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YAK 552.086:552.576(497.115) OpnrHHalJiHH nay'inn pa®

KBAJIHTET YrJLA
METOXHJCKOYr YrJLEHOr EACEHA

offl
JHMHTpHja JLHMHTpHjeBHha*

y pany cy jiaTH napalVETpH kojh npyxajy MoryhHocT na ce nonecv ojtpeijeHH 3aKli,yiun o KBaJHTETV
jinrHHTa, jio cajja nejjOBO.T>HD Herpa>KeHor MeToxnjcKor 6acena.

H3BpuieHa je HHTepnpeTannja MHKpocKoncKHX HciiHTHBaiba ncTporpatjicKor cacraBa yrji>eHe MaTepnje.
3aTHM cy jjaTa f[)H3HWKo-MexaiiH'ika h xeMHjcKO0-TexHO0JiOuiKa CBojCTBa. Ha ocHosy cbhx obhx pe3yjiTaTa
yKa3aHa je MoryhHocT ynoTpe6jtHBacTH obot yrjba.

Kjlvimc pen: TeKCTHT- rejio, jieT)HT—tckcto, H)YBHT, kehjiht, KapoTa*, khjio- ijAjih, XHjipo- Bliara Tep, NOBlia-
Tan nojjHiia.

OCHOBHE rEO0.1011HKE KAPAKTEPHCTHKE

MeTOXHjcKH 6aceH Tepu,iijapne cTapocni 3axBaTa 3aiiajjny nojioBHHy KocMeTa,
npocTHpyhn ce na noBpniHHH oji 1.700 km . To je TeKTOHCKa noTOJiHHa Koja ce y Mop-
dyojiouikom riorjiejiv MO*e nojjejiHTH na TpH jiejia: 1) ceBepHO-nehKH jieo hjin MeToxnj-
ckh 6aceH; 2) tjakOBHHKH jieo (cpejiHinifcH) h 3) nph3pencko- cybope'ikh hjih IlojrpHMJbe.

reojioniKy rpal)y o6ojja MeTOXHjcKor 6aceHa MHHe BeoMa pa3HOBpcHe TBopeBHHe.
HajcTapnje cTeHe MJialjer najie030HKa (3)hjihth, aprHJioniHCTH, MepMepn h jip.) BeoMa
cy pacnpocTpaH>eHH. IlpHcyTHH cy cejiiiMeHTii TpHjaca, ca j(Hja6a3-po>KHaMKOM r|jopMa-
HHjoM h pa3HHM Kpe’iibaniiMa. CejtHMeiiTH ropn>e Kpejie BeoMa cy pacnpocTpaibeHH Ha
ceBepoHCTOHHOM, hcto'ihom h jyrO3anaj(HOM j(ejiy 6acena h to ca MacHBHHM pvjjhcthhm
Kpe'iH.aijHMa, rjiHHOBHTHM Kpenn>anHMa h JianopnHMa.

YTBpt)eHO je jia MeToxnjcKy KOTJiHHy Hecnyn>aBajy cjiaTKOBojiHe TBopeBHHe mhohc-
Ha, iuiHou;ena h KBapTapa.

y JiHTorjianiijaJinoM norJiejiy y cejiHMeHTHMa MHoneHa Mory ce injiBojHTH (Bok¢€i¢,
1970, 1970a, 1971-1972): npoldiyBHjajiHO-ajiyBHjajiHe Hacjiare (y 6a3H), npejicTaBJbeHe
ripcTOKHO rpy6o3pHacTHM KJiacraTHMa, necKOBHTHM rjiHHaMa, necKOBHMa h jip., ir je-
3epcKe TBopeBHHe Koje ‘iriHe 6ejiH Jianopirrr, jianopoBHTH Kpe'>ni>ai(H, Tycj)oreHe TBope-
BHHe, rjiHHe, ncm'iapn h Jip.

CejiHMeHTH jjOH>er njiHoneiia otkphbchh cy Ha Benem iipocrrpaiicrBy y nehkom jiejiy
MeToxnje.

HHCTHIYT 3a pernoHgjiHy leojiornjv  h  najieoHTojiorHjy  PyjtapcKo-reoJiouiKor  4)aKyjiTeTa
YHHBep3HTeTay Beorpaj(y, Ka.MenniKa 6, Beorpaji.
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CefIHMeHTH noHTCKe yrJbOHOcHe cepnje MeToxnjcKor fiaceHa Mory ce npeMa M aK -
CHMOBHh h /(p. (1963) pamHJiaHHTH Ha cjie/jehe oflejbKe: nojjHHCKH onejtak , yi Jbefin
cjioj h noBJiaTHH o/ieji,aK.

Ce"HMeHTe iiohhhckoi' ojiejbKa ’iHHe: 6a3aliHH KOHrjioMepaTH, uiJbyHKoBHTo-nec-
KOBHTe cTeHe h rJiHHe.

CeHMeHTH noBJiaTHor o”ejbKa cy H3rpaf)eHH 03 necKOBa h Jianopai”a.

M3flaiiKe h nojaBe yrjba y okojinhh riehn n jipyniM jioKajiHTeTHMa MeToxnje hc-
TpaacHBajio je BHiiie HCTpa*HBaTia. Me”y ibHMa Bok¢i¢ (1970) yka3yje ~a cy HajsHa-
HajHHjn yrjbeHH cjiojeBH Ha 3aBpmeTKy npojiyBHjajiHO-ajiyBHjajiHe h na nogeTKy jesep-
CKe Cjiannje, H3/iBojeiiH Kao: ho~rhhckh, rJiaBHH h noBJiaTHH yrJbeHH cjioj.

noflHHCKH yrjbeHH cjioj flefijbime flo Im npejjcTBIheH je HajBehHM j”ejioM yrjbeBHTHM
iJinimiiMa. | jiaBHH yrjbeHH cjioj, yKynHe j(e6jbHiie oko 3 MeTapa, HHjy nojioBHHy cjioja npefl-
CTaBJba ‘incra yrJbeHa MaTepnja. TopiLH jjeo cjioja ‘iHHe rjimiii,H. lloBJiaTHH yrjbeHH cjioj
jie6jLHHe 1,30 MeTapa, ofl 'iera Ha "incTy yrjbeiiy M3Tepnjy j(QJia3H 0,50 MeTapa.

OcHOBHe TeKTOHCKe KapaTKepncTHKe noka3yjy HHTeH3HBHo pacejjaibe ca mccth-
mhhhhm CTBapaibeM 6jiokoBCKe rpalje. Ha nojefiiHHM MecTHMa (TyHencKO nojbe) 3ana-
»ceHH cy pacejiH ca ckokobhm 3 KojH H3HOce 2-3, na h nek0OJiHKo jjeceTima MeTapa.

Y norjiejjy pe3epBH yrJba MO*e ce KOHCTaTOBaTH Jia jjo j(anac carJiejiane reojiouiKe
pe3epBe noHTCKor yrJbOHOCHOr cjioja y nehKOM jiejiy MeToxnje h3hoch oko 2 MHJinjapjie
TOHa yrjba. Me”yTHM, HHje no3HaTa yrjbOHOCHOCT iuiHoneiicKHX cjiojeBa y npH3peHCKO-
-Opax0BaHKOM jiejiy, Kao hh yrjpbOHOCHOCT Miionena y nehKOM Jiejiy MeTOXHjcKor yr-
jbeHor 6aceHa.

KBAJIHTET YTJbA METOXHJCKOr YrJbEHOr BACEHA

Yrajb yrjbeHor cjioja MeToxnjcKor yrjbeHor 6aceHa je cjiii‘iiior KBajiHTeTa Kao h
JHrHHT KocoBCKor yrjbeHor 6aceHa, ceM MaibHX pa3JiHKa y napaMeTpHMa ne’iporparji-
cKe MHKpocKoncKe aHaJiH3e, h HeKHX ejieMeHaTa TexHH'iKe aHaJiH3e.

Jla 6h ce hoihjio jjo uito peajiHHje cjihkec o KBalJiHTeTy yrjbeHe MaTepnje, nouuio ce
ofl cjiejjehHX ocHOBa - eTaldioHa: npopa'iyn Ha 45% BJiare; npopa'iyn Ha 0% BJiare
(cyuieHH yrajb Ha 105 °C) h npopa'iyH Ha 'iHciy ropHBY cyiicrranny (6e3 Bliare h nenejia).
TaKotje, H3BpmeHO je h KJiacnpaite JiiiriiHTa oBor nojipy'ija, h to:

hciioji 5443 kJ/kg BaH KJiace
5443-6700 kJ/kg IV KJiaca
6700-7955 kJ/kg Il KJiaca
7955-9211 kJ/kg Il KJiaca
H3Hajj 9211 kJ/kg | KJiaca

lleTporpatjjcKii cacTae yr.i.ene Marepnje

Ta6ejia 1. ric-iporpacj)CKH cacraB yrjbeHe MaTcpHje (JILHMHTpHjcBHh, 1990)

CpejiiLa npo6a rieTporpachcKH cacraB (%
HepTHT—TeKCTO Tckctht rejio (J)VHT
38,0 56,0 6,0

Kao h KOfl yrjpeHe MaTepnje KocoBCKor yrjbeHor 6aceHa npeoBliajjaBa TeKc-
th t—ejio, MHKpojiHTOTHn Kojn Y cTBapn iipejic'raBJba j(pBenacTy MaTepnjy HHCKor cTe-
neHa Kap6oHH3ai;Hje (kchjiht). 3a pa3JiHKy Oj; KocoBCKor JinrHHTa 3ana*a ce BehH ca-
flpacaj cjiyaHTa uito My h jiaje HeiuTO jipvra'inje neTporpacficKe oco6)Hiie.
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OlIBHHKO-MeXailHHKe ocoolllie

Y cTpyKTypH yrJheHe MaTepnje, Kao iuto je h yK33alJia neTporpacJ)CKa aHaliH3a,
npeoBJia”yjy kchjthtcko- jjpBeiiacTe MaTepnje. Yrajb je HenpaBHJiHor npejioMa, 60je
CBeTJie jio TaMHO CpaoH, pei)e TaMHO MpK. CiienHC™H'ina Te>KHiia yuba Kpehe ce oji
1,1-1,6 uito 3aBHCH on KOJiHHHiie MHHepajiHHX MaTepnja y iteMy, jep ca HjHxobhm
nopacTOM pacTe h cnenHcliH'ina Te>KHiia.

PeoMexaHH'iKa HCimTHBaH>a cy noKa3ajia, jia OBe ocoSHHe He noKa3yjy KoimiHyHTeT
BpejjHOCTH, no npocTHpait.y cjiojeBa. IlpoMeHe cy KaKo y XO0pH30HTajiHOM, TakO h y Bep-
THKaHOM cMHCJiy. Haj6ojbH npHMep je npoMena Bojje y ajieBpHTCKoj rJiHHH W=20, 40-38,
85%. Mcie pa3liHKe ce jaBJbajy h koji oj(pet)HBaiha napaMeTapa HBpcTohe TpHaKCHajimiM
onHTOM 3a ajieBpHTCKy rJiHHy Kojn h3hoch 7,65-25,57 h C=40,00-99,00 KN/m , a 3a Jiano-
poBHTYy rjiHHy 10,48-24,50 h C=35,00-10,00 KN/m2. Kaojj jejiiioaKCé—|ajmor onHTa obh napa-
MeTpn cy 3a ajieBpHTCKy rJiHHy 172-28,7 h ?219,00-73,00 KN/m , a 3a cHBy jianopoBHTy
rjiHHy cy 15,00-25,00 h C=38,00-74,00 KN/m . llpH onHTHMa jinpeKTiio cMHnaii>e nojaBHJie
cy ce cjiejiehe pa3lJiHKe y pe3yjiTaTHMa n to: 3a ajieBpHTCKy rJiHHy 11,17-22,30 n
C=5,00-28,00 KN/m2, a 3a cHBy rjiHHy 11,17-22,30 n C=2,30-28,00 KN/m2 (EjiaSopaT
EIlIC-a, 1989).

IlpeM a HaBej*eHOM, Mosce ce 3aKJbyTHTH j*a je TepeH flocTa xeTeporeH, ca bcjihkhm
6pojeM MHKponyKOTHHa, Koje ycJioBJbaBajy MecTHMH'iny nojaBy nojj3eMiinx Bojja.

KapoTa*Ha HcnHTHBaiba (rpeoc|>H3HHKa) o6aBJbeHa cy Ha 6ymoTHHaMa KT-10,
KT-23 h KT-35 (y npHJiory: iipeiJiejina reojioniKa KapTa HCTpa>KHor nojipyrija), rjje je
jjnjarpaMa y pa3Mepn 1:200. Y noBJiaTH yrJbeHor xopH30HTa 3acTynJbeHa je tjihhobhto-
-JianopoBHTa cepnja, jjok noj;HHy yrjbeHor cjioja, 3axBaheHy KapoTa>KHHM HcnHTHBaibH-
Ma HHHe JianopoBHTe rjiHHe. YrjbeHH xoph3oht H3jjBojen je Ha O0CHOBy H3pa3HTHX MakK-
CHMyMa Ha jjnjarpaMy raMa-raMa KapoTasca, iino HiijiHHiipa 3HaTHO Maibe 3anpeMHHCKe
TeacHHe yrjbeHor xopH30HTa y oj*Hocy Ha o0KOjrae cTeHe. Y Kopejiau;HjH ca noBehaHHM
BpeflHOCTHMa npnpojine pajjHoaKTHBIiiocTH h MHHHMyMa Ha juijarpaMy raM a-raM a Kapo-
Ta>Ka, H3jiBojeim cy HHTepBaJiH yrjba cjiaGnjer KBaJiHTeTa, yriba ca yrJbeBHTHM TJiHaMa h
yrjbeBHTHX raHHa.

XeMHjcKH cacTas h TexHOJiouiKa i-BojcTBa yrjba

Y KOHTeKciy nocTaBJbeHe OCHOBe-eTajiOHa npoii,eHaT nenejia Kpehe ce o0jj 3,63%
kojj 6yuioTHHe KT-38 y3opaK (149,50-156,00 m), koji 6yiuoTHHe KT-21 y3opaK
(199,00-199,30 m) Kojaje hhcto jajioBHHCKa KOMnoHeHTa, h caMHM thm cajjpacaj kJ/kg O,
Te ce 3a MaKCHMaliHy BpejiHOCT y3HMa y3opaK 6ymoTHHe KT-12 (57,15-71,20 m) HHjn je
cajjpacaj nenejia 33,54%, urro je BeoMa bcjihkh pacnoH oji; 24,91% a BeoMa 3iia‘iajno
oj(cdiynaH.e 0oji cpejuhe Bpej[iiocTH koJh h3hoch 20,97% 3a ijejio ncTpaacHBaHKO nojbe, a
iuto yKa3yje Ha HeyjejjHaHeiiocT KBaliHTeTa JiHFHHTa obhx nojipvnja. 1lpn tom ¢ TonjioT-
Ha Moh JinrHHTa 0B Or JioKajiHTeTa KpeTajia ce 0j* 0 (KT-21; 199,00-199,30 m) ojjhocho
3632 kJ/kg kojj 6yuioTHHe KT-12 (57,15-7120) j;0 10748 kJ/kg koji 6yiuoTHHe KT-47 y3opKa
(145,00-163,00 m) jjok cpej(n.a BpejpiocT oBor napaM eipa H3HOCH 7366 kJ/kg (Il KJiaca).

Y kojihko ee H3 pa3Maiipaii,a H36ai;H KaTeropusaipija nan Kliaca, ojihocho 5443 kJ/kg
Koja hhhh 14,97% yKynHO HcmrmBaHe jie6jbiiHe cjioja ca cpejin.iiM cajjpacajeM nenejia
307"7% h JOHOMtoiuiothom Bpejiiioiiihy oj( 4484 kJ/kg, j(o6nja ce bpcjihoct oji 7871 kl/kg
iuto He npejjc'l'aBli.a 3iiaHajan ckok y KBajiHTeiy HCTor.
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Fjio6ajiHO nocMaTpaHO Haj3HaHajHHje napTHje 0BOr JioKaJiHTeTa cKOHiieHTpncaHe
cy y Il KliacH 28,75% ca cpejiitHM cap*ajeM nenejia o~ 15,90% y *TM op 8627 kJ/kg, a
3aTHM cjiejie napTHje yrjba Kliace IV 21,90% (P-24,32% n TM 6135 kJ/kg) Il Kiiaca
20,90% (P-20,22% n JITM 7340 kJ/kg) Ban Kliace h Koja ce o~ | Kliace pa3JiHKyje calip-
>KajeM nenejia oji 12,00% n JTFM ojl 9885 kJ/kg.

H3 npHKa3aHor Moace ce 3aKJbyiHTH jia je 50% JiiirHHTa oBor JioKajiHTeTa Ha3iia/(
7536 kJ/kg iHTo iipe/(CTaBJlha 3Ha’iajiio ca3HaH>e o KBajiHTeTy najia3HuiTa 3a 6yjjyhe iuia-
HnpaiLe eKciuioa'rannje MCToxnjcKor 6aceHa.

Cajip*aj cyMnopa (S) Kpehe ce y jio cana no3HamiM rpaHHijaMa Te He npeflCTaBJba
HeKy 3Ha'iajHy BejiH'iHily Koja MO*e j(a yTH'ie Ha jiojiaTHO noropiuaH.e KBajiHTeTa
JinrHHTa.

HoMHHajiHa Bpe*HocT 0BOr napaMeTpa Hajia3H ce y rpaHHiiaMa (3a yKynHH cyMnop)
0ji 0,28-1,83%, jiok cTaTHCTH'IKH napaM eTpn (HajBepoBaTHHja BpejiHOCT) h3hoch 0,88%.
Koec})HHHjeHT Bapnjau;Hje noKa3yje pelJiaTHBHO BHCOKy HecTa6njiHocT oBor napaMeTpa Yy
HcnHTHBaiiHM y3o0pi;HMa 11 caMOM JioKaliHTeTy. MeryTHM npoMeiteH ojihoc CaO h Si02
MO*e jia H3a30Be jiojjaTHe TeuiKohe Ha KopHiuheiby OBor ropHBa Yy Be3H 3araf)HBaiba
MOBeKOBe )KHBOTHe CpejIHHEe.

EjieMeiiTapHa xeMHjcKa aHajiH3a, yKJbynyjyhn cajip»:aj yribeHjiHOKCHjia (C02) no-
Ka3yje jia ce pajjH o bcjihkom pacnoHy rpaHHHHHX BpejjHOCTH 3a yrjbeiiHK (C) uito je h
HopMalJiHO aKO ce y3Me y 063Hp fla cy OBa HecnHTHBaiba 0o6aBJbeHa KaKO ca cpejiHimter,
TaKo h ca o6ojjnor jiejia 0BOr JioKaJiHTeTa, npn ‘'ieMy je pacnoH iipejjcTaBJben Bpejj-
HocTHMa oji 13,29-29,06%), cpejjite 22,58%, a HajBepoBaTHHja BpejiHocT je 29,06% ca
koecjiiinnjehto m Bapnjannje oji 26,29%.

rpaiiH'iiie BpejjHOCTH ocrrajiHX napaMeTapa obhx ncnHTHBaiba He noKa3yjy TaKo Be-
JiHKe pacnoHe jep ce Yy cyiUTHHH paflH o MajiHM HOMHHajniHM Bpefl[HOCTHMa pejiaTHBIiio
6jiHCKe cajip>Kajv BpejuiocTH 3a nejin jioKaJiHTeT.

yribenjiHO Kciiji (C02) Yy MHHepajiHOM jiejiv yribeHe napraje 'inje ce rpann'ine Bpejj-
hocth Kpehy y HHTepBajiy oj; 0,84-2,39%), cpejiibe 1,47% npn Bliarn oji 45%, uito npejj-
cTaBJba Ha npopa'iyH 0% BJiare siia'iajnv BpejiHocT oBor napaMeTpa Ca KojHM ce Mopa
paHyHaTH npn npojeKTOBaH.y eHepeTCKor KanauHTeTa.

XeMHjcKa aHaliH3a nenejia yrjba noKa3yje HHTepecaHTHe BpejinocTii 'inja o6jaiuibe-
Na ce Hajia3e y reojiouiKHM KapaKTepHCTHKaMa caMor TepeHa. TJiaBHa KapaKTepiicthKa
obhx HcnHTHBaita je BejiHKa KOJiH'imia Si02y oHocy Ha caj;p*aj CaO Kojn je y paHHjHM
HenHTHBaibHMa MeToxnjcKor 6aceHa noKa3HBao Teiij(eimHjy Beher cajipacaja y ojuiocy
Ha KajiHHjyM (CaO) h y ojinocy Ha ca3Haiba H3 3HaTiio BHiue ncripa>KHBanor h eKcnjioa-
THcaHor KocoBCKor 6aceHa.

OBaKBa pacnojiejia KalJiiiHjyMa (CaO) n CHJiHii,HjyMa (Si02), npejicTaBJba nHrau.e He
tojihko eKcnlioaTau,Hje Beh Kopmiiheiba JinniHTa OBor JioKaliHTeTa aKO ce y3Me Yy 063Hp
cajipacaj cyMnopa (yKynHH cyMnop). y TepMoeHepreTCKHM nocipojeibHMa HeMa TaMno-
Ha-cfiiidiipa (CaO) Kojh 6h a6cop6oBao OBe KOJiii'iHiie cyMnopa Te ce nocTaBJba nHTaibe
eMHCHje cyMnopHHX OKCHjia H3 obhx nocTpojeiba, @ uito Y cyuiTHHH npejjcTaBJba norop-
uiaibe KBajiHTeTa JinriniTa h nocTaBJba jiojjaTHe npo6jieMe Yy 3auiTHTH 'lOBCKOBe *hbot-
He cpejiHiie.

Ha OCHOBy 6pojHHX Hajia3a yTBpt)eHO je jia yrajb H3 0Bor yrJbOHOCHOr nojba canp-
* hy npoceKy:
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a) TexHH'iKa aHaJiH3a

KOKC ..o 39,401

McnapjbHBe MaTepHje.......ccocooiiiiiiciiiicicieene
Sm caropjbHBe MaTepnje..
ATMEKITKG oottt
JITMEKITKG e
St cneijHcIjHHHa Te>KHHa g /c m
Zt 3anpeMHHCKa TeKHiia t/m

6) EjieMeHTapHa anajnoa

C - yrjbeHHK....
H - BOAOHHK ...

N+O - (@30T HKHCeOHHK).........coovvveieeieerererieene 13,05
Ss (cyMnop caropjbHB)

n) AHaJiH3a nenejia

AHajiH3a xeMHjcKor cacTaBa je noKa3alia ®a yKynHa je Bliara Y yrjby flocTa BejiHKa
h Kpehe ce oji 36-58%, a Buiara 'incTe yrjbeHe Marepnje 6e3 MHHepaliHor nejia h3hoch
oko 60%. Be3ana (xH/tpo) BJiara yrjba on 10-18%, a ocTajiH fleo yKynHe BlJiare je rpy6a
BJiara Kojy yrajb Jiako ry6n iipn cTajaity Ha Ba3jivxy.

Cajtpacaj MHHepaliHHX npHMeca je jakO npoMeHJbHB h Kpehe ce oji 6-30%. Canpacaj
cyMnopa H3HOCH 1,2% (yKynaH cyMnop), o” 'iera Ha Be3aHH cvMnop oTria/ia Behn fleo, a
MaibH Ha caropjbHB fleo.

JT0ii>a TonjioTHa Bpe®HOCT y npoceKy je 9.623 kJ/kg pa‘'iyHamro Ha yrajb ca BliaroM.
Koji jaKO M HiiepajiH30BaHOr yrjba Jioiha TonJionia BpejiHOCT jaKo onajja.

A"HCTa yrjbeHa cyncTaHiia, 6e3 Bliare h nenejia, cajjp>Kn y npoceKy oko 10% KaT-
paHa (npnpo/uior Tepa).
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ynoTpe6jbHBocCT yrjba

yrjbeHa MaTepnja MeToxnjcKor yrjbeHor 6aceHa, iiouito ce no cBojHM KBajiHTa-
thtb h o —KBaHTHTaTiiBHHM ocofiiiHaMa He pa3JiHKyje MHoro ofl yrjbeHe MaTepnje Kocob-
CKor yrjbeHor 6aceHa, to je H>Ha yn0Tpe6jbHBOCT cliHHHa Kao h kojj oBor 6aceHa.

ycjie® BHCOKor caflp»caja Bliare h nenejia Kao 6ajiacTa h HHCKe TonjioTHe Bpejj-
hocth, ynoTpe6a JinrHHTa H3 oBor 6aceHa orpaHHHeHa je yrjiaBHOM Ha MoryhHocT caro-
peBaiba y TepMoejieKTpaHaMa. Mef)yTHM, BepoBaTHO ce cymeibeM Mo*e jio6hth HBpcT
KOMa"HH yrajb j(o6por KBajiHTeTa, Te ce H>eroBa ynoTpe6a Mo*e npouiHpHTH. Iloihto y

3AK.1IbyHAK

Ha 0CHOBy npHK33aHHX pe3yjiTaTa HcnHTHBaiba KBaliHTeTa yrjba MeToxnjcKor 6a-
ceHa Moace ce KOHCTaTOBaTH j(a je yrjbeHa MaTepnja oBor 6aceHa hctot hjih cjih'iiioi’
KBajiHTeTHor cacTaBa Kao h yrajb KocoBCKor yrjbeHor 6aceHa.

llpeKO 50% JinrHHTa HcenHTHBaHHX JioKajiHTeTa HMa TonjioTHy Bpe/iiiocT iriiiaji
7536 kJ/kg uito npejjcTaBJba 3Ha>iajno ca3Haibe o KBaliHTeTy Hajia3HHiTa 3a 6yjjyhe
nJiaHHpaHe eKcnJioaTannje MeTOXHjcKOr 6aceHa.

IHto ce TH'ie ynoTpe6jbHBocTH yrjba, Moace ce KOHCTaTOBaTH jja ycjie/( BHCOKor
cajip>Kaja Bliare h nenejia Kao 6ajiacTa h jiocta HHCKe TonJioTHe BpejjiiocTH, u>eroBa
ynoTpe6a ce yrjiaBHOM cbojjh Ha caropeBaibe y TepMoelieKTpaHaMa. Met)yTHM, iberoBHM
onjieMeibHBaibeM, npe cBera cymeibeM, a HMajyhn y BHfly fla yrjbeHa MaTepnja canp*H
3iia'iajny KOJiH'iHiiy iipiipojjHor Tepa, mo>c ce H>erOBO KopHiiiheii>e npouiHpHTH 3a
jjo6)Hjan>e hobhx npojiyKaTa.
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RANK OF METOHIJA LIGNITE
by
Dimitrije Dimitrijevié

The parameters vvhich are indicative of the rank of lignite from the inadequately investigated Meto-
« hija basin are considered in this paper.
Microscopic analysis of petrographic composition of the carbonaceous matter is interpreted, and phy-
sical and mechanical and chemical-technological properties are given. The usability of the lignite is indi-
cated on all of the analytical results.

Key words: Texitite-gelo, detrite-texto, fusite, xylith, logging, kilo-Jule, moisture, tar, roof and floor.
GENERAL GEOLOGY

The Teitiary Metohija basin occupies the westem half of Kosovo, an area of 1700 km2.
The basin is a tectonic depression composed of three morphologic units: (1) northem Pe¢ or
Metohija basin; (2) Bakovica (central); and (3) Prizren-Suva Reka or Podrimlje.

The Metohija basin has the margins of varied geological composition. The oldest
rocks (phyllite, clay slate, marble, etc.) of late Paleozoic age have a large extent. There
are Triassic rocks, a diabase-chert formation and various limestones. Upper Cretaceous
sedimentary rocks are extensive in northeast, east and southvvest of the basin, represented
by massive rudist limestone, argillaceous limestone and marlstone.

Deposits filling the Metohija basin are Miocene, Pliocene or Quatemary in age.

Lithofacial units of Miocene rocks (Bokc¢i¢, 1970, 1970a, 1971-1972) are proluvi-
al-alluvial (at base), represented by prevailing coarse-grained clastics, sandy clays, sands.
etc., and lacustrine deposits composed of white marls, marly limestones, tuffaceous pro-
ducts, clays, sandstones, etc.

Lower Pliocene deposits are uncovered over a large area in the Pe¢ unit.

Pontian coal measures in Metohija basin can be divided (Maksimovi¢ et al.,
1963) into: floor, coal seam, and roof.

The underlying, floor division is composed of basalt conglomerates, gravelly-sandy
rocks, and clays.

University of Belgrade, Faculty of Mining and Geology, Institute of Regional Geology and
Paleontology, Kameni¢ka 6, 11000 Belgrade.
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The overlying, roof division consist of sands and marls.

Coal outcrops and occurrencesnear Pe¢ and other localities of Metohija were noted
by  many geologists. One of them, Bokci¢ (1970), indicates the most significant coal
measures: underlying, main and overlying coal seams, in the uppermost proluvial-alluvial
and the lowermost lacustrine facies.

The underlying coal seam, upto 1 m in thickness, is represented mainly by coal
shales. A half of the main seam , about 3 m thick, is pure carbonaceous material. Its up-
per part consist of shales. The overlying coal seam is 1.30 m thick. 0.50 m of which is
the carbonaceous material.

Main tectonic features in the basin are numerous faults locally forming a block pat-
tem. Some faults have in places (Tucepsko Polje) throws from 2-3 to tens of metres.

The geological reserve of Pontian coal in Pe¢ of Metohija is estimated at two milli-
ard tons. Coal reserves in Pliocene measures of Prizren-Orahovac region and in Miocene
deposits of Pe¢ region are not known.

QUALITY OF METOHIJA COAL

Coal in Metohija coal basin is similar in quality with the lignite of the Kosovo coal
basin, differing only slightly in parameters of the petrographic microscopic analysis and
some elements of the technical analysis.

In order to obtain an as realistic picture as possible of the carbonaceous material
quality, the given coal was analysed for 45% moisture content; for 0% moisture (coal
dried at 105°C), and pure combustible matter (without moisture and ash). The lignites
from Metohija coal basin are consequently classified as:

5443 kJ/kg or less unclassified
from 5443 t06700kJ/kg Class IV
from 6700 to7955kJ/kg Class Il
from 7955 109211 kJ/kg Class 1l
9211 kJ/kg ormore Class |

Petrographic Composition of Carbonaceous Material

Table 1. Petrographic composition of earbonaceous material (D imitrijevi¢, 1990)

Petrographic content (%)
Average sample Detrite-texto ~ Textite—gelo Fusite
38.0 56.0 6.0

Like in the coal of Kosovo basin, the doininant constituent is textite-gelo, a microli-
thotype representing woody material of low carbonisation (xylith). Unlike the Kosovo lig-
nite. fusite is higher and gives the coal slightly different petrographic properties.

Physical and Mechanical Properties

Xylitic (woody) matter is the is the prevailing constituent in the carbonaceous mate-
rial, as shown by the petrographic analysis. Coal is of irregular fracture, light to dark
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brown, rarer dark gray, in colour. Its specific gravity varies from 1.1 to 1.6 depending di-
rectly on its mineral content.

Geomechanical studies have shown a nonuniformity of these values, both horizon-
tally and vertically through the coal seams. The best example is the moisture (W) variati-
on in silty clay, from 20.40% to 38.85%. Similarly different are strengths (C). in triaxial
tests, of silty clay (7.65 to 25.57) and C=40.00 to 99.00 KN/m2) and marly clay (10.48 to
24,50 and C=35.00 to 10.00 KN/m2). In uniaxial tests, these parameters are 17.2 to 28.7 and
C=19.00 to 73.00 KN/m2 for silty clay, and 15.00 to 25.00 and C=38.00 to 74.00 KN/m2 for
marly clay. The direct shear tests showed also differences: 11.17 to 22.30 and C=5.00 to
28.00 KN/m2for silty clay, and 11.17 to 22.30 and C=2.30 to 28.00 KN/m2 for gray clay
(EPS Report, 1989).

It follows from the above stated that the ground is heterogeneous, full of microfrac-
tures which are responsible for sporadic occurrence of ground water.

Log (geophysical) records were taken in boreholes KT-10, KT-23 and KT-35 (see geo-
logic map of study area) for lithological precision and design at scale 1:200. The coal meas-
ures are overlain by a clay-marl series, and is underlain to thc logging depth by marl clay.
The coal measures are recognized by the distinct maxima on the gamma-gamma log. indicat-
ing a far lower volume weight of coal seam in relation to the adjacent rocks. Correlated with
the increased natural radioactivity and the minimum on the gamma-gamma log, intervals are
separated of the lower coal quality, coal containing coal clay and coal clay.

Chemical Composition and Technological Properties of Cial

For the established reference values, the found ash rate varies from 3.63% in the sample
from KT-38 (149.50-156.00 m) to purely gangue sample from KT21 (19.00-199.30 m); the
maximum content must be taken as found in the sample from KT-12 (57.15-71.20 m) which
is 33.54% of ash. The difference of 24.91% is too great and significantly differs from the
average ash content of 20.97% for the entire coal field. The calorific value of lignite varies
from 0 (KT21; 199.00-199.30 m) or 3632 kJ/kg in KT-12 (57.15-71.20 m) to 10.748 kJ/kg in
KT-47 (145.00-163.00 m), the mean value being 7366 kJ/kg (Class IlI).

Excluding the unclassified lignite of 5443 kJ/kg or less, which comprises 14.97% of
the measures thickness with 30.27% the mean ash rate and 4484 kJ/kg the lower calorific
value, the obtained 7871 kJ/kg will not significantly upgrade the coal.

Generally, a significant part of this lignite, 28.25% is of Class IlI, with 15.90% ash
content and 8627 kJ/kg LTE, followed by 21.90% Class IV (ash 24.32% and TE 6135 kl/kg),
20.90% Class Il (ash 20.22 and LTE 7340 kJ/kg). unclassified. and Class | with 12.00% ash
and LTE 9885 kJ/kg.

Hence, 50% of lignite has 7536 kJ/kg or more, which is a significant quality infor-
mation for planning lignite exploitation in Metohija basin.

Sulphur (S) content varies within the known range and cannot additionally affect the
lignite quality.

Nominal value of this parameter (total sulphur) is within the range from 0.28 to
1.83%, and the statistical (probable) value is 0.88%. The variation coefficient is highly
unstable for the test samples in the locality. A change in CaO and Si02 rates may cause
additional environmental problems for use of this coal.
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Elementary ehemical analysis, including that of carbon dioxide (C02 content, show-
ed a large range of boundary values for carbon (C), which seems natural for the analysed
samples from central and marginal localities. The range of analytical values is from
13.29% to 29.06%, or 22.58% on average, and the probable rate is 29.06%, at the varia-
tion coefficient 26.29.

Boundary values of other parameters are not as wide apart, because these are low
nominal values approximating that of the entire study area.

Carbon dioxide (C02) is contained in the mineral part of coal measures by between
0.84% and 2.39%, average 1.47%, at the moisture content of 45% which is a significant
percentage calculated to 0% of moisture that has to be considered in the energy capacity
design.

Chemical analysis of coal ash gave interesting results which could be explained by
the local geology. The amount of Si02 was high in relation to CaO content, unlike the
earlier situation in the Metohija basin and in the better explored and worked Kosovo coal
basin.

The prevailing rates of calcium (CaO) and silicon (Si02 are a problem not so much
of lignite extraction but of its use, in respect of total sulphur. Local power plants do not
posses tampon-fdters (CaQO) to absorb the high sulphur; the emission of sulphur oxides
from the plants is a problem for consideration, because it signifies a deteriorated lignite
quality and a threat to the environment.

Numerous analyses of lignite from Metohija basin indicated the following average
contents:

a) Technical analysis

W, moisture content 31,697
A, ash...een, 25,554
Su, total sulphur . 1,061
] T . 0,672
Ss, combustible sulphur . 0.370
COKE .ot 39,401
C-FiXiire, 15,388
Volatile matter.............. 27,126
Sm, combustible........... 42,783
LHE, kJ/kg. . 2156
UHE, kJ/kg .. 9046
St, specific gravity, g/cm3 . 1.369
Zt, volume weight, t/m3... . 0,491

b) Elementary analysis

C, Carbon. ..o, 24,64
H, hydrogen.......cccoceeeeue.... . 2,51
N+O, nitrogena and oxygen 13,05

Ss, combustible sulphur....... . 031
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¢) Ash analysis

coZ2. . 1,87
Si02.. 46,70
ALD 3 . 9,86
Fe2 3 . 9.95
Ca0 . 19,46
MgO . 3,45
Tio2. .0,39
S03 . 7,55

The chemical analysis has shovwwn a high total raoisture content, from 36% to 58%, and
the moisture of pure carbonaceous material vvithout mineral part of about 60%. Fixed moisture
in coal is 10% to 18%; the rest of total moisture content is coarse moisture easily released in
open air.

Moneral contents are highly variable, from 6% to 30%. Sulphur (total) is contained
by 1.2%, a larger part of vvhich is fixed sulphur and a smaller part combustible sulphur.

The lovver heat efficiency is 9623 kJ/kg on average, for undried coal, and much
lovver for mineralized coal.

The pure coal substance, without moisture and ash, contains about 10% of (natural)
tar on average.

Coal Usability

Coal from the Metohija coal basin is not much different from coal of the Kosovo
coal basin, neither in composition nor in usability.

The high moisture content and ash and the low calorific value of this lignite are li-
miting its use only to combustion in power plants. However, if dried, it may be transfor-
med into good lump coal for a wider application. Its high tar matter allows briquetting
without any binder addition.

CONCLUSION

The above analytical results for Metohija lignite suggest a very similar coal rank as
that of Kosovo coal basin.

More than 50% of analysed coal has the calorific value over 7536 kJ/kg, which is an im-
portant information about the coal quality for planning its exploitation in the Metohija basin.

As to its usability, the high moisture and ash and the quite low calorific value are
limiting its use to the fuel in power plants. However, its treatment, primarily drying, and
its significant natural tar content, may account for a wider application.

JIHTEPATYPA - REFERENCES

Bok¢i¢ P., 1970: Prilog poznavanju ugljonosnog plioeena terena Bonaj-Landovice u Metohiji - Vesnik
Zavod. za geol. geof. istraz., A, 28, 36-38, Beograd.



448 D. Dimitrijevi¢

Bok¢i¢ P., 1970a: Prilog poznavanju ugljonosnih slatkovodnih sedimenata (?) donjeg miocena okoline
Pec¢i u Metohiji.- Ibid., 42-46, Beograd.

Bok¢i¢ P., 1971/72: Nekoliko novih podataka o geoloSkom sastavu i gradi sedimenata iz Pe¢kog dela
Metohije.- lbid., A, 29-30, 9-14, Beograd.

MaKCHMOBHh B., 'BopbeBHh X., EoKMHh n. h ByjncHh JL. (=Maksimovi¢ et al.), 1965:
1IpH.Tor no3HaBaH>y pa3BHha HeoreHa y MeTO0XHjcKOM 6aceny.- 3anHCHHUH CTJJ 3a 1964, 1965, 1966
h 1967. ron, 360p 10. X11 1965.,48-51, Beorpajt.

HHKonnh IlI. n J],HMHTpHjeBHh fl. (=Nikoli¢ & Dimitrijevi¢), 1990: Yran> JyrocjiaBHje.-
MoHorpacJjnja 18, YHHBep3HTeT y Beorpa”v, 409 crp., Eeorpa;r



