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NEXNWTA MUHEPANTHUX CNPOBUHA - CITES MLUEKATIX

METPOIrPA®CKE NMPOMEHE KOCTOJTAUHKOITr MEKOI" MPKOI™ ¥TJbJ1
MNP KATATMTUYKOJ XNAPOIMEHU3ALMNOHOJ IMKBE®AKLNIN

of

Mapka Epuerosua*, borgaHa Anekcuha**, Onre
LiBeTkoBMh*** BpaHucnasa MapkoBuha**, bojaHe
Anekcnh** n Oparomupa Butoposumha***

Y okBMpY npoyyaBaka MOryhHoCTM fobujara TEYHUX ropuBa XMAPOTreHU3aLMoOHOM NUKBehaKLnjom fo-
mahux yribesa, y 0BOM pagy je nabopaTopujcKn NCMUTUBAH MEKN MPKMW yra/b U3 KocTonaykor nexuwta (ApMHo,
Cpbuja). KatanuTuuka xmaporeHumsaymja yriba je n3sofjeHa Ha temnepatypu fo 440°C n nputucky go 15.0 MPa.
y Tpajaty [0 8 yacoBa. YUBpCTM oCTaTaK yr/ba, 3a0CTao Mo OfBajatby TEYHUX NPOM3BOAA U KaTannsatopa. Ucnu-
TWBAH je MWKPOCKOMNCKMW, Na cy netporpadcke NpoMeHe, KopenucaHe ca ycnoBuma nukeedakumje n penepaHT-
HUM XEMUWjCKUM nojauunma, kopuiheHe 3a yTBpfinBatbe peakTMBHOCTM KOCTONAYKOr Yr/ba NpU KaTaiUTUYKO] Xu-
L pOreHn3aLMoHoj NukeBedakLumnjn. Y oueHo je fa ce YBpPCTM ocTaTak CacToju OA 3pHa pasnMunTuX BpcTa U3Mmete-
HOT yr/ba ¥ HOBOHACTAaNMUX BPCTa. KA0 U MUHEpPanHor matepujana. Maentndukosano je 12 pasnuunTux KaTero-
puja 3pHa 1 BUXOB NeTporpacky cacTas 1 ONTUYKe 0CO6MHE Cy leTa/bHO aHann3npaHu.

Manu yaeo 3pHa Henspearosanor v SeNMMUYHO N3pearoBanor yriba y UspcTum octauuma 61o je noTep-
[la BUCOKE peakTUBHOCTM KOCTONMAYKOr yr/ba y npouecy nukeedakuuje. Y aeo 3pHa u3pearosanor yriba, Koja
nocTajy y NOYeTHOM CTYNkY XUAPOreHun3aLnje, Huje MHOro 3aBMCUO Of, eKCnepuMeHTanHux ycnosa. ykasyjyhu Ha
CANYaH CcTeneH pasnarakwa yriba 6e3 063upa Ha NpuMerbeHe ycnoBe. 3pHa rpaHynoBaHOr ocTaTka cajp)asana
CY U YI/beHY CyncTaHuy. anu je ogpefunBame weHe KoNnynHe 610 Tel Ko jep je 6uno HemoryhHo fa ce npeynsHo
ofpefun cagpxaj MuHepanHux npumeca. OAcycTBo Xymonnacta Melly 3pHuma Takofe je ykasusano Ha fo6py pe-
aKTMBHOCT OBOT Yyr/ba. Haj3ag, Mano yuewhe Kokca v NOAyKoKca y UBpCTUM ocTauuma, 6uno je jow jegHa noTep-
na pobpor nsbopa ycnosa nuksedakumje, npu Kojuma je cmarbeHa MoryhHoCT cTBapaka Me3odaszHuX Npons3eoaa.

KrbyuHe peun: Mekn MpKK yrasb, NTMKBedakLmja, YBpCTU ocTaTak. MUKponeTporpacka aHanusa. Kocronadu,.

Vmajyhn y Bugy foOKasaHe reofiollke pe3epBe MeKOr MPKOr yr/ba (AUMrHuTa) u3s
KocTtonua v noTpebe fa ce HUCKOKaNOPUYHU YribeBu ca BehuM cagpxajem MUHEpanHUX
npuMeca paunoHanHuje KOPUCTe Kao OMMEeMeweHe CHPOBUHE, fleTa/bHO Cy UCMUTaHe Mo-
ryhHOCTM HeroBor Kopuwheta 3a gobujabe TEYHUX FOPUBa KaTaNUTUUKOM XMAPOTeHN-
3aumjom. McnutuBawa npeactaB/bajy feo nporpama npoy4vyaBawa MOryhHOCTWM .TLUKBe-
thakuymje gomahux yrieeea (v noroyjc €l al., 1991; 1994).

*WHCTUTYT 3a pernoHanHy reoNornjy n naneoHTonornjy Pynapcko-reonolkor gakynteta YHusepsunTe-
Ta y beorpagy, KameHunuka 6.11 000 beorpag.

*UXTM, LleHTap 3a Katanusy v XeMuUjcKo MHXewepcTBO. berowesa 12.11 000 beorpag.

= AXTM, LleHTap 3a xemujy, bberowesa 12,11 000 beorpag.



EKCMNEP MMEHTAJLWIW AEO

3a KaTanuTMyKy XnaporeHusaumnjy ogabpaH je cpegry y3opak poBHOT yr/ba ca no-

BpWMHCKOT Kona ApmHo (KocTonay) ocyleH Ha BasgyXy M yCUTHeH Ha -160 |17. Ka-
pakTepUCTUKEe UCMUTUBAHOT Y30pKa npukKasaHe cy y tabenm 1.

Tabena 1. KapakTtepucTuke y3opaka poBHor yriba (-160 |[4T) n3 KocTtonua
TaMe 1. The charac”en6lc3 o! /be 8atple o! raly coa! 1rot Ko$lolac

Mauepanu n mnuepanu (Maceralk awul MTteraKu) yamp. % (yol %)
XyMmuHut (Hutte) 72,0
Tekcrnuut(TexnWe) 18,0
Yamunut (L Twhe) 24,0
ATpuHUT (A(Nnhe) 9,0
[OeHcnHHT (Oen™lhue) 10,0
FenuHuT(Cehnie) 11,0
Jvntuuut (1,jniTc) 4,0
NHepTuHute (InefTthe) 3,0
MuHepanu (MTeral6) 21,0
nuHa (Clay) 19,0
Muput (Pyn(e) 2,0
Kap6oHaTu (Carhona(e) Tpar Orace)
MHpekc renndpukaumje (Cellllca(lon Tclex) 1,5
Pednekcuja xymunuta (HwwnMe reMecCance; Kr %) 0,28
Cagpxaj keunuta (way. %; Xyllle \y( %) 37,0
Meneo - Ha cyB yrasb, Mac. % (Akh. clry hamk %) 29,2

Yr/beHa MaTepuja KOCTOMIaYKOr Yyr/ba OfNMKYje Ce penaTUBHO HUCKUM CTEMNEeHOM
renmdpukayyje (1,5) c 063Mpom Ha nosehaHo yuyewhe TeKCTUHUTA M aTpuHuTa (Tabena
1). Ypeo renmuumpaHmnx mauepana je 45 3anp. %, a HereanduuymupaHux oko 30%. Ca-
ApXaj KcunuTa je oko 37 mac. %. Mpema pednekcujH xymmHuta og 0,28 + 0,05% Kr un
cafpXxajy ucnap/bueux matepuja og oko 58,0 mac. % (Ha yras/b 6e3 Biare v nemnena) uc-
NUTUBAHW y30paK npunaga MeKMm MpKUM Yrn>eBuMa.

XungporeHusaumoHa nukeeakumnja yr/ba je BpweHa nposoheweM BOJOHUKA KpO3
CYCMeH3ujy crpalleHor yr/ba y TeTpaanMHy y NpucycTBy KaTanusaTopa y UHTepBany Tem-
nepatype og 365-440°C u nputucka og 13,5-15,0 MPa, npu yemy cy peakTaHTu Ap>XXaHu
noj ctaumMoHapHuM ycnosuma 1 fo 8 yacosa. lNocTynak nukeBedakLumnje n HauUuH ofBaja-
Ha NPOM3BOJA Of YUBPCTOr OCTAaTKa feTa/bHO Cy ONWUCaHW y paHujum pagosuma (Y Woro-
Vic e( al,, 1991; 1994).

MukponeTporpacke avanu3e POBHOr yr/ba N YBPCTUX OCTaTaka nocne nuKBe-
thakLmje n3BpLUEHe Cy Ha npenapaTuma 3a oAbujeHy cBeTnocT. Of CBAKOr y30pKa aHanu-
3upaHa cy no fBa npenapaTta ca no 500 mepewa npema cTaHfjapguma 1CCP (1CCP,
1971). Mpwn aHanu3n mauepana U MUHepana, Kao 1 3a pepakTOMeTpujcka Mepemwa Xy-
MUUNTa-BUTpUHMTA (oapefHBake CTeHeHa KapboHudukaumje) kopuwheHn cy ctaHgap-
an 180-7404 n JTJ6-BH. B 393.



PESYNTATUN N ANCKYCWJIA

Mperneg ycnosa noj Kojuma je BplieHa NMkKBedakLumja n pesyntaTu aHanmsa 4spc-
TUX ocTaTaka faTtu cy y Tabenu 2.

Tabena 2. PeakLMOHMW yCNOBK 1 XeMUjCcKa aHanun3a (Mac.%) 4BpCTOr ocTaTka yr/ba nocne nukeedakumje
TaMe 2. KeacMon conllUHon« ar<l 1he cheTtlcal analy518 (yyl %) ol 1he kohp coahea/be afler lhe
hcJuelacHon procek«

Or.uep
LW xpenwem) 1 2 3 4 5 6 8 9 10
1(C) 365 400 420 440 400 400 400 365 400 420

133 133 133 133 133 133 133 150 150 133

PeakLM1OHN yCnosu

(K.eaclwn congllons) n

X (h) 4 4 4 4 1 6 8 4 1
YppcTum ocTatak® (8oh<l rekMue) 42,0 43,8 40,6 36,4 43.6 40,2 37,6 428 41.2 39,6
Meneo y 4BpcTOM OCTaTKy
(ABh 11 (he 8ohcl remaue) 63,8 67,0 67,1 72,7 682 72,6 73,7 66,7 716 70,6
OpraHcka cyncTaHLa y YBpcToM 0CTaTKy
(Orgawec TaHer T Jbe 5oHcl reeMue) 19,2 198 164 136 183 138 124 192 161 141

*y OfHOCY Ha Mos1la3Hy Macy CyBor yr/ba (ca nenenom)
* concerwnj; wnllla! Ta88 ol /by coa! (\yLLh a«h)

MpUHOCK TEYHUX W racoBUTUX MPOM3BOAA NPM NUKBE(MaKLMjU KOCTOMNAYKOT Yriba
aHanusupaHu cy nocebHo n onucaHm y pagy Alek$lc el al. (1997).

KonnunHa 4BpCTOr yr/beHor octaTka (6e3 Bnare v nenena) cmakyje ce ca NOBULLEHEM
TeMnepaType HPU KOHCTAaHTHOM peakLuoHOM BpemeHy (Tabena 2, ornegmn 1-4 n 8-9), kao u
ca NpoAyXXeTKOM BpeMeHa peakumje Ha KOHCTaAHTHOj Temnepatypwu (Tabena 2, orneaun 5-7).
OBe MpoMeHe Cy penaTuBHO Mane (pefa HEKONMKO Mac. NMpoLeHaTa) y OfHOCY Ha YKYMHY
NMpoMeHy nonasHe yribeHe mMace o4 oko 80% Koja ce yrnaBHOM ofurpasa y TOKY NMOYeTHOT
CTynta nukeedakumnje. To 3HauM fa je peaKTUBHOCT Yr/ba Y KOHTAKTY ca pacTBapayem u
BOJOHMKOM BenivKa Beh npu 3arpeBary A0 365°C ny BpemeHy of 1 yaca, a fa ce fa/be TOKOM
npoueca Mefynpon3Boamn pasnaxy v XuaporeHnsyjy npetsapajyhu ce y TeuHe u ucnapbuse
npon3Boje. Y OBUM MpoLecrma y4ecTBYjYy ¥ MaLepanu u3 yHyTpallwbOoCTH 3pHa yri.a.

1log pa3nMunTM eKCrepMMeHTaTHUM YCNOBMMA YI/beHa MaTepuja Tpny NpoMeHe Koje
YClOB/baBajy CTBapake HOBMX KaTeropuja 3pHa. MMUKPOCKOMCKOM aHanM30M WAeHTU(UKO-
BaHO je 12 kaTeropmja 3pHa (Cnyol & Ojekkek 1981; Epuerosaly, 1986; YKoroyje er
al., 1994). MpoueHTyanHo yuewhe NAEHTUHUKOBAHUX KaTeropmja 3pHa y YBpCTUM oCTauuMmMa
npuKasaHo je y Tabenu 3, a bXOB MUKPOCKOMCKU U3r/ef Ha cnvkamMa 1m 2.

lMpema reHesu, 3pHa ce MOry CBpPCTaTW y TpU NOArpyne: HeNMUKBEPUKOBAHU YTIbeHU
N HepacTBOPHM maTepujan (3pHa Kateropmje 1, 8, 9, 11 un 12), maTepujan n3MereH
[lejcTBOM pacTBapaya u BofoHUKa (KaTteropuje 2, 3 n 4) n matepujan u3MerweH LejcTBOM
Tonnote (kateropuje 5, 6, 7,10 n genuMmunyHo 12).

MenspearoBasiH yra/jb H Je/IMMUYHO H3pearoBann yrasb (kaT. 1; cnuka 1/1, 2, 3),
3acTyn/beHu cy ca ucnog 1,5 3anp. %; y HeKMM Orneguma HUCY yonuwiTe HaheHu.

PearoBanu yrasm (kat. 2; cnuka 1/4, 5) obyxsaTa 3pHa 3Ha4yajHO N3MEHEHOT YI/ba Y KO-
juma ce BuLe He Mpeno3Hajy Mauepann XyMUHUTCKE U INMTUHUTCKe rpyne. OHa cy cuBa, no-
po3Ha Cy U 0A/NKYjy ce HUCKOM pedh/ieKCMjoM. Y HUMa Ce MOBPEMEHO yo4aBajy acanTeHm
(kat. 4; cnuka 1/5) n Behe Bakyosne HacTane npu Bonatunamsaymju. MNMpeTnoctas/ba ce da je
0Baj TUN 3pMa HacTao y NMOYETHOM CTagujymy XuaporeHusaumje. Y CBMM Orneguma oBa Ka-
Teropuja 3pHa HafeHa je y penatmBHO BUCOKUM npoueHTuma (35,0-42,0 3anp. %).
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Cn. 1. MuKpOeKONCcKM W3rneA PoBHOT yr/ba M3 KocTonua u 4YBpCTOr ocTaTka nocne nukeegakymje: (1)
TEKCTUHUT Ca PE3NHUTOM (POBHU yrasb); (2) YAMUHWUT, FeIMHUT, KYTUHUT, LETPUHUT N UHEPTOLETPUHUT
(poBHYM yrasm); (3) Gy3MHMT (POBHU yram); (4) nspearosanu yram (4BPCTU ocTaTak U3 ekcnepumeHTa 1);
(5) nspearoBanu yram ca acanteHuma (?), nope n KapboHuU3MpaHu cnosbawmwh 3ug (ekcnepumeHT 10);
(6) ucta kateropuja 3pHa ca Kap60HM3MpaHMM chnosballkbuM 3MAoM M nopama (ekcnepumeHT 10); (7)
nomellaHa 3pHa: W3pearoBanu yra/b W U30TPOMHO XOMOFeHO 3PHO Ca BUCOKOM pediekcujom (neBo;
eKcnepuMeHT 6); (8) n3pearoBanu yrasb: noyeTak creaparwa cneunduyHe Kateropuje U30TPOMNHMUX 3pHaA -
A Tun ca nojaBoM okcupauuje (ekcnepumMeHT 7); (9) KapakTepucTuyaH usrnes “"okcugucaHux" spHa - A
TMN ca cneynduyHum nopama (ekcnepumeHT 6), OfbujeHa cBeTnocT, ybe, X170.

p18. 1. Micro8coplc yiely ol lhe raly coal I'rot Koslolac (O TT0) ancl /be 3ohc! Wgnelac(zon rem/bes: (1)
(exHnhe \y/lh re6lrale (raly eoal); (2) ulttlle, (Jehnke, cullru(e, cle[nnhe ancl Tleroclelntle (raly
coal); (3) Immrale (raw coal); (4) reaclec! coal (»oll resllue in expentenC 1); (5) reac(ecl coal \yWlh
phch-hke Talenal (*? aBphalenex), /b axWlcalon pore3 anc! occunence ol carhonlre<l ouler \yall
(expenTten! 10); (6) /be 3aTe ca(e8ory ol jrratk «J/b a carhoruxec! omler wah anc! pore« (expenten!
10); (7) nwuxec! ~rate: reaclecl coal anc! LU8hly rellec(t{> 18ouoplc hoTojlenouB yrajux (lell;
expenten! 6); (8) reaclec! coal: he§tTnj> ol Icwnallon ol" BpecJc caCe”ory ol {Jrat8-18o(roplc [ype
A (expenTten! 7); (9) characlen8Uc ylely ol 8pecllic caleSory ol “oxJcUres” prate Wi(h crack6-(ype

A (expentenC 6). Vellec(ecl M~ h1, ofl, X170.
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Cn. 2. MUKPOCKONCKM W3rnef 4BPCTOr ocTaTka U3 nukeedakuuje yrba u3 Koctonua (ApmHo): (1) noposHa

Kjj.

M30TPOMHA 3pHa AeNMMUYHO KapboHU3MpaHa ca HUCKOM pethnekcnjom (YBPCTU ocTaTak M3 eKCnepumeHTa
1); (2) n3oTponHa jako KapboHM3MpaHa 3pHa ca BUCOKOM pednekcujom (ekcnepumeHT 10); (3) noposHa
M30TPONHA 3pHa ca KapakKTepucTUYHOM (y3MHUTCKOM CTPYKTYypom (ekcnepumeHT 7); (4) n (5) n3otponHa
3pHa ca MpexacToM CTPYKTypom (ca Bakyonama-upHe wWyn/buHe); nonykoke (?) (ekcnepumeHT 5); (6)
"npenasHu ctagujym" Ka ctBapaky NOYKOKCA Y rpaHynoBaHOM ocTaTKy (ekcnepumeHT 1); (7) nomewaHa
3pHa: u3pearoBanu yram (CuBO), LUeHocdep>e (neBO) WM XymonnacTu Y TrpaHyn0BaHOM OCTaTKy
(ekcnepumeHT 7); (8) nuput-nupxoTut (ekcnepumeHT 10); (9) arnomepupaHa MWHepanHa MaTepuja
(rnuHa) ca pasnuunTum thparmeHTuma (ekcnepumeHT 10). OabujeHa cBeTnocT. ybe, X170.

2. Microscopxc yiely o! 1lhe wolkl Hcluelachon re5lclve8 rot Ko6lolac coal (OTwo): (1) porcws
18owropic parOy carhoTrec! §raws8 \yWh loly refeelance (8oHcl resMwue w expenwen! 1); (2) 1801ropic
M8hly carhotrec! J*raw6 \yWh hjph relecCance (expenten! 10); (3) porow6 18olroplc “raws \\all
characiens[ic "I'vanWe 8[raclure" (expenten! 7); (4) anc! (5) porom6 160lroplc §rat8 6ho\yT§ yacmole
Ib\’elopTtenl (Mack hole6) -6enH-coke (expenTten! 5); (6) 'Uran6llon 61a8e" 1o 6eTi-coke [ortalon
he[\\een Vhe S8ranular re6llne6 (expenten! 1); (7) nuxec! 8ramis: reaclecl coal (8ray), 6nnple
cenobphere6 (lef) an<l TcWyiamail ancl coalebcecl huTopla6l6 bBe[\yeen Jbe S8ranular resJ/beb
(expenten[ 7); (8) pyrke-pyn-ho/be a88lotera(e (expenten( 10); (9) a88lotera(ecl nuneral ha616

con(alntn clTeren! Mra$ten(6 (\yhKe; expenten( 10). Kellec(ecl H§h(, oM, X170.



MocebHY KaTeropHjy HepacTBOPHUX 3pHa Yy YUBPCTUM OCTaluma upeacTaB/bajy u30-
TpoMHa 3pHa cuBe 60je ca KapakTepucTuyHum nopama (kat. 8; A-tun, cnuka 1/8, 9) koja
ce jaB/bajy y pasnuuntum KonuumHama (1,0-7,0 3anp. %). OBa rpyna 3pHa ce BepoBaTHO
Takohe cTBapa y NOYeTHNM (pa3ama nukKBegakyuje.

M3oTponHn xymonnactu (KaT. 3; cnuka 2/7) 3anaxeHu cy caMo y Tparosmma.

ActhanTeHn unam cmonama cnmuyHe matepuje (kat. 4; cnmka 1/5), Koju cy Hajsepo-
BaTHWje NPOU3BOA TpaHchopmaLnje amop@HOr IMNTUHUTCKOT MaTepujana, 3anaxeHu cy
Yy 3pHMMa N3MEetEHOT Yriba Y BeoOMa Manoj KonmumHu (Mawe og 1,5 3anp. %).

Kateropuje TepMuYKM U3MebeHUX 3pHa (LeHocdepe, NONYKOKC, KOKC U AeNnMuy-
HO rpaHy/fioBaH ocTaTak) HafjeHe cy y 4YBPCTMM oOcCTauuma y MPOMEH/bBUBUM U HUCKUM
npoueHTuma. M3oTponHe ueHoctepe (kKaT. 5; cnmka 2/7), kao npousBogu Mesodase,
oKapakTepucaHe Cy Manum gMMeH3Mjama M TaHKUM 3UJ0BMMa KOju cy Hajuewhe cnabo
KapboHusupanm (6ene cy 60je ca penaTUBHO BUCOKOM pednekcnjom). OBa 3pHa HacTajy
Kao nocneguua WHTEH3UBHe Bonatununsaumnje. Hbuxos cagpxaj je Takohe mawu og 1,5
3anp.%. 3pHa M30TPOMHOr MONYKOKCa Ca MPeXacToM CTPYKTYPOM U BUCOKWM CTEMNEHOM
petnekcuje (kat. 6; cnuka 2/4 n 5) HaheHa cy y CBUM YBPCTMM OCTauMma y M3HOCMMA Of
0,5-2,0 3anp. %. CTBapate LieHOchepa 1 NoNyKOKca yKasyje Ha MOCTOjate Me30(hasHor me-
XaHuW3Ma KOju je Mare U3paKeH Ko OBOr, MEKOI MPKOT Yr/ba, Yy O4HOCY Ha TBpAe MpKe
yriseBe (YHoroYic e( al, 1991). AHH30TPOMHWN KOKC je 3anaXeH y TparoBMma M3y3eB Yy
Tpu ornega rge ra uma 1,5-3,5 3anp. % (ta6ena 3). MoAyKOKC M KOKC MOTy fa HacTaHy Kao
pe3ynTaTt n3paxeHujer mesogasHor epekTa pekoHAeH3aumnje (penonumepusaunje) pacTeo-
peHor n XnaporeHW30BaHOr MaTepujana uau arnoMepaymje hparmeHarta yrba.

XomoreHa M30TpOMHa 3pHa BUCOKe pednekcuje (kaT. 9; cnmka 1/7 n cnuka 2/2) Ha-
feHa cy y CBMM YUBPCTMUM OCTaLMMa U TO y pasnuyuntum usHocuma (1,5-6,0 3anp. %). Me-
XaHu3aM HbUXOBOT CTBapaka HUje jow objalleH; NOCTOje MHAMKALMje Aa Ce HUXOB MO-
CTaHak Takohe mMoXe [0BeCTW y Be3y ca Me3o{asHMM MEXaHWU3MOM, OAHOCHO ca npoLe-
cMma KapboHupukaymje.

MpaHynoBaHH ocTaTak (kat. 10; cnuka 2/7) npeacTasrba AOMUHAHTHY KaTeropujy 3pHa
(20,0-30,0 3anp.%) ca LENMMWUYHO NOPO3HOM CTPYKTYPOM M 3HATHUM CagpikajeM MuHepan-
HMX KOMMOHEHaTa YMju Ce Y4e0 He MOXe OfpefMTU MUKPOCKOMNCKKW. Mopes rnuHe n nuputa
rpaHynoBaHW ocTaTak Cafp>XXW U 3pHa pearoBanor yriba, Xymonnacte, LeHochepe, n3otpon-
CKa XOoMoreHa 3pHa v thparmeHTe Mawe of 0,01 rwn. OnTuyke ocobuHe n mopdorpadcku
n3rneq 3pva rpaHyn0BaHOr 0CcTaTka nokasyjy orpaHuyeHn mMe3oMasHun yTuuaj WTo MOXe Aa
YKaXe Ha tbWX0BY Moryhy TpaHcthopmaumjy y HOBE NMPOM3BOAE NPU OLITPUJUM TEPMUUKUM
ycnosuma. MNoctaHak rpaHyfioBaHOr ocTaTka Huje y NOTNyHOCTU objaliweH. OBa KaTeropuja
MOXe HacTaTu arfoMepauujom 3pHa U3MEhEHOr XYMUHUTE, UHEPTUHUTA U MUUEPASTHHX Ma-
Tepnja (NpeTexHo ramHe). Ha suwum Temnepatypama (420°C) rpaHynoBaHu ocTtaTak 06u4-
HO nokasyje Nopo3ny CTPYKTYpy 1 Behy pediiekcujy cTon/beHux genosa. CTBapawe rpaHyno-
BaHOI ocTaTKa 6uo0 je n3paKeHnje nNpu xmaporeHnsaumjn konybapckor yriva (Vnoro\uc
el al, 1994).

®dparmeHru gumensunja ncnog 0,01 T T (kat. 11; cnvka 2/9) HajsepoBaTHUje NOTUYY
0fL UHEPTUHUTA (MHEPTOLETPUHNTA) UK APYTUX HOBOGOPMUPAHUX 3pHA. IMa uX Y CBUM
YBPCTUM OCTauuMma, y nsHocuma og 2,0-9,5 3aHp. %.

MHHepanHe matepuje (rnMHa U NUpUT; Kat. 12; cn. 2/8, 9) nokasyjy NpakTUYHO UCTe
Mopgorpagcke N ONTUYKE KapaKTEPMCTMKE HE3aBMCHO 0Of yC/oBa Nukeedakymnje. Y geo
rnuHe je og 9,0-20,5 3anp. %, a nuputa 4,5-8,0 3anp. %.

MpomeHe neTporpacKor cactaBa YBPCTUX OcCTaTaka Npu Bapupawy peakyUoHUX
ycnoBa nocmarpaHe cy y cnefehum cepujama ekcnepumMeHTa:



a) NpoMeHa peakuMoHe TemnepaTtype NPH KOHCTaHTHOM npuTtucky (13,5 MPa) u pe-
aKuMoHoM BpemeHy (4 h): ornegn 1-4 (tabena 3);

6) HpomeHa peakuuoHor BpemeHa (1-8 h) nNpM KOHCTaHTHUM OCTalUM YCNOBMMA
(400°C n 13,5 MPa): ornegun 2,5, 6 n 7 (Tabena 3);

L) npomeHa peakunoHe Temnepatype (365-400°C) npu BUMWEM KOHCTAaHTHOM Mpwu-
TUcKy (15,0 MPa) 1 KOHCTaHTHOM peakLMoHOM BpeMeHy (4 h): ornegu 8 n 9 (Tabena 3).

MoHawakwe MeKOr MpKor yriba us Koctonya (4pmHo) npaheHo je HApPOUUTO MPeKo
HeKMX o4 UAEHTU(PNKOBAHUX KaTeropuja spHa.

Mano yyewhe 3pHa Kateropuje 1-Hemspearosanu v SeIMMUYHO M3pearoBanm yramp
(Tabena 3), ykasyje Ha fobpy peakTUBHOCT yr/ba y CBUM UCNMUTUBAHUM YCNOBMMA.

lMopo3Ha 3pHa u3pearoBanor yr/ba, Ynju yaeo y UBpcTUMM ocTaLMma je BUCOK (KaT. 2
- Tabena 3), ykasyjy Ha cnuMyaH HauuH pasfnarawa yr/ba noj [fejcTBOM pacTBapauva.
M3y3eTHO, nog suwum nputuckom (15,0 MPa, ornegun 8 n 9; tabena 3) yyewhe oBor Tu-
na 3pHa onaja ca MoBULLEHeM TemnepaType, WTO MOXE [a YKaxe Ha Apyraymju HauyuH
pasnarata yr/ba Ha BULIEM MPUTUCKY.

Tpeha KaTeropuja 3pHa of 3Hayaja y KBAHTUTAaTUBHOM CMMWCAY je TpaHyn0BaHU OC-
TaTtak (kat. 10; Tabena 3), ann je n teH yAe0 MPaKTUYHO YjefHAUYeH WM He3aBUCTAH 0f
NPUMereHNX eKCNepUMEHTAIHUX YCNO0Ba.

LLITo ce TMYe ocTanux KaTteropuja 3pHa CBpCTaHUX Yy NOATPYUY HeNMKBe(PUKOBaHOT
maTepujana (tabena 3), usrnega fa cy 3axsambyjyhu cneumdumyHom cactaBy n ocobmHama
MeKOr MPKOT yr/ba u3 KocTtonua, neku AenoBu yribeHe matepuje TpaHchopMucaHu y oj-
pefeHe KaTeropuje 3pHa Beh y NOYETHOM CTyMY NMKBEPaKLMje - Ha HAjHUKUM Npume-
bEHUM TeMNepaTypama W npuTUCLUMMa M Yy Hajkpahem BpemeHy, U fa ce fa/be HUCY HU
Metann. M30TponHU XyMonaacTu U acanTeHn KnacugukKoBaHu Cy Kao mMatepujanu Ha-
cTanu noj fejctBom pacreapava (kateropuja 3 un 4; Tabena 3). [,obpy peakKTUBHOCT KO-
CTONAYKOr yr/ba U e)uKacHOCT NukBedakumje noTephyje 0ACYCTBO U3OTPOMHUX XYMO-
nnacra y 4uBpctum octaymma. Mpu nukBedakumju Mekux Mpkux yrmesa us Konybape
(TamHaBa) nog uctum ycnosuma (¥Y1lloroylc el ah, 1996), o6uBeHn cy 4BpPCTU OCTaum
KOju cy cagp>xasanu suwe xymonnacta (4,0-6,0 3anp. %), WwWT0 yKasyje Ha pasnuke y re-
He3n n cacTaBy u3mehy oBa ABa MeKa MpKa yr/ba Ha UCTOM cTeneHy kKapboHudukaumje.
M Tume je foKa3aH 3Hayaj MukponeTporpacke aHanu3e y UCNUTUBakwY MOHallawa pas-
NNYUTUX YTbeBa NPU NMKBedakunju.

Beoma manu cagpxaj actanteHa y YBpCTUM oOcCTaluuMa ykKasyje Ha BUCOK CTeneH
KOHBEep3uje MeKor MpKor yriba Koctonauy npv nukeedakumju.

Mopepn rpaHynoBaHOr ocTaTka, fejcTBOM TOMNAOTe CTBapaHe Cy U Apyre KaTteropuje
3pHa Kao LWTO Cy LueHocgepe, MONYKOKC M KOKC (KaT. 5, 6 n 7; Tabena 3). Ca NOBULLEHEM
TemMnepaType U MPOAY>XETKOM pPeakLUWOHOr BpeMeHa 3anaXeHOo je WM3BECHO CHUXEehe
yAena yeHoctepa WTO yKasyje Ha KOHTUHYyanHy BonaTunmsauunjy. Manu cagpxaj nony-
KOKCa M KOKCa y YBPCTUM OCTayMMa je jow jegaH Aokas fo6por nsbopa ekcnepumeHTan-
HWUX yC/ioBa Npu Kojuma je n3berHyta HeXesbeHa nojaBa KOKCOBaka.

3AK/bYYAK

MukponeTporpa)ckomMm aHanM3oM 4YBPCTUX OcTaTaka yr/ba nocne nukeedakuuje
MAEHTU(HUKOBAHO je 12 KaTeropuja 3pHa. 3a WHTepnpeTaumnjy noHawawa yriba y npo-
uecy nukeedakumje yrmva Kocrtonay of HapoyMTOr 3Hayaja cy KaTteropuje Heuspearo-
Bafor Unn LeNMMWYHO M3pearoBanor yriba, M3pearoBanor yrmba, Kao U rpaHynoBaHor



ocTaTka. Bpno mano yyewhe Henspearosanor UM geIMMMWYHO M3pearosanor yriba not-
Bphyje NOroAHOCT MPUMeHEHNX PeakLMOHUX YCnoBa Kao U BUCOKY PeakTUBHOCT Yr/ba
KocTonay y npouecy kKatanutuuke xugporeHusaumnje. Huje ytepheHa 3aBUCHOCT ypena
3pHa M3pearoBanor yr/ba of eKCrnepyMMeHTasHUX YCNoBa, WTO yKasyje Ha MpuUBANXKHO
jefHaK cTeneH pasnarawa yriba nof npumMermbeHMM ycnoBmmMa, O4HOCHO Ha NpeTnocTaBKy
[la je oBa KaTeropuja spHa popmMupaHa y no4eTHOM CTynkYy peakuymje. OACyCTBO XymoniacTta
noTephyje f06py peakTUBHOCT yriba Koctonay-ApmHo. MpomeHe y cagpxajy LeHochepa
yKa3yjy Ha KOHTUHYa/IHy BOnatuansaunjy Tokom nnkeeakumnje. Mano yyewhe nonykokca v
KOKCa y 4YBpCTUM ocTaummMa noTephyje norogHocT yriba Koctonay, 3a fobujarbe TeHHUX Npo-
n3B04a y NPUMEHEHOM MNpoLecy nnkeeakyuje.

M3BpweHa mucnuTuBawa Cy AOKasaNa 3Hayaj MMKponeTporpagcke aHanuse Kao
KOMMJeMeHTapHe MeToAe UpPY UCHUTMBAKY NMOHallaka yriba y npouecy nnksedakumje.
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PETROGRAPHIC CHANGES OF THE KOSTOLAC MINE SOFT BROWN
COAL DURING CATALYTIC HYDROLIQUEFACTION

by

Marko Ercegovac”, Bogdan Aleksic"*, Olga Cvetkovic*” ,
Branislav Markovic*”, Bojana Aleksic** and
Dragomir Vitorovic*'*

Investigations of the soft brown coal from the Kostolac Mine (Drmno, Serbia) were carried out in
this paper, aimed at obtaining liquid fuels by catalytic hydrogenation. The experiments were carried out at
temperatures up to 440°C and pressures up to 15.0 MPa, for periods up to 8h. The solid coal residues,
remaining after the separation of liquid products and the catalyst, were examined microscopically. Tie ob-
served petrographic changes, correlated with the reaction conditions as well as relevant chemical data,
were used for the estimation of the Kostolac coal reactivity in the catalytic hydroliquefaction process. The
solid residues were found to consist of different kinds of grains of modified coal and newly formed types
of grains, as well as mineral matter. Twelve different categories of grains were identified and their petro-
graphic composition and optical properties were analyzed in detail.

A small participation of grains of nonreacted or partly reacted coal in the solid residues confirmed a
high reactivity of the Kostolac coal in the liquefaction process. The proportion of the grains of reacted
coal, formed during the initial stages of hydrogenation, did not depend much on the experimental conditi-
ons, indicating a similar desintegration degree of the coal regardless of the reaction conditions. The grains
of granular residue contained coal substance as well. However, the determination of its proportion was dif-
ficult, since it was impossible to determine precisely the content of mineral ingredients. The fact that hu-
moplasts were not observed among the grains also suggested that the reactivity of this coal was good. Fi-
nally, small participation of coke and semi-coke in the solid residues was another approval of appropriate
selection of liquefaction conditions, which led to reduced formation of mesophase products.

Key words: soft brown coal, liquefaction, solid residue, micropetrographic analysis, Kostolac.

Considering the high geological reserves of the soft brown coal (lignite) from Kos-
tolac. as well as the general necessity of improving the quality of low-calorie coals con-
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raining high amounts of mineral constituents, possibilities of obtaining liquid fuels from
this coal were investigated in detail by catalytic hydrogenation. These investigations rep-
resent one part of a research programme involving catalytic hydroliquel'action of domestic
coals (Vitorovic et al.. 1991; 1994).

EXPERIMENTAL

An average sample of the raw coal originating from the open-pit mine Drmno (Kostolac)
was used in all experiments. The sample was air-dried and pulverized to -160 jlm. The
characteristics of the investigated sample are shown in Table 1

The hydroliquefaction process was carried out by passing a stream of hydrogen
through a tetralin dispersion of pulverized coal in the presence of a catalyst. In a series
of experiments the temperature range was 365-440°C and the range of pressure was
13.5-15.0 MPa. The reactants were held under stationary conditions for 1-8 hours. Expe-
rimental details involving the separation of liquid products from the solid residue were
described in earlier papers (Vitorovic et al.,, 1991; 1994).

Micropetrographic analyses of the raw coal and the solid liquefaction residues were
carried out in reflected light. Two preparations were analyzed from each sample by 500
measurements according to ICCP 1971 standards. 1SO-74()4 and JUS-BH. B 393 stan-
dards were used for the analyses of macerals and minerals, as well as for the reflectomet-
ric measurements of huminite-vitrinite.

RESULTS AND DISCUSSION

The reaction conditions and the results of the chemical analyses of the solid residues
are reviewed in Table 2.

Different experimental conditions led to changes of the coal substance and to forma-
tion of new categories of grains. Twelve grain categories were identified by microscopic
analysis (Guyot & Diessel. 1981; Ercegovac, 1986; Vitorovic et al.. 1994). The
proportions of individual types of grains in the solid residues are shown in Table 3, and
their microscopic view in Figures 1 and 2.

According to their geneses, the grains may be classified into three subgroups: nonli-
quelied coal and insoluble material (grain cat. 1, 8, 9, 11 and 12),the material modified
by the influence of the solvent and hydrogen (cat. 2, 3 and 4), andthe material produced
by the influence of heat (cat. 5, 6, 7, 10 and partly 12).

The following results were observed.

Nonreacted and partly reacted coal (Figs. 1/1. 2 and 3), was estimated at <1,5 vol%
in the residues of all ten experiments. In four experiments they were not observed at all.

Reacted coal (Fig. 1/4 and 5) comprising grains of substantially changed coal, most
offen gray in color, contained radically altered huminite and liptinite macerals as well as
infrequenl appearances of asphaltenes, and involved pores due to volalilization. It is sup-
posed that this type of grains is formed in early stages of hydrogenation. High proporti-
ons of this type of grains were observed (35.0-42.0 vol%).

Isotropic humoplasts (Fig. 2/7) were observed in traces.



Asphaltenes. pitch-like material (Fig. 1/5), related to the grains of changed coal, are
tentatively supposed to originate from amorphous liptinitic material. Very low proportions
of asphaltenes (<1.5 vol%) were observed.

Cenospheres (isotropic) (Fig. 2/7), as mesophase products, are characterized by
small dimensions and thin noncarbonized walls indicative of gradual but intensive volati-
lization at relatively low temperatures. Cenospheres were estimated at <1.5 vol%.

Semi-coke (isotropic) (Figs. 2/4 and 5), representing altered coaly material of high
reflection, and characterized by a very porous structure, was observed in the range of
0.5-2.0 vol%. Formation of cenospheres and semi-coke suggested the existence of meso-
phase mechanism, which was much less pronounced with this soft brown coal compared
to hard brown coals (Vitorovic et al., 1991).

Coke (anisotropic) was observed in traces, except in three out of ten experiments
(1.5-3.5 vol%). Both semi-coke and coke might result from a more pronounced meso-
phase effect, i.e. recondensation (repolymerization) of the dissolved and hydrogenated ma-
terial or agglomeration of coal fragments.

Isotropic grains, type A (Fig. 1/8 and 9), representing a specific category of porous
grains, probably also originating in early liquefaction stages, were found in the solid resi-
dues of all ten experiments but in varying proportions (1.0-7.0 vol%).

Homogenous isotropic grains of high reflection (Figs. 1/7 and 2/2) participated in
all solid residues (1.5-6.0 vol%).

Granular residue (Fig. 2/7) represented an important and dominant grain category
(20.0-30.0 vol%) of partly porous structure and contained a significant amount of mineral
components whose proportion could not be estimated microscopically. In addition to clays
and pyrite. the granular residue contained grains of reacted coal, humoplasts, cenospheres.
isotropic homogenous grains and fragments of <0.01 mm size. The optical properties and
the morphographic view of these grains demonstrated limited mesophase effects which in-
dicated possible transformation into new products under more drastic thermal conditions.

Fragments of <0.01 mm grain size (Fig. 2/9) consisted of inertinite and/or other
newly formed grains and participated in the range of 2.0-9.5 vol%.

Mineral matter (clay and pyrite) (Figs. 2/8 and 9) exhibited practically the same
optical characteristics independently of the experimental conditions. The proportion of clay
was estimated at 9.0 to 20.5 vol%, and that of pyrite at 4.5 to 8.0 vol%.

The changes in petrographic composition of the solid residues, due to variation of
reaction conditions, were followed in several series of experiments:

a) Varying the reaction temperature from 365° over 400° and 420° to 440°C. at con-
stant pressure (13.5 MPa) and reaction time (4h): experiments 1-4, respectively (Table 3);

b) Varying the reaction time (coal residence time) from |h, over 4h and 6h to 8h. at
constant temperature (400°C) and pressure (13.5 MPa): experiments 5, 2, 6 and 7, respec-
tively (Table 3);

¢) Increasing the reaction temperature from 365° to 400°C, at higher constant pressure
(15.0 MPa) and constant 4h residence time: experiments 8 and 9, respectively (Table 3).

Several categories of identified grains were particularly illustrative for the behavior
of the Kostolac (Drmno) soft brown coal.



Small participation of category 1 grains, i.e. nonreacted and partly reacted coal (Ta-
ble 3). indicated a good reactivity of this coal under all of the applied experimental con-
ditions.

A high proportion of porous grains of reacted coal (cat. 2, Table 3), suggested that
the effect of the solvent on the coal was similar in all experiments. Exceptionally, at
higher pressure (15.0 MPa, experiments 8 and 9, Table 3), the participation of this type
of grains was lower with increasing the temperature. This fact might indicate a difference
in lhe disintegration of this coal at higher pressures.

The granular residue (cat. 10, Table 3) represented the third quantitatively important
category of grains. However, its proportion was practically independent on the experi-
mental conditions applied in this paper.

Due to the specific composition and properties of the Kostolac soft brown coal, the
rest of the grains classified in the subgroups of nonliquefied coal suggested that some
portions of the coal substance were transformed into certain categories of grains in the
first stages of liquefaction at the lowest temperature and pressure and during the shortest
period of time, and did not change any more during the later stages of the process.

A good reactivity of the Kostolac coal and a high efficiency of the liquefaction pro-
cess were corraborated by the absence of isotropic humoplasts in the solid residues. A
very small content of asphaltenes in the solid residues also indicateda high conversion
degree of the Kostolac soft brown coal in this process.

In addition to the granular residue, other categories of grains were formed by thein-
fluence of heat, such as cenospheres, semi-coke and coke (Table 3). By increasing the
temperature and prolonging the reaction time, certain decrease in the proportion of ceno-
spheres was observed, indicating continuous volatilization. Small contents of semi-coke
and coke in the solid residues represented additional proofs of a proper choice of experi-
mental conditions avoiding unwanted coking.

CONCLUSION

Twelve categories of grains were identified by micropetrographic analysis in the
solid residues remaining in the Kostolac coal hydroliquefaction process. The interpretation
of the behavior of the Kostolac coal in the liquefaction process was particularly based on
the categories of nonreacted and partly reacted coal, reacted coal, as well as the granular
residue. Very small participation of nonreacted or partly reacted coal confirmed the ap-
propriateness of the reaction conditions as well as the high reactivity of the Kostolac coal
in the process of catalytic hydrogenation. The proportion of the grains of reacted coal did
not depend on the experimental conditions, indicating a similar degree of coal disintegra-
tion under all applied experimental conditions, and suggesting that this category of grains
might have been formed in the initial stages of the process. The absence of humoplasts
corroborated the good reactivity of the Kostolac-Drmno coal. The observed change in the
proportion of cenospheres indicated continuous volatilization during the whole liquefaction
process. Small participation of semi-coke and coke in the solid residues confirmed the
suitability of the Kostolac coal to be liquefied under the conditions applied in this paper.
Micropetrographic analysis was shown to be important as complementary method for the



investigation of the coal behavior during the process of liquefaction by catalytic hydroge-
nation.
Translated by D. Vitorovic
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