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One of the potential raw materials for preparation of geopolymers is the natural zeolite. In the present
report, the used natural zeolite (clinoptilolite) is from huge deposit near Beli Plast, Bulgaria. Geopolymer
pastes and mortars are prepared by using three different alkaline activators—sodium hydroxide, sodium
silicate and sodium carbonate. The hardened geopolymers are tested for determination of mechanical
properties by traditional standardized methods. The structure and the composition of the materials are
studied by direct physical methods—X-ray diffraction (XRD), thermal analysis (DTA and TGA) and scanning
electron microscopy (SEM). The results show variable degree of dissolutions of the raw zeolite material
when using different activators and formation of solid geopolymer materials with qualitatively different
structure. Despite its relatively low compressive strength, geopolymers based on natural zeolite cured at
room temperature and used as coating, show very good adhesion to concrete.

EoHa oOT noTeHUManHUTE CYpOBMHM 3@ NOJy4YaBaHe Ha reonosvmepu e npupoaHuA 3eonmt. B
NpeACTaBeHOTO M3C/eABaHe e U3M0/3BaH NPUPOAEH 3€0AUT (KAMHONTUNOANT) Haxogulue 61130 fo benu
nnact, bvarapua. NpuroTeeHn ca reonosiMMepHN NacTu U PasTBOPM Ype3 U3N0A3BaHE Ha TPU Pa3INYHU
afIKa/IHM aKTMBATOpPa - HATPUEB XUAOPOKCUA, HATPUEB CUMAMKAT U HATpuMeB KapboHaT. BTBbpaeHuUTe
reonosiMMepu ca U3nNuTaHu 3a onpegenaHe Ha MexaHWUYHW CBOMCTBA NO TPASULIMOHHU CTAaHLAPTM3NPAHU
meToan. CTpyKTypaTa M CbCTaBbT HAa MaTepuannTe ca M3CAefBaHW C AUPEKTHU PU3UYHM meToau -
peHTreHoBa audpakums (XRD), TepmuueH aHanus (DTA u TGA) 1 ckaHMpallla eNeKTPOHHA MUKPOCKoNUA
(SEM). Pe3ynTaTMTe noKasBaT pas/iMyHa CTEMeH Ha pasTBapAHe Ha CYpOBWUA 3e0/UTEH maTepuan npu
N3Mo0/a13BaHe Ha pPa3/IMYHM aKTMBATOPU M 0OpPa3yBaHe Ha TBbPAM FEONOAMMEPHN MATEPUAJIM C KAYECTBEHO
Pa3/INyHa CTPYKTYpa. BbNpeKn cpaBHUTENHO HUCKATA CM AKOCT Ha HAaTWUCK, reononmMmepuTe Ha 6asaTta Ha
€CTecTBeH 3€0/IUT, BTBbPAEHM NPU CTaHa TemnepaTypa M U3NoA3BaHU KaTo NOKPUTUE, NOKA3BaT MHOTO
[obpa agxesna Kbm 6eToHa.
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In order to increase the reactivity as geopolymer precursor the natural zeolite was thermally treated at
900 °C. The raw and meta- zeolite were mixed with hardener to prepare two series of geopolymer
specimens (GZ and GM). The calcination of the natural zeolite at 9002C leads to full dehydroxylation and
amorphization of the clinoptilolite structure, converting the zeolite to metazeolite. Using metazeolite as
geopolymer precursor the final geopolymer is X-ray amorphous and density and compressive strength
were increased. The shrinkage which is main issue in high silica geopolymers was reduced twice. In
practice more valuable and economic is to calcine the zeolite at lower temperature preserving partially



the beneficial properties like ion exchange and sorptivity of the clinoptilolite but still increase in some
extend the reactivity.

C uen fa ce yBenmumn peakTUBHOCTTA NPUPOLEH 3€0/INTE KAaTO reonoiMMepeH NpeKypcop, ecTeCTBEHUAT
3€0/1I1T e TepMnYHO obpaboTeH npu 900 2C. CypoBUAT U META3E0/IUTHLT CE CMECBAT C aKTUBMpPALL, Pa3TBop,
3a Aa ce NOAroTBAT ABE CEepUM reonoiMmepHu npobu (GZ n GM). KanunmHmMpaHeTo Ha ecTecTBeHUs 3e0aUT
npu 9002C BoAN A0 Nb/IHO AEXUAPOKCUIN3UPAHE N amopdU3MpPaHe Ha CTPYKTypaTa Ha KIMHONTUNOAMUTA,
NPeBpPbLLANKN 3€0/1MTa B METa3eonnT. M3non3Balikn MeTaseo/IMT KaTo MPEKYPCOP Ha reonoaumepa,
KPaMHUAT reonoiMMep e PeHTreHOBO aMopdeH M NABTHOCTTA M AKOCTTa HA HATMUCK Ca 3HAYUTENHO No-
BMCOKN. CbCbXBAHETO, KOETO € OCHOBHUAT npobsiem npu reonosiMMepuTe C BUCOKO CbAbPrKaHUE Ha
CUNIMLMEB AMOKCUA, Ce HamasiABa OKOJIO ABa NbTW. Ha NpakTMKa BEPOATHO NO-LEHHO M MKOHOMUYHO 61
6MN0 3€0NTHT Aa Ce KaJLMHUPA NPU NO-HUCKA TeEMNepaTypa, KaTo YacTMYHO ce 3ana3BaT nosie3HuTe
CBOWCTBA KaTo MOHOOBOMEH M copbuMoHHa CNOCOBHOCT Ha KAMHONTUAO/INTA, HO BCE MaK ce NOoBULLIABA B
M3BEeCTHa CTeneH peakTUBHOCTTA.
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The influence of different modulus (MR=SiO,/Na,O= 2+3) sodium silicate solutions was examined on
geopolymer pastes based on natural zeolite consist mostly of clinoptilolite. Basic physical and mechanical
properties of the samples were determined and the structure were investigated using XRD and FTIR. The
results showed that geopolymers based on natural zeolite possess slow rate of strength gain at room
temperature. With increasing the modulus (MR) geopolymers samples possess higher rate of strength
gain, but lower final strength (fig.1). Due the crystallinity of natural zeolite the alkali concentration of used
sodium silicate reagents was not sufficient to dissolve the raw material and induce high degree of
polycondensation. Using sodium silicate with MR above 2 leads to certain quantity unreacted clinoptilolite
which preserves the beneficial properties of the clinoptilolite per se.

BanaHueTo Ha pasnmyHn no moayn (MR=SiO,/Na,O= 2+3) pa3TBopu Ha HaTpUes CUANKAT e U3cneBaHo
BbPXY reono/JiMMepHU NacTM Ha 6a3aTta Ha ecTecTBeH 3e0auT (KAvHonTuaoauT). OnpeneneHn ca
OCHOBHUTE GU3MYHUN U MEXAHUYHM CBOMCTBA Ha NpobuTe, a CTPYKTypaTa e u3caesBaHa c nomolta Ha XRD
n FTIR. Pe3yntatnte noKasear, Ye reonoaMmepuTe Ha 6asarta Ha ectecTBeH 3e0/1IMT 6aBHO HAbMpaT AKOCT
npu cTaviHa TemnepaTypa. C yBennyaBaHe Ha moayna (MR) reononnmmepHute Npoby MmaT No-BMCOKA
CKOPOCT HA HapacTBaHe Ha AKOCTTa, HO MO-HUCKA KpailHa AKocT (¢ur.1l). AnKanHaTa KOHUEHTPaLMA Ha
M3MNON3BaHUTE HATPMEBU CUJIMKATHU peareHTU He e AO0CTaTbyHa, 3a 4a pa3TBOPM CypoOBMHATa M A3
npeaun3BMKa BUCOKa CTeNeH Ha NoJMKoHAeH3aumA. M3nonssaHeTo Ha HaTpues cuaunkat ¢ MR Hag 2 sogm
[0 onpefeneHo KONMYEeCTBO Hepearnpan KAMHONTUMAOAMT, KOETO 3amna3Ba NONEe3HUTEe CBOWCTBA Ha
KAMHOMTUAOANTA per se.
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The aim of the present study is to demonstrate that local fly ash from TPP could be used for production
of geopolymers. A lightweight porous geopolymer was prepared which could find applications in building
and construction industry as fire-resistant, thermal and sound insulation products. After the preliminary
tests it can be concluded that mixing fly ash from TPP Maritsa East 2 with a suitable activating solution a
hardened geopolymer material was obtained. The resulting geopolymer pastes were characterized by a
partially amorphous structure and a relatively large porosity. Lightweight geopolymers could be also
successfully prepared. The fire torch test indicates the potential as fire-resistance materials.

Llenta Ha HACTOALWOTO U3caeaBaHe e ga AeMOHCTpUpaA, Ye mecCTHa netawa nenen ot TEL moxe pa ce
M3NOoN3Ba 3a NPOM3BOACTBO Ha reonosiMmepu. M3roTBeH e siek NOpecT reonosMMep, KOMTo moxe Aa
Hamepu MPUNOXKEHWE B CTpPOUTENHATa MHAYCTPUA KaTO OFHEYyCTOMYMBW, TOMJIO- MU 3BYKOM30/1ALUMOHHU
NPOAYKTU. Cnep, npeaBapntTenHnUTe TeCtoBe MmoXxe Aa ce 3aK/1l04Kn, Ye npum cMmecBaHe Ha 1eT/inBa nenen ot
TELL Mapuua-n3Tok 2 ¢ nogxoaAaLl, akTMBMpaLL, pa3TBOpP € NoJlyvYeH BTBbPAEH reonoaMmepeH matepuan.
MonyyeHUTE reonoIMMEPHM NACTU CE XapaKTEPM3MUPAT C YaCTUYHO amopdHa CTPYKTYpa U OTHOCUTE/THO
ronsima Nopbo3HOCT. JIeKUTe reonoMMepu CblLo MoraT ga 6baaT ycnewHo nonyyeHu. MNpegsapuTtenex
TeCT € ra3oBa ropesika NoKas3Ba NOTEHLMaNa KaTo OrHeYCTOMYMBM MaTePUANIN.
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In the present study the copper smelter slag from the Aurubis enterprise (Pirdop, Bulgaria) was used as
geopolymer precursor. The X-ray fluorescence and powder diffraction analysis showed that the slag
contains significant amount of iron, presented by the minerals fayalite and magnetite. The slag was
activated with phosphoric acid solution to prepare fresh geopolymer paste. Rapid exothermic reaction
took place and the material hardened in minutes. The obtained inorganic polymer material was
characterized by XRD, FTIR, DSC and Mossbauer spectroscopy. In conclusion, our study shows that the
waste slag from local copper industry could be used as a potential geopolymer precursor to produce
building materials. This novel method could reduce the huge amounts of fayalite slag generated during
the last decades.

B HacToAWeTO M3cneaBaHe KaTo reonosiIMMepeH NPeKypcop e U3non3BaHa LWaakaTta oT NPoM3BOACTBOTO
Ha mep, oT npeanpuatueto Aypybuc (Mupaon, Bearapus). Lnakata cbaobprKa 3HAYMTENHO KOMYECTBO
enAas3o, NpeacTtaBeHo OT MuHepaauTe $aanut M marHetuT. LLnakata e akTMBMpaHa C pasTBOp Ha
docdopHa KucenunHa, 3a Aa ce noayym reonoammepHa nacra. Mpotuya 6bp3a eK30TEPMUYHA peakLua u
maTepuansbT ce BTBbpAABa 33 MUHYTU. [lOAYYEeHMAT HeopraHMYeH MNOoAMMepeH MmaTepuan e
xapakTtepusupaH ¢ XRD, FTIR, DSC n Mossbauer cnektpockonusa. B 3aknioyeHue, HalweTo npoyysaHe
NMoKasBa, Yye OTMaAbyHaTa LWAAKa OT MeCTHaTa MeAHa MPOMULLIEHOCT MOXe Aa Ce M3MoJi3Ba KaTo
noTeHUManeH reonoJiMmepeH NpeKkypcop 3a NPoM3BOACTBO Ha CTPOMTENHN MaTepmann. To3n HOB MeTOL,
MOe Aa HaMaIm OrPOMHUTE KonyecTBa GpasannTHa Wnaka, reHepMpaHa npes nociegHuTe geceTuneTus.
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The aims of the research are to create a new class of geopolymer material based on natural zeolite with
potential application in construction, to study the properties of the new geopolymer and to optimize the
composition in order to achieve certain physical and mechanical properties, to create scientific and
practical preconditions for the use of this innovative material in construction practice.

The study begins with selection of appropriate activator. Initially three types of activating solutions are
studied- water solutions of sodium silicate, sodium hydroxide and sodium carbonate. It was found that
geopolymer based on water glass is characterized by highest mechanical properties and densest structure.
Samples were analyzed by X-ray diffraction analysis, scanning electron microscopy, mercury porosimetry,
computed X-Ray tomography, differential thermal analysis and etc. The study of the influence of the
modulus of a water-soluble glass shows that by increasing the modulus, geopolymer accumulate faster
strength, but the final strength is higher with the use of low modulus waterglass. In the use of NaOH for
an activator in optimum concentration 12M-14M, the structure of the hardened geopolymer is
amorphous, which is typical for the geopolymers.

Due to its high specific surface zeolite possesses high water demand and the fresh geopolymer mixture is
characterized by excellent adhesive and cohesive properties. In all geopolymer samples in varying
degrees, there is a significant volume changes. Part of the samples activated with water-soluble glass and
sodium hydroxide, have a dense surface layer featuring a high hardness. Geopolymer-based natural
zeolite have significant porosity due to air entrainment effect of natural zeolite. The reason for the air
entrainment is highly developed micro and mesopores in the zeolite, after dehydration and rehydration
of zeolite nitrogen is released in the form of gas bubbles. Dehydrated natural zeolite can be used
successfully as an air entraining agent.

It was found that the addition of various aggregates and fillers leads to a decrease in compressive strength,
but visibly reduce the shrinkage of the material. Addition of gypsum leads to flash set, accompanied by a
large water consumption, which makes the fresh mix dry and lean unfit for processing.

The addition of small amounts of polymer modifiers (caprolactam, epoxy, styrene-butadiene) to the
silicate activated geopolymer pastes leads to decrease in compressive strength and tensile strength of the
tested compositions between 25% and three times. When using epoxy resin and styrene-butadiene there
is reduction in water absorption.

Geopolymer-based on natural zeolite has excellent adhesion to concrete surface. The cohesive strength
is about 2.6 MPa, which makes geopolymer based on natural zeolite suitable for coatings and plasters.
Applied in thin layers, the material does not form cracks from shrinkage. If the layer is thicker cracks can
occur, which can be avoided by the addition of short polypropylene microfibres.

The optimum calcination temperature of the natural zeolite as a geopolymer precursor is 900°C. Calcined
at this temperature, the zeolite of .Beli Plast is called "metazeolite" and is characterized by a maximum
amount of amorphous / active phase. Calcination of the main raw material (zeolite) leads to significant
improvement of the mechanical properties and microstructure of geopolymer. Metazeolite has a
significantly lower water consumption of the natural zeolite and the fresh geopolymer mixture with



metazeolite shows a pronounced thixotropy, allowing consolidation of the mixture. The effect of
potassium activators (potassium hydroxide and potassium silicate) and sodium aluminate is also studied.
The geopolymer activated by potassium silicate shows the highest strength and the densest structure.
The 28-days compressive strength is 25,5MPa for geopolymer based on natural zeolite and 43,11MPa -
on metazeolite. When using aluminate activator, the shrinkage of the hardened geopolymer is
significantly reduced. The usage of industrial waste solution as an activator is studied and the results show
that there is no significant difference between the use of waste industrial sodium aluminate solution and
chemical degree sodium aluminate.

Uennte Ha m3cnenoBaTeNckus TPYA Ca Cb3faBaHe Ha HOB K/lac reonosiMmepu, Ha OCHOBAa eCTecTBeH
3€0/IUT C NOTEHLMA/THO NPUIOKEHME B CTPOUTENCTBOTO; Aia CE U3C/IeBaT CBOMCTBATA Ha NONYYEHUTE HOBU
reonosiMMepu U Aa ce ONTMMM3MPA Ha CbCTaBa MM, C Orf/ied NOCTUraHe Ha onpeaeneHn GuUsnKo-
MeXaHMYHU NoKasaTenu; Aa ce Cb3gagat HayuyHM U HayYHO-MPUIONKHU NPEeANOCTaBKM 33 NPUNOKEHNE Ha
TO3U MHOBATUBEH MaTepPUasl B CTPOMTE/IHATA NPAKTUKa.

MN3cnepBaHeTo 3anoyBa ¢ M3bop Ha uenecbobpaseH ankaneH aktueaTop. MbpBoOHaYaNHO ca U3CNesBaHM
TPW BUAA aKTMBMpPALLM PasTBOPWU - BOAHM Pa3TBOPM HA HaTPUEB CUMKAT, HaTpMeBa OCHOBA, HAaTPMEB
KapboHaT. YCTaHOBEHO €, Ye C HAN-BUCOKM MEXAHWYHM CBOMCTBA M NABTHA CTPYKTypa, Ce OT/AMyaBaT
reonoanmepuTe Ha 6asa BO4OPA3TBOPUMO CTbK/0. [pobuTe ca aHaNN3MpPaHU C PpeHTreHo-Ppa3oB aHaM3,
CKaHMpalla eneKTPOHHa MWKPOCKOMMA, IKMBAYHA MNOPOMETPUA, KOMMKOTbpPHA Tomorpadus,
andepeHumanHo TepmumyeH aHanus u ap. MNpu aHannsa Ha BAMAHWETO Ha MOAy/1a Ha BOAOPA3TBOPMMO
CTbK/0 b€ ycTaHOBEHO, Ye NPU U3MNo3BaHe Ha BUCOKOMOAY/IHO CTbK/0, reonoinmepute HaTpynseaTt no-
6bP30 AKOCT B Haya/IHUA Nepuog, Ha BTBbpAABaHe (28 AHM), @ NPU HUCKOMOAY/IHO BOZLHO CTbK/O ce
nocTura No-B1COKa KparHa AKocT. ONTMManHaTa KOHUEHTPaLMA Ha aKTUBMpPALL, pa3TBOP Ha 6a3a HaTpuesa
ocHoBa e 12M-14M, npu KoeTo CTPyKTypaTa Ha BTBbPAEHWUA reonosmMmep e amopdHa (TMnmnyHa 3a
reononnmepute).

Mopagn BMCOKaTa cu creumduyHa MOBBbPXHMHA 3€0/1MTa NpPUTENKaBa CUAHA BOAOMOTPEBHOCT, KaTto
npsAcHaTa reono/iMMepHa CMeC Ce XapaKTepusupa C OT/IMYHA aAXEe3MBHU W KOXE3UBHM cBoicTea. Mpu
BCUYKM TeonoanmepHU npobu, mMakap M B pasanyHa cTeneH, ce HabnlogaBa 3HaYUTENHU 0BeMHU
n3MeHeHua. YacT oT npobute, akTUBMPAHU C BOLOPA3TBOPUMO CTHKIO M HaTpMeBa OCHOBaA, MMaT Mo-
NAbTEH MNOBBLPXHOCTEH C/AOM, OT/IMYABALL Ce C rossma TBbPAOCT. [eononMmepute Ha 6asa ecTecTBeH
3€0/IMT MPUTENKABAT 3HAYMTENHA MOPbO3HOCT, MOPaAM Bb3AYXOBLBAMYALWMA edeKT Ha ecTecTBeHus
3e01uT. MpruMHaTa 33 Bb3AYXOBBHBAMYAHETO € CUIHO Pa3BUTaTa MUKPO M MEe30MOPMO3HOCT Ha 3E0/IUTa,
KaTo cnea gexvapaTtauma U pexuapartauusa Ha 3e0/uUTa Ce OTAEeNsA as3oT, KoWTo Gopmupa Bb34yLHK
6asoHYeTa ras B cmecta. [JexuapaTMpaH ecTecTBEeH 3e0/IMT MOXe Aa Ce M3MO0A3Ba YCMEewWwHO KaTto
Bb34YyXOBbB/AMYALL, AreHT.

Mpu M3cnesBaHe Ha reonoJIMMEPHN PasTBoOpM He yCTaHOBEHO, Ye B/IaraHeTo Ha Pas/INyHKU A06aBbYHM
mMaTepuanm U NbAHUTENN BOAM OO U3BECTHO MOHMMKABAHE Ha AKOCTTa Ha HATUCK, HO BUAMMO HamansaBa
CbCbXBAHETO Ha MaTepwuana. YcraHoBeHo 6e, ye npu [06aBAHETO Ha rMNC ce Habawgasa 6bp3o
CBbp3BaHe, BOAELO0 A0 YBendYeHa BoAonoTpebHOCT, KOeTo NpaBM CMecUTe CyXM M NOCTHU, HEFrOAHM 3a
obpaboTeaHe.

Mpn BnaraHeTo Ha MaJlKM KOAMYeCTBA MNOJAMMEPHU MOLI,Md)MKaTOpVI (TVII'lVILIHVI 3a UMMEHTOBUTE
KOMI'IO3VITI/I) KbM reonosimmepHun nactn, aktTmuBnpaHn ¢ BO4OPa3TBOPUMO CTbK/O, Ce Ha6mop,asa cnag B



AKOCTTA Ha HaTUCK M OMbH Ha M3CNeABaHWUTE CbCTaBM mexay 25% u Tpu nbTu. MNpu ynotpebaTta Ha
enoKCUAHa CMo1a U CTUpeH-byTazaneH ce HabloA4aBa N3BECTHO HamaaBaHE HAa BOAOMNONMBAEMOCTTa.

lfeononMmepuTe Ha 6asa ecTeCTBEH 3€0/IUT NPUTEKABAT OTIMYHA aaxe3nA KbM HETOHHA NOBBPXHOCT, KAaTo
CTOMHOCTTa Ha CWaaTa Ha cuenneHune e okoso 2,6 MPa, KOeTo v MpaBM NOAXOAALLM 33 LUNAKNOBKU U
Ma3uKKU. HaHeceH Ha TbHKM naacToBe (40 1mm), maTepunana He o6pasyBa NyKHATUHM OT CbCbXBaHe. Mpu
HaHacAHe Ha no-Aebenn NaacToBe e Bb3MOXKHA NOABaTa Ha MYKHATUHW, KOETO MOXKe Aa ce u3berHe upes
[o6aBAHETO HAa NOANNPONUAEHOBU MUKPODUBPU.

YcTaHOBEHO €, Ye oNTUMasIHaTa TeMmnepaTypa Ha KaJLMHMPAHe Ha 3e0/1MTA KaTo reonoIMMepHa CypoBMHa
e 900°C. Mpu Tasu TemnepaTypa, Ce MO/My4YaBa T.Hap. “MeTa3eonuUT”, KOMTO ce XapaKTepusmpa c
MaKCMMaNHoO KoimyectBo amopdHa/akTmeHa ¢asa. KaaumHMpaHeTo Ha OCHOBHaTa CYpoBMHa (3e0/uT)
BOAW [0 3HauyuTeNHO nNoJobpsiBaHE Ha MEXaHWYHUTE MOKas3aTeNu M MUKPOCTPYKTypaTa Ha
reononnmepute. MeTaseoNMTbT MMA 3HAYUTEIHO NO-HWCKa BOAOMNOTPEBHOCT OT ecTeCTBEHUA 3€0/UT,
KaTo MNpsACHaTa reonojiMmepHa CMeC NpOosABSABA ACHO WM3paseHa TUKCOTPONWSA, MO3BOJIABANKM NECHO
ynnbTHABaHe. M3cneaBaHo e BAUAHUETO M HA Ka/NIMEBM aKTMBATOPM (KasiMeBa OCHOBA M Ka/NMEB CUMKAT),
KaKTO M Ha HAaTPMEB a/lyMUHAT BbPXy CBOMCTBATA Ha reonosimmepute. C Hail-BUCOKA AKOCT U Hal-M/bTHa
CTPYKTYpa Ce XapaKTepmusnpaT reonosIMMepuTe, akTUBUPAHUM C KasIMeB CUAMKAT, KaTo AKOCTTa Ha HAaTWUCK
Ha 28 aeH e 25,5 MPa 3a reononumep c ectectseH 3eonut 1 43,11 MPa c meTtazeonut. Mpu ynotpebata
Ha a/yMWHATHW aKTMBATOPW, HaMasieHMETO Ha ob6ema Ha BTBBPAEHMA reornoMMep € 3HaYMTENTHO Mo-
Manko. MpoyyeHa e Bb3MOXKHOCTTa 3a ynoTpebaTta Ha OTNafeH MHAYCTPUANEH PAa3TBOP KATO aKTMBATOP, a
NnoJlyyeHUTe pPEe3yNTaTU MOKasBaT, Ye HAMa CbLUECTBEHA pas/iMKa Mexay ynotpebata Ha oOThnajeH
WHAYCTPUaneH pa3TBOP Ha HaTPMEB aNlyMMHAT U HAaTPUEB aZlyMUHAT C XMMUYECKa YNCTOTa.
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MpupoaeH 3eo0nnT OT HaxoauweTto Ao c. benn lMnact, Bbarapma, e n3nons3saH 3a CUMHTE3MpPaHe Ha
reononnmepun. OnpeseneHn ca OCHOBHM OM3UMYHM M MEXaHWYHM cBoMcTBa. YacT oT npobute ca
uscnenBaHU C MNpaxoB PeHTreHo-pas3oB aHanm3 (XRD), CKaHMpalia enekTpoHHa MWMKPOCKOMUA U
KOMMIOTbPHA TOMorpadua. BrebpaeHUA reonosiMmep ce xapakTepumampa ¢ A0CTaTbyHa AKOCT HA HAaTUCK U
OT/INYHA aaxe3ns Kbm 6eToH. Ha 28 aeH e onpegeneHa AKOCT Ha HaTUcK - 25,5+2,6MPa, npu obemHa
NABTHOCT Ha npobute 1,59 g/cm3. BTBbpAABaHETO Ha MaTepuana € CbMNpPOBOAEHO C 3HAYUTEHO
CbCbXBaHe, HO BbNPEKM TOBA HAaHECEH Ha TbHKM C10eBe maTepunasia Ha ce Hanykea. OnpeaeneHa e cmnaTta
Ha cuenJieHMe Ha reonoJiIMMepHa nacta Bbpxy 6€TOHHa NOBBPXHOCT. PaspylwaBaHeTo € NoYTh M3LANo
KOXEe3WMOHHO Mnpe3 Lnak/aoBKaTa. NosyyeHaTa CTOMHOCT 33 cM/aTa Ha cuenieHne — CbCTaB ¢ ¢mbpu:
2,85MPa; cbctaB 6e3 ¢pmbpu — 2,44MPa. MpobHO TANO OT U3rOTBEHWU reonoIMMepU e U3cieaBaHo ypes
KOMMIOTbPHa Tomorpadua. OT NPOLLEHTHOTO pa3npeneneHne Ha Nopute No pasmepwu ce 3abenassa, ye
okos10 80% oT nopuTe ca ¢ pasmepun mexagy 60 um = 1 mm. [onama 4acT OT Te3n Nopu BEPOATHO Ca
obpasyBaHM B creacTBMe Ha HabnoA4aBaHOTO Bb3AyXOBbBAMYaHe.Cnep npoBeaeHWUTe M3CnenBaHUA
MOXe [a Ce 3aKN4M, Ye NPUPOAHUA 3e0/IUT OT HaxoauweTo 6am30 Ao c. bean nnact e noTeHuManHa
CYpOBMHA 33 MPUrOTBAHE Ha reonosMMepHU matepuanun. Cnen cmecBaHeTO Ha NOAXOAALL ajsKaneH
BTBbPAABALL PAa3TBOP Ce NoJjlyyaBa BTBbPAEH NPOAYKT, KOMTO Ce XapaKTepu3npa ¢ AOCTaTbyHa AKOCT Ha
HAaTUCK M OT/AMYHA aaxe3va Kbm OeToHHM noBbPXHOCTU. Cepuo3eH HeAoCTaTbK Ha MoJyYeHUTe



reono/IMMepu e 3Ha4YUTEIHOTO CbCbXBaHe. Bbnpeku ToBa HaHeCeH Ha TbHKM cnoese (40 2mm) maTepuana
He Ce HanyKBa. Bce NaK cbCbxBaHETO MOXKe fa ce KOHTPO/IMpa Ype3 A06aBAHETO HA MHEPTHU MbAHUTENN
n dpubpu.

Natural zeolite from the deposit near the village of Beli Plast, Bulgaria, was used to synthesize
geopolymers. Basic physical and mechanical properties are determined. The samples were examined by
powder X-ray phase analysis (XRD), scanning electron microscopy and computed X-ray tomography. The
hardened geopolymer is characterized by sufficient compressive strength and excellent adhesion to
concrete. On the 28th day, the compressive strength was determined - 25.5+2.6 MPa, with a bulk density
of the samples of 1.59 g/cm3. Hardening of the material is accompanied by significant shrinkage, but
despite this, applied in thin layers, the material does not form cracks. The adhesive strength of
geopolymer paste on a concrete surface was determined. The destruction is almost entirely cohesive
through the geopolymer. The obtained value for the adhesion strength - composition with fibers: 2.85
MPa; composition without fiber - 2.44 MPa. A cubic spesimen of prepared geopolymers was investigated
by computed tomography. From the percentage distribution of pores by size, it is observed that about
80% of the pores are between 60 um + 1 mm in size. A large part of these pores was probably formed as
a result of the observed air entrainment. After the research, it can be concluded that the natural zeolite
from the deposit near the village of Beli Plast is a potential raw material for the preparation of geopolymer
materials. After mixing a suitable alkaline hardening solution, a hardened product is obtained, which is
characterized by sufficient compressive strength and excellent adhesion to concrete surfaces. A serious
drawback of the obtained geopolymers is significant shrinkage. However, when applied in thin layers (up
to 2mm), the material does not crack. However, drying can be controlled by the addition of inert fillers
and fibers.

8 Nikolov, A., Nugteren, H., Petrov, O., Rostovsky, ., Petrova, T., Delcheva, Z.. Synthesis of natural
zeolite agglomerates: clinoptilolite-based geopolymers through aluminate activation. Clay Minerals, 54,
4, Walter de Gruyter GmbH, 2019, DOI:doi:10.1180/cIm.2019.52, 393-400. SIR (Scopus):0.415, JCR-IF
(Web of Science):1.787 Q3 (Web of Science)

Natural zeolite (clinoptilolite)-based geopolymers were synthesized using alkali aluminate solution,
including aluminate anodizing waste solution. The effect of calcination of the clinoptilolite sample at 900°C
was investigated. The samples were studied by powder X-ray diffraction, thermal analysis, scanning
electron microscopy and N2-specific surface area. The alkali aluminate-activated clinoptilolite
geopolymers are characterized by satisfactory compressive strength (up to 37 MPa), low density and
acceptable shrinkage. The clinoptilolite geopolymer obtained contains an X-ray amorphous phase and
newly formed phillipsite and zeolite NaP. The presence of zeolite phases in the geopolymer agglomerate
could be beneficial in products with specific qualities and properties, such as ion exchange, passive
cooling, antimicrobial activity, etc.

leononnmepwm Ha 6a3aTa Ha ecTecTBEH 3€0/IUT (KAMHONTUIOINT) Ca CUHTE3MPAHM C MOMOLLTA Ha Pa3TBOpP
Ha ajsikafeH aNyMUHaT, BKAOUYUTENHO OTMNAgbYeH Pa3TBOP OT NPOM3BOACTBO Ha alyMUHUEBU AETalN.
N3cneaBaH e edeKkTbT OT Ka/JIUMHUpPAHETO Ha npobata oT KanHontuaonut npu 900°C. Mpobute ca
M3cneABaHW 4pe3 npaxoBa pPeHTreHoBa AMOpPaKUMA, TEPMWUYEH aHaNM3, CKaHMpalla enNeKTPOHHa
Mukpockonma K N2-cneumduyHa NOBBPXHOCTHA NAoLW,. ANKANHO-aNYMUHATHO  AKTUBUPAHUTE
KJAMHONTUAO/IMTHM TEONOJIMMEPU Ce XapaKTepm3npaT CbC 3aL,0BO/INTENIHA SIKOCT Ha HaTUCK (8o 37 MPa),



HMUCKa NABTHOCT M MPUEMIMBO cBMBaHe. [lOAYYEHUAT KAWHOMNTUAOAUTOB FEOMOAMMEP CbAbpPKa
peHTreHoBa amopdHa Ppasa U HoBoobpasyBaH puanncuT u 3eonut NaP. HaanumeTto Ha 3eonuTHU dpasn B
reono/IMMepHUA arnioMepaTt MoXe Aa 6be OT N0/3a B NPOAYKTU CbC cneumudpuyHmM KauecTsa 1 CBOMCTBA,
KaTo MOHOOBOMEH, NAaCUBHO OXNaxKAaHe, aHTUMUKPOOHA aKTUBHOCT U Ap.

9 Nikolov, A.. Geopolymers based on Bulgarian raw materials — preliminary studies.
INTERNATIONAL Scientific Journal Machines. Technologies. Materials, Xlll, 2, Scientific Technical Union
of Mechanical Engineering Industry, 2019, 97-100 HauuoHanHO aKageMUYHO U34aTesICTBO

The geopolymers are novel class of inorganic polymer materials consist of chains, sheets or networks
made of covalently bonded mineral molecules. The main precursors of the geopolymers are reactive
alumosilicate material and hardener solution. Various suitable raw materials are located in Bulgaria. The
present paper shows successful examples of geopolymers based on Bulgarian raw materials — fly ash,
metakaolin, natural zeolite and iron-rich waste from copper industry. The properties and structure of the
prepared geopolymers greatly depend on the composition and type of the raw material, as well as
concentration and type of the activator solution. The results show the potential of geopolymers based on
Bulgarian raw materials as building materials.

leononnmepuTe ca HOB KNac HEOPraHWYHM NOAMMEPHM MATEPUAN, CbCTOALLM CE OT BEPUNM WU MPEKMU,
HanpaBeHM OT KOBAJIEHTHO CBbP3aHM MUHEPaIHU MoeKy1n. OCHOBHUTE NMPeKypcopu Ha reonoiMmepure
Ca peakTMBEH aNyMOCUIMKaTEH MaTepMan 1M aKTMBMpPaLL, pa3Teop (BTBbpAMTen). B Bbarapua ce Hamupat
Pa3NIMYHU NOAXOAALM CYPOBMHM 33 NPOM3BOACTBO Ha reonosvmepu. HacToAwaTta ctaTma noKassa
ycnewH1 npMmMepn 3a reonoIMMepu Ha OCHOBaTa Ha Bb/iIrapcKka CypoBMHMU— NeTALLA Menes, MeTakao/uH,
€CTecTBeH 3e0/1MT 1 60raTi Ha }Kena3o oTnagbLUm oT MeaHaTa NnpomuluneHocT. CBoOMCTBATa M CTPYKTypaTa
Ha reonoMmepuTe A0 roAamMa CTeneH 3aBMCAT OT CbCTaBa M BMAA HA CYpPOBMHATA, KAaKTO U OT
KOHLIEHTpaUuMATa M BMAA Ha pasTBopa Ha aKTMeaTopa. PesyntatMTe nokassaT noTeHuMana Ha
reonoaMMepuTe Ha OCHOBaTa Ha 6bATapPCKM CYPOBUHM KaTo CTPOUTENIHM MaTepUanm.

10 Nikolov, A.. Physical properties and powder XRD characterization of fly ash-based geopolymers
heated up to 1150 oC. Review of the Bulgarian Geological Society, 80, 3, Bbarapcko reonormyecko
ApyxectBo, bbarapcka akagemua Ha HayKkute, 2019, (Web of Science)

The aim of present study is to examine the physical and structural behaviour of geopolymers based on
local fly ash exposed to elevated temperature. The raw material used in the present study was low calcium
fly ash from TPP Galabovo AES, Bulgaria. The prepared geopolymer samples were heated after ageing for
180™ day in muffle furnace at 400, 800 and 1150 °C. The XRD experiments registered slight shift of the
amorphous halo from 20-30 26° to 25-35 20° after geopolymerization, which is typical for geopolymers in
general. The geopolymer pastes based on local coal fly ash were characterised by relatively low density
(1.15 g/cm?3), high water absorption (20%) and 7.1 MPa compressive strength. The heating to 400 °C was
not accompanied with significant phase changes but led to decrease of the compressive strength (—45%)
and shrinkage. Further heating to 800 °C and 1150 °C showed increase in mechanical properties to 11.4
MPa and accompanied with crystallization of KAISiO4, leucite and nepheline.



Lenta Ha HacToAWOTO U3C/NeABaHe e Aa Ce M3cnenBa TEPMUYHOTO NOBEAEHMETO Ha reonoMmepu Ha
6a3aTa Ha NoKanHa neTAwa nenen. CypoBMHaTa, U3N0/13BaHa B HACTOALWOTO U3C/eLBaHe, e IeTALLa nenen
C HUCKO CbAbprKaHMe Ha Kanuui oT TEL Meabboso AES, bbarapus. MpuroteeHMTe reonoMMepHU Npobu
ce HarpagaT B mydenHa new, npu 400, 800 1 1150 °C. PeHreHoda3oBMa aHaM3 NOKa3Ba JIEKO N3MeCTBaHe
Ha amopdHMTO Xano ot 20-30 26° po 25-35 20° cnep reonosMMepusaums, KOeTo € TUMWYHO 3a
reonosiMmepuTe Kato uano. lreononmmepHuTe Nactm Ha 6asata Ha NeTaMBa nenen oT MeCTHU BbInLLA ce
XapaKTepusnpaT ¢ OTHOCUTENHO HMCKa NabTHOCT (1,15 g/cm?3), Bucoka Bogonornbuiaemoct (20%) u akoct
Ha HaTucK 7,1 MPa. HarpasaHeto go 400 °C He e CbnNpOBOAEHO CbC 3HAUYUTENHN HA30BU MPOMEHU, HO
BOAM A0 HamansBaHe Ha AKOCTTA Ha HaTUCK (—45%) n cemBaHe. MNo-HaTaTbLIHOTO HarpABaHe Ao 800 °C u
1150 °C nokasBa NoBULIABaHe Ha MexaHMYHUTe cBolcTBa 40 11,4 MPa 1 npugpyKeHo ¢ KpucrTaaunsaums
Ha KAISiO4, neBUNT M HedeNNH.

11 Tzvetanova, Y., Dimowa, L., Tacheva, E., Piroeva, l., Petrov, O., Nikolov, A.. The turquoise-
chalcosiderite-planerite solid-solution series in samples from Chala deposit, Eastern Rhodopes. Review
of the Bulgarian Geological Society, 80, 3, Bulgarian Geological Society, Bulgarian Academy of Sciences,
2019, ISSN:0007-3938, 48-50. (Web of Science)

The present study aims to show the crystal chemistry of green mineral from the turquoise group from
Chala deposit (Spahievo ore field) with particular attention to planerite end-member that was approved
by the IMA CNMMN as a revalidated mineral in 1984. The present article reports also mineralogical
association, morphology, and some structural data of the samples under investigation. Chemical and XRD
analyses have demonstrated that the studied mineral from the turquoise group is composed of a ternary
solid solution between turquoise, chalcosiderite and planerite. The crystal chemistry of turquoise is
important characteristic to authenticate the provenance regions for archaeological and gemological
purposes.

HactoAwoTo nscneasaHe Mma 3a Uen Aa nokKaxe KpuMCcTaioxumuaTa Ha 3eneH MUHepan OT rpynaTta Ha
TIOpKOas3a oT Haxoamwe Yana (pyaHo none CnaxveBo) ¢ 0COBEHO BHMMaHME KbM KpalHWA U/ieH Ha
nnaHepuTa, Konto e ogobpeH ot IMA CNMMN KaTo NOBTOPHO BaaMaupaH MuHepan npes 1984 r.
HacToAuwaTa cTatma AOKNaABa CbLLO MUHeEpanornyecka acoumauma, mMopdoiorma n HAKOM CTPYKTYPHU
OaHHW Ha u3cnepBaHuTe Npobu. XvummyHM U XRD aHann3M NokaseaT, Ye M3cnenBaHUAT MUHepan oT
rpynata Ha TIOPKOa3uTe e CbCTaBeH OT TPMKOMMNOHEHTEH TBbPA, Pa3TBOP MeXAy TIOPKOoas, Xxankocuaeput
U nnaHeput. KpucrtanHata XMmMuA Ha TIOPKOasa e BaXHa XapaKTepuUCTUKa 3a yAoCTOBepsABaHEe Ha
perMoHmnTe Ha NPOU3X0J4, 32 apPXEe0N0rnMYeCKM N reMONOTNYHU Lienun.

12 Hukonos, A. CUHTE3 U TepMUYECKUE CBOICTBA reono/IMMepoB HA OCHOBE MeCTHOMW neTyuyei
30nbl. MUHepanbHoe pasHoobpa3sue uccnegoBaHue u coxpaHeHue = Mineral diversity research and
preservation: mexayHapogHblii cumnosnym, Codpua: Mysen 3emara n xopara, 2019, ISSN:1313-9231
HaunoHanHoO aKagemMnyHo U3[aTencTso

Feononnmepsbl NpeacTaBNAlOT coboii HeopraHM4Yeckmne noinmepbl, CUHTE3NpPYEMbIE peaxu,meﬁ aJ/IlOMO-
CUJINKATHOrO MOPOLLKA C PacTBOPOM TMAPOKCMAA LWEeNOYHOro MeTansia UAnM cuaukaTa. Feononanmepsl
o6nap,a+0T npeBocxo4HbIMU CBOI7ICTBBN\I/I, TAKMMMU KaK XopowaAa mexaHn4ecCKkaa NpovYHOCTb, XMUMUNYECKAA



CTOMKOCTb, TEPMMYECKAA CTOMKOCTb M BO3MOKHOCTb YTUAM3ALMM NPOMbILLAEHHbIX OTX0A40B. B HacToALlem
nccnefoBaHUM BblNM M3yYeHbl TEPMUYECKME CBOMCTBA reonosiuMepa, NPUroToBAEHHOrO U3 MeCTHOM
yronbHol netyyen 3o0nbl (TIC Mapuua). leononmmepHble nacTbl OblIM  CUHTE3MPOBAHbLI €
NCNO/Ib30BaHMEM FMAPOKCUAA KAMA N HAaTPUEBOTO XKMAKOro ctekna. Ha 180-11 geHb ob6paseL, Harpesanm
8o 400, 800 u 1150 °C. MAoTHOCTb, M3MEHEHWE 0ObeMa, BOAOMOr/IOWEHNE M NPOYHOCTb Ha CXKaTue,
U3MepANN 40 W Nocne Bo3gencTeums Tenna. MAOTHOCTb NOyvYaemMblX FreonoJIMMEPOB 30/1bHON MblAK
OTHOCUTENbHO HU3Kas MO CPAaBHEHWUIO C 0ObIYHBIMU LLEMEHTHbIMWU NacTamu. BbicoKoe BogonoraoweHue
npeanoaaraeT XopoLwo pasBuTyto nopuctoctb. Harpes go 400 °C NpMBOAUT K 3HAYMTENbHOM ycagKe U
CHU)KEHMIO NPOYHOCTU Ha cxKaTue. JanbHelwee HarpesaHue o 800 oC u 1150 oC nokasano ysennyeHue
MeXaHMUYECKNX CBOMCTB, CONPOBOXKAAaEMOe BONbLMMIN YMEHbLLUEHNAMM 06BEMA.

The geopolymers are inorganic polymers synthesized by the reaction of an aluminosilicate powder with
alkali hydroxide or silicate solution. They posses superior properties like good mechanical strength,
chemical resistance, thermal resistance and possibility of utilization of industrial waste materials In the
present study thermal properties of geopolymer prepared from local coal fly ash (TPP Maritza) was
examined. The geopolymer pastes was synthesized using potassium hydroxide and sodium water glass.
At 180th day sample was heated to 400, 800 and 1150 2C. Density, volume change, water absorption and
compressive strength were measured before and after the heat exposure. The density of the prepared
fly-ash geopolymers are relatively low compared to conventional cement pastes. The high water
absorption suggests well developed porosity. Heating to 400 oC lead to significant shrinkage and decrease
of the compressive strength. Further heating to 800 oC and 1150 oC showed increase in mechanical
properties accompanied with high volume changes.

13 Lihareva, N., Petrov, O., Dimowa, L., Tzvetanova, Y., Piroeva, l., Ublekov, F., Nikolov, A.. lon
exchange of Cs+ and Sr2+ by natural clinoptilolite from bi-cationic solutions and XRD control of their
structural positioning. Journal of Radioanalytical and Nuclear Chemistry, 323, 3, Springer, 2020,
ISSN:0236-5731, DOI:https://doi.org/10.1007/s10967-020-07018-7, 1093-1102. SJR (Scopus):0.36, JCR-
IF (Web of Science):1.181 Q2 (Scopus)

Clinoptilolite from Bulgaria was tested for uptake towards Cs* and Sr?* from bi-cationic solutions using
batch technique. Contact time and cation concentrations were investigated, revealing minor difference in
Cs* sorption from single and mixed solutions but clear difference in Sr** uptake. Kinetic data were fit with
pseudo-second-order kinetic model. The Langmuir isotherm model provided best description of
equilibrium ion-exchange data [gmax (mg/g) is 122.7 for Cs* and 21.50 for Sr?*]. Desorption experiments
show that cesium and strontium ions are retained strongly by clinoptilolite. Rietveld structure refinement
showed that approximately four Cs* ions were exchanged versus one Sr?* ion in clinoptilolite.

KAMHONTMAOAUTBT OT Bbarapua e uscneasaH 3a nornbuiaHe Kbm Cs™ 1 Sr?* oT BMKATMOHHM Pa3TBOPM.
BpemMeTo M KOHLUEHTPALMUTE Ha KaTMOHW Ca U3C/eLBaHM, Pa3KPUBAKM Masika pas/iMKa B copbumaTa Ha
Cs* OT AUHMYHM M CMECEHM Pa3TBOPU, HO ACHA Pa3/IMKa B NOMbLLAHETO Ha Sr2*. KUHETUYHUTE AaHHM BAXa
CbrnacyBaHu C KUHETUYEH MOAEN OT NCeBAO-BTOPU pea,. M3oTepMHMAT Moden Ha Langmuir npeaocraen
Hal-a06pPOTO OnNUcaHWe Ha paBHOBECHMUTE MOHOOBMeHHM aaHHu [gmax (mg/g) e 122,7 3a Cs* 1 21,50 3a
Sr?*]. EkcnepumeHTUTe ¢ Aecopbumsa NOKa3BgarT, ye Le3neBnTe U CTPOHLUMEBUTE MOHM Ce 3aAbpsKaT CUAHO
OT KAMHONTUAOAUT. PaduHMpaHeToO Ha CTpyKTypaTa ypes Rietveld aHanv3 nokasa, ye npubansmTenHo
yeTupw Cs* MoHa ca 6uan obmeHeHn cpelly eamH Sr2* MoH B KNIMHONTUAOAWT.



14 Nikolov, A., Nugteren, H., Rostovsky, I.. Optimization of geopolymers based on natural zeolite
clinoptilolite by calcination and use of aluminate activators. Construction and Building Materials, 243,
Elsevier, 2020, DOI:https://doi.org/10.1016/j.conbuildmat.2020.118257, SJR (Scopus):1.49 Q1, He
ornasasa paHraucrata (Web of Science)

Natural zeolite clinoptilolite was calcined at different temperatures (700-1000 C) in order to increase its
reactivity as geopolymer precursor. The clinoptilolite structure was completely destructed at 900 °C and
the material was called “metazeolite”. Geopolymer pastes were prepared with different SiO,/Al,0s ratio
by using silicate and aluminate activators, including alkaline waste solution from a Dutch aluminium
anodizing industry. The prepared geopolymers were cured at 80 C and were characterized by XRD, FTIR
and SEM. The metazeolite based geopolymer activated with potassium silicate solution possessed the
highest compressive strength (43 MPa + 4 MPa). The silicate and hydroxide activated geopolymers
showed relatively high shrinkage. On the other hand, by using aluminate solutions the shrinkage of
geopolymers was significantly decreased. The aluminate activated geopolymer contained newly formed
phillipsite and zeolite Na-P. However, there was no significant difference in geopolymer product when
using chemical grade aluminate solutions and industrial waste aluminate solutions. The use of alkaline
waste solutions is recommended because of economic and environmental benefits.

EcTecTBeH 3€0MUT KAMHOMNTUIOAUT € KaNUUHMpPaH Npu pasanyHu Temnepatypu (700-1000 °C), 3a ga ce
NOBMULLM HeroBaTa PeakTUBHOCT KaTo reonosnmepeH npekypcop. CTpykTypaTta Ha KAWMHOMNTUAOAUTA €
HambAHO paspyweHa npu 900 °C M maTepuanbT € HapeyeH ,meTaseonnt”. NeononMmepHUTE NacTn c
Pa3NUYHO CboTHoweHue SiOy/Al,0; ca NPUroTBEHM Ype3 M3MOA3BaHE Ha CUAMKATHU U aNyMWUHATHU
AKTMBATOPU, BKAOYUTENIHO anKasieH oTnagbyeH pas3TBOP OT XONAHACKA MHAYCTPUA 32 aHOAMpaHe Ha
anymuHuit. MpuroteeHunTe reonoanmepu ce sTebpaasaTt npm 80 °C n ce xapaktepusumpaT ¢ XRD, FTIR n
SEM. TeononnmepsbT Ha H6a3aTa Ha METALLEO/INT, aKTUBUPAH C PasTBOP Ha KajJMEB CM/IMKAT, NPUTENKaBa
Hali-BMCOKA AKOCT Ha Hatuck (43 MPa + 4 MPa). CuAMKATHUTE U XUOPOKCUMAHO aKTUBUPaHUTE
reononMmepu MOKasBaT OTHOCUTENHO BWMCOKO cBMBaHe. OT Apyra cTpaHa, 4Ype3 W3Nos3BaHe Ha
aNlYyMUHATHU Pa3TBOPU CBMBAHETO Ha reonosmnmepute bele 3HaYUTEIHO HaManeHo. AKTUBMPAHUAT C
aNYMMHAT reonosiMMep CbabpKa HoBoobpasysaH uanncut n 3eonnt Na-P. Bce nak, HAMa 3HauMTeHa
pasfivKa B reonoJIMMepHUA NPOAYKT NPU U3NON3BaHe Ha aNyMUHATHU PasTBOPU C XMMMUYECKM Knac U
ANYMUHATHM Pa3TBOPM Ha NpOMULLAEHM OTnagbun. N3non3saHeTo Ha OTNAAHW afKajHM pPas3TBOpMU ce
npenopbyBa NOpPaAN MKOHOMUYECKU N €KONOTUYHU NON3K.

15 Nikolov, A. Alkali and acid activated geopolymers based on iron-silicate fines - by-product from
copper industry. International scientific journal “Machines, Technologies, Materials, XIV, Scientific
Technical Union of Mechanical Engineering Industry, 2020, ISSN:1313-0226 HauuoHanHO aKageMUYHO
M3aaTencrTso

Geopolymer based on iron-silicate fines (fayalite slag) were synthesized in alkaline and acidic media using
activation solution comprised of respectively alkali silicate and phosphoric acid solutions. The raw material
consists of fayalite, magnetite and pyroxene which conglomerates in some particles. The alkali activation
occurs very slow at room temperature, while acid activation take place very rapid. The acid activated
geopolymer binder phase include cracks probably formed by thermal gradient because of the rapid



exothermal reaction. The morphology of the alkali activated geopolymers were presented by porous
structure.

Feononnmep Ha 6a3aTa Ha Kena30-CUNMKATHU GUHM YacTMLM (basannTHa WaKa) e CUHTe3MpPaH B a/lkasHa
M KMcena cpea, KaTo Ce M3M0/13Ba aKTUBMPALL, Pa3TBOP, CbCTOALL, CE CbOTBETHO OT PA3TBOPM HA a/iKaseH
cunukaT n dpocpopHa KucenmHa. CypoBMHATA ce CbCTOM OT PaAnnUT, MarHeTUT U MUPOKCEH, KOMTO
KOHFNOMepPUPAT B HAKOM YacTULM. AKaNHOTO aKTUBMpPAHe CTaBa MHOro 6aBHO Npu CTallHa TemnepaTypa,
[OKaTO KUCENIMHHOTO aKTUBMpPAHe ce U3BbpPLLBA MHOIO 6bp30. KNCENIMHHO aKTMBMpPaHaTa reonoMmepHa
cBbp3BaLa $pasa BKAKOYBA MYKHATUHMU, BEPOATHO 06pasyBaHM OT TEPMMUYEH FpagMeHT nopaam 6bp3aTta
eK30TepMMUYHaA peakuma. MopdonoruaTa Ha afKaNHO aKTUBMPAHWUTE TEOMNOMMEPU € MpencTaBeHa oOT
CPaBHUTENIHO NOPeCTa CTPYKTypa.

16 Nikolov, A. Alkali-activated geopolymers based on iron-rich slag from copper industry. IOP
Conference Series: Materials Science and Engineering, 951, 1, IOP Publishing, 2020, SJR (Scopus):0.2
SJR, Henonapgauwy, B Q Kateropusa (Scopus)

In the present study geopolymers were prepared using fayalite slag (iron-silicate fines) from copper
producing plant (Aurubis Bulgaria AD). The influence of the different concentrations of alkali activator on
properties and structure was examined. The prepared geopolymers were characterized by maximal
compressive strength of about 27 MPa. The microstructural examination revealed that only small amount
of the precursor reacted, but certain amount of ferric iron (Fe3*) participate in the structure of newly
formed geopolymer gel.

B HacToAWOTO M3cneABaHe reonoIMMepPM ca CUHTbE3MPAHM reonoaMmMmepn ¢ GasnToBa Liaka (Xensaso-
CUAMKATHU 4acTMuUM) OT 3aBoA, 3a NMpPousBoAcTBO Ha men (Aypybuc Bbarapua Afl). UscneapaHo e
BAVAHMETO Ha Pas/iMYHUTE KOHLEHTPALUMM Ha afKaneH akTMBATOP BbpXy CBOMCTBAaTa M CTPYKTypaTa.
MpUroTBeHUTE reonoIMMepnN ce XxapaKTepmusmMpaT C MaKCMMaiHa AKOCT Ha HaTUCK OT okosno 27 MPa.
MUKPOCTPYKTYPHOTO M3cC/eaBaHe Pa3KpWBa, Ye CaMo MasKo KOJIMYeCTBO OT MpeKypcopa pearnpa, Ho
onpeaeneHo KoNMYecTso ennaso (Fe*) yuactsa B CTpyKTypaTa Ha HOBOOBPa3yBaHMA reonoaMMepeH re.

17 Nikolov, A. Novel one-part ferro-phosphate geopolymer cement. Review of the Bulgarian
geological society, 81, 3, 2020 (Web of Science)

The present study demonstrates a potential usage of commercial super phosphate (calcium
tripolyphosphate) as dry activator for geopolymers based on fayalite slag. Co-grinding ensure proper
homogeneity and one-part geopolymer was designed and prepared. By “just-add water” fast setting
mixture was obtained. The hardened geopolymer was characterized by compressive strength up to 25
MPa on 14-th day. Further more detailed studies and optimizations are required to design material with
more practical significance.

HacToAwoTo npoyyBaHe AEMOHCTpUpa MNOTEHLMANHO W3MO/A3BaHe Ha KomepcuaneH cynepdocdar
(kanumer TpunonudocdaTt) KaTo Cyx aKTMBaTOp 3a reonoanmmepu Ha 6asata Ha dasanuTHa LWNaKa.
CbBMECTHOTO CMW/IaHe TrapaHTMpa NOAXOAAWA XOMOFeHHOCT, KaTo TOBa W3rOTBAHETO Ha
e4HOKOMMOHEeHTeH reonoanmep. Ypes meTtoaa ,,npocto Aobasu Boga“” ce nonyyasa 6bp30 BTBLPAABALLA



ce cmec. BTBbpaeHMAT reononmep ce xapakTepusmpa C AKOCT Ha HATUCK o 25 MPa Ha 14-una geH.
HeobxoamMmun ca AOMBAHUTENHM NO-NOAPOOHM MpPOydYBaHMA M ONTMMM3ALMM, 33 O3 Ce NPOEKTUpa
maTepuan c NO-rofIAMO MPaKTUYECKO 3HaYeHue.

18 HuKkonos, A. Feononnmepu Ha 6a3a oTnaabyueH ¢pafaAUT U meTaKaonuH. C60pHUK aoknagm XVl
HauuoHanHa mnageXXka Hay4yHO-NpakTuyecka KoHdepeHuma 2020, ®HTC, 2020, ISSN:1314-8931
HauunoHanHo akagemunyHo usgarenctso (Apyra 6asa (He Bausa B K2))

Llenta Ha HacToALeTO M3cneABaHe e Aa ce uU3cnenBaT MeXaHUYHUTEe U GU3UKO-XMMUYHU CBOMCTBA Ha
reonofMmepu Ha 6asa pasanmMToBa LWIAKA M METaKaoANH. PasannToBaTa WAKa € MHAYCTPMANEH OTNaAbK
OT NPOM3BOACTBOTO Ha Mep,. Pe3yntatute OT NPOBEAEHWUTO U3C/efBaHe MOKa3BaT, Ye CMEeCBaHEeTo Ha
$asnnToBa WIaKa M METAaKA0/IMH B CbOTHOLWWEHME 5:1 BoAM A0 Nosly4aBaHe Ha peakTMBHA CMec CnocobHa
4a reononMmepusmnpa. YCTaHOBEHa € ONnTMMasiHa reonoMmMepHa peuenTta, NpyU KOATO NOayyeHuTe
reono/IMMepPHU Pa3TBOPMU Ce XapaKkTepusmpar ¢ 6.42 MPa AkocT Ha onbH 1 31.2 MPa AKOCT Ha HaTUCK.
PU3NKO-XMMUYHUTE PE3YATATU HA NONYYEHUTE FEONOAMMEPU NOKaA3BaT, Ye dasute GpaannT u MarHeTuT
OCTaBaT OTHOCUTE/IHM WHEPTHW B Mpoueca Ha reonosvmepusaumna. Mpu HarpABaHe Ha MNOJy4YeHUA
reonosmep ce Habato4aBa OKUCAEHUE Ha Kena3oCcbabpKawmTe dpasun. Tosa n3cnesBaHe A4EMOHCTPUPA
CBOICTBaTa Ha reonoiMmepu Ha 6a3a GpasannToBa LWIaKa U METAKA0MH 1 NOTEHLMANA UM 3@ NPUIONKEHUE
KaTo CTpouTeNeH maTepuan.

The aim of the present study is to investigate the mechanical and physico-chemical properties of
geopolymers based on fayalite slag and metakaolin. The results of the research show that the mixing of
fayalite slag and metakaolin in a ratio of 5:1 result in a reactive mixture capable of geopolymerization. An
optimal geopolymer recipe was established, in which the obtained geopolymer solutions were
characterized by 6.42 MPa tensile strength and 31.2 MPa compressive strength. The physico-chemical
results of the obtained geopolymers show that fayalite and magnetite phases remain relatively inert in
the geopolymerization process. When the obtained geopolymer is heated, oxidation of the iron-
containing phases is observed. This study demonstrates the properties of geopolymers based on fayalite
slag and metakaolin and their potential for application as a construction material.

19 Gurova, M., Andreeva, P., Nikolov, A., Barbov, B., Kostadinova-Avramova, M.. Heat alterations
of flint artefacts: archaeological evidence, experiments and analyses.. Bulgarian e-Journal of
Archaeology, 1, 10, FUBULAR, 2020, ISSN:1314-5088, 111-141 WHaekcupaHo B ERIH+

Heat treatment of flint and other knappable materials has been recognized among prehistoric
archaeological lithics, leading to a wide range of experiments and archaeometric analyses. The aim of
these analyses was to shed light on the mechanical and chemical changes that occur in lithics (flints)
subjected to heat treatment, some of which remain poorly understood. This paper does not focus on
intentional heat treatment of lithics in its technological aspect — for enhancing the debitage/flaking
properties of the raw material. Our scientific goal was to record and document the various changes that
occurred in different flint artefacts subjected to heat and to apply the observations to several well-
illustrated case-studies of artefacts from archaeological contexts with recognizable stigmata of heat
treatment. To achieve a better understanding of the factors and processes that produce alterations we



used a range of analytical techniques: micropetrography, microstructural analysis (powder X-Ray
diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR) with interesting results.

TonnvMHHaTa 06paboTKa Ha KpeMbK 1 APYrK Aanaliy ce maTepuanu e buna nsnonissaHa B NPaucTopuATa.
ToBa BOAM A0 WMPOK CNEKTbP OT eKCNePUMEHTM U apXeoMeTPUUYHKU aHanunsu. Llenta Ha Te3n aHanusu e
[a ce XBbP/IXN CBETAMHA BbPXY MEXaHUYHUTE U XUMMUYHUTE NPOMEHU, KOMTO HACTbMNBAT B KPemMbliM,
NoA/I0OXEeHM Ha TOoM/IMHHA 0bpaboTKa, HAKOM OT KOUTO ocTaBaT cnabo pasbpaHu. Tasum cTaTus He ce
doKycMpa Bbpxy NpeaHamepeHaTa TONNMHHA 06paboTKka Ha KpembKa B HEMHMA TEXHONOTMYEH acneKkT —
3a noaobpsBaHe Ha CBOWCTBATa Ha AAnaHe/oWeHe Ha CypoBMHaTa. HawaTa HaydHa uen e 4a 3anuwem
W OKYMEHTUPaMe PasnYHUTE NPOMEHN, HACTLNWUAM B Pa3NUYHU KpeMbUHW apTedakTn, NOANONKEHM Ha
TONAWHA, U A3 NPUNOKMUM HabNoAeHUATA KbM HAKOAKO A06pe MACTPpUpPaHN Kasycn Ha aptedakTu ot
apXe0/I0rMYEeCcKM KOHTEKCT C pa3no3HaBaeMu cieam oT ToNIMHHa obpaboTKa. 3a Aa NoCcTUrHem no-go6po
pa3bupaHe Ha ¢dakTopuTe M NpouecuTe, KOMTO NPeaM3BUKBAT NPOMEHM, HUe M3NoA3Baxme Habop oT
AHAIMTUYHUN TEXHUKU: MUKPONeTporpadusa, MUKPOCTPYKTYPEH aHanu3 (NpaxoBa peHTreHoBa Andpakuus
(XRD) 1 nndpauepseHa cnekTpockonus c npeobpasysaHe Ha Pypue (FTIR) c UHTepecHU pesyaTaTu.

20 Nikolov, A., Barbov, B., Tacheva, E.. Geopolymer mortars based on natural zeolite. Review of
the Bulgarian Geological Society, 82, 3, BULGARIAN GEOLOGICAL SOCIETY, 2021, ISSN:0007-3938,
DOI:https://doi.org/10.52215/rev.bgs.2021.82.3.25, 25-27. JCR- be3 JCR nau SIR — ungekcupax 8 WoS
unun Scopus (Web of Science)

Geopolymers based on Bulgarian natural zeolite (clinoptilolite) were synthesized using alkaline activators
in order to prepare plaster/render mortar. The influence of the alkali concentrations of the activator
solution was examined in regard to tensile strength and adhesion to concrete. Microstructure of the
obtained geopolymer pastes was analysed by XRD, FTIR, SEM. Geopolymers based on Bulgarian natural
zeolite clinoptilolite possess significant adhesive strength to concrete surface. The highest adhesive
strength (> 2,3 MPa) was obtained with following geopolymer molar composition: SiO,/Al,03 = 13.3,
Al,03/M,0 =0.31, H,0/M,0 = 11.01. The pre-treatment of the concrete surface with water glass increases
the adhesive strength by 50%. The geopolymer paste contains areas of unique interlocking structure of
clinoptilolite crystals and geopolymer gel. The present study showed promising potential of the
geopolymers as coating material for concrete.

lfeononMmepu Ha 6asaTta Ha 6bArapcku NPUPOAEH 3€0/UT (KIMHONTUNONUT) Ca CUHTE3MPAHM C NOMOLLTA
Ha a/Ika/IHW aKTMBaTOPW 3a NPUrOTBAHE Ha Pa3TBOPU/Ma3UIKN. BAMAHMETO Ha asikasiHUTE KOHLEHTPaUUK
Ha pa3TBOPa Ha aKTMBATOpPa € M3CAeABaHOo No OTHOLWIEHME Ha AKOCTTA Ha OMbH W aaxe3nATa KbM BeToHa.
MMUKpOCTpYKTYypaTa Ha MNOJy4YeHUTe reonosiMMepHM Nactu e aHanmsupaHa ype3 XRD, FTIR, SEM.
feononMmepute Ha 6as3a 6bArapckM NPUPOAEH 3€0/IUT KAMHOMNTUAOAMT NPUTEXKaBaT 3HauMTeNHa
aaxesnBHa AKOCT KbM 6eToHOBa NOBbPXHOCT. Hali-BUcoOKaTa aaxe3mBHa skocT (> 2,3 MPa) ce nonydaBsa
npv cAegHusa MonapeH CbCTas Ha reonoaumepa: Si0,/Al,05 = 13.3, Al,03/M,0 = 0.31, H,0/M,0 = 11.01.
MNpeasapuTenHata obpaboTka Ha 6eTOHHaTa MOBBPXHOCT C BOAHO CTbKAO MNOBMLLABA AKOCTTA Ha
cuenneHue ¢ 50%. leononnmepHaTta NacTa CbAbP!Ka y4aCTbLUM C YHUKA/IHA B3aMMOCBbP3aHa CTPYKTypa oT
KNMHOMNTUNONUTHU KPUCTanM W reonosMmepeH ren. HacToAwoTo npoy4yBaHe MOKasa obeltasall
noTeHLMan Ha reonoJiMMepuTe KaTo NOKPMBEH maTepunan 3a 6eToH.



21 Nikolov, A.. Characterization of geopolymer based on fayalite waste and metakaolin with
standard consistence. Comptes rendus de I'Académie bulgare des Sciences, 74, 10, 2021, 1461-1468. SIR
(Scopus):0.244, JCR-IF (Web of Science):0.378 Q2 (Web of Science)

In the present study high strength geopolymer pastes based on fayalite waste and metakaolin were
synthesized. The influence of the water to solid ratio to the consistence, water absorption and
compressive strength were evaluated. The series with standard Vicat consistence showed 80.3 MPa and
101.5 MPa compressive strength, on the 28th and the 90th day, respectively. The physicochemical
properties of the geopolymer were examined by XRD, DSC/DTG/TG and SEM. The results demonstrate a
potential utilization of the fayalite waste for production of geopolymer materials with application in
construction industry.

B HacToAwWOTO U3cneaBaHe 6AXa CMHTE3MPAHW BMCOKOAKOCTHW reonosIMMepHM nacTu Ha 6asata Ha
oTnagbumn ot GaAANT U METaKao/IMH. YCTOHABEHO € BAMAHUETO Ha CbOTHOLWIEHMETO Boda KbM TBBbPAO
BELLECTBO BbPXY KOHCUCTEHLMATA, BOAOMNOINbLLAHETO M AKOCTTA Ha HaTucK. CepuATa CbC CTaHAAPTHA
KoHcucTeHumMA Ha Vicat nokasa 80,3 MPa n 101,5 MPa AKOCT Ha HaTMCK, CbOTBETHO Ha 28-uA n 90-na geH
oT 3amecBaHe. PUINKOXMMUYHUTE CBOICTBA Ha reonosnmmepa ca uscneasaHun ypes XRD, DSC/DTG/TG u
SEM. Pe3yntatnte gemoHCTpupaTt NoTEHLUMANHO U3N0A3BaHE Ha OTnagbuuTe oT GasInT 3a NPOM3BOACTBO
Ha reonoJIMMepPHM MaTepUann C NPUNOKEHME B CTPOUTENIHATA NHAYCTPUSA.

22 Tarassov, M., Tarassova, E., Benderev, A., Stavrev, A., Tacheva, E., Nikolov, A., Trayanova, M..
Tungsten in soils, sediments and waters in the area of the Grantcharitsa tungsten deposit, Western
Rhodopes, Bulgaria. Geologica Macedonica, 5, Macedonian Geological Society, 2021, ISBN:ISBN 978-
608-244-829-9, 191-195 MeKayHapoAHO aKageMnUUYHO U3aaTencTso (Scopus)

The paper reports the results of studying the content, distribution and forms of occurrence of W in the
oxidation zone, soils, stream sediments and waters, drainage waters and their precipitates in the area of
the Grantcharitsa deposit, Bulgaria. It is currently not developed, although is one of the largest deposits
of W in Europe. Scheelite, secondary tungsten minerals (iron—containing meymacite, tungstite,
hydrotungstite, hydrokenoelsmoreite) and W- enriched goethite and hematite are the most typical W
carries in the oxidation zone of the deposit. It is found that, the soils covering the deposit and its oxidation
zone although being enriched in W up to 70-80 ppm contains only a small amount of tungsten minerals —
ferrihydrite is considered the main carrier of W. For W in the soils there is a pronounced zonal distribution
— the highest contents are typical for the upper parts (topsoil) of the soils. In the stream sediments the
content of W is 20-60 ppm and mainly is related to the presence of scheelite — the contents of W are
higher in the areas of abandoned prospecting galleries. All waters (surface, underground and drainage) in
the area of the deposit are with low salinity — 70-120 mg/L. The surface waters are poor in W <1 pm/L
while in the underground waters the W content reaches 20 um/L. Drainage waters are with variable content
of W —0.01-3 um/L which is actively removed from the water by newly formed low crystalline ferric iron
oxide/hydroxide precipitates. It is concluded that the geochemical behavior of W in the area of the deposit
is closely associated with the behavior of Fe — from decomposition of the primary scheelite and formation
of the secondary W minerals to intensive sorption of W and purification of waters by low crystalline ferric
iron oxide phases.



B cratmata ca npeactaBeHW pesyntatute OT U3cnenBaHe Ha CbAbPXKaHWETO, Pa3npoOCTPaHEHUETO U
dopmuTe Ha nNpoasa Ha W B 30HaTa Ha OKMUCAEHWE, MOYBUTE, PEYHUTE HAHOCK U BOAMTE, APEHAXKHUTE
BOAM W TeXHWUTe yTaWKM B palioHa Ha Haxoauwe lpbHYapuua, bbnarapusa, KOETO B MOMeEHTa He ce
pa3paboTBa, BbNPEKN 4ye e edHO OT Hal-rosiemute Haxoauuwa Ha W B EBpona. LLleenut, BTOpUYHU
Bosippamosu MUHepanu (»kenAsocvabprKaLy MenmMaLmT, Bondpam, xugpososdpam,
XMAPOKEHOENCMOPUT) M oboraTeH ¢ W rbOTUT U XemMaTuUT ca Hal-TUNMUYHUTE npeHocuTenu Ha W B
OKUCNUTEeNHaTa 30Ha Ha HaxoauLweTo. YCTaHOBEHO e, Ye NoYBuTe, NOKPUBALLM HAXOAULLETO W HerosaTa
OKMCAUTE/IHA 30HA, BBNPEKKU Ye ca oborateHn ¢ W go 70-80 ppm, CbAbPKAT CAMO MAJSIKO KOJIMYECTBO
B0/IGpamoBM MUHepPann — GepUXMapPUTLT Ce CYUTA 3a OCHOBEH HocuTen Ha W. 3a W B noysuTe uma
M3paseHo 30HaAJIHO pasnpeneneHne — Hali-BUCOKM CbAbPMKaHMA Ca XapaKTePHM 3a rOpHUTE YacTu (noyseH
Cnoit) Ha noysuTe. B peuHuTe ceammeHTU cbabpKaHnetTo Ha W e 20—60 ppm U e CBbP3aHO MMaBHO C
HA/IMYMETO Ha WeenuT — cbabpKaHnetTo Ha W e no-BMCOKO B palioHWUTE Ha M30CTABEHWU MPOy4YBaTeNHU
ranepun. Bcuukm Boam (NOBbPXHOCTHM, NOA3EMHU U APEHAXKHM) B paioHa Ha HAaXOAMLLETO Ca C HUCKA
MUWHEpasHo cbabpskaHne — 70-120 mg/l. NosbpxHOCTHUTE BoaM ca BeaHn Ha W <1 um/L, gokarto B
noAsemMHUTE BOAM CbAbpyKaHWeTo Ha W goctura 20 um/L. [peHaxkHWTe BOAM Ca C NPOMEHINBO
cbabpKaHme Ha W —0,01-3 um/L, KoeTo o3HavaBa Yye W ce OTCcTpaHABa OT BoAaTa Ype3 HoBoobpasyBaHu
HUCKOKPUCTaNHWN YTallKK XeneseH XeneseH okena/xmapokeua. HanpaseH e M3BoAbT, e reOXMMUYHOTO
nosegeHne Ha W B paioHa Ha HaXO4MLETO e TACHO CBbP3aHO C NoBeAeHNETO Ha Fe — oT pa3naraHeTo Ha
NMbPBUYHMA WeennuT n obpasyBaHeTo Ha BTOPUYHUTE W MUHEpann A0 MHTEH3MBHa copbuma Ha W u
NpeyYncTBaHe Ha BOAMTE C HUCKO KPUCTANHO Kensn3o. gpa3m Ha Kene3eH oKcua,.

23 Nikolov, A., Karamanov, Alexandar. Thermal properties of geopolymer based on fayalite waste
from copper production and metakaolin. Materials, 15, (7), MDPI, 2022,
DOI:https://doi.org/10.3390/ma15072666, 2666. SIR (Scopus):0.63 Q2 (Web of Science)

In the present study, thermal properties of geopolymer paste, based on fayalite waste from copper
producing plants and metakaolin, were analyzed. The used activator solution was a mixture of sodium
water glass, potassium hydroxide and water with the following molar ratio: SiO2/M:0 = 1.08, H20/M20 =
15.0 and K20/Na20 = 1.75. High strength geopolymers pastes were evaluated after exposure to 400, 800
and 1150 _C. The physical properties (absolute and apparent density, water absorption) and compressive
strength were determined on the initial and the heat treated samples. The phase composition,
microstructure and spectroscopic characteristics were examined by XRD, SEM-EDS, FTIR and Mé&ssbauer
spectroscopy, respectively. The structure of the heat-treated geopolymers differs in the outer and inner
layers of the specimens due to variation in the phase composition. The outer layer was characterized by
areddish color and more rigidity, while the inner core was black and less viscous at elevated temperatures.
The results showed that geopolymer pastes based on fayalite are fire-resistant up to 1150 _C. Moreover,
after heat treatment at this temperature, the compressive strength increased by 75% to 139 MPa, while
water absorption reduced by about 9 times to 1.2%. These improvements are explained with the
crystallization of the geopolymer gel to leucite and K,Na-sanidine, and substitutions of Al/Fe in the
geopolymer gel and iron phases

B HacToALWOTO M3CcnenBaHe 6axa dHaNN3NpPaHN TeEpMUYHHUTE CBOWCTBA Ha reonosinMmepHa nacra, 633MpaHa
Ha OTnaagbuun oT d)a‘r'lﬂMT (OT 3aBO/, 3a Npon3BoaCcTBO Ha Meﬂ,) M METaKao/IMH. M3non3BaHmAT dKTUBATOoOp €
CMEeC OT HaTpueBO BOAHO CTbK/1O, Ka/neB XMAPOKCUA U BOAA CbC CNeEAHOTO MOJZIAaPHO CbOTHOLUEHKE:



Si0,/M,0 = 1.08, H,0/M,0 = 15.0 n K;0/Na,0 = 1.75. BUCOKOAKOCTHMUTE reonoiMMepHN NacTu sa izpitani
cnen vsnaraHe Ha 400, 800 u 1150 °C. dusmyHuTe csoicTBa (abcontoTHa M obemMHa NABTHOCT,
BOZOMOIBLLAEMOCT) M SIKOCTTa Ha HATUCK Ca onpeaesieHn Ha U3XO4HUTE U TepMUYHO obpaboTeHuTe
npo6u. ®azoBuAT CbCTaB, MUKPOCTPYKTYPATa U CMEKTPOCKONCKUTE XapPaKTEPUCTUKKN BAXa M3cnenBaHu
cbotBeTHO 4pe3 XRD, SEM-EDS, FTIR u Mossbauer cnekTpockonusa. CTpyKTypata Ha TOMJIMHHO
06paboTeHMTE reonosIMMepu ce pPasanyaBa BbB BbHLIHMA M BBTPELHMA CNoK HAa obpasuute nopaam
Bapuauusa BbB $pa30BUSA CbCTaB. BbHLWHUAT Cnoit ce xapaKkTepusmpa C YepBEHMKAB LBAT U MO-ronsma
TBbPAOCT, AOKATO BBTPELWHOTO A4P0 € YEPHO M MO-MAJIKO BMCKO3HO MpPM MOBULLIEHW TemnepaTypu.
Pe3yntatnte NokassaT, Ye reonoMMepHUTE NacTu Ha OCHOBATa Ha ganauT ca orHeyctonymem go 1150 °C.
OcBeH ToBa, cnef TepMuyHa 06paboTka Npu Tasn TemnepaTypa, AKOCTTa Ha HAaTUCK ce yBenndaBsa cbe 75%
0o 139 MPa, pnokato abcopbumata Ha Boga Hamansea ¢ okono 9 nbtn Ao 1,2%. Tesn noaobpeHnsa Ha
cBOMCTBaTa ce 0BACHABAT C KPWUCTANM3aUMATA Ha reonosiMMepHua ren ao nesumt n K,Na-caHuauH u
3amecTBaHuMATa Ha Al/Fe BbB pa3uTe Ha reonoNMMepPHUA reN U Kenas3oTo

24 Nikolov, A.. Geopolymers based on natural zeolite clinoptilolite with addition of metakaolin.
INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS", YEAR XVI, 2, 2022,
ISSN:1314-507X, 82-85 HauwmoHanHO aKageMU4HO U34aTesNcTBOo

Geopolymers based on natural zeolite clinoptilolite and addition of up to 50% metakaolin were
synthesized using binary sodium/potassium alkali activator. The influence of metakaolin addition was
evaluated on apparent density, water absorption, relative mass loss after watering and microstructure
(XRD) of the prepared geopolymers. The addition of metakaolin greatly influenced the physical and
mechanical properties of the obtained geopolymers. Minimal/optimal metakaolin addition was estimated
to 30% in the respect of sufficient strength (11 MPa) and the high price of metakaolin. The resulted
geopolymer based on natural zeolite and metakaolin (30%) contained residual unreacted clinoptilolite
which could be beneficial for properties of future geopolymer products. Potential applications of obtained
geopolymer-clinoptilolite agglomerates are: waste or radioactive water decontamination, passive cooling
systems, plasters in residential buildings, etc.

lfeononMmepu Ha 6as3ata Ha eCTeCTBEH 3€0JIUT KAMHONTUAOAUT U gobaBaHe Ha Ao 50% MeTaKaonunH ca
CUHTE3MPaHK C NOMOLLTa Ha BUHApeH HaTpneB/Kanes ajikasieH akTMBATOP. YCTaHOBEHO € e/IMAHMETO Ha
[06aBAHETO Ha MeTaKao/IMH BbPXY NABTHOCT, BOAONOMAbLAHETO, OTHOCUTeNHaTa 3aryba Ha maca cnep,
nsBapABaHe U MUKpocTpykTypaTta (XRD) Ha npurotTseHuTe reonoanmepu. JobaBaHETO Ha MeTaKao/MH
3HAYUTENHO nNOoB/MABA Ha d)VI3Ml-IHMTe M MexaHW4YHU CBOMNCTBA Ha noaydyeHuTte reonoammepu.
MuHUmanHoTo/onTMManHoTo AobaBAHe HAa MeTakaonuH e 30% Mo OTHOLLEHWe Ha AoCTaTbyHaTa AKOCT
(11 MPa) 1 BMcOKaTa LeHa Ha MeTakaoauHa. MNonyyeHmAT reonoanmep Ha 6asata Ha ecTecTBeH 3e0/IUT U
MeTaKaonuH (30%) cbAbprKa ocTaTbyeH Hepearnpan KAMHONTUAOAUT, KOWTO MOXe Aa 6bae oT nonsa 3a
cBoiCTBaTa Ha 6bAewinM reonoAMMEPHUM MPOAYKTU. [MOTeHUMANHMUTE NPUIOMNKEHUA Ha NoJydYeHuTe
reonoMMEPHO-KJMHONTUNOAUTHU arlomepaTh ca: UMOBbMAM3aLMA Ha OTNAAbUYHU UAU PaSUOaKTUBHU
BOAM, CUCTEMM 33 NACMBHO OX/aXKAaHe, Ma3UIKKN B XKUAULLHW Crpaau u ap.



