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KBAJIHTET YrJLA 
METOXHJCKOr YrJLEHOr EACEHA

offl

J],HMHTpHja Jl,HMHTpHjeBHha*

y  pany cy jiaTH napaMeTpH kojh npyxajy MoryhHocT na ce nonecv ojtpeijeHH 3aKJi,yiun o KBaJiHTeTV 
jinrHHTa, jio cajja nejj0B0.T>H0 Hcrpa>KeHor MeToxnjcKor 6acena.

H3BpuieHa je  HHTepnpeTannja MHKpocKoncKHX HciiHTHBaiba ncTporpatjicK or cacraBa yrji>eHe MaTepnje. 
3aTHM cy jjaTa f.|)H3HWKo-MexaiiH'iKa h  xeMHjcK0-TexH0Ji0uiKa CBojCTBa. Ha 0 C H 0 B y  cbhx obhx pe3yjiTaTa 
yKa3aHa je  MoryhHocT ynoTpe6jtHBacTH o b o t yrjba.

Kjlvimc pen: TeKCTHT- rejio, jjeT|)HT—tckcto , t{)y3HT, kchjiht, K apoT a*, khjio- ij^ jih , XHjipo- BJiara Tep, noBJia- 
Ta h nojjHiia.

OCHOBHE rE0.10IIIKE KAPAKTEPHCTHKE

MeTOXHjcKH 6aceH Tepu,iijapne c T a p o c n i  3axBaTa 3aiiajjny nojioBHHy KocMeTa, 
npocTHpyhn ce na noBpniHHH o j i  1.700 km . To je TeKTOHCKa noTOJiHHa K o ja  ce y Mop- 
4) o j i o u i k o m  rior jiejiv MO*e nojjejiHTH na TpH jiejia: 1) ceBepHO-nehKH jieo h j i h  MeToxnj- 
c k h  6aceH; 2) tjaKOBHHKH jieo (cpejiHinifcH) h  3) nph 3peh cko- cybope' ikh  h j i h  I IojrpHMJbe.

reojioniKy rpal)y o6ojja MeTOXHjcKor 6aceHa MHHe BeoMa pa3HOBpcHe TBopeBHHe. 
HajcTapnje cTeHe MJialjer najie030HKa (c})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 r opn>e Kpejie BeoMa cy pacnpocTpaibeHH Ha 
ceBepoHCTOHHOM, hcto'ihom h jyr03anaj(H0M j(ejiy 6acena h to ca MacHBHHM pvjjhcthhm 
Kpe'iH.aijHMa, rjiHHOBHTHM Kpenn>anHMa h JianopnHMa.

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

y  JiHTorjianiijaJinoM norJiejiy y cejiHMeHTHMa MHoneHa Mory ce  injiBojHTH ( B o k č i ć ,  
1970, 1970a, 1971-1972): npoJiyBHjajiHO-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, rjiH H e, ncm 'iapn h Jip.

CejiHMeHTH jjOH>er njiHoneiia otkphbchh cy Ha B eh eM  iipocrrpaiicrrBy y nehKO M  jiejiy 
MeToxnje.

HHCTHTyT 3a pernoHajiHy leojiornjv h najieoHTojiorHjy PyjtapcKo-reoJiouiKor 4)aKyjiTeTa 
YHHBep3HTeTa y Beorpaj(y, Ka.Menn'iKa 6, Beorpaji.
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C eflH M eH T H  n o H T C K e y rJb O H O c H e  c e p n j e  M e T o x n jc K o r  f i a c e H a  M o r y  c e  n p e M a  M a K -  

C H M O B H h  h  /(p . (1963) pamHJiaHHTH Ha c j i e / j e h e  oflejbKe: nojjHHCKH o n e j t a K ,  y i  Jbefin 
c j io j  h noBJiaTHH o/ieji,aK.

Ce^HMeHTe iiohhhckoi' ojiejbKa ’iHHe: 6a3aJiHH KOHrjioMepaTH, uiJbyHK0 BHT0 -nec- 
KOBHTe cTeHe h rJiHHe.

Ce^HMeHTH noBJiaTHor o^ejbKa cy H3rpaf)eHH 03  necKOBa h Jianopai^a.
M3flaiiKe h nojaBe yrjba y o k o j ih h h  riehn  h jipyniM jioKajiHTeTHMa MeToxnje h c- 

TpaacH B ajio  j e  BH iiie  H C T p a *H B a Tia . Me^y ibHMa B o k č i ć  (1970) y K a 3y je  ^ a  c y  H a jsH a- 

HajHHjn yrjbeHH cjiojeBH Ha 3aBpmeTKy npojiyBHjajiHO-ajiyBHjajiHe h na noqeTKy jesep- 
CKe cjiannje, H3/ iBojeiiH  Kao: h o ^ h h c k h , rJiaBHH h noBJiaTHH yrJbeHH cjioj.

noflHHCKH yrjbeHH cjioj flefijbime f l o l m  npejjcTBJheH je HajBehHM j^ejioM yrjbeBHTHM 
iJinimiiMa. I jiaBHH yrjbeHH cjioj, yKynHe j(e6jbHiie oko 3 MeTapa, HHjy nojioBHHy cjioja npefl- 
CTaBJba 'incra yrJbeHa MaTepnja. TopiLH jjeo cjioja 'iHHe rjimiii,H. IIoBJiaTHH yrjbeHH cjioj 
jie6jLHHe 1,30 MeTapa, ofl 'iera Ha 'incTy yrjbeiiy M3Tepnjy j(OJia3H 0,50 MeTapa.

OcHOBHe TeKTOHCKe KapaTKepncTHKe n o K a 3 y jy  HHTeH3HBHo pacejjaibe ca m c c t h -  

m h h h h m  C T B a p a ib e M  6 ji0 K 0 B C K e  rpalje. Ha nojeflH H H M  MecTHMa (TyHencKO nojbe) 3ana- 
»ceHH cy pacejiH ca c k o k o b h m 3  K ojH  H3HOce 2-3 , na h  neK O JiH K o jjeceTima MeTapa.

Y  norjiejjy pe3epBH yrJba MO*e ce KOHCTaTOBaTH Jia jjo j(anac carJiejiane reojiouiKe 
pe3epBe noHTCKor yrJb0H0CH0r cjioja y nehKOM jiejiy MeToxnje h3hoch oko 2 MHJinjapjie 
TOHa yrjba. Me^yTHM, HHje no3HaTa yrjbOHOCHOCT iuiHoneiicKHX cjiojeBa y npH3peHCKO- 
-0pax0BaHK0M jiejiy, Kao hh yrjb0H0CH0CT Miionena y nehKOM Jiejiy MeTOXHjcKor yr- 
jbeHor 6aceHa.

KBAJIHTET YTJbA METOXHJCKOr YrJbEHOr BACEHA

Yrajb yrjbeHor cjioja MeToxnjcKor yrjbeHor 6aceHa j e  cjiii'iiior KBajiHTeTa Kao h 
JiHrHHT 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 cjihkc o  KBaJiHTeTy yrjbeHe MaTepnje, nouuio ce 
ofl cjiejjehHX ocHOBa -  eTaJioHa: npopa'iyn Ha 45% BJiare; npopa'iyn Ha 0% BJiare 
(cyuieHH yrajb Ha 105 °C) h npopa'iyH Ha 'iHciy ropHBy cyiicrranny (6e3 BJiare h nenejia). 
TaKotje, H3BpmeHO je h KJiacnpaite JiiiriiHTa o B o r  nojipy'ija, h to: 

hciioji 5443 kJ/kg BaH KJiace
5443-6700 kJ/kg IV KJiaca
6700-7955 kJ/kg III KJiaca
7955-9211 kJ/kg II KJiaca
H3Hajj 9211 kJ/kg I KJiaca

IleTporpatjjcKii cacTae yr.i.ene Marepnje

T a 6 e j i a  1. ric-iporpacj)CKH cacraB  yrjbeHe MaTcpHje (JI,HM HTpHjcBH h, 1990)

C p e j i i L a  n p o 6 a r ie T p o r p a c h c K H  c a c r a B  ( % _____

H e p T H T —TeKCTO T c k c t h t  r e j i o (J)V3HT

3 8 , 0 5 6 , 0 6 , 0

Kao h  KOfl y r j b e H e  M a T e p n je  KocoBCKor y r j b e H o r  6 a c e H a  n p e o B J ia j j a B a  T e K c -  

t h t —r e j i o ,  M H K pojiH T O T H n K o jn  y c T B a p n  i ip e j ic 'r a B J b a  j ( p B e n a c T y  M a T e p n jy  H H C K or c T e -  

n e H a  K a p 6 o H H 3 a i;H je  ( k c h j i h t ) .  3a  p a 3 J iH K y  oj; K o c o B C K o r  J in rH H T a  3 a n a * a  c e  B e h H  c a -  

flpacaj cjiy3H T a u i t o  My h  j i a j e  H e iu T O  j i p v r a ' i n j e  n e T p o r p a c f ic K e  o c o 6 )H iie .
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OlI3HHKO-MeXailHHKe ocoolllie

y cTpyKTypH yrJheHe M aT epnje , K ao iu to  j e  h yK33aJia neTporpacJ)CKa aHaJiH3a, 
npeoBJia^yjy kchjthtcko-  jjp Be iiacT e M aT epnje . Y r a jb  je  HenpaBHJiHor npejioMa, 6oje 
CBeTJie jio TaMHO CpaoH, p e i)e  TaMHO MpK. CiienHC^H'ina Te>KHiia y u b a  K p eh e  ce oji
1 ,1 -1 ,6 uito  3aBHCH o n  KOJiHHHiie MHHepajiHHX M aT epn ja  y ite M y , j e p  ca  HjHxobhm  
nopacTOM  p acT e  h  cnenH cJiH 'ina Te>KHiia.

PeoMexaHH'iKa HCimTHBaH>a cy noK a3ajia , jia  OBe ocoSHHe He noK a3yjy  KoimiHyHTeT 
BpejjHOCTH, n o  npocTH pait.y  cjiojeBa. IlpoM eH e cy KaKo y X0pH30HTajiH0M, TaKO h y Bep- 
THKaHOM cMHCJiy. H aj6o jbH  npHMep je  npoM ena Bojje y  ajieBpHTCKoj rJiHHH W=20, 40-38, 
85%. M c ie  pa3JiHKe ce  jaBJbajy h koji oj(pet)HBaiha napaM eT apa HBpcTohe TpHaKCHajimiM 
onHTOM 3a ajieBpHTCKy rJiHHy Kojn h3hoch 7,65-25,57 h C=40,00-99,00 KN/m , a 3a Jiano-
poBHTy rjiHHy 10,48-24,50 h  C=35,00-10,00 KN/m2. Kojj jejiiioaK C H ajm or onHTa obh n ap a -2
M eTpn cy 3a ajieBpHTCKy rJiHHy 172-28,7  h  C=19,00-73,00 KN/m , a 3a cHBy jianopoBHTy2
rjiHHy cy 15,00-25,00 h C=38,00-74,00 KN/m . IIpH onHTHMa jinpeKTiio cMHnaii>e nojaBHJie 
cy  c e  c jie jie h e  pa3JiHKe y  pe3yjiTaTHMa h  to: 3a ajieBpHTCKy rJiHHy 11,17-22,30 h  

C=5,00-28,00 KN/m2, a 3a c HBy rjiHHy 11,17-22,30 h  C=2,30-28 ,00  KN/m2 (EjiaSopaT 
E llC -a , 1989).

I lp e M a  HaBej^eHOM, Mosce c e  3aKJbyTiHTH j^a je  T epeH  flocT a x e T e p o re H , ca  bcjihkhm 
6po jeM  MHKponyKOTHHa, K oje ycJioBJbaBajy MecTHMH'iny no jaB y  no jj3eM iinx  Bojja.

K a p o T a * H a  HcnHTHBaiba (rpeoc|>H3HHKa) o6aB JbeH a cy  Ha 6ymoTHHaMa K T -10, 
K T -23 h  K T -35 (y  npHJiory: iipei Jiejina reojioniKa KapTa HCTpa>KHor nojipyrija), rjje je 
Ha 0CH0By BpejinocTH napaMeTapa H3BpmeHO jihtojioiiiko pauiHJiaibBaibe h CHHMaibe 
jjnjarpaMa y p a3 M ep n  1:200. Y  noBJiaTH yrJbeHor xopH30HTa 3acT ynJbeH a je tjih h ob h to-  
-J ianopoB H T a cepnja, jjok noj;HHy yrjbeH or cjioja, 3axBaheHy KapoTa>KHHM H cn H T H B aibH - 

Ma HHHe JianopoB H T e rjiH He. Y rjbeH H  xoph3oht H 3jjBojen je Ha 0CH0By H3pa3HTHX MaK- 
CHMyMa Ha jjnjarpaMy raMa-raMa KapoTasca, iin o  HiijiHHiipa 3HaTHO Maibe 3anpeMHHCKe 
TeacHHe y r jb e H o r  xopH30HTa y oj^Hocy Ha oKOjrae cTeHe. Y  Kopejiau;HjH ca noBehaHHM 
BpeflHOCTHMa npnpojine pajjHoaKTHBiiocTH h  MHHHMyMa Ha juijarpaMy ra M a - ra M a  Kapo- 
Ta>Ka, H3jiBojeim cy HHTepBaJiH y r jb a  cjiaGnjer KBaJiHTeTa, y rJ b a  ca yrJbeBHTHM TJiHaMa h 
yrjbeBHTHX raH H a.

XeMHjcKH cacTas h TexHOJiouiKa i-BojcTBa yrjba

Y  KOHTeKciy nocTaBJbeH e 0C H 0B e-eT aji0H a npoii,eH aT  n e n e j ia  K p eh e  ce  ojj 3,63%  
kojj 6yuioTHHe K T -38 y3opaK  (149,50-156,00 m), koji 6yiuoTHHe K T -21 y3opaK  
(199,00-199,30 m) Koja je  hhcto jajioBHHCKa KOMnoHeHTa, h caMHM t h m  ca jjpaca j kJ/kg 0, 
Te c e  3a  MaKCHMaJiHy BpejiHOCT y3HMa y3opaK  6ym oTH H e K T -12 (57,15-71,20 m) HHjn je  
ca jjp aca j n e n e j ia  33,54%, u r r o  je  BeoM a bcjihkh p a c n o H  oji; 24,91% a  BeoM a 3 iia 'ia jn o  
o j(c-iy n aH .e  oji c p e ju h e  Bpej[iiocTH k o J h  h3hoch 20,97% 3 a  ije jio  ncTpaacHBaHKO nojbe, a 
iu to  yK a3yje Ha H eyjejjH aH eiiocT  KBaJiHTeTa JiHFHHTa obhx n o jip v n ja . I Ip n  t o m c  TonjioT- 
Ha Moh JinrHHTa 0 B 0 r JioKajiHTeTa K peT ajia  c e  oj^ 0 (K T-21; 199,00-199,30 m ) o j j h o c h o  

3632 kJ/kg kojj 6yuioTHHe K T-12 (57,15-7120) j;o 10748 kJ/kg koji 6yiuoTHHe K T-47 y3opK a 
(145,00-163,00 m) jjo k  cpej(n .a  BpejpiocT oB or n a p a M e ip a  H3HOCH 7366 kJ/kg (III KJiaca).

Y k o j i h k o  ee H3 pa3Maripaii,a H36ai;H KaTeropusaipija n a n  K J ia c a , o j i h o c h o  5443 kJ/kg 
Koja h h h h  14,97% yKynHO HcmrmBaHe jie6jbiiHe cjioja ca cpejin.iiM cajjpacajeM nenejia 
30^7% h  JIOH.OM t o i u i o t h o m  Bpejiiioiiihy oj( 4484 kJ/kg, j(o6nja ce b p c j i h o c t  o j i  7871 kl/kg 
i u t o  He npejjc'1'aBJi.a 3iiaHajan c k o k  y  KBajiHTeiy HCTor.
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Fjio6ajiH O  nocM aTpaHO Haj3HaHajHHje napT H je 0 B 0 r JioKaJiHTeTa cK OHiieHTpncaHe 

cy y II KJiacH 28,75% c a  cpejiitH M  c a p * a je M  n e n e jia  o ^  15,90% y ^T M  o p  8627 kJ/kg, a 
3aTHM cjiejie napT H je yrjba KJiace IV 21,90% (P-24,32% h TM  6135 kJ/kg) III K J ia c a  

20,90% (P-20,22% h  JITM 7340 kJ/kg) B an KJiace h K oja c e  o ^  I K Jiace pa3JiH K yje ca /ip - 
>KajeM nenejia oji 12,00% n JTFM ojl 9885 kJ/kg.

H3 npH K a3aH or M oace ce  3aKJbyiHTH jia  je  50% JiiirHHTa o B o r JioKajiH TeTa H3iia/( 
7536 kJ/kg iH T o  iip e /(C T a B Jh a  3Ha’ia jiio  ca3HaH>e o  KBajiHTeTy najia3H uiT a 3a  6 y jjy h e  iu ia -  
H n p a iL e  e K c i u i o a ' r a n n j e  M C T o x n jc K o r  6 a c e H a .

Cajip*aj cyM nopa  (S) Kpehe ce  y jio c a n a  no3H arniM  rpaH H ijaM a Te He n p e f lC T a B J b a  

H eK y 3 H a 'ia jH y  BejiH'iHiiy K oja M O *e j ( a  y T H 'ie  Ha jiojiaTHO n o ro p iu a H .e  KBajiHTeTa 
JinrHHTa.

HoMHHajiHa B pe^H ocT 0 B 0 r n ap aM eT p a  Hajia3H ce  y rpaH H iiaM a (3a yKynHH cyM nop) 
o ji  0,28-1,83% , j i o k  cTaTHCTH'iKH n a p a M e T p n  (HajBepoBaTHHja BpejiHOCT) h 3 h o c h  0,88%. 
Koec})HHHjeHT Bapnjau;Hje noK a3y je  peJiaTHBHO BHCOKy H ecTa6njiH ocT  o B o r n ap aM eT p a  y 
HcnHTHBaiiHM y3opi;HM a 11 caM O M  Jio K a JiH T e T y . M e^yTHM  n p o M eiteH  o j i h o c  CaO h  S i0 2 
M O * e  j ia  H3 a 3 0 B e j io j ja T H e  T eu iK ohe H a K opH iuheiby  O B o r  ropH B a y B e 3 H 3 a r a f ) H B a ib a  
MOBeKOBe )KHBOTHe CpejIHHe.

E jieM eiiT apH a xeMHjcKa a H a jiH 3 a , yK Jbynyjyhn  ca jip » :a j yrJb eH jiH O K C H jia  (C 0 2) n o - 
K a3yje j i a  ce  pajjH  o b c j i h k o m  p acn o H y  rpaHHHHHX BpejjHOCTH 3a y r jb e i iH K  (C) u i t o  j e  h  

HopMaJiHO aKO c e  y3Me y o63H p fla cy OBa H c n H T H B a ib a  o6aB JbeH a KaKO c a  cpejiHimter, 
TaKo h  c a  o 6 o jjn o r  jie jia  0 B 0 r JioKaJiHTeTa, npn 'ieM y je  p acn o H  iipejjcT aB Jben  Bpejj- 
HocTHMa o j i  13,29-29,06%, cpejjite 22,58%, a  HajBepoBaTHHja BpejiH ocT j e  29,06% ca  
k o e cjiiinnje h t o m B a p n ja n n je  o j i  26 ,29 % .

rp a i iH 'iiie  BpejjHOCTH o c rrajiHX n ap aM eT ap a  obhx ncnH TH Baiba He noK a3y jy  TaKo Be- 
JiHKe p acn o H e  je p  c e  y cyiUTHHH paflH o  MajiHM HOMHHajniHM BpeflHOCTHMa pejiaT H B iio 
6jiHCKe cajip>Kajv BpejuiocTH  3a n e jin  jioKaJiHTeT.

y r jb e n j iH O K c i i j i  (C 0 2) y M H H epajiH O M  j i e j i v  y r j b e H e  n a p r a j e  ' in je  c e  r p a n n ' i n e  Bpejj- 
h o c t h  K pehy y HHTepBajiy o j; 0,84-2,39% , cpejiibe 1,47% n p n  B Jiarn  o j i  45%, u i t o  npejj- 
c T a B Jb a  H a n p o p a 'i y H  0% BJiare siia'iajnv B p e jiH o c T  o B o r n a p a M e T p a  ca K ojH M  c e  M o p a  
p aH y H aT H  n p n  n p o je K T O B a H .y  e H e p e T C K o r  K a n a u H T e T a .

XeM HjcKa a H a J iH 3 a  n e n e jia  y r jb a  no K a3 y je  H H T e p e c a H T H e  B p e j in o c T i i  ' in j a  o 6 ja iu ib e -
11, a  ce  H ajia3e y  reojiouiKHM KapaKTepHCTHKaMa caM o r T epeH a. TJiaBHa K ap aK T ep iic th K a 
obhx  HcnHTHBaita je  BejiHKa KOJiH'imia S i0 2 y oH ocy Ha c a j ;p * a j  CaO Kojn je  y  paHHjHM 
HcnHTHBaibHMa M e T o x n jc K o r 6 aceH a  noK a3HBao T eiij(eim H jy Beher c a jip a c a ja  y o ju io c y  
H a KajiHHjyM (CaO) h  y o jin o c y  Ha c a 3 H a ib a  H3 3HaTiio BHiue n c rip a > K H B a n o r  h  e K c n j i o a -  

THcaHor K ocoB C K or 6aceH a.
OBaKBa pacnojiejia KaJiiiHjyMa (CaO) h CHJiHii,HjyMa (S i02), npejicT aB Jba nHrra u .e  He 

to jih k o  eKcnJioaTau,H je B eh  K o p m iih e ib a  Jinn iH T a OBor JioKaJiHTeTa aKO c e  y3Me y o63H p 
cajipacaj cyM nopa (yKynHH cyM nop). y  TepM oeHepreTCKHM  n o c ip o je ib H M a  HeMa T aM no- 
Ha-cfiiiJi’ip a  (CaO) K ojh 6 h  a 6 c o p 6 o B a o  OBe KOJiii'iHiie cy M nopa  Te c e  nocT aB Jba nH Taibe 
eMHCHje cyMnopHHX OKCHjia H3 obhx  n o c T p o je ib a , a u it o  y cyuiTHHH npejjcT aB Jba n o r o p -  
u ia ib e  KBajiHTeTa J in rin iT a  h  nocT aB Jba jiojjaTH e n p o 6 jieM e  y 3auiTHTH 'lOBCKOBe >k h b o t - 
He cpejiHiie.

Ha 0CH0By 6pojHHX Hajia3a yTBpt)eHO je  jia yrajb H3 OBor yrJb0H0CH0r nojba canp- 
* h y npoceK y:
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а) TexHH'iKa aHaJiH3a

W BJiara.....................................................................31,697
A n en eo ...................................................................... 25,554
Su cyMnop yKynHH....................................................... 1,061
Sp cyMnop y nenejiy ................................................... 0,672
Ss cyMnop caropjbHB..................................................0.370
Kokc............................................................................ 39,401
C - f ix .........................................................................  15,388
McnapjbHBe MaTepHje...........................................27,126
Sm caropjbHBe MaTepnje......................................  42,783
A T M kJ/kg...................................................................  2156
JJTM kJ/kg...................................................................  9046
St cneijHcJjHHHa Te>KHHa g /c m ..................................1.369

3
Zt 3anpeMHHCKa Te^KHiia t /m ................................... 0,491

б) EjieMeHTapHa anajnoa

C -  yrjbeHHK................................................................. 24,64
H -  BOflOHHK.................................................................... 2,51
N+O -  (a30T H KHCeOHHK).......................................  13,05
Ss (cyMnop caropjbHB)................................................. 0,31

n) AHaJiH3a nenejia

C 0 2......................................................................................1,87
S i0 2 ................................................................................  46,70
A120 3 ................................................................................  9,86
Fe20 3 ............................ ...................................................  9,95
C aO ...............................................................................  19,46
M g O ................................................................................  3,45
T i0 2 .................................................................................... 0,39
S 0 3 ..................................................................................... 7,55

A H a jiH 3 a  xeMHjcKor c a c T a B a  je n o K a 3 a J ia  ^a y K y n H a  je  B J ia r a  y y r j b y  f lo c T a  BejiHKa 
h Kpehe c e  o j i  36-58% , a  B J ia r a  'i n c T e  y r j b e H e  M arepnje 6 e 3  M H H e p a J iH o r  n e j i a  h 3 h o c h  

o k o  60%. Be3ana (x H /tp o )  B J ia r a  y r j b a  o,n 10-18% , a o c T a jiH  f le o  y K y n H e  B J ia r e  je r p y 6 a  

B J ia r a  Kojy y r a j b  JiaK O  r y 6 n  iipn cTajaity Ha B a 3 jiv x y .

Cajtpacaj M H H epaJiH H X  n p H M e c a  je jaK O  n p o M e H Jb H B  h  K p e h e  c e  o ji 6-30% . Canpacaj 
cyMnopa H3HOCH 1,2% (y K y n a H  cyMnop), o^ ' i e r a  H a  Be3aHH cvMnop oTria/ia Behn fleo, a  

M a ib H  H a c a r o p jb H B  f le o .

JT,oii>a TonjioTHa Bpe^HOCT y npoceKy je  9.623 kJ/kg pa'iyHarro Ha yrajb ca BJiaroM. 
K oji jaKO M H iie p a j iH 3 0 B a H 0 r  y r j b a  J io ih a  TonJionia BpejiHOCT jaKo onajja.

^ H C T a  y r jb e H a  c y n c T a H i ia ,  6 e 3  B J ia r e  h  n e n e j i a ,  c a jjp > K n  y  n p o c e K y  o k o  10% K aT - 

p a H a  ( n p n p o / u i o r  T e p a ) .
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ynoTpe6jbHBocT yrjba

yrjbeH a MaTepnja MeToxnjcKor y r jb e H o r  6aceHa, i i o u i to  c e  n o  cBojHM KBajiHTa- 
t h t b h o —KBaHTHTaTiiBHHM ocofiiiHaMa He pa3JiHKyje MHoro ofl yrjbeHe MaTepnje K o c o b -  
CKor y rjb e H o r  6aceHa, t o  je  H>eHa yn0Tpe6jbH B0C T cJiHHHa Kao h  k o jj oBor 6aceHa.

y c jie ^  BHCOKor caflp»caja B Jiare h n e n e jia  K ao 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 M o*e jio6hth HBpcT 
KOMa^HH yrajb j(o6por KBajiHTeTa, Te ce  H>eroBa ynoTpe6a M o*e npouiHpHTH. I Ioihto y 
ce6H cajip>KH 3iianajHy KOJiii'inny npnpojtnor Tepa yrjbeHa MaTepnja ce Moate 6pHKerra- 
paTH, 6e3 j(oj;aBan>a Be3HBHor MaTepiijajia.

3AK.IbyHAK

H a 0CH0By npHK33aHHX pe3y jiT aT a  HcnHTHBaiba KBaJiHTeTa y r jb a  M e T o x n jc K o r 6 a -  
ceH a Moace ce  KOHCTaTOBaTH j( a  je  yrjbeHa M a T e p n ja  o B o r 6 aceH a h c t o t  h j i h  c j i h ' i i i o i '  

KBajiHTeTHor cacT aB a K ao h  y r a jb  K ocoB C K or y r jb e H o r  6aceH a.
IIpeKO  50% JinrHHTa HcnHTHBaHHX JioKajiHTeTa HMa TonjioTHy Bpe/iiiocT iriiiaji 

7536 kJ/kg uito npejjcTaBJba 3Ha>iajno ca3Haibe o KBaJiHTeTy Hajia3HHiTa 3a 6 y jjy h e  
nJiaHHpaHe eKcnJioaTannje MeT0XHjcK0r 6aceH a.

IHto ce TH'ie ynoTpe6jbHBocTH yrjba, Moace ce KOHCTaTOBaTH jja ycjie/( BHCOKor 
cajip>Kaja BJiare h nenejia  Kao 6ajiacTa h j(0 C T a  HHCKe TonJioTHe BpejjiiocTH, u>eroBa 
ynoTpe6a ce yrjiaBHOM cbojjh H a caropeBaibe y TepMoeJieKTpaHaMa. Met)yTHM, iberoBHM 
onjieMeibHBaibeM, npe cBera cymeibeM, a HMajyhn y BHfly fla yrjbeHa MaTepnja canp*H  
3iia'iajny KOJiH'iHiiy iipiipojjHor Tepa, mo>kc ce H>er0B0 KopHiiiheii>e npouiHpHTH 3a 
jjo6)Hjan>e hobhx npojiyKaTa.
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RANK OF METOHIJA LIGNITE

by
*

D im itr ije  D im itr ije v ić

The parameters vvhich are inđicative of the rank of lignite from  the inadequately investigated Meto- 
• hija basin are considered in this paper.

M icroscopic analysis of petrographic composition of the carbonaceous m atter is interpreted, and phy- 
sical and mechanical and chem ical-technological properties are given. The usability o f the lignite is indi- 
cated on all o f the analytical results.

Key words: T exitite-ge lo , detrite-tex to , fusite, xylith, logging, k ilo -Ju le , m oisture, tar, roof and floor.

GENERAL GEOLOGY
2

The Teitiary Metohija basin occupies the westem half of Kosovo, an area of 1700 km . 
The basin is a tectonic depression composed of three morphologic units: (1) northem Peć or 
Metohija basin; (2) Đakovica (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 (B o k č ić , 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 Peć unit.
Pontian coal measures in Metohija basin can be divided (M ak sim o v ić  et al., 

1963) into: floor, coal seam, and roof.
The underlying, floor division is composed of basalt conglomerates, gravelly-sandy 

rocks, and clays.

University o f Belgrade, Faculty o f M ining and Geology, Institute o f R egional Geology and 
Paleontology, Kamenička 6, 11000 Belgrade.
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The overlying, roof division consist of sands and marls.
Coal outcrops and occurrences near Peć and other localities of Metohija were noted

by many geologists. One of them, B o k č ić  (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, up to 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 (Tučepsko Polje) throws from 2 -3  to tens of metres.

The geological reserve of Pontian coal in Peć of Metohija is estimated at two milli- 
ard tons. Coal reserves in Pliocene measures of Prizren-Orahovac region and in Miocene 
deposits of Peć 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 to 6700 kJ/kg Class IV
from 6700 to 7955 kJ/kg Class III
from 7955 to 9211 kJ/kg Class II
9211 kJ/kg or more Class I

Petrographic Composition of Carbonaceous Material

Table 1. Petrographic composition of earbonaceous material ( D im i t r i je v i ć ,  1990)

Average sample
Petrographic content (%)

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/m2 for 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 III).

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 II, 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 III (ash 20.22 and LTE 7340 kJ/kg). unclassified. and Class I 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 S i0 2 rates may cause 
additional environmental problems for use of this coal.
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Elementary ehemical analysis, including that of carbon dioxide (C 02) 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 (C 02) 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 S i0 2 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 (S i02) 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 (CaO) 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

Sp......................................
Ss, combustible sulphur
Coke.................................
C -fix ................................
Volatile m atter...............
Sm, combustible...........

W, moisture content
A, ash........................

LHE, kJ/kg. 
UHE, kJ/kg
St, specific gravity, g/cm3 
Zt, volume weight, t/m3 ...

Su, total sulphur

31,697 
25,554 
. 1,061 
. 0,672 
. 0.370 
39,401 
15,388 
27,126 
42,783 
.. 2156 
.. 9046 
. 1.369 
. 0,491

b) Elementary analysis

C, carbon................................
H, hydrogen...........................
N+O, nitrogena and oxygen 
Ss, combustible sulphur.......

24,64 
. 2,51 
13,05 
. 0,31
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c) Ash analysis

co2...
S i02 .. 
A120 3 
Fe20 3 
CaO . 
MgO 
T i0 2.

.. 1,87 
46,70 
.. 9,86 
.. 9.95 
19,46 

. 3,45 

.. 0,39 

.. 7,55S 0 3

The chemical analysis has shovvn 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.

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.

CONCLUSION
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