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Y'IK 552.1:552.576(497.115) OpiirHHaliHH nayuHH pan

JIOHPHHOC BOJLEM n0O3HABAIbY KBAJIHTETA yr.fI»A
KOCOBCKOryrjLEHor baceha

HHMI rphja AHmhtphjeBllha*

PaflOM cy fla™ napaMeTpn Kojn cy ao cana noGHjerai npnnnkom ncriHTHBaH>a KBamrraTHBHHX cBojci aBa yrjbeHe
MaTepnje. Kao npe3y.nTa'rnhobhx HenHTHBaH>a. ripnTOMe 3HaHajHO je HanoMeHVTH fla je creneH Herpa>KeHocTH sa oBai
6aceH BeoMa HH3aK. TaKo fla he npHKa3aHH pe3yjiTaTH npeacraaTbaTH noflcrngaj jja.ibHM npoy4aBaH>HMa.

Y oKBnpv KBaliMTeTa yrlbeHe MaTepnje jiaTe cy neTporpacJjcKe ocofl[HHe. tjjH3HMKe ocooHHe. Kao h jiera.ib-
Ha xeMHjcKa cBojcTBa HToy kohtckctv car.nejiaBaH>a cbhx 3HaMajHHX cBojeraBa, ca KpiiTHMKHM ocbptom Ha jio-

cajiauiH>a HciiHTHBaiLa. Kao h jjajba HeriHTHBaH>a.
Pe3y.nTaTH obhx HCHHTHBarba Hoce o06e.ue>Kja HayMHo-c[>ynjjaMeHTa.nHe 3acHOBaHocrH. Kao h iipnMcH:bHBocrn

K L.\\iiif peiii: nojitiHa. noBliaTa, jieTpiri tckcto. TeKCTHT—ejio. ijiv niT. C fix. kokc, Hcnap.ibHBe Ma'repHje. ca-
rop.ibHBe Ma'i'epnje. jioh>h TonJioTHH e(J>eKaT. roprbH toiuiothh eclieKa'.

OCHOBHE I'EQJIOIIIKF KAPAKI EPHCI HKE

Kocobckh yui)Ciin 6aceH ‘i'epnnjapiie crapocra npoTe>Ke ce y biijiv /ivra’ike h V'iane ioiie
(oko 70 km), ofl Ka'iaHHKa h ypouieBii,a Ha jviy, /iojihhom peKe ('iiTHiine. iipeKO JliiiiJbaiia,
KocoBa llojba, npiiurniHe h Hv'iinpna, jjp Kocobckc Miriponnu,e na ceBepv. 3axBara noBpuniHy
0ji oko 5.(XX)km2 1 npei|craBJi>a uajp>ehii Sacen yrjba Ha BaliKaHy, Kao h y EBpomi.

OBaj fiaceii H3rpal)yjy je3epciai ce/iHMeiiTH lumoHeHa, K ojn HMajy TpaHcrpecHBaH h jihc-
KopnaHTaH nojio>Kaj y ojihocv Ha najieo3ojcKe h Kpejine TOopeBHHe. Ilo/mna njiiionena H3-
ipabena je oji creHa Koje yjiase y cacTaB oGojia fiacena, h to: cepneHTHHa, cjjjmma n na-
Jieo30jcKHX KpHCTalJiacTHX Kpe'iihaKa. Ilojihiickh komiijickc ini pabcii je oji rjnma n ciibo-
-3ejiennx rliHHa. OBaj KOMnneKc JiesKH jmcKopjianrno npeKO najieopejbecfja TepimjapHe
crapocra (jiefijpHHe oko 300 in).

y rjbeim cjioj oBor 6aceHa KOHCTaTOBan je na noBpuiHHH oji oko 105 km2. YrjbeHH
cjicij noHHibe HaH3MeHHHHHM cMemHBaibeM yrjbeBHTHX rJiHHa h KOMnaKTHor kchjihtckoi
yrjba, na jé TeuikO noByhn OUITPY ipaimny H3Met)y YrjbeHor cjioja h noj(nne. Mj(vhii na-
Biime y yrjbeHOM cjiojy npeoBJial)yjy kchjihtckc nap raje, TaKO j(a je ropibii jieo yrjbeHoi
cjioja iipejicTaBJbeii kchjihtckhm naprajama yrba.

M hcthtvt 3a perHonajiHV reojiornjv h najiecoHTCMiornjv PvjiapcKo-reonouiKor (j5aKy.iiTeTa. YHHBep3H-
TeTa v Beorpafly.



fLEIHMHTpHjeBH

lloBJiaTHH KOMiuieKC je H3rpai)en O3 rjinna h necKOBa ca conHBHMa KpeHH>aKa. Ch-
Be jianopoBHTe rliHHe [ipejicTaHJhajv jinpeKrny noBlia-ry yrJbeHor cjioja, na bcjiiikom
lipOCTOpV (HHKOJInh Il J"HMHTpHjeBHh, 1981,1996).

YrjbOHOCHa cepnja je nopeMeheHa pajjHjajiHHM Tektohckhm noKpeTHMa, Kojn cy
HIH HHTeH3HBHH, T3KO Jla je JieaCHIHTe JloflHIK) HapKeTHy CTpyKTypy, ca CKOKOBHVa H3-
Mel)y 6ji0KOBa h jio 100 Merapa.

yr.'bOHOCHOCT .HE*HIUTA

Kocobckh yrjbemi 6aceH y OKBHpy mckhx mpkhx yrJbeBa (jiniHHTa) Cp6nje, cajip-
xh 63,61% yKyiiHO yrBpl)eniix peiepBH A+B+U,! KaTeropnje yrjba. Pe3epBe cy yTBp-
beiic na 18.076.272.000 Tona.

Cua jiocajjaimi.a ncnHTHBaiba ycT3HOBHUJia cy jia je yribeHH x0pH30HT npejicTaBJi.eii
na HJio’ie-SjioKOBe.

llpojiyKTHBHa cepiija 6aceHa HMa najj cjiojeBa oji iiepHrl|jepiije Ka neHTpy 6acena,
rjje cejjHMeiiTH tohv ii HMajy najBehe j*y6HHe (258 m).

He6jbima yi Jbenor cjioja Bapnpa, aliH je yTBpl)eno jja ce ca jjypHHOM 3ajieraH>a npo-
jiVKTHBIia cepnja crajiHo noBehaBa. l4cipa>KHHM 6yuieH.HMa ycTaHOBJbeHO je fla je Haj-
Beha jie6ji.HHa yrjbeHor cjioja y JuiKajiHOCTH BejiHKii BejianeBau, h to oko 90 MeTapa, ¢
THM HITO ce y Hy vkabviviv Il jaJIOBH npocjiojHH.
jie6jbHHa yi JbeHor cjioja, Kao h jjejioBaibeM nofl3eMHHX nossapa, HaponiiTO Ha H3jjaH-
HHMa. Ms rnx pa3Jiora y jymioM jjejiy 6aceHa, oko JinnjbaHa jje6jbiiHa ii3HOCH oko 15
Mc'rapa, jiok y ceBepnoM flejiy, oko Jlo6pouieBHa 30-40 m. Y cpej*HmibeM j"ejiy, oko

KBAJIHTET yi\lbEHE MATEPHJE

Y Kocobckom 6aceny yTOpt)en je caMO jejian yrjbemi cjioj npo'rkKaH HeopraHCKHM ja-

vrjbenor cjioja h nojjHHe je HejacHa h MaHncjiecTOBana je nojaBOM pacjiojaBaiba oj(hocho
ibenor iiocTenenor npejiacKa npeKO ciiBO-3ejieHe rjniHe y nojjHHCKy ‘ihctv rjiimy. Henoc-
pejiiiv noBliary yi Jbeflor cjioja 'ihiih cHBa rJiHHa Ha Kojy najie>Ke 'incTa raHiia.

yrJbena MaTepHja iipnnajia cliaénjiiM MeKHM MpKHM yrjbeBHMa, y KaojiiMa je y najBehoj
kojih'ihhii 3aciynjbeHa KCJHIIHTCKa Maca (oko 80%). y npoceKy cajip>Kii 40-50% BJiare, oko
15% (iioHerjie h jio 25%), cyMnopa oko 1% a toiuiothii ecjieKaT je 0jj 5.800-10450 kJ.

Tab. 1
OiiiaKa y?eTe rieTporpa(|)CKM cacTaB %
npo6e yr.ha ZJeTpHT-TeKCTO TeKCTHT-redio 4)y3HT
('pe,m>a npooa 37,20 60.32 248

Ileipoi pa(])CKC ocooHiie yr.i.a

rieTporpacjjck a nciiHTHBaiba cy yKa3alia jja je yrjbeHH cjioj (Nikoli¢ i Dimitrije-
vié. 1981) y najBehoj Mepn H3rpa”~eH oji kchjihtckc Ma'repnje (Ta6. 1)
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TeKCTHT-rejio H3rpat)yje y] Jheiiy Ma'repnjv ca npeKo 60% iiito jiaje KapaKTepncrnKe y
upaiiuv MaKCHMajiHe kcejihth3aHHje. YrjiaBHOM ce tckcitit—rejio jaBJba y bhjiv KciuniTa ca
BeoMa flo6po o’iyBanoM Bere'rajiHOM crpyKTypoM.

<J)y3HT je npncyTaH y MaitHM KOJiHHHHaMa, pe”~e ce jaBJba y BeheM 06HMy y OKBiipv
HeKH.x napTHja yrjbene MaTepnje.

<&H3HHKe OCUOlllie

KcHJiirrcKe napTaje yrjba (Nikolic i Dimilrijevic', 1981) yniaBHOM cy ca'ivBajie
jipneiiaciVv cTpyiciypy, h no npaBHJiy iipejic'raBji>ajy 'iHc'riijv Bpcry yrJba y ojhiocv na kojih-uihv
HeopraHCKe MaTepHije. I lo liepTHKajin o6hhho 3ay3HMajy ropibH jreo yrJbeHor cjioja.

3eMJbacre napTHje MeKor MpKor yrjba (jinrHHTa) 3ay3HMajy jioibe jiejiOBe yrjbeHor cjioja,
fijin>i<e iiojihhh, h nacrajie cy oji cHTHor 6apynrrHHCKor pac'niiba Koje je pacjio y ipece nuiri'v.

Y iaBHCHOCTH o Kojoj ce BpcTH yrjba pajjH Be3aHe cy ())H3H'iKe oco*HHe yrjba.

Yi Jbeiia MaTepnja je TaMHO—MpKe 60je. HciiHTHBaiba cy noKa3ajia Jia vkojihko ce pajin
0 3eMJbacTHM napnijaMa yrjba, vcjicji c'rajaiha Ha Ba3jiyxy, yrjbena MaTepnja ce iipeByie cn-
bom cKpaMOM nenejbacTe Mace na yrajb j(o6nja mapojiHK H3iJieji. HenpaBHJinor je npejioMa
h ojiBaja ce y KOMajje pa'iJiH'iirroi o6jniKa. /(pBenac're yrJbeHe nap'i‘iijje cy HBepacror npe-
jioMa. Ha Ba3jryxy y nejiniiH yrajb je HenocrojaH nh He noflHocH JiarepoBarbe.

XeMiijcKe ocoomie

AriajiH30M xeMirjcKHX oco6riHa noKa3ajio ce ja yrajb KocoBCKor 6aceHa iiprmajia
rpyiiH THnnTHHX mckhx MpKirx yrjbeBa iiHCKor cTeneHa Kap6oHH3aHHje.
HpeMa cajip>Kajy nenejia OBaj yrajb noflejbeH je Ha 'ieTHpn Kliace:

I Kliaca - 12% nenejia - toiuiothh ecjieKaT 9210 kJ kg
Il Kliaca -12% —17% nenejia -1 - 7955-9210 kJ.kg
1 Kliaca - 17%-21 % nenejia -l - 6700-7955 kl kg
1V Kliaca - npeKo 21% nenejia -1 - 5440-6700 ki kg

H Majvhii y Biijiy IV Kliacy hchoji 6200 kJ ToiuioTHor ecjieKTa, iberoBo Kopnuiheibe
ia caropeBaibe y repMoelieKTpanaMa He jjoJia3H y 063irp.

Taoejia 2
llapaMeTpH ca yKyiiHOM ca BliaroM Be3 Be3 Bliare aHajiHia nenejia
aHajiH3e BliaroM aHali. y3op. Bliare Hnenejia cacTojuH

% % % % Sio, 28.33
Bjiara 48.80 17.89 Fe,0-
Tleneo 12.28 19.69 23.98 A1,0, 9.35
CvMnop- yKyn. 0.74 1.20 1.46 Ca0 r.6?
CvMriop Yy nen. 0.02 10.10 1.23 MaO 4.75
CvMnop y car. 0.12 0.19 1.23 0.30 S0, IHK6
Kokec 28.15 45.14 54.97 40.77 P,0. uxs
C fix 15.87 25.45 30.99 40.77 TiO, 15
HcnapjbHDocT 23.05 36.97 45.03 59.23 Na,0 0.82
Carop.ibHBocT 38.92 62.42 76.02 100.00 K,0 13
caV 9623 15480 19619 24895
DTF. kIl 7950 14226 17762 23430
co, 2.66 4.26 5.19 6.85

XeMiijcKa aiiajirna yseTHX npo6a e ysopaKa yrjba (HriKkOJinh h JJJHMHTpnjeBHh,
1981) (Ta6. 2), yKasajia je Ha KBajiHTeT yrjba.
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lipeMa xeMnjcKoj eJieMemapHoj aHaJiH3H (Ta6. 3) flo6njeim cy cjie/jeha pe3yJiTara.

Ta6e.na 3
E.’ieMeHTH ca VKyriHOM ca B.naroM 6e3 ca BliaroM h
B.naroM y aHa.n. y3. B.nare nene.noM
VIVbCUIIK  C 25.56 40.94 49.92 65.67
Boliohhk H 2.28 3.67 4.47 5.68
Cv.Miiop car. 0.12 0.19 0.23 0.30
B.nara + O 10.96 17.57 21.40 28.15

jcfiiio ca jajioBHHOM man>oM o/j 0.5 m sa Kocobckh 6acen H3paa<aBaim cy Ha ycjioBHy BJiary o/i
45% h to HesaBHcao o/i calip>kaja cai'opjichbhx MaTepHja h nenejia y yrjby. Mel)yTHM, oBaKaB
Heny KBajiHTCTa yrjba, jep ca/jp>i<aj yKynne Bliare y yrjby saBHCH ojj o/|iioca y>iemha carop-
JbHBiix MHTepnja n iieiiejia h reojioiuKHX ycJiOBa yrji3eHiix cjiojeBa. Ko/i HaBe/jeHor o6pa‘iyna
KBajiHTe'ra, HHcKOKajiopii'iHOCT yrjbeBa ce jom BHine ciiH><aBa h obh yrJbeBH ce iipaKTii'Hio
lipeBO/je y BaH6njiaHCHe pe3epBe, jiok ce KBalJiHTCT 'HiCTor yrjba HeoiipaB/iaiio noBehaBa, na
ce /ioj[H3H jjo nepeajiHe cjiHKe o KBajiHTCTy yrjba.

,Da 6h ce obo otkjiohhjio, Nn0Tpe6HO je npHMeHHTH noce6Hy MeToji;ojiorHjy Ha yje/j-
na’iaBaibv KpHTcpnjvMa 3a o6pa>iyH napaMeTapa KBajinreTa yrJba, na peajmo cthh.c
BJiare y Jie>i<nurry. 3amro je n0Tpe6HO H3BpmiiTH noTnyHy peHHTepnpeTaHHjy cbhx napa-
MeTapa KBajiHTeTa yrji3a, y3 oTKJiaiban.e cbhx nponycra H3 nocTynKa TepeHCKHX onpo-
6aBama yrjba, y niiJby flo6njaiba peajiHiije BpeflHocra KBajMTCTa yrjba, a noceSHo ca/”p-
>Kaja Bliare, neuejia, DTE h 3anpeMHHCKe Mace.

/J,06Hjaii>e peajme cjiHKe o KBajiHTery KocoBCKor yrjba 3axTCBa npiiMeHy je/ji-m-
cTBeHe ycBojene MeTOHOJiornje Ha yje/iiiaTaBaH>y KpirrepnjyMa 3a VTP.pijiiBaii.e KBajiH-
TeTa yi Jba, jep cy HcinrrnBaiba h HCTpaaKHBaH>a KBaJiHT3THBHHX oco6HHa yra>a BpmeHa y
npoMeHJbHBHM ycjioBHMa h y3 npiiMeHy pa3JiH'iiiTHX KpHmrepnjyMa n nocrynaKa onpo6a-
Ban>a, a caMa Jia6opaTopnjcKa HCHHTHBan.a BpmeHa iipeMa pa3JiH'iHTHM CTaHjjap/inMa
HIIH HCTH 11HCy JIOCJigjIHO lipHMeii>HBaHH.

iloy3/iaiiocTH, hjih ncjiocTaTaK nojejjHHHX BpcTa aHajiH3a. MebyTHM, jejjHHCTBeHa MeTo-
jiojiornja OMorvhiihe cBecTpaHy 06pajjy, aHajiH3y h Kopejiannjv cbhx pelieBaHTirax nojja-
raKa n pe3yjrraTa HcmiTHBaiba, 6e.3 063Hpa Ka/ia cy ncmiTHBaiba H3Bpmeiia h iioji kojhm
VClJioBHMa n cTaHjjapj(HMa.

Y oKBHpy npHMeHe MeTojiojiornje ira yjcjliia‘iaBaii,y KpHTepHjyMa KBajiHTCTa yrjba noT-
peéno je jia Gy/iy yKJby'ieirn ojjpebeHii pyjlaPCKI) 1 reojiouiKH noji.anu, Kao urro cy 6poj h
jie6jbHHa cjiojeBa vi Jba h jalioBHX npocjiojaKa, ibikob iie rpojiouiKH cacTaB, ojihocho clipyK-
iypa h TCKCTypa yilJbeHor cjioja, 3arriM npoMenjbiiBocT y npocTopy, Kao h 3acTynjoeHOCT
iiojejiniirix TTinoBa h BapnjeTCTa yrjba (kchjuitckh, 3eMJbacra, aMopc}>aH, tjihhobht ii j*p.).

FlocTaBJba ce HHTaii>e jja jih nocTojn pa3JiHKa H3Met)y jma eKOHOMCKH iiajBa>KHnja
JioKajiHTCTa - "Bejia'ieBau™ h "Ao6po cejio" y norJiejjy iiojejjHHHX xeMiijcKHX Bpejj-
hocth (Tab6ejia 4).

A ko ce vnopejie jiobnjeHH pe3yjiTam HenHTHBaiba KBaliiireTa y3opaKa yrjba ca JiOKanHOCTH
"Eejia‘ieBau,” h "|lo6po cejio” h cpejpte BpejjuocTii wraBor 6aceHa, MO*e ce KOHcraTOBaTH jja
ilocnx)je caMo Malia o/iciiynaH>a 'y i>>gjiit'iii.iiii BpejpiociH nojejHiHiix napaMeTapa.
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yui>eiia Ma'repiija no cbom KBajnrreiy cKopo yjejjna>ieiia Ha 'iirraBOM iiojipv'ijv Kocobckoi Vr-
jfceHor 6aceHa. Jejjmio y norjiejiy TOnjioTiior ecfieKTa nocrojH H3BecHa pasjiHKa nrrn jaBHCii op
Tora cakof je jicjia vrjLei-ior cjioja y3CTa npo6a. Jep, y nojiniiCKOM jiejiy je Heurro nu>i<a TQOiuioi'iia
BpejjHocT yrijba y ojinocy Ha Binne nap'raje yrji>enor aioja. To ce hcto ojiiioch h ha kojiitihhc
nenejia, jep npn Henocpejpioj iiojjhhh h noBlia™ yrlt>eHa MaTCpnja je H3Memaiia ca pasiiHM

jj- fli-iIMHTpNnjeBnh (MipaiyHaTo Ha Briary gji 45%) Tabe.na 4
llapaMeTpM JIOKajlHOCT JIOKajIHOCT Cpejnta BpejiHocr
% "Be.naieBau" "jJoCipo ce.no" 3a ueo oaceH
B.nara 45.00 47.00 48.80
Fleneo 14.48 14.45 12.28
CvMnop yKynno 0.78 0.74 0.74
CyMnop y nene.ny 0.72 0.69 0.62
CyMnop caropjbHB 0.25 0.30 0.12
Kokc 29.80 29.31 28.15
C-fix 15.60 15.16 15.87
Hcnap.ibHBe MaTepnje 24.60 23.69 23.05
CaropjoMBe MaTepHje 40.52 38.85 38.92
CO” v MHHepajiHMa 2.75 2.85 2.66
DTE kJ/kg 8.180 7.290 7.950
GTF, ki/lg 9.680 9.290 9.623

1. "CH6HHOBaH-ceBep" 7.500 kJ/kg
2. "Ch6hhob3h—hctok" 8.100 kJ/kg
3. "KpymeBaH" 7.500 kJ/kg
4. "Jlo6po cejio" 7.618 kl/kg
5. "EejiaHeBan" 8.120 kJ/kg

noKa3yje eKcnjioaTaii,HOHO nojbe "ljejiaMeBau"”, 3aTHM cjiejni "CH6HHOBaH-HCTOK" n jip.
OcTalin napaMeTpn cy BeoMa cjihhhh, na ce na OCHOBy Tora mo>i<c 3aKJbyTHTH jia obo
eKcmioaTaHHOHO nojbe nocejivje yrjbeHy Ma'repnjv Koja je HajKBalJiHTeTHiija no ron-
jiothom ec|ieKTy.

ynOTPEE.ibHBOCT yr.iBA

llopeji pyjiapcKo-reojiomKiix HCTpa>KHHX pajioBa yrajb KocoBCKor yrjbeHor 6ace-
na HcnHTHBaH je h ca cTaHOBiiiirra xeMHjcKo—TexnojiomKHX CBojcTaBa Jia6opaTopnjcKHM
ny'reM, a jie.iiHMHTno h iiojiyiiii,riycTpnjcKHM iicnHTHBaibiiMa. lloce6Ha na>Kiba je jiaia
riponecHMa onjieMeibiiBaiba h TexHOJiomKe npepajje.

HciniTHBaH>a cy noKa3ajia na yrjileHa MaTepnja HMa bhcok cajip>Kaj Bliare h nenejia
je ycT3HOBJbeHO je j*a Jio6poM npimpeMOM ii onjieMeibHBaibeM Moryhe je CTBopirm ny-
TeBe iberoBe mnpe npiiMeHe. llocTynKOM cymeH>a mctoj*om Fleessner-a (noMohy 3acn-



-152

heHe BOfleHe nape iioji iiphthckom 0" 25-30 atm.) M KocoBCKor JinrHHTa j(of)nja ce 'iBpcr
KOMafl[HH yrajb ca BliaroM jjo 20%, nenelJioM 11-16% h tohjiothhm et"eKTOM oji oko.
16.736 k.i. (JiiaKHB cymeHH yraJb ce mo>c ynoTpe6HTH h 3a iipoii3Bo;ui>y n0JiyKOKca.

3 AKJI>YMAK

AocajjaiUH.a HcnHTHBaita KBajiHTaTHBHHX oco”HHa yrjbeHe MaTepHje KoooBCKor
vubcHor 6acena yKa3ajia cy fla oh npnnajia mckhm mpkhm yrlbeBHMa cjiaénjer KBa-
jiHTeTa. Yrjbena MaTepnja y ce6ii cajip>i<n oko 80% kchjihtckhx napTiija.

Ao cajia npov'iaBaii.a KBaliHTeTa vi'JLa (neneo, caropjpHBe MaTcpnjc h DTE) 3a-
jcjuio ca jajioBHHOM raibOM oji 0,5 m HCKa3aHH cy Ha ycjioBHy Bliary ofl 45% h to He3a-
bhcho oji cajipa<aja caropjbiiBHX MaTepnja h nenejia y yrjby. OBaKaB na'inn HHje 06e3-
6e|)iiBao OCHOBy 3a peajmy npou,eHy KBajiHTeTa yi Jba. 14'i thx pa3Jiora y pajjy je iipe;yio-
>Keno jja ce npiiMeiin noce6Ha MeTojiojiornja 3a vjejina'iaBaH.e KpiiTepHjyMa 3a o6pa'iyii
KBajiHTeTa yiJba, h to na peajmo cthn.e Bliare y jiokhihtv.

Y iioi'Yjicjiv yn0Tpe6jbHBOCTH yrjba mo>kc ce 3aKJby'iiiTH, jja ¢ 063iipoM Ha cjia6 KBa-
jnrreT H.erona npiiMeiia y HajBehoj Mepn je 3a caropeBaibe y TepMoejieKTpaHaMa. Ajih, HiiaK
iioc roje ojipebeiie HHjniKaijnje, na 'ihk h jiabopaTopnjcKa h iiojiyHHjjyc'ipiijcKa HcnirrHBaita
cv na ro vKa sajia ;ia je Moiyhe ys flo6py npmipeMy n onjieMeibiiBaibe OBgj yrajb yiio'ipc6jrni
v iipoiriiiojni.H HOJiyKOKca, 6piiKeTa n 3a racncjjiikaHH;jy.
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CONTRIBUTION TO THE STUDY
OF THE KOSOVO COAL QUALITY

by
Dimitrije Dimitrijevic

This paper gives qualitative parameters of lignite in Kosovo coal basin and nevv test results. The
presented information is expected to encourage further study of the little explored coal basin.

Petrographic, physical and chemical properties of carbonaceous material are described in the context
of all important coal qualities, and a critical review is given of the earlier studies.

Tlie presented study results are the fundamental-science and usability based.
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rific effect, upper calorific effect.

BASIC GEOLOGY

The Kosovo coal basin of Tertiary age extends in a long (about 70 km) narrovv zone
from Kacanik and UroSevac in fhe south. along the Sitnica valley, to Lipljan. Kosovo
Polje, Pristina. and Vucitm. to Kosovska Vlitrovica in the north. over a surface area oi
about 5000 km~. Il is the largest coal basin on Balkan peninsula. and of Europc.

Coal is vvorkable, according to the available exploration data, in an area of about
150 km2.

The basin is made up of Pliocene lake deposits which are transgressive and uncon-
formable over Paleozoic and Cretaceous rocks. Pliocene deposits overlie rocks forming
the margin of the basin. viz.: serpentine. flysch, Paleozoic crystalline limestone. Thc un-
derlving complex consists of clay and grey-green clay which unconformable overlies thc
Tertiary paleorelief (about 300 m thick).

Coal measures m the basin are ascertained in an area of about 105 km'. The coal mea-
sures consist of the lowest-lying sequence of altemating coal elay and compact xylitoid hgnite
in indistinct contact with the underlying rocks. Upward follovw xylitic lignite seams.
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Deposits overiving the coal measures consist of clays and sands wvith limestone
lenses. 'I'ne coal roof is composed of grey marly clays of a large extent (Nikoli¢ and
Dimitrijevi¢. 1981. 1996).

The coal measures were deformed by strong radial tectonic movements vvhich result-
ed in hlock lhrovvs up to hundred metres.

COAL RESERVES

Coal in the Kosovo coal basin is soft brovwn coal (lignite) vvhich comprises 63.61 %
of all the identified coal (proved. probable. possible) reserves of Serbia. The reserves are
estimated al 18.076.272.000 tons.

All the earlier explorations indicated a coal horizon represented by a thick coal seam
divided in the lower part by gangue interbeds into plates/blocks.

The wvvorkable coal seams dip from the basin periphery to the centre where they are
the deepest (258 m).

The coal seam var>; in thickness. generally increasing with the depth. The greatest thick-
ness of Ihe coal measures (about 90 m). indicated by drilling data, is at Veliki BelaCevac. The
thickness is locally reduced by erosion from the Sitnica river and by subsurface combustion
especiallv in outcrops. This reduced thickness is measured in the southem pari of the basin.
onlv 15 metres near Lipljan, in contrast to 30—40 metres near DobroSevac in the northem area.
Cloal thickness in the central basin is about 100 metres.

CARBONACEOLS MATERIAL

The only coal unit of the Kosovo basin is intersected by inorganic beds. prevailinglv of
clay and carbonate rocks in a variable thickness from 5 m to 100 m. mostly betvween 30 m
and 70 m. Its lovver boundary is indistinct, niarked by stratilied transition to grey-green clays
to the underlying pure clay. The unit is directly overlain by grey clay wvliich passes into clay.

Classified on the carbonaceous material, the coal is soft brovwn coal. with hylite prevailing
(about 80 %). It contains moisture by 40-50 % on average. ash 15 % (occasionally to 25 %),
sulphur about 1 %. and has the calorific effect from 5800 to 10.450 kJ.

Petrographie Properties

Petrographic examination (Nikoli¢ and Dimitrijevi¢, 1981) indicated prevailingly xyli-
tic content in the carbonaceous material of Kosovo coal (Tab. 1).

Table 1

Petrographic content (%
Average saniple Detrit -texto Textite-gelo Fusite
37.20 60.32 2.48

Textite-gelo is comprised by 60% in tlie carbonaceous material, giving the coal a characteristic
of maximum xylitization. It occurs in xylithic fomi of very well preserved vegetal structure.
Fusite content is lovver. or only occasionally increased
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Physical Properties

Xylitic coal (Nikoli¢ and Dimitrijevi¢. 1981) lilis mostly preserved the woody struc-
ture and is always lower in inorgitnic material. It usuaUy takcn upper p;trts of the coal se;tm.

Earthy parts ol' the soft brown coal (lignite) lie lovver in the coal seam. anti are
composed of small peat bog plants.

Depending on the type. physical properties of coal are varied.

Carbonaceous material is clark brown in colour. Where e;trthy coal has long been exposed
to air. the carbonaceous material has obtained an ashy ftlm giving the coal a mottled
appearance. Its fracture is irregular and it breaks into varishaped lumps. Woody coal
fracture is ftbrous. On the whole. the lignite is unstable in air. and unsuitable to lay in
stock.

Chemical Properties
Classified on chemical properfies, Kosovo coal is assigned to the group of soft

brovvn coals of low carbonization level.
In respect to the ash content. the coal is divided into four classes:

Class 1 ashto 12% calorific effect 9210 kJ/kg or more
Class 2 ash from 12to 17% calorific effect from 7955 to 9210 kJ kg
Class 3 ash from 17to 21% caloriftc effect from 6700 to 7955 kJ kg
Class 4 ash 21% or more caloriftc effect from 5440 to 6900 kJ k«

The use of class 4 coal of 6200 kJ calorific value as fuel in povver plants is out ol
question.

1 Table 2
Aualysed with total with oist. of vvithout vvithout Ash analysis
parameter moisture anal. sample moist. mpist. and ash Constituents
% % % % Sio, 28.33
Moisture 48.80 17.89 - Fe20, (>35
Ash 12.28 16.69 23.98 - A1,0, 9.35
Sulphur tot. 0.74 1.20 1.46 - CaO 37.rr
Sulphur in ash 0.62 10.10 1.23 - MgO. 475
Sulphur comb. 0.12 0.19 1.23 0.30 - SO, H).8h
Coke 28.15 45.14 54.97 40.77 P,0. 0.25
C fix 15.87 25.45 30.99 40.77 TiO, 0.56
Volatiles 23.05 36.97 45.03 59.23 Na,0 0.82
Combustibles 38.92 62.42 76.02 100.00 K,0 0.38
UCE. kt 9623 15480 19619 24895
LCE, k! 7950 14226 17762 23430
CO; 2.66 4.26 5.19 6.85

The coal quality, on the basis of chemical analysis of coal samples (Nikoli¢ and
Dimitrijevi¢, 1981) given in Tab. 2, is the following.
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I lernentarv chemical analysis (Tab. 3) gives the following results.

Table 3
Element wvith total with moist. of vvithout with moisture
<Z moisture anal. simple moisture and ash
Carbon, C 25.5fi 40.94 49.92 65.67
llvdrogen, Il 2.28 3.67 4.4" 5.68
Sulphur comb. 0.12 0.19 0.23 0.30
Moisture + 0 10.96 15.57 21.40 28.15

The sludied qualitative properties of coal (ash. combustibles. LCE) wvith the wvvaste
rock thinner than 0.5 m. vvere expressed for Kosovo lignite in terms of 45 % moisture
content irrespective of the content of combustibles and ash in the coal. This quality
evaluation is nol accurate enough. because the total coal moisture depends onthe rates of
combustibles and ash. and on the geological situation of coal seams. as well. The menli-
oned estimate reduees the value of a lovv-calorific coal even to the uneconomic reserve.
and overeslimal.es the pure coal. giving a false picture of the coal quality.

This can be avoided by using the methodology for equal criteria of the estimate of
quality and for actual moisture in the deposit. All the coal quality parameters therefore
have to be reinterpreted. and all inadequacies of coal sample rectified. for a more accura-
le evaluation of coal. particularly moisture and ash contents, LCE. and volume.

The reevaluation of Kosovo coal requires the use of an adopted methodology for
unification of crileria on coal quality assessment. because studies and tests of coal perop-
erties were carried out under different conditions and using different criteria and sampling
tecliniques. and laboratory tests vvere made by different standards or the standards vvere
not strictlv observed.

Hence. individual coal quality parameters wvere not equally represenlative or equally
reliable. or sufficiently tested. A unified methodology. however. will permit a comprehen-
sive studv. analysis and correlation of all relevant data. irrespective of the time of or
eonditions under or standards by which the tests were conducted.

The methodology for coal quality criteria unification should include certain mining
and geological information, such as the number and thickness of vvaste interbeds. lheir
petrological compositions, or coal seam structure and texture. areal variability, rates of
different coal types and varieties (xylitic, earthy. amorphous, clayey, etc.).

The quesiit)n is: Is there a difference in some chemical values betvveen Belafevac
and Dobro Selo. twwo major economic coal fields?

The examined qualitative parameters of coal samples from Belaevac and Dobro
Selo, compared netween the two fields and with average values for the basin. show only
slight variations.

The inference based on all analytical data is that carbonaceous material is almost uniform
throughout lhe Kosovo basin. A difference is noted only in the calorific effect, depending on
the part of the seam sampled; lower parts have lovver calorific effect than the upper parts of
the seam. The same may be stated of the ash content, as the lowest and the highest parts of
ihe coal seam are mixed with various inorganic materials vvhich give more ash.
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D. Dimitrijevi¢ (estimated on 45% moisture) Table 4
Parameter % Belacevac Dobro Selo Average for basin
Moisture 45.00 47.00 48.80
Ash 14.48 14.45 12.28
Sulphur total 0.78 0.74 0.74
Sulphur in ash 0.72 0.69 0.62
Sulphur combustible 0.25 0.30 0.12
Coke 29.80 29.31 28.15
C-fix 15.60 15.16 15.87
Volatiles 24.60 23.69 23.05
Combustibles 40.52 38.85 '38.92
CO, in minerals 2.75 2.85 2.66
LCE, kd/kg 8180 7290 7950
UCE, kJ/kg 9680 9290 9623

Average LCE values for five coal fields are the following:

1 Sibinovac north 7500 kJ/kg
2. Sibinovac east 8100 kJ/kg
3. Krudevac 7500 kJ/kg
4. Dobro Selo 7618 kJ/kg
5. BelaCevac 8120 kJ/kg

The average LCE is the highest for Belacevac. followed by Sibnica east field. Other
qualitative parameters are similar for all fields. Thus lignite of BelaCevac is the best by
its calorific effect.

COAL USABILITV

Lignite ol' the Kosovo coal basin has been studied also in laboratory and partlv in
semi-industrial plant for its chemieal and teclinological properties. Partieular consideration
was given to the enrichment and technological processing.

Tested coal has high moisture and ash contents and low calorific effects. However. a
good processing and enricliment can extend its usability. If dried by Fleessner method
(using saturated vapour under 25-30 atm. pressure). Kosovo lignite can be transformed
into lump coal with up to 20 % moisture. 11-16 % ash. and calorific effect of about
16.736 kJ. Dried coal can be used in semi-coke production.

CONCLUSION

The tested cjualitative properties of the earbonaceous material of Kosovo coal indica-
te soft brown coal of low quality. About 80 % of the carbonaceous material is xylite.

The coal (ash. combustibles. LCE) with vvaste interbeds thinner than 0.5 m contains
45 % of moisture irrespective of the rates of combustibles and ash. This qualitative esti-
mate practice is considered inaccurate. 4 methodology is proposed for unification of the
qualitative coal estimate criteria based on the actual moisture content in the deposit.
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As to the coal usability. its poor quality allovvs its use prevailingly as fuel in power
piants. There are some indieations. hovvever. and even laboratorv and semi-industrial test
data. that the coal. il' well processed and enriched. could be used in the production of
semieoke. briquetling. and gasilication.
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