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MICROPETROGRAPHIC CHARACTERISTICS OF THE KOSOVO SOFT
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Bearing in mind the permanent interest for more rational utilization of coal energy, liquefaction by di-
rect catalytic hydrogenation was investigated of the soft brown coal from Kosovo Basin, the largest deposit
of this type of coal in Yugoslavia. The experiments were carried out at temperatures up to 440°C and pres-
sures up to 15 MPa in the presence of a specific catalyst and solvent.

The liquid products were fractionated by distillation into n-heptane soluble light oil (<70°C boiling
point) and asphaltenes-oils insoluble in n-heptane. These products were characterized by gas chromatogra-
phy and ultimate analysis. The gaseous products were analyzed by on-line gas chromatography.

The changes in the maceral composition of the Kosovo coal during liquefaction were followed by mi-
cropetrographic analysis of the solid residues.

The high conversion degree in the liquefaction process obtained at choosen reaction conditions justified
further investigations aimed at using this coal as raw material for producing high quality liquid fuels.
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ripoMciic Mai;epajiHor cacraisa KocoBCKor yrji.a 3a BpeMe .THKiiccj"aKUHjc npaheHe cy MHKponexporpacj)-
ckhm aHajiHaaMa mbpcthx ocraTaKa.

Bhcok crcncH KOHBep3Hje yni.a y jiaTHM ycjioBHMa jiiiKiiccjoaKUHjc noTBpl)yje pe3yjrrare panHjMX HciiH'rmsan.a
0 MoryhHOCTH Kopmnhcii.a mckhx MpKiix yni.cfia Kao CHpoHHiie 3a /ioOnjaH>e tcmmhx ropHBa BwcoKor KBa/iHTcia.

K.i.yine pe>ui MeKH MpKH yran., jiHKisccaKUHja, neTporpacJwja, 'iBpci HocraTaK, Kocobckh 6aceH.

Considering the high geological reserves of the soft brown coal (lignite) from the
Kosovo open-pit mine, as well as the general necessity of improving the utilization of
low-rank coals containing high amount of mineral matter, possibilities of obtaining liquid
fuels from this coal were investigated by catalytic hydrogenation. This investigation rep-
resents one part of a research programme involving catalytic hydroliquefaction of domes-
tic coals (Vitorovic et al., 1991; 1994; 1996; Aleksic et al., 1997; 1998; Ercegovac
et al., 1998; 1999).

EXPERIMENTAL

An average sample of the raw coal originating from the open-pit mine Kosovo
(Serbia, Yugoslavia) was used in all experiments. The sample was air-dried and pulverized
to -160[im. The microscopic characteristics of the investigated sample are shown in Table 1.

Table 1. Macerals and minerals in the sample of the raw coal (-160|xm) from Kosovo.
Tabejia 1. Manepajm h MmicpajTK poBHor yrjba (-160pm) m KocoBa.

Macerals and minerals (Mancpajiii HMHhiepa.’iH) vol. (3an.) %

Huminite (XyMHHirr) 69.0
Textinite (Tckcthhht) 16.5
Ulminite (Y jimhhht) 11.0
Atrinite (Atphhht) 10.5
Densinite (3 chchhht) 245
Gelinite (Fcjthhht) 6.5
Liptinite (JInnrHHHT) 7.0
Inertinite (Hhcpthhht) 25
Minerals (MHHepajiH) 215
Clay (Duma) 11.0
Pyrite (1InpnT) 2.0
Carbonates (Kapfionai H) 8.5
Gelification index (Hh"ckc rejiHejjHKaunje) 1.42

Huminite reflectance; Rr % (Pec})jieKcnja xyMHHHTa) 0.27+0.08
Xylite, wt. % (Caap>Kaj KCHIMTa, Mac. %) 36.0

On the basis of micropetrographic analysis (Table 1) the Kosovo coal is classified
as humic coal of humotelinitic/detrinitic type characterized by low proportion of liptinite
and inertinite, and high proportion of mineral matter. High proportion of xylite was also
estimated (36.0 wt %). Total reactive macerals (huminite and liptinite) were' found to be
relatively high (76.0 vol. %). The investigated coal is estimated to be in a relatively high
stage of gelification (1.42). The humotelinite/humodetrinite ratio was found to be 0.78.
According to huminite reflectance (0.27+0.08 %Rr) this coal belongs to the category of
soft brown coals, designated as M2 coal (Ercegovac, 1986).



The hydroliquefaction process was carried out by passing a stream of hydrogen
through the 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 de-
scribed elsewhere (Vitorovic et al., 1991, 1994, 1996; Aleksic et al., 1997, 1998).

Micropetrographic analysis of the raw coal and the solid liquefaction residues was
carried out in reflected normal light. Two preparation blocks were analyzed from each
sample by 500 measurements according to ICCP 1971 standards. 1SO-7404 and JUS BH.
B 393 standards were used for the analysis of macerals and minerals, as well as for the
determination of huminite-vitrinite reflectance.

RESULTS AND DISCUSSION

The reaction conditions and the results of chemical analysis of the solid residues are
presented in Table 2. The results of the liquefaction of the Kosovo coal at different con-
ditions are shown in Figure 1 (A, B).

The high degree of conversion (70-86%) is obtained at all reaction conditions. The
low vyields of liquid products at lower temperatures and the short reaction time indicate
that at the beginning of the liquefaction process the high amounts of gases were realised.

Table 2. Reaction conditions and chemical analyses (wt. %) of the solid residue after the liquefaction process.
Tabeua 2. PeaKipoHH ycnoBH h xeMHjcKa aHajiH3a (Mac. %) 'iispcror ocraTKa nocne jmiCBetfiakUHje.

Sample (Y3opaK) 198 204 199 205 193 194 195 196 197 200 202 203 201 206
Reaction condition 1(°C) 365 365 365 365 400 365 400 400 400 420 420 420 420 440
(PeaKIIMOHH yCJIOBH) P (MPa) 135 135 150 150 135 135 135 135 135 135 135 135 135 135

Thy 1 6 8 4 1 15 4 6 8 1 4 6 8 1
Solid residue (H bpeem ocraTak)* 41.4 32.0 233 32.4 32.0 31.6 29.4 247 249 341 29.6 318 30.2 37.3
Ash in the solid residue 37.4 459 68.4 465 47.8 49.0 48.1 559 55.7 49.1 54.0 50.0 54.1 443

(lleiieo Y mbpctom craH>y)
Organic matter in the solid residue** 311 208 8.8 20.8 201 193 184 124 132 208 173 191 160 227

(OpraHCKa cyricTaHija y mbpctom ocTancy)**

* Relative to the initial dry coal (y oaHocy Ha nona3Hy Macy cyBor yrji.a - ca nenenoM).
** Relative to the initial dry ash free coal (y ofl[Hocy Ha nojia3HH yrajb 6e3 BJiare h nenejra).

Different experimental conditions led to changes of the coal substance and to formation
of new categories of grains. Forteen grain categories were identified by microscopic analysis.
The classification shema used in the present paper for the characterization of morphological
and optical structures and textures of components resulting from coal liquefaction is a modifi-
ed version of those proposed by Mitchell et al. (1977), Guyot & Diessel (1981), Er-
cegovac et al. (1981, 1998, 1999), Ercegovac (1986), Davis et al. (1991), Gentzis
et al. (1995), and Vitorovic et al. (1994). The proportions of individual types of grains in
the solid residues are given in Tables 3, 4, 5 and the examples of their microscopic view are
shown in Plates I, II.



Temperature (TeMiiepaTypa) °C

Legend (JlereHfla): o -
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P=13,5 MPa

O - asphaltenes (acc™ajiTeHH)
* - solid residue (mbpcth ocraTaK)
0 - conversion (KOHBep3Hja)

t=400°C

Time (BpeMe) h

liquid products (tcmhh npoH3BojtH)

Fig. L A) The effect of temperature on product yields of Kosovo coal at constant pressure and residence time; B)
The effect of residence time on product yields of Kosovo coal at constant temperature and pressure.
Cji. 1. A) YxHuaj TCMiiepaxype Ha npHHoc npOH3BO«a h Komicp.'iiijy KocoBCKor ynta iipn KOHcraHTHOM npa-
THCKy h BpeMeHy 3ajtp>KaBaH>a; B) YTnnaj BpeMeHa sa/ipAKanan.a Ha npHHoc npOH3BOfla n KoiiBep-iHjy ko-
coBCKor yrjta npn KOHCraHTHoj TeinneparypH h npHTHCKy.

Table 3. Petrographic composition of the solid residue obtained from the Kosovo coal after the liquefaction.
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Ta6ejia 3. lleTporpac|>CKH cacraB ’iBpcror ocraxKa nocjie xnflporeHH3aiprje KocoBCKor yrijta.

Sample (YaopaK) m
Categories of grains, vol. % t(°Q
KaTcropnje 3pHa (sari. %) P (MPa)

t(h)

. Nonreacted and partly reacted coal

0 lewspearoBajiH w/jcjimmh'iho
Hpean iigjiH yrajb)

. Reacted coal (Pearoraajm yrajb)
. Isotropic humoplasts

(MaoTponHH xyMoruiacTH)

. Isotropic porous grains, A—type

(Murrponna riopo3Ha 3pHa)

. Cenospheres, iso. (LleHoccjjcpe)

. Network, iso. (MpejKacra cipyK'rypa)

. Semi—eoke, iso. (llojiyKOKc)

. Coke, aniso. (Kokc)

. Isotropic homogenous grains, high % Rr

(Mun poima xoMoreHa 3pHa)

. Granular residue (rpany/iDiiaH oc-ia-raK)
11.
12.
13.
14.

Fragments (‘I'parMGHTH) <0.01 mm
Clay (rjmHa)
Pyrite—pyrrhotite (1lupmt- iimpxotht)
Carbonates( KapGoHaTM)

tr.- in traces (y xparOBHMa)

198

365

135
1
tr.

145
9.0

35

125
22.0
25
10
6.0

7.0
85

204 199
365 365
135 135

6
tr.

175
20

4.5

25
7.0
6.0
0.5
3.0

9.0
5.0

8

85

4.0

6.5
3.0

15

45
4.0

100 365 615
35 60 65 65 70 75

tr.

0.5

205

365
15
4

193 194

400 400

135 135
1 15
tr.

155 44,0 52.0

10

25

85
120
6.0

95
10.0
285

15 35

95 30
25 05

05 -

110 3.0
35 4.0
19.0 26.0

15 05

195

4m

135
4
tr.

285

3.0

35
20.5
5.0
35
05

8.0
6.0
17.0

196

400

135
6

22,0

25

7.0
8.0
3.0
15

4.0
13.0
34.0

197

400

135
8
tr.

305
05

2.0

20
105
20
25

125
9.0
230

200

420

135
1

17,0
25

6.0

4.0
155
95
35
15

6.0
6.0
255

45 50 55 30

tr.

202

420

135
4
tr.

18,0

4.0

10
220
65
05

5.0
6.0
305

203

420

135
6
tr.

16,0

5.0

15
28.0
8.0
15

4.0
8.0
225

201

420

135
8

12,0

75

3.0
215
6.0
3.0
25

3.0
10.0
21.0

55 50 45

10

0.5

206

440

135
1

20.0

11.0

20
155
100

3.0

20

10.0
6.0

150
55

tr.
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(a) The petrographic compositions of the solid residues which were obtained in ex-
periments 198, 204 and 199 (365°C; 13,5 MPa and 1, 6 and 8h respectively) were dif-
ferent. The grains of row nonreacted coal were observed just sporadically (in trace
amounts). The proportion of the reacted coal grains (porous and gray in colour; PI. 1/1,3)
was estimated at 17.5 to 8.5 vol.%. The participation of this category of grains showed a
decreasing tendency with prolonged reaction time whereas their reflectance degree increa-
sed (0.58-0.67 %Rr; Table 4). Isotropic humoplasts, appeared predominantly in the initial
stages of the hydrogenation process, as shown on the Plate 1/4 for the experiment 200
(Ih, 420°C) however sporadically. In most cases they were not observed et all. Isotropic
humoplasts probably resulted from coal solvent interactions ("swollen huminite"). They
appeared in the form of spheric, small dimension (<0.02 mm) grains, most often asso-
ciated into aggregates. Their reflectance was higher (0.95 %Rr) compared to the row and
the reacted coal grains. Humoplasts exhibited "gas bubbling" which preceded the forma-
tion of cenospheres. Transition humoplast—eenosphere grains, containing one vacuole, like
in the sample 205 (PL 1/5,6), generally of small dimensions (<0.06 mm), were also ob-
served. The walls of newly—formed cenospheres were caracterized by the same reflectan-
ce as the humoplasts. This fact certainly suggests that cenosphere formation is preceded
by significant softening of the coal substance. Under the applied hydrogenation conditions
(e.g., experiment 198), the cenosphere walls were not yet carbonized. A specific category
of grains, designated as isotropic porous A—type grains (Pl. 1/2) was observed in a nar-
row interval of varying proportions (3.5—4.5 vol.%). These grains were characterized by
specific fissures, signs of "oxidation", and aslo by higher reflectance relative to the row
coal (Table 5). Their proportion did not substantially depend on the reaction conditions.

The proportion of cenospheres in experiment 198 was 12.5 vol.%. It drastically decre-
ased in experiment 204 (2.5 vol.%). Cenospheres were not at all observed in experiment
199 (Table 3). The similarity in the reflectance of cenospheres walls and the humoplasts
indicated their genetic relation. Grains of network structure the example of which is given
on Plate 1/8,9, were abundant in the solid residue of experiment 198 (22.0 vol.%). In expe-
riments 204 and 199 their participation decreased substantially (7.0 and 6.5 vol.%, respec-
tively). The average reflectance of this type of grains was around 1.08 %Rr, i.e., similar to
the reflectance of humoplasts and cenospheres, indicating a similar degree of thermal
changes with the products of mezophase mechanism. The grains of semi—eoke and coke
similar to those presented in Plate I1/1—6 were observed in small proportions, a fact which
suggested that the mezophase mechanism was less important at higher temperatures (Table
3). The semi-coke grains had a higher reflectance (1.45-1.90 %Rr) relative to cenospheres
and grains characterized by network grains. Microscopic view of the granular residue is
shown in Plate 1/9. By prolonging the reaction time, the proportion of clays, as well as py-
rite, increased (Table 3; 10.0—61.5 vol% and 3.5—6.5 vol%, respectively). Microscopic ob-
servations logically followed better coal conversions in experiments 204 and 199 (6 and 8h,
respectively) compared to experiment 198 (lh), carried out at 365°C and 13.5 MPa.

(b) The solid residue 205 originated from experiment carried out at 365°C and 15 MPa
for 4h. Micropetrographically, this sample did not differ substantially from previously des-
cribed samples, obtained in experminet carried out at 13.5 MPa (a). The only difference ob-



served was in a higher reflectance of the reacted coal (0.75 %Rr), humoplasts (1.19 %Rr),
cenosphere (1.58 %Rr) and the network grains (1.40 %Rr), indicating certain influence of
higher pressure on optical properties of the mentioned categories of grains. The sample 205
was characterized by abundant cenospheres containing one vacuole and having very thin walls,
which appeared either isolated or agglomerated in the form of granular residue. Transition hu-
moplast-cenosphere grains were also observed in this experiment, as in sample 198.

Table 5. Reflectance degree of different category of grains in solid residue (Kosovo).
Ta6ena 5. C'reneH petJweKCHje pasjiH'iHTHx KareropHja 3pHa MispcTor ocraTKa (Kocobo).

Sample No. Experimental conditions Rcflcctance (PecfuieKCMja). %Rr Mean reflectance**
ympKa.) (YenoBH) Category of Kiain (KaTuropwjc apna) (Cpejata pecjyiakewja)
TCC p(MPa) T(h) 2 3 4 5 6 7 8 9 % Rr. sd
198 365 135 1 058 09 - 098 108 145(7) - 138(7) 0.60 + 0.07
204 365 135 6 063 086(?) 0.73(?) 095 - 190(7) 265(7) - 0.69 + 0.10
199 365 135 8 067 - 068 098(7) - - - - 0.76 + 0.10
205 365 15 4 073 118 0.74(?) 158 140(7) 172(7) - 1.96(7) 0.79 + 0.05
193 400 135 1 047 - 0.79 - 140 150(7) 2.65(7) 1.88 0.88 + 007
194 400 135 15 046 - 0.88 - - - - 195 0.90 + 0.05
195 400 135 4 0.76 - 0.82 195 130 - 2.40 250(7) 0.90 + 011
196 400 135 6 079 093 068 210 135 - o 260 0.85 + 0.10
197 400 135 8 0.85 - 0.79 220 142 — 235 180 107 +009
2,10

200 420 135 1 058 0.75 054 180 127 202 230 230 0.62 + 006
202 420 135 4 064 - 061 216 182 - 271 - 071 + 023
203 420 135 6 070 078 069 199 139 204 250 — _

201 420 135 8 070 - - - 138 166 - - -

206 440 135 1 069 - 057 124 130 155 220 162 0.90 + 0.20

* category of grains (KareropHje 3pHa): 2. reacted coal (pearoBajm yraji>), 3. humoplasts (xyMonjiac™), 4. iso-
tropic grains, A-type (H30TpOnHa 3pHa A-THn), 5. cenospheres (ueHoc<J>epe), 6. network (Mpe>KacTa
crpyKiypa), 7. semi-coke (nonyKOKc), 8. coke (kokc), 9. homogenous grains with high reflectance (xo-
MoreHa 3pHa ca bhcokom pedwieKcnjoM).

** mean reflectance of solid residue based on of "Digital Imaging System" (cpeflita pecwieKcttja MBpcror
ocraTKa floSitjcHa KOMnjyiepH30BaHOM MHKpocKoncKOM mctomom “Digital Imaging System").

(c) Experiments 193, 194, 195, 196 and 197 were carried out at 400°C and 13.5 MPa
and lasted 1, 1.5, 4, 6, and 8h, respectively. The proportion of reacted coal decreased by
prolonging the reaction time (Table 3). The reflectance degree of the grains of reacted coal in
two samples (which short residence time, experiments 193 and 194) was the same (around
0.46 %Rr; Table 5). The reflectance increase with the reaction time being 0.76 %Rr to 0.85
%Rr in the sample 195, 196 and 197. On the other hand, all grains of reacted coal of
A-type, observed in similar proportion had a relatively high reflectance degree, i.e.,
0.79-0.88 %Rr. With this type of grains the reflectance did not increase by prolonging the
reaction time. The same phenomenon was evidenced with the series of experiments 198, 204
and 199. It is interesting that humoplast were not observed in the solid residues obtained in
experiments 193-197. The samples 195 and 196 were characterized by somewhat higher
proportions of cenospheres (3.5 vol.% and 7.0 vol.%, respectively), which had high-reflectan-
ce carbonized walls (1.95-2.10 %Rr; Table 5; PI. 1/8).



The intensity of thermal changes was also checked through investigation of network
grains which were particularly abundant in sample 195 (20.5 vol.%), and less abundant in
samples 196 and 197 (8.0 vol.% and 10.5 vol.%, respectively). By prolonging the reac-
tion time their reflectance increased from 1.30 %Rr (195) to 1.42 %Rr (197). Based on
reflectance measurements, two generations of network structures with vacuoles were ob-
served in sample 197. The first was characterized by reflectance degrees from 1.05 to
1.60 %Rr (1.42+0.19, in average), and the second by the reflectance degrees from 0.65
to 1.05 %Rr (0.94+0.15, in average). The two generations of network grains served as
evidence of stepwise volatilization of the coal (PL 1/7-9). The semi-coke coke grains
(PI. 11/1-6) were more abundant in samples having higher proportion of network grains
with carbonized walls. The participation of semi-coke and coke was low (<5.0 vol.%).

(d) Hydrogenation of samples 200, 202, 203 and 201 was carried out at 420°C
and 13.5 MPa and lasted 1, 4, 6 and 8h, respectively. The solid residues obtained in
these experiment did not differ substantially, as far as the identified categories of
grains and their proportions were concerned (Table 3). The category of reacted coal
was observed in lower proportions (12.0-25.0 vol.%) relative to solid residues obtain-
ed in experiments carried out at 400°C. The reflectance degrees of the reacted coal
grains varied between 0.58 and 0.70 %Rr, similarly to the corresponding grains in
samples 198, 202 and 199 (a). At 420°C the proportion of grains resulting from
mesophase mechanism (grains of network structure, semi-coke and partly coke; Table
3) was higher. More intense carbonization resulted in an increase of the reflectance of
cenospheres walls, of semi-coke and network-grains. In sample 200 the cenospheres
walls had a high reflectance (1.50 to 2.10 %Rr), as well as the molten parts of
semi-coke (1.30-2.70 %Rr). The coke grains of lower anisotropy were aslo charac-
terized by high reflectance (1,70-2,85 %Rr). They probably resulted from more inten-
sive carbonization. In sample 200 the humoplasts (Pl. 1/1-4) had aslo a higher reflec-
tance (1.75 %Rr). Network structures participated considerably in samples 202, 203
and 201 (Table 3), evidencing greater thermal changes of the coal.

(e) The sample 206 was hydrogenized at 440°C and 13.5 MPa for lh. The content of
the so-called reacted coal in the solid residue was relatively small (20.0 vol.%). Its
reflectance was around 0.66 %Rr, like with the sample 199. The proportion of the A-type
reacted coal in this sample was somewhat higher compared to other samples (11.0 vol.%),
and its reflectance degree was relatively low, being only 0.57 %Rr (Table 4). The proportion
of cenospheres was low (2.0 vol.%) and that of the network structure grains and semi-coke
were high (15.5 vol.% and 10.0 vol.%, respectively). At the same time the proportion of
granular residue was also high (10.0 vol.%). The evidence suggested that the effect of
mesophase mechanism was higher at 440°C.

The coal changes during hydroliquefaction was additionally evaluated on the basis of
the porosity of the specific A-type grain category obtained under different reaction con-
ditions. The porosity was determined in the Laboratory for Organic Petrology of the
Aachen (Germany) University of Technology, by computerized microscopic "Kontron
Digital Imaging System". No substantial differences were observed in the grain porosities
depending on reaction temperature and residence time. The average porosity at 365°C



was found to be 7.5%, at 400°C 6.5%, 420°C 9.5%, and finally, at 440°C 7.5%. At
365°C and 15 MPa the porosity of A-type grains was somewhat higher, 10.8%.

CONCLUSIONS

Fourteen categories of grains were identified by micropetrography in the solid resi-
dues in the process of catalytic hydroliquefaction of the Kosovo soft brown coal. The
interpretation of the behaviour of the Kosovo coal in the liquefaction process was parti-
cularly based on the categories of nonreacted and reacted coal, as well as undissolved,
soluble and heat affected material. Special types of grains indicate the release of gases in
the initial stages of hydrogenation and the formation od semi-coke and coke by poly-
merization of liquid products in the later reaction stages.

High conversion degrees were observed with the Kosovo soft brown coal (70-86%).
Maximum vyield of n-heptane soluble light oils was obtained at 420°C in experiments
which lasted 4,6 or 8h. The temperature and the residence time had an effect on the yields
of individual products as well as on the morphological and optical changes. The yields of
total liquid products were found to be 50-70%, indicating a high reactivity of this coal in
the liquefaction process. Low proportion of humoplasts, cenospheres and semi-coke in the
solid residues confirmed the high reactivity of the Kosovo soft brown coal.

The reacted coal, with sporadic involvement of asphaltenes ("pitch-like mate-
rial"), in the solid residues obtained at 365°C, 13.5 MPa and I-8h residence times,
had a higher reflectance compared to the initial coal (0.55-0.65 %Rr). Any increase
of the reflectance degrees resulted in a decrease of the coal reactivity.

The appearence of humoplasts under the mildest reaction conditions (365°C, Ih)
is characteristic for the inital stages of coal structural changes. In the initial stages of
coal hydrogenation, simultaneously with the coal substance softening, network struc-
tures were formed as a result of the release of gases as well as incomplete disinte-
gration under the influence of the solvent. Higher proportions of network structures
were observed in the solid residues obtained at higher temperatures (420°C).

The isotropic porous A-type grains were formed under all applied reaction con-
ditions. Higher proportions of this type of grains were obtained at higher temperatures
(420° and 440°C).

Similarly to experience with Kolubara and Kostolac soft brown coals (Vitorovic et
al., 1996; Aleksic at al., 1998; Ercegovac at al., 1998), the effect of increasing the
pressure above 13.5 MPa was much less important then the effect of temperature and
residence time.
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PESNME

MWMWKPOMETPOIPA®PCKE KAPAKTEPUCTUKE KOCOBCKOI"
MEKOI" MPKOTI" ¥T'/bA N BLEIMOBE NMPOMEHE 3A BPEME
KATANNTUYKE XNAPOJIMKBE®AKLUWMJIE

Mmajyhn y Bugy 3Havyaj MeKUxX MpPKuX yribesa y Cpbuju Kao eHepreTcKuUx ropvea,
Kao u notpeby wUXoBOr Kopuwhewa Kao ONfeMerweHe CMPOBUHE, UCNUTaHe cy Moryh-
HOCTM fobujawa TeYHUX ropuea M3 KoCOBCKOr yriba MPUMEHOM AUPEKTHE KaTaiuTuuke
xugporeHusaumje. OBa ucnuTuBaka npeacraBsbajy Aeo nporpama npoyvyaBawa moryh-
HOCTU NnKBeakuuje gomahnx HUCKOKaANOPUUYHNX YI/beBA (Y noroyjc al al, 1991, 1994,
1996; Alekslc el al, 1997, 1998; Erce§oyac el al, 1981, 1998). PeakyunoHu ycnosu u
pe3ynTatum XemmjCKMX aHanmM3a 4YBPCTUX OcCTaTaka NpukKasaHu cy y Tabenu 2, fOK cy
pesyntatn nukeedakumje KoCOBCKOT yr/ba Npu pasnuuntum ycnosuma gatm Ha ci. 1 (A



n B). Mpu cBuM ycnosMma XupporeHmsaumnje NOCTUTHYT je BUCOK CTEMNeH KOHBep3wuje
(70-86%). HMCKM NMpUHOCKM TeYHWX NPOM3BOAA MPU HUXMM TemnepaTypama u Kpahem
BPEMEHY peakuuje ykasyjy fa ce Ha NMo4YeTKy nkeedakuuje ocnobahajy Benmke Kou-
YyuHe racosa.

XungporeHusaumoHa nnkBedakymMja n3BpLLIEHA je Ha CMpPaLleHOM U OCYLUEHOM Ccpef-
beM y30pKy yriba (< 0,160 rnT) ca noBpwwuHckor kona Kocosckor 6aceHa (Cp6wuja).
EKCnepuMeHTU Cy N3BPLIEHWN Yy TeTpa/MHy Yy NPUCYCTBY KaTtanusatopa y UHTepeany TeM-
nepatype og 365-440°C wn nputucky og 13,5-15 MPa, ca pa3fiMuyntuMm BPeMEHOM peak-
uvje og 1 go 8 yacosa. MocTynak NnkBedakumje 1 HAYMH ofBajakba NPoM3Boga 0f 4BpC-
TOr oCcTaTKa AeTa/bHO Cy OMWCaHW Y paHWUjUM pafloBUMa (YHoroyjc €1. al., 1991, 1994,
1996). PeakLMOHMW YCNOBM 1 pe3ynTaTh XeMUjCKUX aHann3a YBPCTMUX OcCTaTaka npukasaHu
cy y Tabenn 2, oK cy pesyntatu nukeedakuuje KoCOBCKOr yr/ba npu pasnnyntum
ycnosuma gatu Ha cn. 1 (A, B). MNMpu cBMM ycnoBuma XmaporeHusawumje noOCTUTHYT je Bu-
COK cTeneH KoHBep3uje (70-91%).

Ha ocHoBy MukponeTporpackmx ncnutusarwa (tabena 1) KocoBcku yrasb npunaga
rpynu XyMyCHUX YribeBa XYyMOTE/NUHUTCKO-AETPUHUTCKOT TuUMa ca PenaTuBHO HUCKUM
cajpxajeMm wmauepana NUNTUHUTCKE U WHEPTUHUTCKe rpyne. McnuTuBaHW yramkb ce
OANINKYje BUCOKUM cafpxajeM kcunuta (36,0 Tex.%). YTBpheHOo je BUCOKO NpoLeHTyan-
HO yuewhe peakTMBHUX Mauepana (oko 76,0 3am.%) u BUCOK CTeneH reandukauynje
(1,42). OgHOC XYMOTENUHUT/XyMOAeTPUHUT un3Hocu 0,78. Mpema cTeneHy pednekcuje
xymuunTta (0,27 %Kr) KocoBcku yra/b npunaga Kateropuju MeKnx MpKUX yribesa Knace
M2(Erce8oyac, 1986).

MpuMerbeHN eKcnepyMMeHTanHW YCnoBU NUKBedakuuje A0BENU cCy A0 PasIMUUTUX
npoMeHa YyribeHe MaTepuje, OLHOCHO [0 CTBapaka pasIUUMTUX KaTeropuja 3pHa y
YBPCTUM OCTaLMMa nocne xmporeHunsaunje. MMKpoOCKONCKOM aHaNn30M UAEHTUDUKOBA-
HO je 14 kaTeropwuja 3pHa. KnacugpukaymnoHa cxema KopuwheHa y 0BOM pajy 3a Kapak-
Tepu3auujy MopponoWwKnxX 1 ONTUYKMX 0COOBMHA HOBOCTBOPEHMX KaTeropuja 3pHa npea-
CTaB/ba MOAMMPMKOBAHY BepP3Mjy paHuje npeanoxeHnx knacupukaymnja (MHchell el al,
1977; Cnyo! & Ble$5el, 1981; Erce8oyac el al, 1981, 1998, 1999; Erce8oyac, 1986;
OaY18 el al, 1991; Ceni1218 el al, 1995; n Y1lloroylc el al, 1994). MpoueHTyanHo
yyewhe n3gBojeHNX KaTeropuja spHa y YBpCcTMM ocTalMma npukasaHo je y tabenama 3, 4
M5, abUXOB MUKPOCKONCKK u3rned Ha Tabnama | u Il. CTeneH TepMUUYKUX MpOMeHa
pa3nuynMTUX Kateropuja 3pHa no nNpeu NyT je ogpefjuBaH NMPeko Mepewa CTeneHa ped-
nekcuje y ogbujeHoj ceetnoctu (tabena 5). ONTUUYKe KapaKTepPUCTUKE Yriba U NojefuHNUX
KaTeropuja spHa y UBpCTOM OCTaTKy Mocnyxune cy 3a npahewe npomMeHa mUX0Be peak-
TUBHCTW 3aBMCHO Of TeMnepaType 1 BpeMeHa Tpajata peakuyuje (bay15 el a]., 1991).

M3pearoBann yra/b ca nojaBama acanTeHa 3acTyn/beH je Yy MPOMEH/bUBUM, Haj-
yewhe y BuCokuM npoueHTmma (8,0-52,0 3an.%). Yuewhe oBe KaTeropmnje 3pHa ce cma-
tbyje ca npoayxaBakeM BpeMeHa peakuuje, 4OK ce cTeneH pednekcuje nosehasa (Tabe-
na 5). Ceako nosehaBamwe cTeneHa pegriekcuje LOBOAM A0 CMakwUBaka PeakTUBHOCTU
0Be KaTeropuje 3pHa, Koja ce MpeTeXHO CTBapa y NoyYeTHUM (azamMa XuaporeHusaunje
Kao nocnefuua HefOBO/LHOI pasfiarakwa yr/ba nof ytuuajem pacrsapaya. M30TponHm xy-
MOM/acTN, KOju Ce MPETeXHO CTBapajy y NoyeTHUM pasama XugporeHusauunje nog fgej-
CTBOM pacTBapaua, y Hajsehem 6pojy ornega ce jaB/bajy camo cnopagnyHo. Oanunkyjy ce
BMCOKOM pegnekcujom (0,75-0,95 %KrT; Tabena 5). XymonnacTu ce yrnaBHOM jaB/bajy Yy
061MKY ChepuyHUX 3pHa Manux agumMmeHsuja (> 0,020 raT) u Hajuyewhe cy cnojeHn y arpe-
rate. Tamo rge cy NpucyTHM XyMONNAacTu, 3anaxeHu Cy YecTu npenasn Ka LeHochepama



ca jeAHOM BaKyo/sioM. 3M0BWM HOBOCTBOPEHUX LieHOCHepa nmajy UCTy pedieKcujy Kao un
Xymonnactu. To cBakako yKasyje fa cTBapakwy LeHOcHepa NpeTxo4n 3HavajHuje OMek-
WwaBake yribeHe maTepuje. Y Hajsehem 6pojy ornepa n3BefeHMX Ha TemnepaTypama of
400° po 440°C ypeo yeHocgepa He npenasu 5,0 3an.%. CneunduryHa Kateropmnja o3Hauve-
Ha Kao M30TponHa 3pHa A-TUN ca KapakTePUCTUYHUM WU3F1e40M U BALLIOM pedpaekcujom
y OfHOCY Ha poBHM yramb (0,54-0,88 %Kr) npucyTHa cy y CBUM Orfie4MMa y NpOMeH/bUBUM
npoueHTnma (1,5-11,0 3an.%). bbuxoBo yyewhe 6GUTHO He 3aBUCK Of YCNOBa XUAPOTEHU-
3aumje. 3pHa ca MpeXacToM CTPYKTYpOM MPUCYTHa Cy Yy CBMM Orjieguma aam y npomeH-
/buBUM npoueHTuma (tabena 5). OBa kaTeropmja 3pHa ce Takohe cTBapa y NMOYETHUM
(hasama xuaporeHn3auunje napanesHo ca oMeKLlaBaweM yribeHe MaTepuje ycnesd ocnobaha-
kba racosa M HeOBO/bHOI pa3fnararwa nog ytuuajem pacteapaya. CTeneH XOMOreHocTH poB-
HOT yr/ba yTUYe Ha CTBapakwe MpexacTux CTpykTypa. Behe yyewhe oBe kaTeropuje 3pHa 3a-
MaXeHo je y UBPCTUM OcCTalMma nocne nKBedakLmje Ha BUWLIMM TemnepaTtypama (> 420°C).
CTteneH pediekcnje mpexxacTux CTPYKTypa je BUCOK n Kpehe ce namehy 1,30-1,80 %Kr, wTto
yKasyje Ha 3HavajHuju yTuuaj kapboHmn3almnje Ha BUW MM TemnepaTtypama. 3pHa nosyKokca un
KOKCa NpUCyTHa Cy Y Manum NpoLeHTMMa, WTO HECYMHbUBO yKa3yje Ha MawW 3Havyaj Me3o-
(ha3HOr mMexaHM3Ma KOju Ce ofBuja Ha BMWMKM Temnepatypama (Tabena 3). 3pHa nony-
KOKca umajy suwy pednekcujy (1,45-1,90 %Kr) y ogHocy Ha LeHocdepe u 3pHa ca Mpe-
XacToM CTPYKTypoM. KaTeropuja 3pHa 03HauyeHa Kao rpaHynoBaH ocTtaTak npucyTHa je y
CBMM 4YBPCTUM OCTauMma y penaTMBHO HWUCKMM npoueHTuma (3,0-10,0 3an.%). Mopdo-
rpafcke n oNTUYKe 0cobUHe rpaHyioBaHOr ocTaTka NoTBphyjy orpaHuyeH 3Havaj Me3o-
(hase y Kojoj ce cTBapajy HOBe TBOPEBMHE Ha BULLIUM TemnepaTypama.

MpaTehn npomeHe cajp)xaja MUHepaNHUX MaTepuja ca nosehaBakbem Temnepatype
N BpeMeHa peakLuje MOXe Ce KOHCTaToBaTu fda npu TemnepaTypu og 365°C ca fyXum
BpeMeHOM peakuuje pacTe yyewhe rnmue (og 10,0 go 61,5 3an.%) u nuputa (og 3,5 5o 6,5
3an.%). OBO CBakako ykasyje fa cy Npu OBUM YCNOBMMa MOCTUTHYTU 60/bU eheKTu
KOHBep3uje. Kog ornefa u3BefeHUX Ha BUILIUM TeMnepaTypama 0Baj TpeHJ npomMeHa ca-
ApXXaja MUHepanHUX MaTepuja HMje Tako jaCHO M3paXKeH.

KaTtanmTuykoM XMApOnMKBedakunjom MeKor MpPKOT yriba n3 Kocosa NOCTUTHYT je
BMCOK CTeneH KoHBep3uje (70-86%). MakcumanHu cagpxaj nakux yrba pacTBOPHUX Y
Nn-xenTaHy fobujeH je Ha TemnepaTypu og 420°C v peakMOHUM BpeMeHUMa of 4, 6 unm 8
yacoBa. Y TBpheHO je fa Ha NPUHOC TeYHUX NPOM3BOJA YTMUY TemnepaTypa v Bpeme pe-
akumje. YKynHu cagpxaju TeyHmx npoussoga kpehy ce og 50 go 70%, W10 yKasyje Ha
BMCOKY PeaKTUBHOCT UCNUTUBAHOT YI/ba y npouecuma nnuksedakumnje. Hucko yyewhe xy-
mMonnacTa, LeHocdepa 1 NOAYKOKca Y YBPCTUM ocTaLMma je Takohe AoKa3 BUCOKe peak-
TUBHOCTM KOCOBCKOI MEKOT MPKOT Yr/ba.
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PLATE | TAEJIA

Microscopic view of solid liquefaction residues from Kosovo soft brown coal: 1. reacted coal (exp. 204); 2. iso-
tropic porous grains A-type (exp. 204), 3. reacted coal (beginning of devolatilization; exp. 197); 4. isotropic hu-
moplasts (beginning of carbonization; exp. 200); 5. and 6. characteristic view of thin- and thick wall cenospheres
between the granular residues (exp. 205 and 199); 7. beginning of formation the degasification pores in the reacted
coal (exp. 204); 8. and 9. different types of network structures (exp. 196 and 202).

Reflected light, oil, objectiv 50X.

MmcpocKoncKH H3rjies HBpcTor ocTaTKa nocnhe XHflporeHH3aiyije KocoBCKor ym>a: 1. n3pearoBajin yrajb (ckc-
nepHMCHT 204); 2. H30TpOnHa nopo3Ha 3pHa A -ran (204); 3. H3pearoBajM yrajb (noneTaic ocjio6ai)aH>a racoBa;
197); 4. HsoTponHH xyMonjiacra (no*teTaK Kap6oHH3annje; 200); 5. a 6. KapakTepHCTHHaH H3rjiejt neHoccjjepa ca
TaHKHM h HeSejiHM 3HjjoBHMa (205 h 199); 7. noHeTau CTBapaH>a nopa ycjien ocjioSatjatha racoBa y H3pearo-
BajroM yriby (204); 8. h 9. pa3JiHHHTH thiiobh MpoKacrax CTpyKxypa (196 h 202).

OflénjeHa CBeTJiOCT, Yjte, oSjeK THB 50X.

PLATE Il TAEJIA

Microscopic view of the solid liquefaction residues from Kosovo coal: 1 and 2. isotropic and partly aniso-
tropic semi-coke (200 and 203); 3. and 4. characteristic view of anisotropic grains of coke (195); 5. reacted
coal with carbonized outher part (197); 6. beginning of the foramtion of mesophase (anisotropic semi-coke;
200); 7. isotropic carbonized grain showing vacuole development (black holes; 204); 8. isotropic homoge-
nous grain with high reflectance (204); 9. granular residue with fragments and mineral matter (199).
Reflected light, oil, objectiv 50X.

MmcpocKoncKH H3rjiefl HBpcTor ocTaTKa nocne xnflporeHH 3ai;nje KocoBCKor yrjta: 1. h 2. 3pHa n30rponHor h
flejiHMHMHo aHH30TponHor nojiykOKca (200 h 203); 3. h 4. KapaK TepHcrmaH H3rjiefl am30TponHnx 3pHa KOKca
(195); 5. H3pearoBajin ,yrajt ca KapeoHH3npaHHM 060fl0M (197); 6. noneTaK CTBapaita Me30cf>a3e (aHH3orponHH
nojiyxoKc; 200); 7. H30TponHO0 Kap6omi3npaHo 3pHo ca BaKyonaMa (upHo; 204); 8. H30xp0nHO0 x0MoreHo 3pHO
ca bhcokom pecj)jieKcenjoM (204); 9. rpaHy/ioBaH ocraxaK ca cjjparMeHTHMa h MiraepaliHOM MaxepnjoM (199).
OjtSHjcHa cBeTJiocT, yjhe, 06jeKXHB 50X.









