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Bb3MOXHOCTW 3A NONTYYABAHE HA CTPOUTEJTHU MATEPUAIU NMPU
WU3NON3BAHE HA TBbPAUA OTMNAOBK OT MUHHATA NMPOMULLINTEHOCT

Pomynyc Capby Kamenus bapynecky; Buopka KuokaH
®nopuan umutpy Monecky

lMeTpoLuaHckn yHuBepCHUTET lMeTpoLuaHckn yHuBEpCHUTET
lMeTpoLuaH, 2675 lMeTpoLuaH, 2675
PymMbHMS PymMbHMS

PE3IOME

OGoraTsBAHETO HA BbITMLIA € OCHOBHO HamnpaBrieHne B WKOHOMMYECKWS! MBOT Ha fonuHata [kuy.ToBa M3npass obnactta npeg NMUETO Ha Hait- TexkuTe
npobreMu B acnekT 3aMbpcsiBaHe Ha OKONHaTa Cpeda, KOeTo UMa Mpsiko OTHOLUEHWE KaKTO KbM 3[PAaBHOTO CbCTOSIHUE Ha HAcerneHueTo, Taka W KbM criopata u
(hayHaTa Ha palioHa, He3aBUCMMO OT TOBa, Ye MpUpoJaTa € Hajapuna pervoHa C Hal- Kpacveus pened Ha CTpaHaTa, YecTo Ce CPeLlaT OTnagbyHi HacunuLa,
yTauTenHu GaceliHu npu BbrneoBoraTuTenHuTe habpukin U HacunWLLA 3a NMenenuHata oT TepMOeneKTpUYeckuTe LeHTpanu. Te 3aemar ronsmMu niowy 3ems
BBIPEKY, Ye NPeACTaBNsiBaT 3HAYNTENEH U3TOUHUK HA LIEHHW BTOPUYHW CYPOBUHM, YNETO WU3MOM3BaHE MOHACTOSILLEM € MUHUManHO. LlenTa Ha HalweTo uacrensaHe
Belue fa ce ycTaHOBW [0 KOMKO € Bb3MOXHO M3MON3BaHETO Ha Te3W BTOPWUYHM CYpPOBWHW, OT KOWTO Aa Ce MPOM3BEXAAT CTPOUTENHM MaTepuany W MbpeuTe
pesynTaTi ca oKypaxasaluu. Manonasaxme oTnagbka OT yTautenHuTe 6aceiitn, nenenuHuTe u Crypusita, Kosto ce nomydyasa Npu UrapsiHe Ha Bbrinwara.

C ornep nonyyaBaHe Ha TYXNM C KAYECTBEHM MOKA3aTENU, KOWTO [a YAOBNETBOPSIBAT W3NUCKBaHWSTA Ha MOTPEOUTENUTE B3eXMe NPeBMUA SKOCTTA Ha HAaTMCK,
NOPLO3HOCTTA U CMIELMPUYHOTO TETNO Ha MONYYEHUTE KpaltHu npofykTy. HanpaBuxme [eTaitiHO U3CneABaHe Ha HauMHa, MO KOWTO Aa e MOCTUTHE MEXaHWYHOTO
Bb3[lyXOBbBNMYaHe B MaTepuana 3a Aa Ce NocTUrHe Taka HeobXoaumaTta MopbO3HOCT Ha TyxnuTe. 3a LenTa W3Mon3Baxme HApoyHO Cb3jafeH Yped, KoiTo e
NpeaMeT Ha CepTUdMKaT 3a HOBOBbBELEHME.

BbLBELEHUE » HamansBart konm4ecTBOTO Ha OTAENsLWA ce XuapaTaLnoHHa
TONMMHA;
CratusiTa obxBalla u3cnefBaHusiTa Ha HUBO nabopatopHa + HamansBar cauBaHeTo M AechopmaLumTe NpyU NOCTOSHEH
paboTa, 3BbpLIEHN 3a oTAenbT "OboraTaBaHe” ¢ NocTaBeHa TOBAP;
3afja4ya fda ce onuta WHTEerpanHo ynaesaHe Ha nenenuMHata ot . MosuwaeaTt yCTOVI‘WIBOCTTa, KouTo Cca pesyntar oT
TONINOENEKTPUHECKUTE LIEHTPAIN. nobaseHaTa Boa W XMMUYHU areHTu;
» HamansBar cebecToiiHoCTTa Ha Npogykta B pesynTar
Mpv  NPOM3BOACTBOTO Ha CTPOUTENHUTE MaTepuany HamarsBaHe KONM4ecTBOTO Ha LIMMEHT 3a CMeTKa J06aBaHeTo
CblUECTBYBa €QHa HOBA TEHAEHUMS- Aa Ce WM3MOn3BaT Taka Ha MenenvHa.

HapeyeHUTe “eBTUHM CYPOBUHW' 3a f1a Ce NMpou3BexgaT Tonno
W 3BYKOM3ONMPALUM MPOAYKTW, MOMyyaBaHW MOCPEACTBOM

pobassHe wnn Ge3 pobassaHe Ha nsHa. [lojobueto B XUMUYECKM CBCTAB HA MEMNENNHUTE
XMMUYECKNS M MUHEPanorMyecksi CbCTaB Ha  HSAKOM
MPOM3BOACTBEHN OTMaAbLUM, KOUTO YaCTMYHO Ce M3ron3gar, HeopraHndHuTe cyBCTaHLMM B pesynTaT Ha mpoweca
MoraT fa 6b/aT Ccepuo3Ha MpeanocTaBka 3a fa ce 3aMeHi n3rapsiHe Ha kKameHHUTe BbIMULLA Ce NPeBPbLLAT B NenenuHa.
W3MONI3BAHETO Ha HAKOW TPAAULIMOHHYW CTPOUTEHN MaTepuant MenenuHaTa ChIbPXa HSIKOM ENEMEHTU (B KONMYECTBA Hag 1
npu YCroBue 3anas3BaHe Ha (hMHaHcoBaTa eqeKTUBHOCT. %), KOUTO CE HapudaT “OCHOBHU enleMeHTi’. B HamanseaLl
KonuyecTBoTo Ha MpomMwineHnTe OTMagbLi OT roauHa B NOPAALK Te3W eNnemMeHT MoraT Ja ce NOAPeAdAT KaKTo creasa:
FO,El,I/IHa HapaCTBa, a TAXHOTO OTnaraHe Bpry 3eMHaTa S|, Al, Fe’ Ca’ Mg’ Sr Nay K, T|’ P Paanpep‘eneHmeTo Ha Te3n
MOBBPXHOCT HOCH HEraTUBHO UKOHOMUMYECKO M EKOTIOTMYECKO OCHOBHW €neMeHTM Onpegens CbcTasa O OKACH Ha
Bb3fencTene. nenenuHaTa. OCBEH MaKpOENeMEHTUTe, BLITMLLATA ChAobpXaT
1 MUKpoeneMeHTH (B konndecTso oT 1 % a0 1%y ). B Tabnuua
Mpu cbagaBaHeTo Ha Noaxoaa, Bb3NPUET MpK HAaCcTOALIOTO Ne 1 ca npefcTaBeHM Makpo U MUKPOENEMEHTUTE, KOUTO Ce
nscreaBaHe B3exme MNpedBWA NOCTUXEHUATa B HoBaTa CbObPXaT B MENenvHUTE OT HACHMMLETO MW TEpMOenex-
kepamuka oT TMna BCFA (neHOBeToHW, KOWUTO He uaucksaT Tpudeckara LieHTpana Paroseni.
aBTOKNaBMpaHe), KOWTO ca ¢ HamaneHo 0BeMHo Terno 1 4o6pu
3BYKO M TOMMOM3ONALMOHHM MapameTpu kaTo 3a LenTa ce MpeobnanasawyTe KOMMOHEHT Ha Tean nenenu ca SiO;
usnorasa nenesnuta. ALO; n Fe 051 Te npeacraenssat 70 % OT TAXHOTO Termno —
WHOMKATOP, KOWTO MOACKa3Ba Bb3MOXHOCTTA 33 (oopMupaHe
[lo6aBsHETO Ha nenenuHa NPOMEHst (hM3MKOMEXaHUYHUTE U Ha CTBKNOBUZHM ha3M W CHNUKATH C XenaH edexT Ha
XMMUYECKUTE CBOICTBATA Ha GETOHMTE MO CRIEAHNSA HaUMH: BOZOMOTTbLLAHE.
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Tabnuua 1. OCHOBHWTE 1 MUKPOENEMEHTUTE, KOUTO Ce
CbAbPKaT B NENENMHATE OT HACUMULLETO.

OcHoBHY enemenTH, % MwukpoenemeHtn, %
SiO, 47,12 Cu 0,039- 0,056
Fe,0; 8,68 Pb 0,057- 0,030
Al,O, 20,08 Zn 0,55- 0,70
TiO, 0,055 As 0,04
Ca0 6,30 % 0,006- 0,01
MgO 2,50 Mn 0,12
SO 0,22 Ni 0,005
Na,0 0,98 Co 0,007
K-0 1,87 S 0,22

Mopagu nuncata Ha MeXayHapoZeH KpuTepwid 3a knacu-
dvKauus Ha nenenvHuTe, 3a TakbB Oele MpueT npegso-
xenuat or Academic Press (CALL). KnacudukaumoHHUST
KpUTEpUIA Ce OCHOBaBa Ha OTHowweHneTo % SiOJ/% AlO; u
NpoLeHTHNTe cbabpkanua Ha CaO u SOs. B cboTBeTCTBYE C
TO3W KpUTEPWI, nenmenute MmoraT fga ObgaT kmacupawn B
4eTUpU Knaca:

e AnymuHueBo- cunuumesm nenenu ¢ oTHolweHne % SiO:/%
A|203 < 2,

¢ Cunuumeso- anymmHnesn nenenn ¢ otHowenne % SiOy/%
A|203 >2,

 CyndaTHo-kanumesu nenenn — cbe cbabpkanue Ha Cal >
15% 1 SO;> 3%;

* Kanuuesu nenenu ¢ CaO > 15% n SO;< 3%

Hue HanpaBuxme u3cneaBaHuaTa 3a 4a nonyyum TyxXnu oT
CUNULMEBO- anyMuHWEBM nenenu W To3n u3bop ce
OCHOBaBalLLe Ha CreJHUTE CboDpaXKeHus:

- CbAbpXaHMETO Ha MUKPOENEMEHTU € TBbPAE Marlko,
CPaBHEHO C MWHMMAIHOTO, KOETO MO3BOMSIBA MKOHOMM-
YeCKW W3rogHOTO UM U3BMMYAHe, NOpaaM KOETO Tasu uaes
He ce pa3spaboTea;

- B cpaBHeHWe CbC ChAbPXKAHUETO HA MUKPOENEMEHTU BbB
BbIMWata, fobueaHn B fonuHata [kuy W OT nenenuTe
Cnef W3rapsiHeTo MM, OYeBMAHA e TeHAeHUusTa TBbpae
Manko OT XMMWYEeCKUTE enemMeHTU Aa ce nogfnaraTr Ha
oboraTtsiBaHe, a uMeHHO: Au, Ag, Pb, Be, As, Mo, Ge 1 ap.

MWHEPANEH CbCTAB HA NENENWHUTE

Menenunute OT yTautenHus 6acerH npu Paroseni
(oonuHata [hxuy) ca pesynTat OT nocnefoBaTenHo oTnaraHe
Ha MaTepuanu OT [Ba Pa3NMYHM TUMa- HEOpraHudHU W
OpraHuyHu.

OcBeH Teaun AABE XUMIUYECKM 1 MAHEPamNOoruyeckit CTPYKTYPHU
0as MMa M TepMUYHa CTpyKTypa C KOHLEHTpauus Ha
HEropsiLLM ENEMEHTH.

HeopraHnyHaTa yTaeHa 30Ha npeAcTaBnsea ruHecTa mMaca,
KOSTO ~ BKITIOYBA  XMMUKO-  MUHEparoryyeH  KOMMIekKC,
hOpMUpPaH OT XENASHUTE W TUTAHOBUTE OKICK 1 XMAPOOKUCH,
KanuueBu M MarHesueBu kapbBoHaTu u cyndaru, xensso,
OnoBO, LMHK W CamopofHM ernemeHTn — cpebpo, 3naro,
nnaTuHa v ap.

OpraHnyHaTa cefyMeHTHa 30Ha Ce MpeAcTaBnsea oOT
XMMWYECKUTE eneMeHTW, HaTpynaHu B pacTuTenHata maca no
Bpeme Ha BbrneobpasysaTenHute npouecu. Tasn opraHnyHa
Maca CbAbpxa CMeAHWTEe OCHOBHM KOMMOHEHTU: BbIMepod,
BOZOPOA, KUCMOPOL, a30T, a Taka CbLy0 W MONEe3HN eneMeHTH
OT noysata. Tean enemeHTW ca: 3nato, cpebpo, UWHK,
Bepunuit, kagmuia, kanai, Tenyp, repMaHuin, MaHraH, kobant u
HuKen u B pobaBka MMa MHOTO ENeMEHTW, KOUTO HamaT
0cobeHa CTOMHOCT, @ UMEHHO: HaTpWiA, XNop, pyduami, paguit.

Ha T1abnuua 2 ca npeActaBeHu pesynTature OT
MWHEPanorM4eckus aHanu3 Ha NenenvHUTe OT yTauTernHus
HaceiH npu Paroseni.

MenenuHuTe, obpasysanu ce B pesynTar Ha TepMOAMHA-
MWYHWS TOPUBEH, @ Cried TOBA M Ha OXNaguTenHus npouec ca
KOHCTUTYMpaHU OT ABe (ha3u: kpuctanHa dasa (12-14%) u
OCTbKIeHa ¢hasa (66- 88 %).

B cboTBETCTBME C KOpenauusita Mexgy TepMUYHUS K
peHTreHorpadickusl  aHanmuan Ce  YCTaHoBMXa OCHOBHWUTE
TpaHc(opMaLmMy B MUHEPamHUS CbCTaB Ha BbMWATa Mpu
npoueca wW3rapsHe B TEPMOENeKTpUYeckata LieHTpana.
OU3NJECKUAT aHann3 couW, Ye MenenvHUTe OT YTauTemnHus
faceitH 3a oTnagbk npu Paroseni mpunuyaT Ha KOMMaKTHa
nyapa, MWKPOMOpecT cdepn M KOMMAKTHU CTBbKIOBUAHM
cthepu; OpyrM TSXHM XapakTepUCTMKW Ca: CUTHOCT Mpw
npecsiBaHe- okono 68 % -0,074 mm wu Bucoka MarHWTHa
NpOBOAVMOCT.

Tabnuua 2. MuHepanoryeH CbCTaB Ha NenenuHUTe OT
TauTenHus baceitH npu Paroseni

Munepanu Xumudecka copmyna Coabp-
xaHve,%
MarHetut Fe;04 10
Xematut Fe,0;
CdbeH CaTi(Si 0,) 01
Mnputn FeS, 0,35
Kanuut CaCoO, 3,0
Jonomut Ca, Mg (CO5)
Cyndpatut n - 0,1-0,15
kapboHaTu Ha
Pb, Zn, Cu
MeTakaonmHut Al,O;*2Si0,
KaonuHut Aly(SisO1)(OH)s 30- 35
Xnoput (Mg, Fe)s(AlSiz010)(OH)s
A3kycTBeHN - 35-40
cunukaTu
Keapu Si0, 5-10

TEOXVMWYECKM CbCTAB HA NENENIMHUTE

leoxumusITa Ha nenenuHUTe OT JonuHata [kuy nokassa
rpynupaHe okono: cupepodunHn enemeHtu (Fe, Pt, Pd, Au),
nutounHn - enemeHtn  (Zn, Ag, Ga, In, TI, Pb).
MuKpOENEeMEHTUTE, KOUTO Ce CbabpXaT BbB BbIMLLATa U NP
OPEHETO MpEMWHABAT B MEMenuHWTE ca pesynTar oT [Ba
M3TOYHMKA:
* ENeMEHTU OT pacTeHusTa, a UMeHHo: Fe, Zn, Au, Ag, Bi, Pt,
Ge;

FOANIIHMK Ha MurHo-2eonoxkus yHusepcumem “Ce. Mean Puncku’, mom 46 (2003), ceumnk II, JOBMB U MIPEPABOTKA HA MUHEPATIHW CYPOBUHA



* eNIleMEHTW, HaTpynaHW 1 OTAENUMU OT NenenTa B pesynTar
OT npolecuTe, KOWUTO NPeaW3BUKBAT BrOLIABAHEe Ha
BbIMWLLATA, CTPUBaHE, CEAMMEHTAUMs W [uareHesa, a
umenHo: Si, Al, Fe, Mn, Ti, Zr

EKCMEPWUMEHTW U PE3YNTATU

DUMKO-XMMUYECKNTE npouecu, KOMTO onpedenar BOAo-
nornbllaemoCTTa Ha nenenMHUTe Ca B OCHOBAta Ha
I'IpO6J'IeMI/1Te, KOWUTO Bb3HUKBAT NPU TAXHOTO L3NON3BaHe.

Tesn npobnemu ce cb3agaBaT OT HANMUMETO HA [Be
KaTeropuu Okucu B CbcTaBa UM: kucenu okuck (SiO,, AlOs,
Fe,O;) n ocHoBHM okuck (1 cbepuHenus)) (Ca0, BaO, Na,COs,
N328i03).

OCHOBHTE CONK B CUCTEMaTa Nerer- Bofa, KoWTo BN13aT B
peakuun NMpu XuapaTupaHeTo UM OCUrypsiBaT pa3BUTUETO Ha
CTPYKTYpH, KOUTO OMpPefensT CbnpoTUBUTENHaTa COCOBHOCT.
AKTVBMpPaHETO Ha Mpoleca Ha CBbp3BaHe W HabupaHe Ha
AKOCT ce MoAroMara OT ChAbPXKaLWTe Ce MUHEpanHu W
XMMUYECKW CbCTaB, OT OTHOLIEHWETO MeXay CTHKIOBUAHATA U
KpucTanHata maca U gp.

lMenenuHuTe, Npu OxnaxgaHeTo UM B Opb3 TepmoawnHa-
MWYEH PEXMM, MPUTEXABAT CUIHO KUCENMHEH XapaKTepu U
MWKPOCTPYKTYpa C rofsiMo ChbpXaHue Ha CTbKIOBMAHa Maca
(45-88 %). OCHOBHWUTE KpUCTamHX KOMMOHEHTU Ha NenenuHnTe
OT JonuHaTa [hxuy ca: MynuT, KBapL, XeMmaTWuT, MarHeTuT u
tengwnat.

B npolieca Ha cBbp3BaHe HAKOW OT MUHEPANHUTE CbCTaBKM
ocTaBaT WHEPTHM (MynuT, KBapl, MarHeTuT), Opyrute ca
aKTMBHW U T& OCUrypsiBaT MpOLEcKTe CBbp3BaHe W HabupaHe
Ha sikocT. OTHOLIEHMETO MeX[Ay CTbKNoBWAHATA W KpucTar-
HaTa (hasn € Onpedensiio Mo OTHOLIEHWE MnpoLecuTe Ha
XvppaTupaHeTo.

EnHoBpeMeHHO ¢ 0GpasyBaHeTo Ha KBasuKpUCTanMHHaTa
CTPYKTYpa, HapacTBa Gposi HA HapylUeHWs Ha CTPYKTypHaTa
pelleTka, CTeneHTa Ha fesacoumaups U nonsipHoctTa. Tosa
BOAM [0 MOBMLABAHE HA XuapaTauMOHHaTa aKTMBHOCT Ha
nenenuHuTe.

Mo-BuCOKaTa NOTEHLMAnNHa eHeprus € OT nonsa Ha
XvpopaTauuoHHaTa aKTMBHOCT Ha MenefvHMTE U BOAW [0
3HauMTENHO NOBULUABAHE Ha SIKOCTTA 3a MHOTO KpaTKO BPeMe.
MenenuHnte oT pommHata [hkuy nputexasar  pobpa
CBbp3Balla CMOCOBHOCT, KOSTO MOXe [a Ce YBEnuun npu
M3MONM3BaHETO Ha HSAKOW XMUMMYECKM [00aBKM, HapeyeHu
akTMBaTopW. AKTMBAaTOPWUTE YCKOPSBAT HAYaroTo Ha HsKou
XMMUYECKM peakLun 1 duandecky npoecw, kouto obycnasst
MOCTUraHe Ha TakuBa CTPYKTYpW, KOUTO CUM CbMEpHMYAT no
SKOCT M YCTOMYMBOCT MO BPEME C XMAPABINYHO CBbP3BALLNTE
BellecTBa. Halt- [oBpusT akTueaTop e kanumeBmAT okuc. Toea
Ce AbMKM Ha HeroBata aKTMBHOCT Mpean BCUYKO, Ye TOM
Cb34aBa ONTMManHa OCHOBHA Cpeja B cuCTeMaTa BOfa-
nenenvHa- akTUBaTop; Tasu cpesa e cnocobHa a OCbLLECTBM
XMMWYECKM peakLim, kouTo ca 6asata Ha CTPyKTypaTa, KosTo
ocurypsiBa skocTTa. KuHeTukata Ha (OW3MKO- XUMMYEcKus
MpOLeC NpU aKTUBMPAHUTE C Kanuuii Nenenn 3aBucu 0T HAKOW
napameTpy, a UMEHHO: CbabpxaHueTo Ha SiO,+Al,0s+ Fe,0s,
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creunduyHata  MOBbPXHOCT,  KpucTanHata  CTpYKTypa,
konmuectBoto Ha Ca (OH)m pgp. YcraHoBu ce, 4ye 3a
CUNMUMEBO-  anyMWHaTHWTE Menenu  akTMBMpaHeTo e
edukacHo ako cbabpkanueto Ha Si0, + AlLO; + Fe,05
Hagsuwasa 70 %.

3anoyBailki ¢ TOBa, HUE HaNpaBUXMe MHOTO NabopaTopHU
Wn3crefBaHust ¢ Lien nornyyaBaHe Ha pasnuyHi TUMOBE TyXIN
OT MNEeHOBETOHW, KOMTO He W3WUCKBAT — aBTOKNaBUpPaHe.
PasnuyHuTe cmecn 3a  TyXIM  Lensxa  npeMaxBaHe
HeobxoanumocTTa oT AobaBsHe Ha LMMEHT W npu AobaBsHe Ha
MPOMULLIIEHWS! TBBPA OTNAAbK OT oboraTuTeNnHUTE habpuky n
TOMNOENEKTPUYECKUTE LieHTPpani. V3non3saHuTe NpoMULLIEHN
OTMagbuM ca: TMenerMHata W Crypusita OT  U3rapswmTe
BbIMMLWA TOMMOENEKTPUYECKM LiEHTpanu C efpuHa nog 3
MUIMMETpA, OTNaAbK OT 00oraTABaHe Ha MeAHM pyau.

KonuuecTseHute XapakKTepUCTUKK Ha TyXnuTe Ca: AKOCT Ha
HaTUCK, NOPbO3HOCT, obeMHo Terno.

3a pa ce nomyyat TyXnM C Konsma MOPbO3HOCT €
HeoOXaguMO W3NON3BAHETO Ha HAKOM MeHooOpasyBally
areHTn. Tean neHoobpasyBaliy areHTU ca OT U3KMKYMTENHA
BaXHOCT OT [MefHa ToYKa YCTOWYMBOCT, MEXaHWYHa SIKOCT U
PaBHOMEPHO pasfpefeneHne Ha rasoBUTE MexypyeTa B
usgenveto. Hue nsnonssaxme 5 pasnuynHn neHoobpasyealum
areHTM 1 yCTaHoBMXME, 4e Hail- pobpw pesynTatm ce
nornyyaBaT npu K3MON3BAHETO Ha PYMBHCKUA MPOLYKT,
HapeyeH »Cnymap (Spumar).

3HauuTenHo MACTO B M3cregoBaTenckata HW pabota 3ae
MoJarnHocTTa Aa ce npousBexaa nsaHa, kosto Aa ce fobass
KbM CMeCTTa: MACHK- LMMeHT- Bap- nenmenvHa. 3a LenTa
u3rnonaBaxme CnewuuaneH ypeg, HapeyeH xugpoaepatop. Bbs
BbLTPELLHOCTTA HA Ypesa BbB BbPTALLA Ce 3aTBOpEHa KMeTka,
MOAXOASWO KOHCTpyMpaHa CbC CreupanHo NpoeKkTUpaH
BbTPELLEH MpocuI, KOWTO Aa Ocurypsisa 3acMykBaHe Ha
TEYHaTa (ha3a € pasnornokeH WHXEKUMOHEH —CTPYyeH
u3nyckaten. PasBuTneTo Ha npoueca B LieHTpodyranHa cpega
BOLW [0 KOHLEHTPUYHA CTpaTudMKauns Ha rnaBHus dnyma
(Bb30YXbT), KOWTO NOCTBMBA MO HM3XOAAL, ChMpaneH mbT
npeauMHO B cpefaTta Ha Cb3fafeHata AenpecuoHHa yHus
Ha BbpTAW@ATA Cce TeyHa ¢hasa (pasTBop neHoobpasysall
areHT 1 Boja) nof AeNCTBUETO Ha TaHreHUManHuTe CKopocTy
Ce BbBMMYA B Taka CTPATU(ULMPAHUTE  KOHLEHTPUYHN
cnoese.

Hsima 3HaueHuMe, KakBa e CKOpOCTTa Ha BXOZALLMTE MOTOLW,
MpW HamyckaHeTO Ha anaparta Ts e ¢ 8 mbTu No- ronsmMa, KoeTo
Cb3faBa NpeavMCTBa KakTo OT MefHa Touka KONWYecTBO Ha
3acMyKBaHaTa TEYHOCT, Taka M Jobpu ycnoeus 3a pabotata
Ha [to3aTa 3a nsHa. KonmyecTBOTO Ha AMPEKTHO 3acMykaHaTa
TEYHOCT 3aBWCW NPABOMPOMOPLMOHANHO OT CKOpOCTTa Ha
Bb3gyxa W HansraHeTo (okono 3 6apa), koeto Moxe fa bbae
MOAMCULMPAHO B 3aBUCUMOCT OT BEPTUKANHOTO HACTpoiBaHe
Ha uHxekTopa. [MOCTUrHETO Ha NO- BWUCOKM CTOMHOCTM Ha
CKOpOCTTa Ha MOAXPaHBALLMS MOTOK € Bb3MOXHO HE Camo
MOCPELCTBOM HamamnsiBaHe Ha KOHLEHTPUYHATa 30HA, HO U
MOCPEACTBOM MPOMsSHA Ha HanpaBneHWeTo Ha MoToKa B
MecTaTa, KbaeTo Bb3HWkBa edekta Ha Coanda u kato
CNeACTBME Ce OCbLLECTBSBA 3aCMyKBAHETO Ha pa3Teopa. Ha
cdurypa 1 Hue npefcTaBsame neHoobpasysalms ypeq,
W3MonaBaH npy nabopaTopHUTE eKCEPUMEHT!.
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Queypa 1. Xudpoaepupaw; yped

Llenta Ha HawweTo HayyHo u3cnedpaHe Gewe fa ce
MOCTUrHAT JOBPW TEXHUYECKW PesynTaTh Mpi MKOHOMUYECKM
W3TOAHW YCTIOBWS, W3MON3BAik Pa3NUyYHu  peLenTu npu
Cb3faBaHe Ha MaTepuanuTe.

MpeMaxBaHe M3NON3BaHETO Ha LIMMEHT- eIUH CKbI MPOAYKT-
B mponopuust okono 40% Gelle Bb3MOXHO, GriarogapeHue Ha
CTbKMoBMAHATa ha3a 1 MUHEPaNOTM4HUTE KOMMOHEHTH, KOUTO
MPUCHLCTBAT B CbCTABA Ha TE3M MENeNnHM,

YBenuyaBaHeTo Ha KONMWYeCTBOTO Ha BapTa B CbCTaBa Ha
TYXnUTE CbLLO [OHECE NO3UTUBEH edheKT C ormned nonyyasa-
HETO Ha BWCOKM CTOMHOCTW Ha Ha YCTOMYMBOCT Ha CTPYKTY-
pata. [lenenuHute, kouTo BsXa M3NOM3BaHM KMMaxa CbLUO
BoObp eeKT No OTHOLIEHWE yBenuyaBaHe NOPLO3HOCTTA W
HamansBaHe Ha NITbTHOCTTA. Tean XapakTepucTUkA No3Bo-
nvxa ga ce nomyyn OTNMYEH TEPMUYHO M 3BYKOM30NALMOHEH
CTpoUTEeNeH Matepumann.

KonnyecTBOTO Ha KOMMOHEHTUTE B TETTIOBHO OTHOLLEHME W
XapaKTepucTVkaTa Ha TyXNuTe € NpeAcTaBeHo Ha Tabnmua Ne
3.

/I3MEeHSIHETO Ha OCHOBHMTE CBOMCTBA Ha TYX/IUTE C NPOMSIHA
Ha CbObPKAHWETO Ha MemnenvHa B TAX € MPeACTaBeHo Ha
curypu Ne 2, 3 n 4.

lMonyyeHUTe pesynTaTi OT HalUUTe M3CNeABaHUS NOKa3BaT,
Ye nenenuHUTe MoraT CMOMyYnMBO Aa Ce W3nonaeat npw
MPOU3BOACTBOTO Ha CTPOUTENHM MaTepuanu, Tbid KaTo
cBoncTeata Ha Tyxnute TMn BCFA (neHoBeToHW, KouTo He
W3UCKBAT aBTOKNaBMpaHe) OTroBapAT Ha HeobxopumuTe
n3ucksaHus. Mpn Hail- BUCOKOTO ChbpXKaHWe Ha nenenuHu
Mpu n3cneaBaHnsTa, Hue Nomy4mxme sIKoCT, KOSTO HaaBuLLaBa
15 daN/cm? koeTo e fonHata gonyctuMa rpanuua. Chluo e
BaXHO [a ce nogyepTae, Ye MITbTHOCTTA € 3HAYMTENHO Mo-
HMCKa, KOETO € OLLe €AHO MOMNOXMUTENHO Ka4yeCTBO Ha TO3u
TOMNMO 1 3BYKOM30MALMOHEH MaTepmarn.
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FOANIIHMK Ha MurHo-2eonoxkus yHusepcumem “Ce. Mean Puncku’, mom 46 (2003), ceumnk II, JOBMB U MIPEPABOTKA HA MUHEPATIHW CYPOBUHA
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Taka nomny4yeHuTe pesynTaTi oT nabopaTopHUTe U3CNEABaHMS
BOAST A0 Ba)KHOTO 3aKMIOYEHNE, Ye NPOMMLLIIEHUTE OTNaLbLM
mMoraT Aa ObgaT ycmewHo w3nonseaHn B obnactta Ha

CTPOUTENTHUTE MaTepuanu, KOeTo Le aoseae A0 3Ha4nTesTHo
HamangBaHe Ha 3aMbpCABAHETO Ha OKOJTHAaTa cpeaa.

Tabnuua 3. Cveras u ceoicTea Ha Tyxnute BCFA oT (neHO6eTOHM, KOMTO He M3WCKBAT aBTOKNaBMPaHe)

Mpoba Ne 1 2 3 4 5 6 7 8
Mscbk — 0.3 mm, kg/m? 283 353 332 332 350 388 209 214
lMopTnaHg UumeHT.32.5 317 348 332 332 350 153 104 285
MenenuHa, kg/m® 283 235 221 221 233 245 377 428
MeHoobpasygall areHt, I/m 0.8 1.2 1.0 2.0 3.0 1.0 10.0 7.9
AkocT Ha HaTuck, daN/cm? 46.9 128.4 87.69 69.40 96.10 52.6 19.13 32.6
[Mopb0o3HOCT, p.u. 0.23 0.03 0.10 0.21 0.10 0.12 0.3 0.36
MnbTHocT, kg/m? 1371 1676 1510 1320 1460 1470 | 1220 1107

SAKITIOYEHNA

 Hacunuwara Ha nenenuHu NpeacTaBnsBaT LeHeH BTOPUYEH
CYPOBWHEH PECYPC, KOMTO fa Ce WU3NOM3Ba C ronsiM ycrex npu
NPOM3BOACTBOTO Ha CTPOWTENHWM MaTepuanu C  Ornef
€KOMOTMYHOTO Bb3CTAHOBSBAHE HA pErMoHa Ha [JonuHaTa
[oxuy;

» CreunduyHuTe CcBOICTBA Ha nenenuHuTe (0coGeHHO Ha
CTbKIMOBMAHATA Maca) oka3eaT braronpusiTHO BIMSHUE BbPXY
CBbP3BaLLMTE W TEPMO M 3BYKOM3OMALMOHHUTE CBOWCTBA Ha
matepnana BCFA (neHobGeToHW, KOMTO He u3uckeaT
aBTOKMaBMpaHe);

*  [labopaTopHuTe M3cnedBaHUs, WBbPLIEHN B HaLWs
YHUBEPCUTET CbAbPXKAT HOBOCTTA: W3MON3BaHETO Ha HOB
anapat 3a MexaHU4HO MoNyyaBaHe Ha MsiHa, KOMTO Mo3BorsBa
nonyyaBaHeTo Ha HeobxofumaTta NopbO3HOCT Ha TyxnuTe Be3
M3NoN3BaHeTo Ha CKbMM NeHooOpasyBawy areHTM 1 npy
HamaneH pasxod Ha LMMEHT, KOeTO JoBede A0 MOBULLABaHE

Mpenopbyaxa 3a nybnukysaHe om kamedpa
“Omkpumo paspabomeaHe Ha nofe3HU U3KoNaeMu U 83pUSHU
pabomu “, MT®
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Ha MKOHOMMYeckaTa e(EeKTMBHOCT MpU MPOM3BOLCTBOTO Ha
TYXIIH.
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SARBU ROMULUS BADULESCU

CAMELIA; CIOCAN VIORICA
POPESCU FLORIN DUMITRU

UNIVERSITY OF PETROSANI

PETROSANI, 2675 UNIVERSITY OF
PETROSANI

ROMANIA
PETROSANI, 2675 - ROMANIA

ABSTRACT

The coal mining processing industry is the central axis of the area’s economical life in the Jiu Valley. Actually all these made the area to be faced with the sharpest
problems regarding the environment pollution which have a direct impact on the health status of the population as well as on the area’s fauna and flora,
despite the fact that nature had endowed the Petrogani area with the most beautiful relief in the country.In this region there are wastes spoil dumps,
decantation ponds of tailings from coal flotation and fly ashes deposits from the thermoelectric power station. They are occupying large amounts of lands,
although they represent secondary sources of valuable raw materials, actually used on a small scale.The aim of our research was to establish the possibilities
of using these secondary resources to obtaining construction materials and the first results are encouraging. We used tailings from decantation ponds, fly
ashes and slag resulted from the coal burning process.

In order to obtain very good bricks with qualitative parameters acceptable by the beneficiary, we took into account the porosity, the compression resistance and the

specific weight of the final products.We made very detail research to the obtaining mode of the mechanic froth so necessary for a good porosity of the bricks. Here we

used a new device which is the object of an innovation certificate.

INTRODUCTION In the research approaching we took into account the
achievement of new ceramics type BCFA with volumetric

weight reduced and with better thermo-phonic isolation
The paper the research to the laboratory scale made up to
parameters, using fly ashes.
the Mineral Processing Department in order to try an integral

capitalization of the fly ashes from the thermo-electric power
station. The fly ashes adding change the physical-mechanics and

chemical properties of concretes in the next ways:

In the construction materials industry exists a new trend to *  Diminishes the hydration heat,

use so called “cheap raw materials” to the producing thermo «  Reduces the contractions and the deformation under the

and phonic isolation products obtained with or without froth lasting charge;

adding. The chemical-mineralogical similitude of some _ _ ,
» Increases the resistances given by waters and chemical

industrial wastes which are partial used, could be a favorable
agents;

premise to replace some usual materials in the same financial

»  Lower costs by the partial replacing of the cement with fl
efficiency conditions. The industrial wastes quantities are yhep piacing y

ashes.
higher every year, their depositing having a negative

economical and environmental impact.



THE FLY ASHES CHEMICAL COMPOSITION

The inorganic substances from coal, by burning process are

transformed in ash. The ash contains some elements so called

“major elements” in higher quantities (above 1%). The

decreased order of these elements is: Si, Al, Fe, Ca, Mg, S,

Na, K, Ti, P. The major elements distribution determines the

oxide composition of ashes. Moreover macroelements in coals

there are also microelements (between 1% and 1 ppm

content). In table no.1 are presented the macro and the

microelements contents from the Paroseni thermo-electric

power station deposit:

Table 1. The major and microelements contents of fly ashes

deposit

Macroelements, %

Microelements, %

SiO, 4712 Cu 0.039-0.055
Fe,0; 8.68 Pb 0.057-0.030
Al,O; 20.08 Zn 0.55-0.70
TiO, 0.055 As 0.04
Ca0 6.30 v 0.006-0.01
MgO 2.50 Mn 0.12
SO 0.22 Ni 0.005
Na,0 0.98 Co 0.007
K0 1.87 S 0.22

The prevalent components are: SiO,, Al,O; and Fe;O; in a

weight of 70%, an indicator of the possibility to form of vitreous

phases and of silicates, with favorable effects on the hydraulic

capacity of these ashes.




In the lack of an international criterion of the ashes
classification, it was proposed one, by Academic Press (USA).
The classifying criterion are the report %SiO,/%Al,0; and the
quantities of %Ca0 and %SO0s. In according with this criterion,

the ashes can be classified in four classes:

- aluminous - siliceous ashes with %Si04/%Al,0,<2 and

%Ca0 < 15;

- siliceous — aluminous ashes with %SiO,/%Al,0:>2 and

%Ca0 < 15;

- sulphur - calcium ashes with %Ca0>15 and %S0, >3

- calcineous ashes with %Ca0>15 and %S0; < 3.

We made the trials to obtain bricks with siliceous-aluminous

ashes and the choice is based on the following conclusions:

- the microelements contents are very small comparatively
with a value minimal exploitable and therefore it is not

viable the idea of the recovering these elements;

- comparing the microelements contents from the Jiu Valley
coal and from the ashes resulted by burning, it is obviously
a tendency of few chemical elements enrichment, e.g. : Ag,

Au, Pb, Be, As, Mo, Ge etc.

THE FLY ASHES MINERALOGICAL COMPOSITION

The fly ashes pond from Paroseni (Jiu Valley) is a result of
the superposition of two feeding sources, one inorganic and

another of organic nature.

Above these two chemical and mineralogical basis structure
there is a thermal structure with uncombustible elements

concentration.

The inorganic sedimentary zone is a clay mass which
includes a chemical-mineralogical complex formed by iron and
titanium oxides and hydroxides, calcium and magnesium
carbonates and sulphates, iron, lead, zinc and native elements

e.g.: gold, silver, platinum elements, etc.

The organic sedimentary zone is represented by the
chemical elements accumulated in the plants mass from coal
forming process. This organic mass contains the basis
compounds such as: carbon, hydrogen, oxygen, nitrogen, but
also a lot of useful elements from soil. These elements are:
gold, silver, zinc, beryllium, cadmium, tin, tellurium,
germanium, manganese, cobalt and nickel and in addition
there are a lot of elements without nutritive value e.g.: sodium,

chlorine, radium, rubidium.

In the table no. 2 are presented a mineralogical analysis of

the fly ashes from the Paroseni pond.

By the mineral substances included in the thermodynamic
burning conditions followed by a cooling process, the fly ashes
are constituted by two phases: a crystalline phase (12-14%)

and a vitreous phase (66-88%).



By a correlation of thermal and roentgenographical analysis it

was pointed out the main transformations of the mineral

components of coals to their burning in the thermo-electric

power station. The physical analysis shows that the fly ashes

deposit from Paroseni looks as a compact powder,

microporous spheres or compact glassy spheres; another

characteristics are: the grinding fineness is about 68 % - 0.074

mm, low permeability and a high magnetic susceptibility.

Table 2. The mineralogical composition of the fly ashes from

Paroseni pond

The mineral Chemical formula Content,
%
Magnetite Fe;0, 10
Hematite Fe;0;
Sphene CaTi(SiOq) 0.1
Pyrites FeS, 0.35
Calcite CaCO; 3.0
Dolomite Ca, Mg(CO;)
Pb, Zn, Cu sulphates - 0.1-
and carbonates 045
Metakaolinite AlLO;*2Si0,
Kaolinite Aly(Si4010)(OH)s 30-35
Chlorite (Mg,Fe)s(AlSi;040)(OH)s
Artificial silicates - 35-40
Quartz SiO, 5-10

THE GEO-CHEMICAL PROPERTIES OF THE FLY ASHES

The geo-chemistry of the fly ashes from the Jiu Valley are

grouped in: siderophile elements (Fe, Pt, Pd, Au), lithophile

elements (Zn, Ag, Ga, In, Tl, Pb). The microelements from
coals and which by the burning process pass in fly ashes

proceed from two sources:

» elements from plants, e.g. : Fe, Zn, Au, Ag, Bi, Pt, Ge:

» elements accumulated in separable ash by deterioration
processes, levigation, sedimentation and diagenesis e.g..

Si, Al, Fe, Mn, Ti, Zr.

In conclusion, starting from the physical-mechanical
characteristics of the fly ashes we tried an integral and efficient

capitalization in the construction materials domain.

EXPERIMENTS AND RESULTS

The physical-chemical processes which determine the
hydraulic reinforcement capacity of the fly ashes is the
fundamental problem in order to establish the optimal methods

of the fly ashes using.

The hydraulic properties of the ashes are the result of the
presence of two oxides categories: acidic oxides (SiO;, Al O,

Fe,0;) and basic oxides (Ca0, BaO, Na,CO;, Na,SiO;).

The basic salts using in the system ash-water generates
reactions with hydrated mineralogical compounds which
assures the resistance structure development. The activation

and the reinforcement process is encouraged also by the



chemical, mineralogical composition and by the report between

the vitrous and crystalline mass, etc.

The fly ashes, after a cooling process in fast thermodynamic
conditions has a strong acid character and a microstructure
with a great vitrous weight (45-88%). The main crystalline
components from the Jiu Valley ashes deposit are: mullite,

quartz, hematite, magnetite and feldspars.

In the hydraulic reinforcement process, some mineralogical
components are inert (mullite, quartz, magnetite) and another
are active, determining the selfreinforcing reactions. The report
between the vitrous and crystalline phases determines the

value of hydraulic activity.

Simultaneously with the cvasicrystalline structure forming,
increases the number of structural faults, the dezassociation
degree and the polarity. These aspects conduct to the

increasing of the ashes hydraulic activity.

A higher potential energy is benefit on the hydraulic activity
of the ashes and conducts to superior resistance in a short
time. The ashes from the Jiu Valley have very good
reinforcement characteristics which could be increased by
using some chemical substances called activators. The
activators enhance the starting of some chemical reactions and
physical processes which determine the obtaining of resistance
structure and durability similar with the hydraulic binding
materials. The best activator is the calcium oxide. This is

indicated for his activity, first of all because it creates an

optimum basic medium in the ash-water-activator system; this
medium is capable to release the chemical reactions which is
the basis of the resistance structure. The kinetics of the
physical-chemical process at calcium activating ashes
depends of some influence parameters such as: the
SiO,+AlL,O4+Fe,0; content, the specific surface, crystalline
structure, carbon content, the Ca(OH), quantity, etc. It was
established that for the siliceous-aluminous ashes with the
parameter % SiO,+ %Al,0; + %Fe,0; > 70, the activating is

efficient.

Starting from these reasons, we made up a lot of trials to the
laboratory scale in order to obtain different types of BCFA
(cellular concrete without autoclavisation) bricks. The different
prescriptions for bricks tried to replace the cement from bricks
structure with industrial wastes from ores processing plants
and from thermo-electric power station. The wastes type was:
slag and ashes from the coal burning in thermo-electric power
station bellow 3 mm and tailings from cupriferous flotation

plant.

The qualitative characteristics of bricks were: the

compression resistance, the porosity and the bulk density.

The bricks achievement with high porosity requires the
utilization of some froth agents. These froth agents are very
important for the stability, the mechanical resistance and the
bubbles uniformity. We tried 5 froth agents type and we found
out an efficient frothing agent, a Romanian product called

“Spumar”.



An important place in our research had the modality to
produce the froth added to the mixture: sand-cement- lime-ash.
For this operation we used a new device so called hydro-
airator. Inside this device there is an injector-jet exhaustor
closed in a rolling case having an interior profile especially
designed to perform a depression for assuring the suction of
liquid phase. The process evolution in centrifugal field causes
the concentric stratification of the principal fluid (the air) which
shifts on descendent spiral path favoring the appearance of
depression cone and formation of a spindle liquid phase
(solution frothing agent in water) emphasized by the tangential

velocities values of the concentric sheets.

No matter what the input velocity is, when evacuating the
apparatus it is multiplied by approximately 8 times, extremely
advantaging both for the amount of solution aspirated and for
assuring suitable dynamics of the froth jet. The amount of
aspirated solution quantity is directly dependent on the air
velocity and pressure (about 0.3 barr) which could be modified
by vertical adjusting of the injector. To get greater values of the
feeding current velocities is possible not only by decreasing the
concentric zone but by changing the flow direction of fluid
sheets in the places where the direction changing are located
the Coanda effect occurs, its consequence making possible
the suction of the solution. In the figure 1 we present the

frothing device used in the laboratory trials.
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Figure 1. The hydro-airator device

The aim of our research was to obtain good results in
economical efficient conditions, using different prescription for

materials construction.

The replacing of the cement — an expensive product — with
fly ashes in a proportion about 40%, was possible due to the
vitrous phase and mineralogical components present in these

ashes.

An increasing of the lime weight in the bricks composing had
also a positive effect on the obtaining high values of the
resistance structure. The fly ashes using has also a good effect
in the porosity increasing and implicitly for the density
reducing. These characteristics allow the utilization of the
obtained bricks as a very good thermal-phonic construction

material.



The component weights and the bricks characteristics are

presented in table no.3.

The variation of the main characteristics of the bricks, with

the ashes content are presented in the figures no.2,3 and 4.
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The results of our research point out that the fly ashes can
be successfully used in the construction material domain,
because the characteristics of bricks type BCFA correspond to
the legal prescriptions. For the greatest ash quantity used, we
obtained bricks with a compression resistance above 15

daN/cm?, which is the inferior limit. It's important to point out

Table 3. The characteristics of the BCFA bricks

Sample 1 2 3 4 5 6 7 8

Composition

Sand - 0.3 mm, kg/m? 283 353 332 332 350 388 209 214
Cement Port.32.5 317 348 332 332 350 153 104 285
Ash , kgim? 283 235 221 221 233 245 377 428
Froth agent, I/m* 0.8 1.2 1.0 20 3.0 1.0 10.0 79
Compression resistance, daN/cm? 46.9 128.4 87.69 69.40 96.10 52.6 19.13 32.6
Porosity, p.u. 0.23 0.03 0.10 0.21 0.10 0.12 0.3 0.36
Density, kg/m® 1371 1676 1510 1320 1460 1470 | 1220 1107
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content

also that in these conditions, the density is lower and this is

another positive characteristic for a thermal-phonic material.

The results obtained to the laboratory scale conduct to the
very important conclusion that this waste could be easily used
in very efficient conditions in the construction materials

domain, with a benefit impact on environmental pollution.

CONCLUSIONS

1. the fly ashes deposits represent a viable secondary

resources possible to be used with very good results in the

construction materials industry with a positive effect on the

ecological reconstruction of the Jiu Valley region;

2. the specific characteristics of the fly ashes (especially the

vitrous mass) have a benefit effect on the hydraulic
reinforcement of the bricks type BCFA, which is a very

good thermal-phonic construction material;

3. the trials to the laboratory scale made up to our university

have a novelty character by: the utilization of a new device
for the obtaining the mechanical froth necessary to obtain a
demanded porosity of the bricks, the increasing of the
financial efficiency to the bricks processing by the replacing
an expansive froth agent and of the cement weight with fly

ashes;
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