulfur, and tellurium in the paleofluids. The LA-ICP-MS
determinations characterize the Khan Krum deposit as Au-dominant (Au>Ag), Bi-
and Te-rich (Te>>Se) type epithermal deposit.
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Composition of electrum from two styles of mineralization in Khan Krum
deposit was studied using electron microprobe analysis (EMPA); namely from
the lowermost low-angle, layer-like pervasive silicification of clastic breccias
and breccio-conglomerates immediately above the Tokachka detachment fault
and from high-angle bonanza submillimetre-wide colloform-banded veinlets of
open-space filling [56]. The EMPA of both electrum types revealed distinctions
concerning composition, Au/Ag ratio, and fineness. Electrum from the first style of
mineralization contains Au, Ag, and Cu, has average Au/Ag = 2.99, and average
fineness 740 %o.. Electrum from the second style of mineralization contains only Au
and Ag, has average Au/Ag = 2.40, and average fineness 708 %o. In the context
of geological, textural, and mineralogical data, these distinctive compositional
characteristics of electrum from the two styles of mineralization were interpreted
as resulted from formation during different mineral-formation stages and at
different extent of interaction fluid-host rock, and from paleofluids of different
chemical composition.

3. Features of Au-Ag alloys in the epithermal low-sulfidation Au-Ag
Khan Krum deposit, Eastern Rhodopes (Z. Tsintsov, . lvanov)

Au-Ag alloys and “blue-green (amazonite type) adularia” observed as sur-
face finds in a veinlet with bonanza Au-Ag mineralization in the so-called “upper
zone” of Ada Tepe district of Khan Krum deposit was investigated. The veinlet is
with lens-like form and with length of ~0.9 m and maximal thickness of ~0.12 m.
In its central part there are seen alternating thin quartz-adularia stripes. A small
chamber is formed among them “coated” by several very thin fine-grained quartz-
adularia layers. The latter form many “bubble-like” swellings resembling foam
with oval form (spherical and ellipsoid) and with dimensions up to 10 mm. The
layers are most often deposited upon thin crusts (up to 1 mm thick) of quartz
from the second stage and rarely upon the quartz from the first stage. The lay-
ers are characterized by plenty of pores in the inner parts and reach a maximal
total thickness of 4 mm. They have pale beige, pale red, pale brown, pale yellow
to dirty white color on the surface. Rare depositions of goethite give dark brown
to black color to some surface parts. The “bubble-like” swellings are very often
fully or partially demolished revealing in depth other similar “bubble-like” quartz-
adularia layers. The bonanza Au-Ag mineralization has been deposited upon the
surface of the quartz-adularia layers (Fig. 1a).

The data from the chemical analyses show that the mean contents of Au in
the high-angle vein bundle are very high and usually display values >0.5 kg/t. The
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Fig. 1. Bonanza Au-Ag mineralization deposited upon destroyed quartz-adularia layers (a);
irregular distribution of the compositional elements (the dark regions — rich in Ag).
Natural surfaces — a. Polished surfaces — b

quantity of Au in the veinlet with bonanza Au-Ag mineralization in some cases
reaches 7.899 kg/t.

The aggregates of Au-Ag alloys built by many small grains have varying
morphology (globular, dendrite, grape-like, band-shaped, etc.) and display a
large range of sizes often reaching 15 mm along the longest axis. In the latter
case the aggregates are observed with a naked eye. The noble metal mineraliza-
tion additionally includes silver-white to dark-grey aggregate with a plastic form
and approximate size of 25 x 60 um. This aggregate has a grape-like structure
formed by plenty of small (from 3 to 10 um), isometric or slightly elongated grains,
which are densely stuck to each other, composed mainly of Ag. The grains of Au-
Ag alloys from the finer fractions (<50 um) have homogeneous distribution of the
elements composing them. However, a part of the largest grains (those >80 um)
possess chemical heterogeneity, which is expressed in a considerable fluctuation
in the quantity of the separate compositional elements across different parts. In
these cases the content of Au varies in the range 65.62 wt% to 99.12 wt% and
the admixtures are entirely from Ag. (Fig. 1b).

In a surface indentation partially filled with goethite we found a thin (<1 mm)
blue-green formation with ellipsoid form and approximate dimensions 2 x 4 mm.
About 2/3 of its observable surface is covered by single crystals, spongy
aggregates or dense masses of Au-Ag alloys. The optical studies and analytical
data showed that this is adularia (a low temperature variety of orthoclase) and
therefore we name it conditionally as “blue-green (amazonite-type) adularia” [41].
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4. State-of-the-art electronic bibliographic data base on minerals from
Bulgaria (V. Kostov-Kytin, R. |. Kostov, P. Ivanova)

The upgrade of the electronic bibliographic data base on the minerals from
Bulgaria (EBDBMB) goes on. It is realized in the form of an electronic table in
Microsoft Access medium. The optimized version of EBDBMB contains more
than 3400 records [55]. It comprises information about refereed titles derived
mainly from geological and mineralogical periodicals issued in Bulgaria within the
period 1954—-2012 as well as other sources including online information resources
dedicated to providing free mineralogical information such as www.mindat.org.
About 70 per cents of the records have already been filled in with the names of
minerals, mineral varieties, synonyms, mixtures, etc. described and investigated
from various localities in Bulgaria. The preparation of a special list with Bulgarian
and English names of minerals, varieties, etc. from Bulgaria is in course. At present,
it contains more than 1350 entries including more than 730 valid minerals and
provides information about their current status and description as approved (or
otherwise) by the International Mineralogical Association (IMA). Despite the existing
incompleteness and limitations the electronic bibliographic mineralogical database
is a fact and. the improvement of its quality is a question of time.

5. Mineralogical map of Bulgaria based on stream-sediment pan-con-
centrated surveys at a 1:500 000 scale (O. Vitov)

Mineralogical dividing based on data from stream-sediment pan-concen-
trated surveys, evaluation of the density of stream-sediment sampling, and prog-
noses of prospecting for mineral resources in the administrative district Yam-
bol, all at a 1:50 000 scale, are performed. Special attention is paid to the gold
distribution (Fig. 1) — the gold targets are to the south and southeastern of the
known gold occurrences and indications in the district Yambol, where the gold-
containing stream-sediment pan-concentrated samples have higher elevation.
It is concluded that Eastern Sakar and Western Strandza have high potential
for new gold and auriferous deposits. A recommendation to revision sampling of
mining heaps for native gold is given. All these results are reported at the annual
conference of the Bulgarian Geological Society [66].

Spatial distributions of native copper and copper minerals found in stream-
sediment pan-concentrated samples, taken within the water-catchment basins of
Struma and Mesta rivers, are investigated (the districts Pernik, Kyustendil, and Bla-
goevgrad) for provenance analyses of archaeological findings of Chalcolithic cop-
per wedges and axes (4800 B.C.) made of very pure copper (99.99 wt.% Cu). Pres-
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ence of haloes of native copper and copper minerals near prehistoric habitations
was found as well as areas of probable existence of prehistoric metallurgic centers
are pointed (Fig. 2). This study was presented at the annual Conference of the
Bulgarian Geological Society — “GEOSCIENCES 2012” [65].

6. Crystallographic, chemical and structural characteristics of har-
motome from Zlatolist, Eastern Rhodopes, Bulgaria (R. Atanassova,
R. Vassileva, M. Kadiyski, Z. Zlatev)

Large volumes of intermediate and acid volcaniclastic rocks were formed
during the Paleogene in the Eastern Rhodopes, South Bulgaria. Most of them
were deposited in a shallow marine environment, lately transformed into clays,
adularia, opal-CT and zeolites. Rare mineralization was observed in voids and
cavities of basaltic rocks near the Zlatolist village. The voids, now amygdales
are filled by calcite, quartz and several zeolites (harmotome, analcime, morden-
ite, heulandite etc.). Among these harmotome occurs as remarkably well-defined
crystals up to 3.5 cm in size [3].

Harmotome has been characterized using optical microscopy, X-ray diffrac-
tion, SEM/EDS, EPMA, LA-ICP-MS and DTA. The investigated crystals invariably
consist of complex penetration twins and twinning simulates pseudo-orthorhom-
bic forms according to the Morvenite-law (Fig. 1). Crystals are elongated along
the a-axis, and flattened on {010}. Such complex twinning results in an optical
heterogeneity and characteristic uneven extinction.

The average chemical formula is: Ba, ,,Ca ;,K; ,65[Al5 5951, 1905,"12H,0.
A total of 35 trace elements were measured, up to 1.3 wt.% Na, 330 ppm Sr,

Fig 1. Pseudo-orthorhombic harmotome Fig. 2. Model of the crystal structure of
twin crystal harmotome
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and 26 ppm Ti. The thermal behavior of harmotome represents water loss in
three steps: at 125, 210, and 280 °C, and complete dehydration at 400 °C.

A crystal fragment of harmotome was used for single crystal X-ray diffraction
study (Fig. 2). Reliable structure model with satisfactory R-values (R, = 0.0403,;
R,, = 0.0473) was obtained using the P2/m space group and it was chosen for
the structure refinement. The obtained unit cell dimensions are: a = 9.8903(5),
b =14.1394(3), c = 8.6713(4) A, B = 124.628(7)°, and V = 997.81(8) A3. The final
refinement included all atomic coordinates and anisotropic thermal displacement
parameters.

7. Mineralogy of the gneiss-schist framework of the Gega ophiolitic
mélange, Ograzhden mountain, SW Bulgaria (P. Ivanova)

The framework of the Gega ophiolitic body was investigated, the latter
being tectonitized and metamorphosed mélange. The host rocks are gneisses
passing in places into schists. The contact between the gneisses and the Gega
mélange is tectonic, marked by faults, mylonitization, pegmatites, gneisses and
ortho-amphibolites in mesh. A warm contact between the gneisses and the ortho-
amphibolites rarely occurs.

The gneisses are of two-mica composition, with garnet, and even with garnet
porphyroblasts. Their texture is gneissic, and the structure is lepidogranoblastic.
Besides garnet, the mineral composition includes muscovite, biotite, plagioclase,
potassium feldspar, and quartz. Accessory minerals are ore mineral, zircon, and
monazite altered into clinozoisite, epidote, clay minerals, sericite, hydromicas, iron
oxides and hydroxides. Garnet porphyroblasts are about 3 mm in size, of isometric
outlines and include abundant inclusions of biotite, muscovite, apatite, zoisite, car-
bonate, and ore mineral. The non-porphyroblastic garnet is smaller and variable in
size. Commonly, it has irregular, rarely isometric outlines, is water-clear, and inten-
sively cracked. Small biotite flakes are rarely observed within its grains.

The schists are characterized with abundance of micas. They are of two-
mica, and of biotitic composition; of schistose texture and lepidoblastic structure.
In places, granoblastic structure, formed by segregations of quartz and scarce
plagioclase grains, was observed. The mineral composition includes biotite, mus-
covite, quartz, and plagioclase. Ore mineral and monazite appear as accessory
minerals. Alteration minerals are clay minerals, iron oxides and hydroxides.

It was concluded that the described above gneisses and schists are prod-
ucts of metamorphic transformation of arkosic sandstones with clayey cement.
The varying amount of the clayey cement in the different parts of the framework
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infers formation of micas with a varying content and hence, the formation of the
two rock varieties. Additional evidence of para-metamorphic origin is the pres-
ence of garnet, indicating high content of aluminum in the original rocks.

4.2. Environmental Mineralogy, Archaeomineralogy and Biomineralogy

8. Mineralogy, geochemistry and environmentally safety application of
solid fuels and their combustion and pyrolysis products (S. Vassilev,
C. Vassileva, D. Baxter, L. Andersen, D. Daher, |. Kostova, S. Dai, D. Apos-
tolova, V. Darakchieva)

An extended overview of the organic and inorganic phase composition
of biomass was published [43] in collaboration with Institute for Energy and
Transport — Joint Research Centre at European Commission. The research
included a critical review of peer-reviewed literature data for the contents of
cellulose, hemicellulose, lignin and bulk extractives of 93 biomass varieties,
as well as additional reference peer-reviewed data and own investigations for
various minor organic components and minerals, and modes of element occur-
rence identified in biomass. It was found that the phase distinctions among the
specified natural and anthropogenic (technogenic) biomass groups, sub-groups
and varieties are significant and relate to different biomass sources and origin.
The phase composition of biomass is highly variable due to the extremely high
variations of structural components and different genetic types (authigenic, de-
trital and technogenic) of inorganic matter. The technogenic biomass group is
quite complicated as a result of incorporation of various non-biomass materials
during biomass processing. Correlations and associations among phase and
chemical characteristics were studied to find some major trends and important
relationships occurring in the natural biomass system. Certain leading asso-
ciations related to the occurrence, content and origin of elements and phases
in biomass were identified and discussed, namely: (1) C-H (mainly as authi-
genic cellulose, hemicellulose, lignin and organic extractives); (2) Si-Al-Fe-Na-
Ti; (mostly as detrital silicates and oxyhydroxides, excluding authigenic opal);
(3) Ca-Mg-Mn; (commonly as authigenic oxalates and carbonates); and
(4) N-K-S-P-CI (normally as authigenic phosphates, sulphates, chlorides and
nitrates). It was emphasised that these important associations have potential
applications and can be used for initial classifications or prediction and indica-
tor purposes connected with future advanced and sustainable processing of
biomass to biofuels and chemical feedstock.
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Modes of occurrence of Hg in fly ashes (FAs) collected from two Bulgarian
thermoelectric power plants (TPPs) and the influence of surface area properties
of FAs on the mercury caption behavior during coal combustion have been stud-
ied [54]. This research was supported by the National Science Fund of Bulgaria
(No.160/2008), and presents a part of the IMC-BAS contribution, concerning fly
ash separation procedure and interpretation of porosimetry analysis results. A
separation procedure was applied (IMC-BAS) on FA samples from different ESP
rows of Maritza-3 TPP and Varna TPP in order to study the enrichment /depletion
behaviour of Hg in the fractions of lignite and bituminous coal derived fly ashes.
Five fractions were separated from each bulk FA sample as follows: water leach-
ate of FA; water washed FA; char concentrate; magnetic fraction; and FA residue.
Mercury content in all bulk samples and separated fractions was determined by
Mercury analyzer Milestone DMA-80 (China University of Mining and Technol-
ogy, China). Physical N, adsorption at 77 K in combination with CO,, adsorption
at 273 K in a Micromeritics porosimeter ASAP 2020 has been applied (Indiana
Geological Survey, USA) for porous texture characterization of the FAs and their
respective char fractions separated (IMC-BAS). The specific surface area (BET
SA and Langmuir SA), BJH adsorption mesopore volume and pore size distribu-
tion analyses were carried out using N, gas as an adsorptive at the boiling point
temperature of liquid N, (77.30 K) over a pressure range of 0-800 mm Hg. The
micropore volume, micropore specific surface area and monolayer capacity were
determined using CO, as the adsorptive gas at a temperature of 273 K. The re-
sults indicate that char, which contain mainly unburned organic matter (porous
semicoke and coke) and certain proportions of inorganic matter represented by
silicates, carbonates and some sulphates, oxides and glass, has a leading role
for the partial capture and retention of Hg in FAs. Additionally, fly ash char frac-
tion generated from lower rank lignites (Maritza 3 TPP) has greater enrichment in
Hg compared to FAC originated from higher rank bituminous coals (Varna TPP).
The data from the SA and porosimetry analyzes reveal that there is a strong
positive correlation between Hg concentration and the BET/Langmuir specific
surface area, BJH mesopore volume, micropore surface area (CO, D-A test) and
monolayer capacity and a moderate positive correlation with the micropore vol-
ume of the char fraction derived from FA of the 3rd ESP row at Maritza 3 TPP
was observed. The results suggest that Hg adsorbs on both the mesopores and
micropores of the char particles and by volume filling of the pores for the lignite-
derived fly ash char sample. In contrast, Hg concentration shows strong positive
correlation with the micropore surface area and moderate positive correlation
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with micropore volume and monolayer capacity of the char fraction obtained from
the FAs of the 5th ESP row in Varna TPP. Thus, the adsorption on the micropores
of the char particles and subordinate volume filling of the char micropores can
be expected as preferable mercury adsorption mechanisms for the bituminous-
derived fly ash char sample. Therefore, the results reveal: (1) strong Hg capture
behaviour of FA char fractions; (2) preferable location of Hg in the micro-meso
pores of lignite-derived char from 3™ ESP row of Maritza 3 TPP, and in the micro-
pores of the bituminous-derived char from the 5" ESP row in Varna TPP.

Six petroleum coke samples from a Syrian Refinery, as well as their ashes
produced at 800 °C were studied for their chemical and phase-mineral composi-
tion [51]. This study is a part of the work performed by PhD student D. Daher
(IMC-BAS), who was discharged (12/11/2012) with a right to defend his PhD
thesis. Phase-mineral and chemical composition of petroleum coke ash was
characterized by ICP-AES, ICP-MS-LA, powder XRD, SEM, DTA-TGA, and IRS
analyses. The results reveal that the major elements (>1%) in petroleum coke
ash are V (9-25%), Ca (4-9%), Si (6-8%), S (6—7%), Ni (2-9%), Fe (2-10%),
Al (1-3%), and Na (1-3%), minor elements (0.1-1%) are Mo, Mg, Ti, K, P, and
Zn; while the other elements identified are trace elements (<0,1%). It was estab-
lished that petroleum coke ashes consist of the following minerals and phases:
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Fig. 1. SEM images (secondary electrons) of char fractions recovered from fly ash. (a) and
(b) — 39 ESP row of Maritza 3 TPP (Dimitrovgrad); (c) and (d) — 5" ESP row of Varna TPP
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major (glass, anhydrite and Ni vanadate); minor (quartz, cristobalite, K feldspar
and jarosite); and accessory (hematite, V oxides and Ni oxide). It was found that
elements such as Ni, V, Mo, Zn, Co n Cr and S have contents several orders of
magnitude greater than the Clarke values for coal ashes, and they would be of
great industrial interest for recovery from PCA. On the other hand, a number of
toxic and potentially toxic elements (V, Ni, Mo, Cd, Co, Cr, Pb, Zn) have high con-
centrations in PCA and they could potentially contaminate soils, waters and air
during the storage, transport, processing and/or utilization of this product. It was
also emphasized that an elucidation of the modes of element occurrence (miner-
als and phases) in PC and PCA is required in respect to their utilization as energy
resource or in order to perform some element extractions.

Extended overviews on the phase-mineral and chemical composition and
classification of biomass ash (BA) [76], as well as on the potential utilization,
technological and environmental advantages and challenges related to biomass
ash using the above classification approach were published [77] in collaboration
with Institute for Energy and Transport — Joint Research Centre at European
Commission. The achievements of this research could be important for formulat-
ing new standards for biomass ash quality and certification, and/or for indicator
purposes connected with future advanced and sustainable processing of bio-
mass and biomass ash utilization.

9. Geological prerequisites and archaeological evidence for the devel-
opment of the ancient gold mining on Ada tepe, Krumovgrad munici-
pality (Z. Tsintsov, H. Popov)

Ancient mine Ada Tepe significantly revised questions about the chronology
of gold mining from host rocks in the past and shows, that in Europe such was
realized in the middle of the Il millennium BC. One of the main geological factors,
which contributed to the development of a gold deposit in the host rocks in such
an early stage of civilization is related to the morphology of the peak. Stylized, its
shape can be seen as a truncated cone with steep slopes in almost all directions,
as from the east side of their slope reaches about 45°. Rich Au-Ag mineralization
is deposited in hydrothermal zones as chamber veins or so called “bonanza” with
volume 0.3-0.5 m? and content of Au to 7899.7 g/t. The specific morphology of
the peak facilitate for development of intensive weathering processes led to the
detection of these extremely rich ore bodies to the surface and the formation
of auriferous eluvial-diluvial places around them. Perhaps these two factors are
leading to the opening of Ada tepe gold deposit from the ancient miners. Addi-
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tionally, the strongly cracked host rocks and the ore bodies have supported the
development of a gold deposit in the past [40, 60].

10. Ancient plasters from the Thracian tomb “Shushmanets”, town
of Shipka, Bulgaria: mineralogical and chemical characteristics
(E. Tarassova, M. Tarassov, A. Pavlov, P. Ivanova, E. Tacheva)

The Thracian tomb in “Shushmanets” mound (IV-IIl century B.C.) exca-
vated in 1996 near the town of Shipka at the foot of the Stara Planina mountain,
consists of wide corridor (dromos) bordered by boulder masonry, rectangular
in plan antechamber with a semi-cylindrical vault and lonic column, and round
chamber with dome pillared by Doric column. All the premises (their walls, floors
and ceilings) and columns are built up of dressed granite blocks and plastered
with fine mortar. Today the plaster in many places of the tomb is seriously dete-
riorated and detached from the walls. The conducting nowadays conservation-
restoration works on the tomb need an actual information on the construction
technology of the ancient builders including their recipes for the used mortars
(binder, aggregates and raw materials). In the present communication, the au-
thors report their primary results on mineralogy and chemistry of the plaster
from the “Shushmanets” tomb.

Series of samples of plaster from the main chamber (floor and wall), ante-
chamber (inner wall and facade wall) as well as samples of granite from building
blocks of the “Shushmanets” tomb were provided by the Center for Restoration
of Art Work (Sofia, Bulgaria). Manually picked fragments of the materials, pol-
ished specimens and thin sections were studied using optical microscopy (Leitz
— Orthoplane), scanning electron microscopy and electron probe microanalysis
(ZEISS SEM EVO 25LS equipped with an EDAX Trident system).

General characteristics of plasters. The principle feature of the studied plas-
ters is that they are composed of two mortar coats of different chemical and min-
eral composition. This is distinctly visible in the plasters of the antechamber walls
(Fig. 1): the outer layer is macroscopically lighter being composed of aggregates
of limestone particles and calcite crystals cemented by fine disperse lime binder;
the lower coat consists mainly of granite fragments (grains of plagioclase, quartz,
potassium feldspar, biotite, epidote, muscovite, zircon, sericite, chlorite) in lime
binder. Samples from the main chamber turn out to be either the upper part (sam-
ple from the floor) or the lower part (sample from the wall) of the respective two-
layered plaster. In all studied plasters, the size of aggregates (mineral and rock
fragments) is similar varying between 0.01 and 4 mm (~2 mm in average), and
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Fig. 1. Two coats of mortar from the facade part of the antechamber: (a) first (lower) coat composed
of lime binder and granite fragments (Kfs — microcline, Qtz — quartz, Pl — plagioclase); (b) second
(external) coat containing grains of non-calcined limestone in lime binder

the volume occupyied by the lime binder is the same 30-50 vol.%. The total width
of the plasters varies between 3 and 8 mm. Optical microscopy examination of
granite from the building blocks specifies the rock as biotite granite porphyritic
after feldspars with weak hydrothermal alteration. This granite corresponds well
to the granite fragments in the studied plasters. The petrographic characteristics
of the granite are close to those used in other Thracian tombs in the region as in
the “Golyama Kosmatka” tomb.

Chemical composition of binder. Binders of the external plaster coats are
almost entirely composed of calcium carbonate (calcite) with variable MgO con-
tent. The lower coats, besides CaO and MgO, contain variable quantities of SiO,,
AlLO,, SO, and Fe,0,, and sporadically Na,O, K,0 and CI. The binders in each
of the studied samples are nearly homogeneous in their chemical composition.
An exception is the sample from the antechamber facade showing high varia-
tion in the content of SO, (corresponding to gypsum). The obtained chemical
compositions of the studied binders are recalculated and plotted in two ternary
diagrams: CaO+MgO (carbonate) — Al,O,+Fe,0,+SiO, — CaO (sulphate) and
CaO+MgO (carbonate) — SiO, — Al,O,+Fe, O, (Fig. 2). As is seen in Fig. 2b the
binder compositions are grouped in almost linear trend from essentially carbon-
ate to carbonate-alumosilicate composition (from a nearly pure common lime to
a comparatively high hydraulic lime in the original mortars). This trend means
that the carbonate and alumosilicate constituents are weakly variable in their
composition and the only change is in the ratio between the two constituents.
The Devonian rocks of the limestone-pelitic series (2D,) — limestones, marls and
argillites outcropping nearby the studied tomb seem to be appropriate raw materi-
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Fig. 2. Plot of compositions (mol.%) of plaster binder in the ternary systems of: (a) CaO+MgO
(carbonate) — Al,O,+Fe,03+SiO, — CaO (sulphate); (b) CaO+MgO (carbonate) - SiO, —Al,O,+Fe,O,
main (chamber: 1 — floor, 2 — wall; antechamber: 3 — inner wall, 4 — facade wall)

als for the production of limes (by burning) for the studied tomb. The presence of
gypsum in some of the studied binders (Fig. 2a) is most probably due to the ad-
ditives of calcium sulphate in the original ancient mortar recipes (this assumption
is valid at least for the binder of the wall of the main chamber with 4—7 mol.% of
gypsum). The calculated values of hydraulicity index (HI = (SiO,+Al,O,+Fe,O,)/
(CaO+MgO)) of the hydraulic lime used in the studied mortars correspond well to
the published data of ancient mortars (Elsen et al., 2012) being: 0.75-1.29 (0.94
in average, close to HI of binder of the so-called “Rome concrete”) — for main
chamber wall (first coat), 0.52—-0.96 (0.74) — for antechamber facade wall (first
coat), 0.22—-0.47 (0.33) — for antechamber inner wall (first coat), 0.13-0.15 (0.14)
— for antechamber facade wall (external coat).

It is shown that the studied plasters consist of two coats corresponding to
two different types of mortar. The first one, related to the first (lower) coat, is a
stronger mortar with hydraulic lime as binder and fragments of granite as ag-
gregates. The second type of mortar consisting of common lime as binder and
grains of calcite and limestone as aggregates was used for the second coat. The
local Devonian rocks of the limestone-pelitic series outcropping to the East of the
tombs are assumed to be raw materials used for the tomb construction [63].

11. Structural and chemical diversity in apatites: bio-mineralization

and biomaterials (E. Dyulgerova, O. Petrov)

The natural and synthetic apatites are characterized by structures, remark-
ably tolerant to complex chemical substitution.
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Fig. 1. Representation of the apatite structure

The basic apatite structure is with hexagonal symmetry (space group
P63/m) and is characterized by continuous channels throughout forming
tunnel structure (Fig. 1).

Filling of these tunnels is done by Ca2* cations and anions (OH, F, Cl) or
isomorphically substituted ions. Even slight changes in ionic radii of the tunnel
atoms lead to expansion or contraction of the structure.

Attention is paid to the complexity of the structural and crystal chemical
features and diversity of apatites looked upon as basis for biomineralization
and synthesis of biomaterials. Biomineralization refers to processes by which
organisms form minerals. Biologically controlled biomineralization is a highly
regulated process which produces minerals such as bones, shells, and teeth
that have specific biological functions.

The future technological application of these materials requires their thor-
ough structural characterization.

The present overview additionally focuses on our results on controlled
preparation of bi-phase calcium phosphate ceramics for the needs of the clini-
cal practice to be used as bone implants as well as study of high-energy dry-
milled biphase Ca-P ceramics [69] for possible use in endodontics.
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12. Effects of high-energy dry milling on bi-phase calcium phosphates
(R. llieva, E. Dyulgerova, O. Petrov, R. Aleksandrova, R. Titorenkova)

The effect of high-energy dry milling on the structural and crystalline state
of sintered bi-phase calcium phosphates was studied. After various periods of
grinding the initial bi-phase calcium phosphate material alters its crystalline
structure and phase composition.

25 30 35 40 48

2-theta-scale

Fig. 1. Powder XRD patterns of the initial sintered Fig. 2. Images (SEM) of milled biphase

sample (a) and this sample milled for 5, 10 and 20 h material for 20 h — foamy surfaces with

(b, ¢ and d, respectively); squares indicate HAP and surface layering unstructured discrete
circles indicate B-TCP particles, probably amorphous

The phase transformations achieved during milling were recorded by
powder X-ray diffraction (XRD), scanning electron microscopy (SEM), infrared
spectroscopy (IR), and chemical analysis. X-ray diffraction analysis of samples
milled for 20 hours showed that the initial composition of the bi-phase ceramics
changed, part of 3-TCP was nano-crystalline (Fig. 1) and partially in amorphous
state (Fig. 2).

Hydroxylapatite (HAP) fully transformed into nano-crystalline phase. Cy-
totoxiticiy tests of samples milled for 20 h, clearly present cellular viability with
pronounced biological activity [69].
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4.3. Modeling and Modification of Mineral Systems

13. The “glasserite” type topology: properties, chemical diversity and
challenges (R. Nikolova, V. Kostov-Kytin)

New more precise structural definition and general chemical formula for
“glasserite” type materials is proposed on the basis of crystal-chemical data of
over 150 compounds. It is also found that “glasserite” topology could incorpo-
rate more than 45 chemical elements determining variety of physical chemical
properties [105].

Our systematic study shows that “glaserite” topology is adopted by a pro-
nounced number of compounds not only with different chemical composition but
also with different stoichiometry and even a water containing compound. The
structures also differ in their unit cell parameters and symmetry which indicates
great mobility of the “glaserite” topology. The studied compounds crystalize in
hexagonal, monoclinic and triclinic space groups and their cell volumes vary be-
tween 163.66 A3 and 1042.38 A3. A new general definition for “glaserite” topology
XY,(TMO,), is proposed (Fig. 1). The (TMO,), layer is defined as a main building
unit while X and Y cationic positions could be empty, partially or fully occupied.

For better understanding the geometrical features of this topology we in-
troduce parameters expressing the relations between its compositional diversity

[M (TO4)2] framework Extra framework positions

Coordination A
Xo1z Y Ib

> A

Structural formula X Y2 [M (TO4)2]
(X+Y) : M = 3:1 — full occupation of X, Y and M positions

Fig. 1. Schematic presentation of the “glaserite” topology
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and topological versatility. The ratio between the ionic radii of the octahedrally
and tetrahedrally coordinated cations varies in the range from 1.29 to 8.5 A. Such
wide range allows a great number of possible combinations for the layer compo-
sition. On the other hand, the difference of the ionic radii of the extra-framework
X cation and the octahedrally coordinated M cation varies from 0 to 1.345 A. The
compositional diversity suggests variety in the layer charge which on its side af-
fects the degree of X and Y position’s occupancy. Both characteristics play a key
role in defining the versatility of glaserite topology which is expressed by the re-
markable variety of X and Y coordination numbers. The performed analyses allow
structure modeling, prediction, and evaluation of properties for new compounds.

14. Méssbauer, XRD and complex thermal analysis of the hydration
of cement with fly ash (V. Lilkov, O. Petrov, Y. Tzvetanova, P. Savov,
M. Kadiyski)

Hydration of cement with and without fly ash is studied with M&ssbauer
spectroscopy, XRD and thermal analysis. Iron in cement is present as Fe3*-ions
and occupies two octahedral positions, with close isomer shifts and quadrupole
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Fig. 1. Mdssbauer spectra of cement paste with addition of fly ash PC1FA
at different ages of hydration
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Fig. 2. Powder XRD patterns of the cement paste with fly ash (PC1FA)
at different ages of hydration

splittings. Iron in fly ash is present as Fe?* and Fe3* and the Mdssbauer spectra
display three doublets — two for Fe3* in octahedral coordination and one for Fe2*.
A third doublet was registered in the hydrating plain cement pastes after the 5th
day, due to Fe®* in tetrahedral coordination in the structure of the newly-formed
mono-sulphatealuminate. In cement pastes with fly ash the doublet of tetrahedral
iron forms earlier because the quantity of ettringite and portlandite is lower and
much mono-sulphate crystallizes (Fig. 1). No Fe(OH), phase forms during hydra-
tion of C4AF (Fig. 2).

The fly ash displays pozzolanic properties, which lead to lowering of the
portlandite quantity in the cement mixtures and increasing of the high-tempera-
ture products [73].

15. TG-DTG-DTA in studying white self-compacting cement mortars
(V. Petkova, V. Stoyanov, Y. Pelovski)

Self-compacting cement mortars and concretes are characterized with an
excellent workability and with high early strengths, which makes them suitable
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Fig. 1. Evolution of total porosity during water curing

for elements in pre-cast concrete. Both dense structure and nondefected surface
of self-compacting mixes are achieved by the incorporation of relatively large
amounts of fine mineral additives and use of polycarboxylate admixtures. All
these advantages determine the great potential for manufacturing of architectural
elements and details. However, a lot of features in the structure-formation and
the hardening of these systems need a further clarification. The authors investigate
in this study the evolution of the process of curing and the crystal formation up to
the 120th days of water-curing. Moreover, the effects of replacement of 10 wt%
white cement with natural zeolite are studied. Special attention is paid to the
thermal analysis through which one determines the effects of dehydration of the
new-formed crystal hydrates, de-carbonization of carbonate-containing phases,
and zeolite incorporation. Two types of referent samples have been used in or-
der to estimate the differences in the thermal behaviour of the self-compacting
mortars. The thermal experiments were complemented with physical-mechanical
and structural measurements, including mercury intrusion porosimetry, powder
X-ray diffraction and scanning electron microscopy. Experiments and analysis,
both determining the development of the microstructure, indicate the formation of
a dense structure of white selfcompacting mortars. This is achieved at the early
age impeding the growth of new crystals. The incorporation of zeolite increases
the early strengths of samples, thus making the structure denser, and completely
blocking the water permeability. As the zeolite is a soft and ductile mineral, it
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can be expected that the volume deformations of microstructure of the zeolite-
containing mortars, are reduced [26].

16. Structure of white cement mortars with high content of marble
powder (V. Stoyanov, B. Kostova, V. Petkova, Y. Pelovski)

In this study, three types of cementitious composites based on (i) white Port-
land cement and sand (cement-to-aggregate 1:3, and water-to-cement 0.50),
(i) white Portland cement and marble powder (cement-to-aggregate 1:2, and

ttringite
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Fig. 1. SEM micrographs of crystal hydrated phase of samples at 28
and 120 days of water curing
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water-to-cement 0.60), and (iii) white Portland cement and marble powder with
polycarboxylatebased admixture (HRWR) (cement-to-aggregate 1:2, and water-
to-cement 0.40 + HRWR) were studied. Their states after 28 and 120 days of
water curing were evaluated by measurement of physical-mechanical proper-
ties, such as density, compressive strength and porosity. Thermal analysis, X-ray
diffraction analysis and scanning electron microscopy were used to identify the
crystal phases and their morphology [33].

The experimental data show that the white cement mortars with higher water
content exhibit larder variety of newly formed phases, like hydration products of
the C—S—H type. The structure of mortars with polycarboxylate-based admixture
is so dense that there is no possibility for crystal hydrates development at late
curing ages. The use of marble as a filler leads to a partial inclusion of carbonate
ions in the newly formed hydrated phases (carbo-aluminates).

17. TG-FTIR/MS analysis of thermal and kinetic characteristics of some
coal samples (T. Kaljuvee, M. Keelman, A. Trikkel, V. Petkova)

Thermooxidative decomposition (TOD) of seven coal samples from different
deposits (Bulgaria, Russia, Ukraine) was studied using coupled TG-FTIR/MS tech-
nique. The experiments with a Setaram Setsys 1750 or Labsys Evo 1600 ther-
moanalyzers coupled to a Nicolet 380 FTIR Spectrometer or Pfeiffer mass spec-
trometer by a heated transfer line were carried out under non-isothermal heating
conditions up to 1000 °C at the heating rates of 1, 2, 5, 10 and 20 °C min~" in a
stream of 80% argon and 20% oxygen (flow rate 60 mL min~"). Standard 100 uL
alumina crucibles were used, the mass of samples was 10 £ 0.2 mg. A model-
free kinetic analysis approach based on the differential isoconversional method of
Friedman was used to calculate the kinetic parameters.

The TOD of organic matter and fixed carbon contained in coal samples pro-
ceeds roughly in two steps — the first one corresponds to the thermooxidation
of lighter part of organic matter and the second one to the thermooxidation of
heavier part of organic matter and fixed carbon as well as to the thermooxidation
of pyrite. At lower heating rates (1, 2 and 5 °C min~") these steps can be quite
clearly distinguished, however, not completely. The steps were better differenti-
ated in the case of Bulgarian coal samples which are characterized by higher
content of volatile matter (higher relationship of H/C,_ ) as compared to Rus-
sian and Ukrainian coal samples. The first step lasted at lower heating rates,
depending on the origin of the sample, up to 300-380 °C, the second step
up to 550-750 °C. The total mass loss considering both steps of thermooxida-
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Fig. 1. Thermoanalytical curves and emission profiles of some gaseous compounds
evolved at thermooxidation of Bulgarian coal 4 (a) and Russian coal 2 (b) at the heating
rate of 10 °C min~"

tion remained in between 60-89% being in good correlation with the content of
organic matter and fixed carbon in the samples studied.

The combined TG-FTIR and TG-MS study of TOD of the coal samples made
it possible to identify a number of gaseous species formed and evolved as well
as to determine the differences in the intensities of emission profiles of these
species depending on the origin of coal. In addition to CO, and H,O as the two
major gaseous products, the emission of methane, CO, acetic and formic acids,
formaldehyde, ethylene, SO,, chlorobenzene and NH, were clearly fixed for all
the samples studied. The formation of ethane, HCI, acetaldehyde , ethanol and
HCN was fixed at least on the level of traces. The absorption bands characteristic
to COS and methanol were clearly seen in the FTIR spectra of Bulgarian coal
samples, whereas for the other coals these compounds were present on the level
of traces only [70].

The value of activation energy in the conversion level range 0.1-0.9 varied
for Bulgarian coal samples having higher content of mineral matter much more
than for Russian and Ukrainian coals. For example, for Russian and Ukrainian
coal samples from 23.5 to 84.1 kJ mol~', and for Bulgarian coal samples from
31.9 to 216.6 kJ mol~"!, were observed.
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So, depending on the origin of fuel sample and on the heating rate at ther-
mal treatment, essential differences were ascertained in the thermal behavior of
the coal samples studied as well as in the activation energy values at different
conversion levels.

18. The effect of mechano-chemical activation on the chemical activ-
ity, structural and thermal properties of carbonate substituted apatite
from Syria (V. Petkova, V. Yaneva)

Syrian phosphorite is mechano-chemically activated in planetary mill. This
method is an alternative for environmental protection overcoming the disadvan-
tages of the traditional processing of phosphate raw materials at which environ-
mental pollution by solid phase and gaseous technogenic products takes place.
Chemical, powder XRD, spectroscopic and thermal methods are used to evalu-
ate the impact of the mechano-chemical treatment over the structural and phase
changes. As a result a metastable, highly dispersive, natural apatite product is
obtained. The results from the chemical, spectroscopic, and powder XRD meth-
ods give evidence for the formation of a mixture of fluorine apatite, hydroxyl car-
bonate apatite, and hydroxyl carbonate fluorine apatite taking place during the
activation period. The following new phases are also formed and confirmed as a
consequence of these changes: B-Ca(PO,),, a,8-Ca,4(PO,),, Ca,P,0,.

The results from the thermal analysis give evidence for the presence of sub-
stantial structural and phase transformations which have occurred in the samples
of Syrian phosphorite during the period of activation. The registered thermal effects
are connected with: (i) the thermal decomposition of CaH,P,O,, obtained during the
period of activation; (ii) release of the in-built carbonate groups in the vacancies of the
calcium ions which characterize the transformation of carbonate-fluorine-apatite type
B into carbonate-fluorine-apatite type A or AB during the period of activation.

This result finds out a perspective direction for processing the phosphate
raw materials by means of tribo-thermal treatment aiming at obtaining condensed
phosphates suitable for application as slowly acting fertilizers [27, 28].

19. IR spectroscopic study of high energy activated Tunisian phospho-
rite (V. Koleva, V. Petkova)

The IR spectra of natural Tunisian phosphorite before and after high energy
milling recorded at ambient and liquid nitrogen temperatures are presented and
thoroughly interpreted in respect to the vibrations of the main entities: phosphate
and carbonate ions, OH groups and water molecules. The detailed interpretation
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Fig. 1. LNT-IR spectra in the region of
1800-800 cm~" of Tunisian phosphorite after
ball milling with relative shifting one towards
another; 1 — TFO; 2 — TF10; 3 — TF30; 4 —
TF60; 5 — TF120 and 6 — TF240, where the
figures correspond to the milling time in min

Absorbance (a.u.)

1500 1200 900

Wavenumber (cm'l)

of the IR spectra gives valuable information on the structural changes accom-
panying the milling process, which are responsible in a large degree for the in-
creased almost three times solubility of the as-activated samples. It is established
that the most significant structural changes are caused by the very fast inclusion
in the apatite structure of additional carbonate species from air. The distribution
of CO§— between B and A sites is analysed on the basis of Gaussian fitted spec-
tra in the region of carbonate v, and v, bands. The carbonate ions are primary
distributed over the two B and A sites with slight preference for the A sites, but
the prolonged milling leads to a subsequent migration of the carbonate ions from
the B sites to the A sites. The relative part of the A carbonates increases progres-
sively with the prolonged milling, which contributes to the increased solubility of
the milled samples [16].

4.4. Synthesis, Composition, Structure, and Properties of Minerals
and New Materials

20. Synthesis, structure determination and temperature-induced
phase transformations of the “glaserite” type zirconosilicate
Na,HZrSi,0,4.0.4H,0 (V. Kostov-Kytin, R. Nikolova, D. Nihtianova, T. Ker-
estedjian, P. Bezdicka)

A hydrous sodium zirconosilicate material with “glaserite” type structure and
14xZ1Si,04.yH,0, 0<x<3, 0<y<1 is synthesized in the
system Na,0:2rO,:SiO,:H,0 at 200 °C. Its crystal structure is composed of zirco-

generalized formula Na,_ H
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Fig. 1. Crystal structure of Na;HZrSi,0,.0.4H,0; layer construction (a)
interlayer atoms filling (b)

nium and silicon polyhedra connected to build layers additionally stacked to form
3D zipper-like network. Within the network there are cavities interconnected to
channels with irregular shapes where the sodium atoms and water molecules re-
side (Fig. 1). It is found that with synthesis duration the crystal structure gradually
transforms from higher symmetrical into triclinic one. The structure of the triclinic
form — Na,HZrSi,0,4.0.4H,0 was refined from powder diffraction data. It crystal-
lizes in the space group P1 with lattice parameters a = 9.05234, b = 5.56121,
c=6.96219 A, a =92.178, B = 90.839, y = 90.288°. To the best of our knowledge
the studied compound is the only water-containing material with “glaserite” type
structure [18].

DTA-TG and powder XRD analyses are used to study the occurring
upon heating structural transformations of the “glaserite” type zirconosilicate

NazSiOa
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+{‘A y

Ty A L‘i ,‘:_..’:{
A. + ¢ g b
A B« ¢ % t
Na3HZrSizOs. 0.4 H20 NaaZr28Sis012 b -
starting material NASICON NazZrSisO7

parakeldyshite
Fig. 2. Schematic presentation of two pathways in the thermal evolution of Na;HZrSi,0,4.0.4H,0;

A — stepwise heated to 1000 °C; B — gradually heated to the same temperature. All the structures are
drawn in a direction parallel to ¢ crystallographic axis
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Na,HZrSi,04.0.4H,0. The title compound undergoes energetically favored irre-
versible topotactic dehydration within the temperature range 200400 °C. Es-
sential structural transformations occur only after 700 °C, however, the phase
composition of the run-product strongly depends on the conditions of thermal
treatment. In all cases, the predominant phase at 1000 °C is the NASICON type
zirconosilicate — Na,Zr,Si;O,,. The concomitant compound is either Na,SiO,
or the parakeldyshite synthetic analog — Na,ZrSi,O,. The mechanism of structural
transformation and certain structural relationships are discussed in terms of the crys-
tal chemical peculiarities of the initial compound and the run-products (Fig. 2) [71].

21. Synthesis, XRD and TEM investigations of Al,_In (WO,), solid so-
lutions (D. Nihtianova, P. Tzvetkov, N. Velichkova, A. Yordanova, I. Ko-
seva, V. Nikolov)

The object of our investigation were Al,_ In (WO,), solid solutions with
(0 = x < 2). These materials have many potential applications such as: special
ceramics because of low coefficient of thermal expansion; gas sensors, because
of their AI** or In3* conductivity and laser active media for tunable lasers with
wide emission spectra in the range between 700—1100 nm, being doped by Cr3*.
The main thermal, conductive, as well as optical properties could be modified in

...............

................

w
Fig. 1. Bright field micrograph of Alin(WO,,), particle,
experimental SAED pattern from it and corresponding
| calculated picture in orientation [101]
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Fig. 2. Fourier filtered HRTEM image
of Alln(WQO,), sample in orientation

a wide range changing the chemical composition of the solid solution. The main
aim of the present investigation was to find the controllable conditions for the
syntheses of these materials and to obtain the main structural characteristics. A
special part of the investigation was to determine the phase transition between
Pnca and P2./a space groups for different compositions. Nano-sized powders
were obtained for a first time by co-precipitation method from aqueous solu-
tions of Na,WO,.2H,0 and Me(NO,),.xH,O with Me(Al, In) in required propor-
tion. It was established that pure phase of that solid solution can be obtained
only at exact value of the pH. For the end member In,(WO,), the pH must be
kept in the range between 2.8 and 3.0. The phase compositions and unit cell
parameters were determined by XRD. These data were used for detailed inter-
pretation of TEM (SAED, HRTEM) results. XRD and TEM analyses show that
at room temperature solid solutions in the range (0 < x < 1.1) are orthorhombic
with space group Pnca. The samples with x >1.1 were indexed in monoclinic
space group P2 /a.

The XRD and TEM (SAED, HRTEM) results fully confirm the successful
syntheses of the solid solutions with controllable chemical composition and parti-
cle size dimension from 10 to 100 nm in the whole range [17].

22. Crystal Structure and Hydration State of Co- and Sr-exchanged GTS
type Titanosilicates (R. Titorenkova, K. Fujiwara, T. Tamaki, C. Kishimori,
A. Nakatsuka, N. Nakayama)

Crystal structure and dehydration behavior of a series of Co- and Sr-exchang-
ed nano-sized microporous GTS-type titanosilicates, (Na,Sr,Co),Ti,Si,O,, nH,0
were studied by powder XRD, TEM, TG-DTA and vibration spectroscopy.
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GTS-type microporous titanosilicates exhibit a 3-dimensional tunnel-type
structure. The crystal structures of K-, Cs- and HGTS (K,HTi,Si;0,4-4H,0,
Cs,HTi,Si,0,4-4H,0 and H,Ti,Si;0,,-8H,0) are cubic (pharmacosiderite type,
P43m), while Na-GTS (Na,Ti,Si;0,4,6H,0) shows rhombohedral symmetry
(R3m). However, the crystal structures of GTS ion-exchanged forms with divalent
cations (Co?*, Ca?*, Sr2*, Ba?*, etc.) have not been reported, although the ion ex-
change properties of these divalent ion-exchanged forms have been published.

The initial Na-GTS samples were synthesized hydrothermally at 100 °C.
Co?* and Sr2* exchanged GTS forms were obtained by shaking 1.0 g of a single-
phase Na-GTS sample in the aqueous solutions of CoCl, (25 ml, 0.025-1.0M)
at room temperature for 1 hour and SrCl,, (25 ml, 0.025-1.0M), respectively. The
samples were filtrated, washed, and dried at 40 °C.

Samples with composition 0.25 < x < 0.95 in the formula Na,_, Co,Ti,Si;O,
were obtained after treatment of Na-GTS in CoCl, aqueous solutions. The atomic
composition measured by TEM-EDX indicates that more than 90% Na™ ions is
exchanged by Co?* in the sample Co 0.5M GTS (shaken in 0.5M solution).

Powder XRD patterns of these samples showed that the increase in the con-
centration of CoCl, solutions leads to narrowing of several peaks (typical pseudo-
cubic 211 peak), shifting to the lower 26 side and to changes in the intensity ratio
(Fig. 1). The diffraction profiles could be fitted to the calculated profiles assuming
trigonal unit cells. The lattice parameters of the sample treated with 0.5M CoCl,

Intensity (Arbitrary)
g‘-&

i Co 0.5M
Jr A dar
I {_ 1 ] 11 ] ]
i i Sr 0.5M
‘ |
MM Fig. 1. XRD patterns of the initial NaGTS,
( ' i " A Co- and Sr-exchanged GTS using 0.5M
. . . *8rCO; CoCl, and SrCl, aq. solutions, respectively.
10 20 30 40 50 The line drawings show calculated XRD
20/° profiles as-suming trigonal unit cell
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solution are a = 7.860(1) A and a = 89.57(3)°, whereas those of pristine Na-GTS
are a=7.821(1) A and a = 89.08(2)".

Samples with ideal composition x = 1.0 and 0.4 in the formula of
Na, , Sr,Ti,Si;O,, were obtained after treatment of Na-GTS in 0.5M and 0.02M
SrCl, aqueous solutions. Their XRD patterns were analyzed as a trigonal system,
which found a reduction of lattice parameter a, compared with that of Na-GTS.

The lattice parameters for x = 1.0 are a = 7.787(1) A and a = 89.47(2)°,
whereas those of x = 0.4 are a = 7.797(1) A and a = 89.38(3)°. Contrary to the
Co-exchanged samples, the lattice parameter a decreases with increasing con-
centration of Sr. Furthermore, there is a difference in the intensity ratio of the
peaks compared with that of Na-GTS and Co-exchanged GTS. The simulation
of the XRD peak intensities indicates that the Co and Sr atoms occupy the sites
shifted from the ring center of the framework windows.

TG-DTA measurements of Co-exchanged samples indicate a slight in-
crease of water content in samples with higher Co content (total weight loss
of 22 wt.% for a sample treated in 0.5M solution), although the temperature of
dehydration remains almost the same (~250 °C) or slightly lower (233 °C for
CoGTS 0.5M). The Sr-exchanged sample with x~1 contains less water (total
weight loss 15 wt.%), revealing a broader endotherm peak around 230-240 °C
due to the dehydration (Fig. 2).

AT/ VLA

Weight Change / %

Fig. 2. TG-DTA curves of initial
NaGTS (a), Co-exchanged (b)
and Sr- exchanged (c) GTS
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Fig. 3. IR spectra of initial Na
GTS, Co- exchanged and Sr-ex-
changed GTS
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FT-IR spectra of Sr-exchanged samples with various concentrations do
not present significant differences compared with the spectrum of NaGTS. The
only change is in the range of water vibrations. In the spectrum of Sr-exchanged
form (0.5M) the maximum intensity of the peak due to O—H stretching is around
3400 cm™', while in the spectrum of initial NaGTS there are two sharp peaks
around 3200 and 3450 cm™, the low frequency peak being more intense. In the
spectrum of Co-GTS (0.5M) peaks due to Ti-O (570 cm~") and Si-O stretching
(885 cm") are shifted to higher wavenumbers as compared with the NaGTS
(Fig. 3). This observation reveals the role of Co?* as a Si-O-Ti framework
modifier [115].

23. Crystal structures of Mg?*, Ba®>* and Cs* exchanged ETS-4 at
RT and 120K (L. Tsvetanowa, L. Dimowa, S. Ferdov, B. Shivachev,
R. Nikolova)

Microporous titanosilicate K-Na-ETS-4 (Fig. 1) has been synthesized and
exchanged to Mg?*, Ba?*, and Cs* forms. The crystal structures were analyzed
by single crystal X-ray diffraction, the chemical compositions were confirmed by
energy dispersive X-ray spectroscopy and thermogravimetric analyses. Here we
compare the structural parameters of the ion exchanged samples measured at
room temperature (RT) and at 150K (LT).

The conducted ion exchange preserves the orthorhombic Cmmm structural
symmetry. The structural analyses show that Mg?* and Cs* ions exchanged par-
tially the Na* and K* while Ba2* exchanged them fully. It is also evident that the
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Fig. 1. Crystal structure of (Na, K) ETS-4

cation exchange influences the unit cell volume in order that does not correlate
with the size of the included cations: Cs — 1169.6(7) A% > K-Na — 1167.6(7) A3 >
Mg — 1165.5(4) A3 > Ba — 1104.6(7) A3 ETS-4. The data collected at low tempera-
tures indicate lowering of the cell volume only for (Cs) ETS-4 and (Mg) ETS-4
samples (Table 1). Low temperature analogues of exchanged forms: most of the
atomic positions remain the same but are slightly shifted from their original posi-
tions. In the case of Cs-ETS-4 the Cs1 position is split to Cs11 and Cs12.

Table 1. Structural parameters for the studied compounds

ETS-4 a(RT)  a(T) b(RT) b(T) ¢(RT) c(LT) V(T V(LT

Na, K 22.979 7174 6.706 1105.5 1105.5
Ba 22.979 22.941 7.174 7.169 6.706 6.721 1105.5 1105.5
Cs 23.214 23.120 7.258 7.213 6.941 6.931 1169.6 1156.1
Mg 23.242 23.198 7.205 7477 6.959 6.948 1165.5 1157.0

Na and K ions in ETS4 could be fully exchanged by Ba ions and only par-
tially by Mg and Cs ions. The Ba exchange contracts the ETS-4 structure, most
probably due to the higher ionic potential of the Ba2* ion. The LT conditions also
enhance the structure contraction of Mg and Cs ETS-4, as the contraction poten-
tial of these structures is not consumed due to partial ion exchange. LT experi-
ment allows more precise refinement of the atomic coordinates [116].

24. Natural and Zn exchanged clinoptilolite: in situ high temperature
XRD study of structural behavior and cation positions (L. Dimowa,
S. Petrov, B. Shivachev)

The thermal stability of clinoptilolite structure is reported to vary in a relative-
ly wide range 600-800 °C depending on the types, sizes and site occupancies of
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the cations. The aim of this study is to investigate and compare the thermal stabil-
ity a natural monomineral clinoptilolite sample (CP) containing the most common
cations: Na, Ca, K and Mg and its Zn-exchanged analogue (CZN) having a high
Zn content of 2.23 atomic percent.

The compositional and structural state of both samples was monitored by
XRD, collected before and after each heating/cooling cycle as well as at each
heating step. Another Cpt sample, a K-exchanged clinoptilolite known for its high
thermal resistance was included in the high temperature (HT) experiment as a
reference for the reliability off the applied heating procedures.

Two different modes of heating were applied: conventional with time-de-
pendent heating/cooling cycles in an electric oven and in situ with the sample
mounted on a HT-attachment and continuously heated.

At the conventional stationary heating mode the samples were heated up to
600 °C and retained for 3 and 6 hours. With retention time of 3 hours CP structure
collapses, while that one of CZN is stable and does not show structural changes
as evidenced by XRD patterns. On a prolonged retention time of 6 hours both
structures collapse.

At in situ heating mode the temperature was raised up to 800 °C with
heating/retention steps at every 100 °C. The structure of CP sample collapsed
around 600 °C, while that one of CZN is again the more stable one and keeps
its integrity up to 700 °C.

For better understanding of the improved stability of CZN over CP a Rietveld
refinement was performed on diffraction patterns from both samples taken at 300
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Fig. 1. CP and CZN structures and cation positions refined by using Rietveld method
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and 500 °C. The visualizations of the CP and CZN structures at RT, 300 and 500 °C
are shown (Fig. 1). Initially, it was assumed that the high Zn-content in CZN struc-
ture is the one that caused its higher thermal stability. However, the structural
refinement on the patterns of heated samples reveals the fact that the increase of
the temperatures causes displacement of the cations along a and c-axis leading
to change of their initial Wyckoff positions from (2¢) to (8)). In CP only Mg?* under-
goes such positional changes, while Na*, K* and Ca?* positions remain almost
unchanged. In the structure of CZN all three zinc positions move during the heat-
ing and two of them Zn1 and Zn2 transform their initial positions from (2c¢) to (4/)
and finally to (8/). We assume that this movement could be a factor that increases
HT stability of CZN structure. In the case of CP, Mg-position is subject to maximal
displacement. However its very low occupancy is not sufficient to maintain the
integrity of the structure above 600 °C. In contrast, the Zn-sites in CZN structure
are highly occupied and their HT displacement and re-arrangement, most likely
have an effect on charge-balance between the framework and the cations that
leads to the observed higher stability of CZN structure. The smaller size of Zn?*
compared with larger Na*, K* and Ca?* is in favor for its mobility.

On the other hand, Zn positions cannot be fully occupied even at high tem-
peratures due to the limitations imposed by the existing framework’s charge.
Thus, the initial low symmetry cation positions at RT could uptake only three
divalent cations per unit cell. and because of this the observed thermal stability
of CZN can exist only for a limited time and eventually would collapse as it was
observed [85].

25. Silver modified Merlinoite as catalyst for environmental protection
problems solution (L. Dimitrov, V. Georgiev, T. Batakliev, S. Todorova,
S. Rakovsky)

Merlinoite is a small pore, predominantly potassium, alumo-silicate with unit
cell ideal formula K,,Al,;Si,,Og, * 20H,0. According to the International Zeo-
lite Association it possesses topology labeled MER. The maximum diameter of a
sphere that can diffuse along the axis ais 3.12 A, b—3.12 A and ¢ — 4.20 A [83].

The MER zeolite was reproducibly synthesized in potassium system apply-
ing as silica and alumina source naturally occurring perlite rock from Kurdzhali
region (BG). The merlnioite, its ammonium exchanged and cerium oxide modified
forms were impregnated with 5 wt.% Ag. The measurements of ozone degradation
were performed at flow rate of 6.0 | h~' and ozone concentration of 15 000 ppm
at room temperature. Ozone was generated by passing dry oxygen through a
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high-voltage silent-discharge ozone generator.
The inlet and outlet ozone concentrations were
monitored using an UV absorption-type BMT 964
ozone analyzer. Carbon monoxide oxidation was
performed in a continuously flow test unit using
1% O2 + 1% CO mixture and He as a carrier at
Gas Hourly Space Velocity (GHSV) 15 000 h™".
SEM of obtained MER zeolite, bar 1 he results are compared with a reference silver
length 1 um catalyst prepared with a silica carrier. The silver
supported MER catalyst (Ag-MER) shows higher

catalytic activity in the reaction of carbon monoxide oxidation than the reference

catalyst.
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Small pore zeolite merlinoite, prepared form natural rock perlite could be
successfully applied as a support for modification with silver. The catalyst, 5 wt.%
Ag-MER, shows good catalytic activity in reactions of ozone decomposition and
CO oxidation, reaching complete ozone decomposition after about 30 min from
the start of the reaction and complete CO conversion to CO, at about 235 °C
respectively.

26. Size and distribution of Pt nanoparticles in LDH nanocomposites at
different temperatures (D. Karashanova, N. Petrova, D. Kostadinova)

Nanocomposite as a promising material for catalytic applications was suc-
cesfully synthesized from multicationic layered double hydroxides (LDHs) and
platinum nanoparticles (PtNPs). The Pt—-LDH nanocomposite was prepared from
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Fig. 1. Bright field TEM images and corresponding SAED patterns of Pt nanocomposites
at room temperature (a), 500 °C (b) and 1000 °C (c)

NO,-LDH by anionic exchange in a 2% aqueous suspension of Pt-based nano-
particles ([citrate]/[Pt])=3.45; ([OH]/[Pt])=7.95). The nanocomposite layer struc-
ture was characterized by XRD and IR analyses and the thermal behaviour by
DTA-TG. The observed interlayer contraction can be explained by the grafting of
interlayer organic anions onto the hydroxyl layers.

XRD patterns of the Pt nanocomposite show that the layer structure trans-
forms into mixed oxide and spinel-like structure at 500 and 1000 °C, respectively.
At the same time, the reflections of metallic platinum become sharp, which indi-
cates increasing of both the size and crystallinity of Pt particles with the heating
temperature. The change of the mean size and the size distribution of the PtNPs
at room temperature and after heat treatment of the samples at 500 °C and 1000
°C were observed by TEM (Fig. 1 and 2). The intercalated in the support PtNPs
were coalesced under heating. Spherical and highly dispersed nanopatricles
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Fig. 2. Size distributions of PtNPs in the samples presented on Fig. 1
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were observed at room temperature while rough and granular aggregates were
formed at 500 °C and large, dense and well-faceted particles at 1000 °C. Thus,
the layer structure of the catalytic nanocomposite favors in best way the fine dis-
tribution and nanosize control of the Pt particles [15].

27. Nonlinear refractive index measurement by subpicosecond z-scan
method of new tellurite multicomponent glassy matrix having nonline-
ar susceptibility (G. Yankov, I. Stefanov, K. Dimitrov, L. Dimowa, I. Piroe-
va, M. Tarassov, B. Shivachev, H. Yoneda, T. Petrov)

Tellurite glasses are promising materials for laser technology because of
their extended visible and infrared (IR) transmission range as well as their high
refractive linear and nonlinear indices and amongst oxide glasses they possess
the highest nonlinear susceptibility. Moreover, they are relatively easily produc-
ible due to their relatively low melting temperatures. Tellurite glasses with heavy
metal oxides were found to show remarkable physical and optical properties.
Second harmonic generation (SHG) and sum frequency generation in thermally
or thermally assisted electro poled tellurite glass matrix was reported previously.
Therefore, the non-linear refractive index n, is very important for the appear-
ance of second order susceptibility in the glassy matrix. Transparent glasses with
optical quality and nominal composition of (1-2x) TeO,—xGeO,—xLi,O (TGL-x),
x = 0.10, 0.15, 0.20 mol %, were prepared using conventional melt-quenching
technique (Fig. 1).

The as synthesized glasses show good thermal stability, with respect to oth-
er tellurite glasses. Second and third order harmonic generation was observed
for electrically poled TGL samples [78]. SHG generation from non-poled TGL
samples was also observed due to piezo or optical poling.
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Fig. 1. Samples of the obtained glasses
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5. International Cooperation

68

“High Brightness COnical REfraction Lasers” (HiCORE) — a joint re-
search project between IMC and the University of Dundee, University of
Stuttgart and four innovative companies from Bulgaria, Spain, Switzerland
and United Kingdom, funded by the 7th Framework Programme of the
European Union, SP4-Capacities, Research for Small and Medium-Sized
Enterprises (SMEs).

“Safety evaluation of manufactured nanomaterials by characteriza-
tion of their potential genotoxic hazard” (NANOGENOTOX) — a joint
research project between IMC and 15 organizations (governmental and
scientific institutions) from 10 EU member states, funded by the Executive
Agency for Health and Consumers (EAHC) under the European Commis-
sion’s Health Programme and coordinated by the French Agency for Food,
Environmental and Occupational Health & Safety (ANSES).

“RISK management of natural and anthropogenic landsLIDES in the
Greek-Bulgarian cross-border area” (RISKLIDES) — a joint research
project between IMC and the Alexander Technological Education Institute
of Thessaloniki, Department of Civil Infrastructure Engineering, Laboratory
of Geomechanics, funded by the European Territorial Cooperation Pro-
gramme Greece-Bulgaria 2007-2013.

“Structural studies of nanosized porous and layered materials” — a
joint research project between IMC and the Institute of Inorganic Chemis-
try, Chezh Academy of Sciences, under the bilateral academic agreement
with equivalent non-currency exchange.

“Preparation of organo-mineral composites for soil amendment” — a
joint research project between IMC and the Tallinn Technical University
and the Estonian Academy of Sciences, under the bilateral academic
agreement with equivalent non-currency exchange.

“Minerals of rare elements in granites of S- and A-types on the ex-
ample of peraluminous granites of Bulgaria and alkaline granites of
the Kola Peninsula, Russia” — a joint research project between IMC and
the Geological Institute of the Kola Science Centre of the RAS, under the
bilateral academic agreement with equivalent non-currency exchange.
“Zeolite-polymer hybrid materials with tailored properties” — a joint
research project between IMC and the Institute of Macromolecular Chem-
istry, Romanian Academy of Sciences, under the bilateral academic agree-
ment with equivalent non-currency exchange.



6. Visiting Scientists

D.Sc. Stanislav Vassilev — National Expert of Bulgaria in the Joint Research
Center of the European Commission, Institute for Energy, Petten site, The
Netherlands

Dr. Boriana Mihailova — Visitor-professor on “Spectroscopy of minerals”
and “Crystal Physics” at the Faculty of Earth Sciences, University of Ham-
burg, Germany

Dr. Stanislav Ferdov — Researcher in the Department of Physics, University
of Minho, Guimaraes, Portugal

Dr. Rositsa Titorenkova — Postdoctoral position in the Department of Advanced
Materials Science and Engineering, Yamaguchi University, Ube, Japan

7. Research Topics, Announced for International Partnership Collaboration

Advanced multicomponent utilization of fly ashes from European coal-

fired power stations

One of the environmental problems in Europe is the utilization of fly ashes (FAs)
from coal-fired thermoelectric power stations (TPSs). This potential investigation will
include characterization of various products recovered from FAs at European TPSs
in an attempt for multicomponent FA utilization (MFAU). The MFAU is a necessary
and unavoidable process due to the complex, heterogeneous and unique polycom-
ponent composition of FA. The purpose will be: (i) to demonstrate how a low-cost
waste can be transformed into useful, high-grade and valuable materials, which may
find various applications; (ii) to provide a basis for the advanced, multicomponent,
wasteless and environmentally friendly utilization of various FAs. The knowledge
about the composition of FAs is sufficient to start an advanced and effective MFAU.

Structure and properties of new multifunctional materials

Synthesis and investigation of new materials of practical importance (nano-
sized zeolite-type natural and synthetic materials and thin films; ferric iron oxide
materials; catalysts based on micro- and mesoporous carriers for removal of soot
and nitrogen oxides from exhausted gasses; titanosilicate porous materials for
ion-exchange, sorbents, and catalytic systems; materials for optical and mag-
netic storage and processing of information; preparation and investigation of coal
char based sorbents and catalysts). Characterization methods: X-ray diffraction,
electron microscopy, Raman scattering and infrared absorption spectroscopies,
optical measurements and chemical analysis. Education: M.Sc. and PhD in Min-
eralogy, Crystallography and Materials Science.
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