
Teoji. aH. EajiK . nojiyoc. 
Ann. Geol. Penins. Balk. 63 (1999) 237-252 Eeorpafl, ^eijeMSap 2000 

Belgrade, Decembre 2000
UDC (YAK) 552.576.1:66.097(497.115) Original scientific paper

OpHrHHajiHH HayMHH pa,n

MICROPETROGRAPHIC CHARACTERISTICS OF THE KOSOVO SOFT 
BROWN COAL AND THEIR CHANGES DURING CATALYTIC 

HYDROLIQUEFACTION
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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 
o 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., jiHKiscc^aKUHja, neTporpacJwja, 'iBpci H ocraTaK, K ocobckh 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 (V ito ro v ic  et al., 1991; 1994; 1996; A lek sic  et al., 1997; 1998; E rceg o v ac  
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.
Ta6ejia 1. M anepajm  h MmicpajTK poBHor yrjba (-160pm ) m  KocoBa.

Macerals and minerals (Mancpajiii H MHhiepa.’iH) vol. (3an.) %
Huminite (XyMHHirr) 69.0

Textinite (Tckcthhht) 16.5
Ulminite (Y jimhhht) 11.0
Atrinite (A tphhht) 10.5
Densinite (3 chchhht) 24.5
Gelinite (Fcjthhht) 6.5

Liptinite (JInnrHHHT) 7.0
Inertinite (H hcpthhht) 2.5
Minerals (MHHepajiH) 21.5

Clay (Duma) 11.0
Pyrite (IlnpnT) 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 KCHJMTa, 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 (E rceg o v a c , 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 (V ito ro v ic  et al., 1991, 1994, 1996; A lek s ic  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. ISO-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 yields 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. 
Ta6eua 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
(PeaKIJM OHH yCJIOBH)

t(°C )
P (MPa) 

T (h)

365
13.5

1

365
13.5

6

365

15.0

8

365

15.0

4

400

13.5

1

365

13.5

1.5

400
13.5

4

400
13.5

6

400

13.5

8

420

13.5

1

420

13.5

4

420

13.5

6

420

13.5

8

440

13.5

1

Solid residue ( H b p c t m  o c rra T a K ) * 41.4 32.0 23.3 32.4 32.0 31.6 29.4 24.7 24.9 34.1 29.6 31.8 30.2 37.3
Ash in the solid residue 
(Ileiieo y m b p c t o m  c raH > y )

37.4 45.9 68.4 46.5 47.8 49.0 48.1 55.9 55.7 49.1 54.0 50.0 54.1 44.3

Organic matter in the solid residue** 
(O p ra H C K a  c y r ic T a H ija  y  m b p c t o m  o c T a n c y ) * *

31.1 20.8 8.8 20.8 20.1 19.3 18.4 12.4 13.2 20.8 17.3 19.1 16.0 227

* 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 oflHocy 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 M itch e ll et al. (1977), G u y o t & D iesse l (1981), Er- 
cegovac et al. (1981, 1998, 1999), E rceg o v ac  (1986), Dav is  et al. (1991), Gentz is  
et al. (1995), and V i to ro v ic  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.



P=13,5 MPa t=400°C

1--------- r
400 450

Temperature (TeMiiepaTypa) °C Time (BpeMe) h

Legend (JlereHfla): o  - liquid products (tcmhh npoH3BojtH)
□  - asphaltenes (acc^ajiTeHH)
*  - solid residue ( mbpcth ocraTaK)
0  - conversion (KOHBep3Hja)

Fig. 1. 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 T C M iie p a x y p e  Ha npHHoc np0H3B0«a h K o m icp .'iiijy  KocoBCKor y n ta  i ip n  KOHcraHTHOM npa- 
THCKy h  B peM eH y 3ajtp>KaBaH>a; B) YTnnaj B peM eH a sa /ip ^ K a n a n .a  H a n p H H o c  np0H3B0fla h  K oiiB ep-iH jy  ko- 
coBCKor y r jta  npn KOHCraHTHoj TeinneparypH h  npHTHCKy.

Table 3. Petrographic composition o f the solid residue obtained from the Kosovo coal after the liquefaction. 
Ta6ejia 3. lIeTporpac|>CKH cacraB ’iBpcror ocraxKa nocjie xnflporeHH3aiprje KocoBCKor y rjta .

Sample (YaopaK) ■ 198 204 199 205 193 194 195 196 197 200 202 203 201 206
Categories o f grains, vol. % 

KaTcropnje 3pHa (sari. %)
t( ° Q  
P (MPa) 
t(h )

365
135

1

365
13.5
6

365
135

8

365
15
4

400
135

1

400
135
15

4m
13.5
4

400
135
6

400
135
8

420
135

1

420
135
4

420
135
6

420
13.5
8

440
135

1
1. Nonreacted and partly reacted coal 

0 lewspearoBajiH w /jcjimmh'iho 
H3pean iiiajiH yrajb)

tr. tr. tr. tr. — tr. tr. tr. — ~

2. Reacted coal (Pearoraajm yrajb) 145 175 85 15.5 44.0 52.0 285 22,0 305 17,0 18,0 16,0 12,0 20.0
3. Isotropic humoplasts 

(MaoTponHH xyMoruiacTH)
9.0 2.0 - 1.0 - - - - 05 25 - - - -

4. Isotropic porous grains, A—type 
(M urrponna riopo3Ha 3pHa)

35 4.5 4.0 25 15 35 3.0 25 2.0 6.0 4.0 5.0 75 11.0

5. Cenospheres, iso. (LleHoccjjcpe) 125 25 - 85 - - 35 7.0 2.0 4.0 1.0 15 3.0 2.0
6. Network, iso. (MpejKacra cipyK'rypa) 22.0 7.0 6.5 12.0 95 3.0 20.5 8.0 105 155 22.0 28.0 27.5 155
7. Semi—coke, iso. (IlojiyKOKc) 25 6.0 3.0 6.0 25 0.5 5.0 3.0 2.0 95 65 8.0 6.0 10.0
8. Coke, aniso. (Kokc) 1.0 0.5 - - - - 35 15 25 3.5 05 15 3.0 3.0
9. Isotropic homogenous grains, high % Rr 

( M un poima xoMoreHa 3pHa)
6.0 3.0 15 - 05 - 05 - - 15 - - 25 2.0

10. Granular residue ( rpany/iDiiaH oc-ia-raK) 7.0 9.0 4.5 95 11.0 3.0 8.0 4.0 125 6.0 5.0 4.0 3.0 10.0
11. Fragments (‘I'parMGHTH) <0.01 mm 85 5.0 4.0 10.0 35 4.0 6.0 13.0 9.0 6.0 6.0 8.0 10.0 6.0
12. Clay (rjmHa) 10.0 365 61.5 28.5 19.0 26.0 17.0 34.0 23.0 25.5 305 225 21.0 15.0
13. Pyrite—pyrrhotite (11 upmt- iimpxotht) 35 6.0 65 6.5 7.0 75 4.5 5.0 5.5 3.0 55 5.0 4.5 5.5
14. Carbonates( KapGoHaTM) tr. 0.5 - - 15 05 tr. - - - 1.0 0.5 - tr.

tr .-  in traces (y xparOBHMa)
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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 
(lh,  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—cenosphere 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 (PI. 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—coke and coke 
similar to those presented in Plate II /l—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). 
T a6ena 5. C'reneH petJweKCHje pasjiH'iHTHx KareropHja 3pHa MispcTor ocraTKa (Kocobo).

Sample No. 
ympKa.)

Experimental conditions
(YcnoBH)

Rcflcctance (PccfuieKCMja). %Rr 
Category of Kiain (KaTuropwjc apna)

Mean reflectance** 
(Cpejata pccjyiaKcwja)

T (°C) p (MPa) T(h) 2 3 4 5 6 7 8 9 % Rr. sd
198 365 135 1 058 0.95 - 0.98 1.08 1.45(7) - 138(7) 0.60 + 0.07
204 365 135 6 0.63 0.86(?) 0.73(?) 0.95 - 1.90(7) 2.65(7) - 0.69 + 0.10
199 365 135 8 0.67 - 0.68 0.98(7) - - - - 0.76 ± 0.10
205 365 15 4 0.73 1.18 0.74(?) 158 1.40(7) 172(7) - 1.96(7) 0.79 ± 0.05
193 400 135 1 0.47 - 0.79 - 1.40 150(7) 2.65(7) 1.88 0.88 ±  007
194 400 135 15 0.46 - 0.88 - - - - 1.95 0.90 + 0.05
195 400 135 4 0.76 - 0.82 1.95 130 - 2.40 250(7) 0.90 + 0.11
196 400 135 6 0.79 0.93 0.68 2.10 135 - CO 2.60 0.85 +  0.10
197 400 135 8 0.85 - 0.79 220 1.42 — 235

2,10
1.80 107 ± 0 0 9

200 420 135 1 058 0.75 054 1.80 127 2.02 230 230 0.62 ±  006
202 420 135 4 0.64 - 0.61 2.16 1.82 - 2.71 - 0.71 ± 023
203 420 135 6 0.70 0.78 0.69 1.99 139 204 250 - _
201 420 135 8 0.70 - - - 138 1.66 - - -
206 440 135 1 0.69 - 057 124 130 155 220 1.62 0.90 ±  0.20

* category of grains (KareropHje 3pHa): 2. reacted coal (pearoBajm yraji>), 3. humoplasts (xyMonjiac™), 4. iso
tropic grains, A-type (H30Tp0nHa 3pHa A-THn), 5. cenospheres (ueHoc<J>epe), 6. network (Mpe>KacTa 
crpyKiypa), 7. sem i-coke (nonyKOKc), 8. coke (kokc), 9. homogenous grains with high reflectance (xo- 
MoreHa 3pHa ca bhcokom pe4wieKcnjoM).

** mean reflectance of solid residue based on of "Digital Imaging System" (cpeflita pecJwieKcttja MBpcror 
ocraTKa floSitjcHa K0MnjyiepH30BaH0M 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. II/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 M Pa 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, sem i-coke and partly coke; Table 
3) was higher. M ore intense carbonization resulted in an increase of the reflectance of 
cenospheres walls, of sem i-coke and netw ork-grains. In sample 200 the cenospheres 
walls had a high reflectance (1.50 to 2.10 %Rr), as well as the molten parts of 
sem i-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 (PI. 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 yield 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 o f asphaltenes ("pitch-like mate
rial"), in the solid residues obtained at 365°C, 13.5 M Pa and l - 8 h  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 o f humoplasts under the mildest reaction conditions (365°C, lh ) 
is characteristic for the inital stages o f coal structural changes. In the initial stages of 
coal hydrogenation, simultaneously with the coal substance softening, network struc
tures were formed as a result o f the release o f 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 (V i to rov ic  et 
al., 1996; A le k s i c  at al., 1998; E rc e g o v a c  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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Р Е З И М Е

МИКРОПЕТРОГРАФСКЕ КАРАКТЕРИСТИКЕ КОСОВСКОГ 
МЕКОГ МРКОГ УГЉА И ЊЕГОВЕ ПРОМЕНЕ ЗА ВРЕМЕ 

КАТАЛИТИЧКЕ ХИДРОЛИКВЕФАКЦИЈЕ

Имајући у виду значај меких мрких угљева у Србији као енергетских горива, 
као и потребу њиховог кориш ћења као оплемењене сировине, испитане су могућ- 
ности добијања течних горива из Косовског угља применом директне каталитичке 
хидрогенизације. Ова испитивања представљају део програма проучавања могућ- 
ности ликвефакције домаћих нискокалоричних угљева ( У п о г о у ј с  а! а1., 1991, 1994, 
1996; А1екз1с е1 а1., 1997, 1998; Е гсе§ о у ас  е1 а1., 1981, 1998). Реакциони услови и 
резултати хемијских анализа чврстих остатака приказани су у табели 2, док су 
резултати ликвефакције Косовског угља при различитим условима дати на сл. 1 (А



и В). При свим условима хидрогенизације постигнут је висок степен конверзије 
(70-86% ). Ниски приноси течних производа при нижим температурама и краћем 
времену реакције указују да се на почетку ликвефакције ослобађају велике коли- 
чине гасова.

Хидрогенизациона ликвефакција извршена је на спрашеном и осушеном сред- 
њем узорку угља (< 0,160 гпт) са површинског копа Косовског басена (Србија). 
Експерименти су извршени у тетралину у присуству катализатора у интервалу тем- 
пературе од 365-440°С и притиску од 13,5-15 МРа, са различитим временом реак- 
ције од 1 до 8 часова. Поступак ликвефакције и начин одвајања производа од чврс- 
тог остатка детаљно су описани у ранијим радовима ( У Н о г о у ј с  е1. а1., 1991, 1994, 
1996). Реакциони услови и резултати хемијских анализа чврстих остатака приказани 
су у табели 2, док су резултати ликвефакције Косовског угља при различитим 
условима дати на сл. 1 (А, В). При свим условима хидрогенизације постигнут је ви- 
сок степен конверзије (70-91% ).

Н а основу микропетрографских испитивања (табела 1) Косовски угаљ припада 
групи хумусних угљева хумотелинитско-детринитског типа са релативно ниским 
садржајем мацерала липтинитске и инертинитске групе. Испитивани угаљ се 
одликује високим садржајем ксилита (36,0 теж.% ). Утврђено је високо процентуал- 
но учешће реактивних мацерала (око 76,0 зап.% ) и висок степен гелификације 
(1,42). Однос хумотелинит/хумодетринит износи 0,78. П рема степену рефлексије 
хуминита (0,27 %Кг) Косовски угаљ припада категорији меких мрких угљева класе 
М2 (Е гсе§ о у ас , 1986).

Примењени експериментални услови ликвефакције довели су до различитих 
промена угљене материје, односно до стварања различитих категорија зрна у 
чврстим остацима после хидрогенизације. М икроскопском анализом идентификова- 
но је 14 категорија зрна. Класификациона схема коришћена у овом раду за карак- 
теризацију морфолошких и оптичких особина новостворених категорија зрна пред- 
ставља модификовану верзију раније предложених класификација (М НсћеП е1 а1., 
1977; С иуо! & В1е$5е1, 1981; Е гсе§оуас е1 а1., 1981, 1998, 1999; Е гсе§ о у ас , 1986; 
ОаУ18 е1 а1., 1991; С еп 1218 е1 а1., 1995; и У11огоу1с е1 а1., 1994). Процентуално 
учешће издвојених категорија зрна у чврстим остацима приказано је у табелама 3, 4 
и 5, а њихов микроскопски изглед на Таблама I и II. Степен термичких промена 
различитих категорија зрна по први пут је одређиван преко мерења степена реф- 
лексије у одбијеној светлости (табела 5). Оптичке карактеристике угља и појединих 
категорија зрна у чврстом остатку послужиле су за праћење промена њихове реак- 
тивнсти зависно од температуре и времена трајања реакције (БаУ15 е1 а]., 1991).

Изреаговали угаљ са појавама асфалтена заступљен је у променљивим, нај- 
чешће у високим процентима (8,0-52,0 зап.% ). Учешће ове категорије зрна се сма- 
њује са продужавањем времена реакције, док се степен рефлексије повећава (табе- 
ла 5). Свако повећавање степена рефлексије доводи до смањивања реактивности 
ове категорије зрна, која се претежно ствара у почетним фазама хидрогенизације 
као последица недовољног разлагања угља под утицајем растварача. Изотропни ху- 
мопласти, који се претежно стварају у почетним фазама хидрогенизације под деј- 
ством растварача, у највећем броју огледа се јављају само спорадично. Одликују се 
високом рефлексијом (0,75-0,95 %Кт; табела 5). Хумопласти се углавном јављају у 
облику сферичних зрна малих димензија (> 0,020 гат ) и најчешће су спојени у агре- 
гате. Тамо где су присутни хумопласти, запажени су чести прелази ка ценосферама



са једном вакуолом. Зидови новостворених ценосфера имају исту рефлексију као и 
хумопласти. То свакако указује да стварању ценосфера претходи значајније омек- 
шавање угљене материје. У  највећем броју огледа изведених на температурама од 
400° до 440°С удео ценосфера не прелази 5,0 зап.%. Специфична категорија означе- 
на као изотропна зрна А -ти п  са карактеристичним изгледом и вишом рефлексијом 
у односу на ровни угаљ (0,54-0,88 %Кг) присутна су у свим огледима у променљивим 
процентима (1,5-11,0 зап.% ). Њихово учешће битно не зависи од услова хидрогени- 
зације. Зрна са мрежастом структуром присутна су у свим огледима али у промен- 
љивим процентима (табела 5). Ова категорија зрна се такође ствара у почетним 
фазама хидрогенизације паралелно са омекшавањем угљене материје услед ослобађа- 
ња гасова и недовољног разлагања под утицајем растварача. Степен хомогености ров- 
ног угља утиче на стварање мрежастих структура. Веће учешће ове категорије зрна за- 
пажено је у чврстим остацима после ликвефакције на вишим температурама (> 420°С). 
Степен рефлексије мрежастих структура је висок и креће се између 1,30-1,80 %Кг, што 
указује на значајнији утицај карбонизације на вишим температурама. Зрна полукокса и 
кокса присутна су у малим процентима, што несумњиво указује на мањи значај мезо- 
фазног механизма који се одвија на вишим температурама (табела 3). Зрна полу- 
кокса имају вишу рефлексију (1,45-1,90 %Кг) у односу на ценосфере и зрна са мре- 
жастом структуром. Категорија зрна означена као гранулован остатак присутна је у 
свим чврстим остацима у релативно ниским процентима (3,0-10,0 зап.%). М орфо- 
графске и оптичке особине гранулованог остатка потврђују ограничен значај мезо- 
фазе у којој се стварају нове творевине на вишим температурама.

Пратећи промене садржаја минералних материја са повећавањем температуре 
и времена реакције може се констатовати да при температури од 365°С са дужим 
временом реакције расте учешће глине (од 10,0 до 61,5 зап.% ) и пирита (од 3,5 до 6,5 
зап.%). Ово свакако указује да су при овим условима постигнути бољи ефекти 
конверзије. Код огледа изведених на вишим температурама овај тренд промена са- 
држаја минералних материја није тако јасно изражен.

Каталитичком хидроликвефакцијом меког мрког угља из Косова постигнут је 
висок степен конверзије (70-86% ). Максимални садржај лаких уља растворних у 
л-хептану добијен је на температури од 420°С и реакционим временима од 4, 6 или 8 
часова. У тврђено је да на принос течних производа утичу температура и време ре- 
акције. Укупни садржаји течних производа крећу се од 50 до 70%, што указује на 
високу реактивност испитиваног угља у процесима ликвефакције. Ниско учешће ху- 
мопласта, ценосфера и полукокса у чврстим остацима је такође доказ високе реак- 
тивности Косовског меког мрког угља.



Micropetrographic Characteristics of the Kosovo Soft Brown Coal and 249

PLATE I 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 nocne XHflporeHH3aiyije KocoBCKor ym>a: 1. n3pearoBajin yrajb ( c k c -  

nepHMCHT 204); 2. H30Tp0nHa 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 th iiobh MpoKacrax CTpyKxypa (196 h 202).
O fl6 n je H a  CBeTJi0CT, yjte, oSjeK TH B 50x.

PLATE II 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.

M m cpocK oncK H  H 3rjie fl H B p cT o r o cT aT K a n o c n e  x n f lp o re H H 3 a i;n je  K o co B C K o r y r j t a :  1. h  2. 3 pH a n 3 0 rr p o n H o r  h  

flejiHMHMHo aH H 3 0 T p o n H o r no jiyK O K ca (200 h  203); 3. h  4 . K a p a K T e p H c rm a H  H 3rjie fl a m 3 0 T p o n H n x  3pH a KOKca 

(195); 5. H 3 p e a ro B a j in  ,y r a j t  c a  K ap6oH H 3npaH H M  0 6 0 fl0 M (197); 6. n o n e T a K  C T B a p a ita  M e30cf>a3e (aH H 3 o rp o n H H  

n o jiy x o K c ; 200); 7. H 3 0 T p 0 n H 0  Kap6omi3npaHo 3pHo c a  B aK y o n aM a (u p H o ; 204); 8. H 3 0 x p 0 n H 0  xoMoreHo 3pHO 

ca  b h c o k o m  p ec j)jieK cn joM  (204); 9. rp aH y /io B aH  ocraxaK c a  cjjparM eH TH M a h  M iraepaJiH O M  M ax ep n jo M  (199). 
O jtS H jcH a  cB eT JiocT , y jh e ,  o6jeKXHB 50x.






