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GEOCHEMICAL ANALYSES OF 12 HUNGARIAN COAL SAMPLES

Laszl6 G. SOMOS*, Peter ZUBOVIC** and Frederick O. SIMON**

Twelve channel samples of coal collected from coal beds in Hungary were analyzed in the U.S.
Geological Survey laboratories. The coal beds are Jurassic (Lias) and Tertiary age and are of lignite
to bituminous rank. Unusually high sulfur contents and high organic sulfur concentrations charac-
terize the coal from beds that are of Eocene and Miocene age. The coal and coal ash from coal beds
of Lias (Jurassic) age are high in many trace elements. These geochemical data suggest a need for
additional coal-quality data to resolve environmental concerns when coal from these coal beds are
burned in power plants.

Keywords: geochemistry, coal, environment protection, ultimate analysis, proximate analysis

1. Introduction

The geochemistry of Hungarian coal was investigated under a cooperative
agreement between the United States Geological Survey (USGS) and the Hun-
garian Central Office of Geology. The objectives of this study were: the inter-
laboratory comparisons of analytical data, increasing geochemicgl knowledge
about Hungarian coal beds, and supplementing the USGS coal data base on
world coal quality. Initially, twelve channel samples were sent to the USGS for
a variety of analyses as shown in Fig. 1. Six additional samples were received
by the USGS and are currently being analyzed. This paper reports on the
analytical data for the chemical components and physical properties of the first
12 coal samples.

2. Description of coal samples

The location and a partial description of the coal samples are given in
Table I. The coal beds sampled are Jurassic (Lias) and Tertiary in age and are
lignite to bituminous rank. The older coal beds (Jurassic) are bituminous rank;
the higher rank of these coal beds is caused in part by the thermal effects
produced by intrusions of ultrabasic magmas into the underlying strata during
Early Cretaceous time and in part by folding and faulting during Cretaceous
time.

The coal samples can be grouped into four chronostratigraphic units.
Samples H -1l and H-12 (Table 1) are from the Mecsek coal basin in the

* Hungarian Geological Survey, POB 106, Budapest, H-1442
** U.S. Geological Survey, 956 National Center, Reston, VA 22092
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southern part of the Transdanubian Region. These bituminous coal beds are
of Jurassic age and are from the oldest industrial black-coal field in Hungary.
The mined coal beds, in underground mines that extend to about 700 meters
below the surface, range in thickness from less than 2 meters to 15 meters. The
coal from the Mecsek coal basin generally has a high ash content and heating
value. The coal beds and enclosing strata were folded and faulted by tectonic
activity during Cretaceous time.

The second group samples (H-10, H-17, H-19, H-20 and H-21) are
from brown coal (subbituminous) deposits of Eocene age. These deposits are
in the central Transdanubian Region of Hungary. The thickness of the mineable
coal beds ranges from . to s meters and the coal is recovered by underground
mining techniques. Faulting and erosional features affect the mining/extraction
process. The coal beds in this group have ash contents and heating values that
range from low to high.

The third group of samples (H-13, H-16 and H-18) are from brown coal
deposits of Miocene age. These deposits are located in the north and northeast-
ern part of Hungary and generally consist of 3to 4 thin coal beds. The coal beds
are mined by underground methods and are located 50 to 200 meters below the
surface. Coal beds included in this group have low heat values and high ash
content.

The fourth group of samples (H-14 and H-15) are from lignite deposits
of Pliocene age. These deposits are located in the northern part of the Hungarian
lowland region. The coal is recovered by open-pit operation. The thickness of
the coal beds ranges from 5 to 50 meters and locally the beds are covered by
surficial material as much as 220 meters in thickness. Tectonic effects are not
evident in these coal beds. Lignites from these deposits have very low heat values
and a very high moisture content. Coal resources in these deposits are believed

to be extensive.

3. Discussion of the analytical results

The analytical procedures performed on the coal and coal ash are shown
in Fig. 1 Data on individual samples are listed in the tables. Interpretations
described in this discussion are tentative because of the small number of sam-
ples. Table Il gives the data on proximate, ultimate, and other analyses which
are used to classify coal. Where there are two values given, the numbers on the
left are values obtained by Hungarian laboratories for the Hungarian Geologi-
cal Survey. Table 111 is a comparison of the average values of the data in Table
Il obtained by USGS laboratories with those obtained by the Hungarian
laboratories. In both tables, the largest analytical differences are found in the
moisture loss (by air-drying) and organic sulfur determinations. The smallest
average percentage differences are found in the total sulfur, ash, moisture- and
ash-free heat value, and moisture- and ash-free volatile matter and fixed-carbon
determinations. For individual samples, there are large differences for ash and
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Determination (content) HGS USGS Difference
%
Ash (R) 16.6 16.0 3.7
Moisture (R) 24.6 21.0 171
Organic sulfur (R) 3.6 2.4 50.0
Total sulfur (R) 3.8 3.9 2.6
Heat value (R) 4.151 4,718 120
(MF) 4,204 5,390 22.0
(MAF) 6,949 6,973 0.3
Air-dried loss 105 5.0 110.0
Volatile matter (R) 31.0 331 6.3
(MF) 27.8 30.7 95
(MAF) 322 34.0 53
Fixed carbon (R) 33.8 35.1 3.7
(MF) 37.2 40.0 7.0
(MAF) 446 476 6.3

Table I11. Comparison of USGS and Hungarian Geological Survey data for 12 samples of
Hungarian coal. Heat value in Kcal/kg, all other data in percent; R, as received; MF,
moisture-free; MAF, moisture- and ash-free

I1l. tablazat. 12 db magyarorszagi szénmintan a USGS-ben és a MAFI-ban végzett
Osszehasonlitd elemzéseinek eredményei. F(it6érték Kcal/kg-ban, egyéb adatok szazalékos
forméaban;/? = nyersszén; MF = szaraz szén; MAF = szaraz, hamumentes szén

Tabnuua 1ll. Pe3ynbTaTbl CPaBHUTENbHbIX aHa/M30B, BbINOMHEHHbIX B TCA 1 BI'M Ha 12
BEHIEPCKMX YronbHbIX npobax. TennooTgaya B KKan/Kr, Apyrue gaHHble B %%; R = cbipoii
yronb, MF = 06€3BOXeHHbIN yronb, MAF = 06€3BOXXEHH0-6€330/1bHblIli Yrofb

total sulfur contents. It is evident from Table Il, that a systematic loss of
moisture occurred in the coal samples that were shipped to the USGS laborato-
ries. This moisture loss affected other analytical results reported on an “as-
received” basis. This effect is evident for heat value and volatile matter (Table
I11). The differences between data from USGS and Hungarian laboratories are
smaller on a moisture- and ash-free basis compared to the “as-received” basis.

An evaluation of these analytical data by chronostratigraphic groups is
given in Table IV. The results in column 5 (“Composite”) are averages of
columns 1 through 4. The “Nat. Inv.” column gives the average data for ash
and heat values of coals enumerated in the Hungarian Annual National Inven-
tory of Coal Reserves. The high ash contents and low heat values in the National
Inventory reflect contamination of samples by incorporation of roof and floor
rocks during the mining process.

Figure 2 shows the correlation between the heating value and ash +
moisture. There are no characteristic differences among the chronostratigraphic
groups. By eliminating the moisture, better correlation functions are obtained
between ash and heating values as shown in Figure 2 and the following equa-
tions

Pliocene.......ccooovvviiccicc e, Kcal/kg

MIOCENE.....eeiieeee e, Kcal/kg

77(39-A) )
91(54-A) @)
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EOCENE.....ccviirie e Kcallkg = 63(80-A) ©))
Li8S. e Kcal/lkg = 111(76-A) @
where A is the percent ash.

Content Pliocene  Miocene  Eocene Lias  Composite Nat. Inv.
Ash (F? 11.7 18.9 16.7 161 16.3 229
(MF) 26.2 20.0 21.2 17.0 19.8
Moisture (R) 49.0 20.8 13.7 19 20.9
(R2 0.75 178 361 1.60 2.39
Organic sulfur (MF) 142 2.33 3.89 104 2.61
(MAF) 191 2.68 5.12 122 3.33
(R? 11 2.4 5.9 25 35
Total sulfur (MF) 2.0 2.8 6.4 2.2 41
(MAF) 2.6 33 8.7 2.6 49
(Rz 2,258 3,865 4,783 6,594 4,435 2,592
Heat value (MF) 4.670 5,113 5,267 7,065 5,386
(MAF) 6,320 6.824 6.964 8,300 7,019
Air-dried loss (R) 39.8 139 6.8 0.8 12.6
R 23.2 28.8 37.3 284 318
Volatile matter (MF) 43.8 39.7 40.3 28.9 38.9
(MAF) 593 47.2 54.0 331 47.3
R 16.0 318 34.2 55.3 339
Fixed carbon (MF) 30.2 43.8 345 56.3 39.0
(MAF) 40.8 52.8 46.0 66.0 50.1

Table 1V. Averages of classification analyses for the different chronostratigraphic groups. Heat
value in Kcal/kg, all other values in percent; R. as received; MF. moisture free; MAP, moisture
and ash free

1V. tablazat. Kiilénb6z6 korl szenek technoldgiai elemzésének eredményei. Futéérték
Kcal/kg-ban, egyéb adatok szazalékos formaban; R = nyersszén; MF = széraz szén;
MAF = széraz, hamumentes szén

Tabnuua 1V. Pe3ynbTaTbl TEXHONOTMYECKMX aHANW30B Yreid pa3nMyHOro BospacTa.
TennooTgaya B KKan/Kr, fpyrue faHHole B %%, R = cbipoii yrons, MF = 06e3BOXEHHbIi
yronb, MAF = 06e3B0)X€HHO-6€330/1bHblIi Yrofnb

These functions are important to the evaluation of the level of contamina-
tion during mining. One of the principal problems of mining operations is the
high contamination rates. According to the National Inventory, planned dilu-
tion rates are; Pliocene coal beds, 4%; Miocene coal beds, s %; Eocene coal beds,
5%; and Lias coal beds, 18%. Real dilution rates can be obtained by using values
in Figure 3 and equations 1-4 for real heating values (Lias, 4783 Kcal/kg;
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Fig. 2. Ash + moisture—heating value relationship
2. dbra. Hamu + nedvesség — fiit6érték fliggvény

Puc. 2. 3aBUCUMOCTb: 30/IbHOCTb + BA@XHOCTb — TENj100TAa4a

Fig. 3. Ash—heat value relationship
3. dbra. Hamu  f(it6érték fuggvény

Puc. 3. 3aBUCMMOCTb: 30/IbHOCTb — TemnooTAava

Eocene, 3916 Kcal/kg; Miocene, 2908 Kcal/kg; and Pliocene, 1963 Kcal/kg).
Comparison of the real and planned contamination rates for coal beds of
Pliocene and Eocene age shows higher dilution rates than expected in the
National Inventory:

Age % Ash*
Pliocene 135
Miocene 22.0
Eocene 17.8
Lias 32.9

Calculated from Equations 1-4.
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Figure 4 shows the relation between total sulfur and heat values; these
relations are important to making decisions about the environmental conse-
guences of coal mining. The coal beds of Eocene age are very high in sulfur and
the data indicate that the sulfur content increases as the heating value rises. Hence
measures should be implemented to control sulfur emission when these coals are

used in power plants.
Table V shows the major element concentrations in the ash of the different

coal groups and averages for each element. Coal beds of Tertiary age are lower
in Si02 K:0, Ti02 and ALOs and higher in CaO and MgO than coals of

Jurassic (Lias) age. These data suggest different environments of deposition for
the coal beds during the Jurassic and the Tertiary.

Fig. 4. Total sulfur -heating value relationship
4. dbra. Osszes kén — fiit6érték fliggvény

Puc. 4. 3aBUCUMOCTb: 06LLiee CoAepXKaHne cepbl — TenaooTAada

Composite Pliocene Miocene Eocene Lias

Mean  disp% Mean disp% Mean disp% Mean disp%  Mean  disp%
sio2 36.7 43.6 43.0 10 39.0 47.2 25.2 43.6 55.5 10
A1203 16.4 4.1 17.0 10 15.7 10.8 131 66.5 25.0 16.0
CaO 115 81.3 11.9 181 9.3 74.4 16.3 66.9 24 80.3
MgO 19 56.8 28 18 2.0 50.8 21 47.6 0.4 5.7
Na20 11 80.9 0.2 7.3 19 33.6 13 64.3 0.3 4.4
KD 14 67.2 10 21 2.0 55.3 0.8 69.2 23 4.3
Fe20 3 10.1 85.8 6.2 29.0 8.6 78.9 12.8 91.2 9.5 5.8
tio2 0.5 56.2 0.4 7.5 0.3 74 0.5 58.6 0.9 8.3
p2o5 01 1070 0 - 01  46.8 01 446 02 750
S03 135 90.8 10.6 13.2 15.3 70.1 185 76.0 11 36.4

Table V. Averages (in percent) of major elements in the ash. Disp % = (standard
deviation X 100)/mean

V. tablazat. Féelemek atlagértékei a hamuban. Disp = (standard szords x 100)/atlag

Tabnuua V. CpefiHve 3HaueHUs FNaBHbIX 3/1EMeHTOB B 30/1e. Disp. = (cTaHfapTHoe
paccesHue x 100)/cpefHee 3HayeHe
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Table VI gives data on average trace element contents in the coal ash by
chronostratigraphic group. The coal beds of Jurassic age have higher concentra-
tions of 30 of the 36 elements tested than the Tertiary coal beds. B, Ba, Mn, Rb,
Sc, and Sr are lower in the Jurassic coal beds while Be, Ce, Hg, La, Mo, Nb,

Composite Pliocene Miocene Eocene Lias
Mean disp% Mean disp% Mean  disp% Mean  disp%  Mean disp%

Ag 0.2 56.2 0.1 — 0.1 - 0.2 42.3 03 345
B 575.0 100.8 91.0 92 9730 202 6880 1380 1800 222
Ba 7380 1130 2100 9.5 790.0 553 9920 1165 555.0 513
Be 184 1674 118 36.2 39 378 2.6 63.0 860.0 10.5
Cd 0.3 76.6 0.2 16.6 0.1 45.0 0.3 64.6 05 673
Ce 181.0 135.0 60.0 17 840 218 71.0 68.5 720.0 111
Co 15.6 68.3 235 489 114  59.8 9.9 78.4 28.0 3.6
Cr 92.0 54.2 98.0 2.6 45.0 416 109.0 56.3 1140 145
Cs 12.6 70.0 7.8 3.8 161 79.6 91 59.7 21.0 9.5
Cu 56.0 42.8 51.0 235 450 311 50.0 313 940 283
Eu 3.0 70.6 2.0 5.0 12 556 34 64.9 5.7 132
Ga 21.0 58.1 18.0 2.9 170  29.2 18.0 68.7 40.0 241
Ge 100 1100 9.0 50.5 5.0 3.9 6.0 52.6 300 533
Hg 88 1591 33 9.1 2.9 14.9 21 43.2 40.0 5.0
La 92.0 13938 30.0 17 37.0 489 37.0 56.2 375.0 120
Li 65.0 64.3 36.0 8.3 55.0 143 72.0 72.9 89.0 469
Lu 10 1085 13 385 04 288 0.3 47.8 33 3.0
Mn 282.0 67.7 545.0 156 323.0 403 210.0 80.6 1400 720
Mo 204  160.2 4.8 375 73 532 11.7 1028 925 8.1
Nb 43.0 1723 9.0 17.6 120 236 10.0 224 205.0 12.2
Ni 97.0 771 1180 53.2 49.0 651 81.0 96.1  190.0 0

Pb 141 1175 55 9.1 110 708 52 7.7 49.5 71
Rb 128.0 76.2 65.0 31 1820 775 129.0 675 1100 91
Sc 18.3 54.1 28.0 10.7 11.0 7.8 155 725 26.5 19
Sm 11.6 79.4 5.9 3.4 53 415 53 66.8 42.5 105
Sr 1,890 96.8 445 7.9 1183 335 3.020 739 1570 719
Ta 0.7 1173 02 415 02 479 0.6 116.0 21 7.3
Tb 2.6 85.2 19 18.9 20 376 14 50.1 7.3 10.3
Th 26.3 93.6 22.0 0 193 272 118 60.1 775 200
U 250 12238 5.8 3.4 122 805 243 1475 65.0 138
\% 120.9 60.6  130.0 7.6 60.7  45.2 1158 702 2150 2.3
w 0.9 94.4 0.6 0 06 236 0.5 411 28 236
Y 58.2 91.8 60.5 25.6 31.0 225 28.8 66.4 170.0 59
Yb 82  100.6 9.7 34.0 3.9 17.9 33 48.2 255 5.9
Zn 60.1 72.6 79.0 7.6 35.7 57.1 50.0 68.4 1030 65.0
Zr 3465 1689 1235 21.4 126.7 7.4 66.2 659 1600 25.0

Table VI. Averages (in ppm) of minor and trace elements in ash. Disp% = (standard
deviations X 100)/mean

VI. tablazat. Ritka és nyomelemek koncentracié értékei a hamuban. Disp = (standard
szoras X 100)/atlag

Tabnuua VI. 3HauyeHUs KOHLEHTpaLMWA pefKUX 3NeMeHTOB U B cnefax. Disp. = (cTaHAapTHoe
paccesHune X 100)/cpegHee 3HayeHune
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Sm, and Zr are four or more times higher. It should be noted that volatile
elements such as Hg are calculated from whole coal data to the ash basis; it is
doubtful whether any Hg (or other volatile elem¢nts) survives the ashing
procedure.

On a whole-coal basis, the individual samples from coal beds of Jurassic
age exhibit higher trace element contents, but to a lesser extent than on an ash
basis. The high trace element contents in the ash and on a whole-coal basis is
additional evidence of a different depositional environment of these coals com-
pared to the others.

4. Conclusions

Data for twelve samples of coal from Hungary show some very unusual
concentrations of chemical components. These components range from high
organic sulfur content in coal beds of Miocene and Eocene age and the high
trace element content in coal beds of Jurassic age. To corroborate these preli-
minary findings, detailed studies of the depositional environments of the Hun-
garian coal fields should be undertaken and additional samples should be
collected and analyzed in order to relate depositional changes to geochemical
differences. Care should be taken to minimize moisture losses in the future
collection and shipment of additional coal samples.

12 MAGYARORSZAGI SZENMINTA GEOKEMIAI ANALIZISE
SOMOS Laészl6. Peter ZUBOVIC és Frederick O. SIMON

A MAFI — USGS kétoldali egyittmiikodés soran 12 db magyarorszagi szénmintat vizsgéltak
meg az USGS kozponti geokémiai laboratériumaban (Reston). A rendkivil széles kor( elemzések
soran a hagyomanyos technoldgiai és mindsitési vizsgalatokon tdlmen&en kornyezeti szennyez6a-
nyag-tartalom és széles korli nyomelem, illetve ritkafém tartalom meghatarozasra is sor keriilt.

A kisszami mintavételezés eredményének MAFI — USGS kozds mddszertani értékelése
els6sorban szénmindsitési és kornyezetvédelmi feladatokra ad konkrét megoldasi dtleteket. A min-
tak kis szama miatt az eredmények csak kvalitative értékelhet6k.

FEOXVMMWYECKUIN AHANIN3 12-i BEHTEPCKWX YT OJIbHbIX MPOB
Nacno I. LLIOMOLL, MeTep 3YEOBUY u dpegepuk O. CAUMMOH

B Xoae ABYCTOPOHHErO COTPYAHWMYECTBa MeXAy BeHrepckum reofiorMyeckum UHCTUTYTOM
(BI'N) n leonornyeckoin cnyx6oin CLLUA (FTCA) 12 BeHrepckux o6pasuoB yrneii nccnegoBanmch
B LleHTpa/ibHOW reoxumuyeckoin na6opatopun FCA (PecToH). B TeyeHne HeobblYaiiHO LLUMPOKOro
Kpyra uccnefoBaHuii MOMUMO TPaAULMOHHBIX TEXHONOTMYECKUX U KaYeCTBEHHbIX aHann30B Oblno
NpoBefeHO OnpeseNieHne CoLepXaHna BELLECTB, 3arpA3HAIOLLNX OKPYXaloLWYyo cpedy, U cogepxa-
HWS MHOTFOYMCNEHHbIX PeAKMX MEeTannoB 1 B cnefax.

CoBmecTHoe (BI'M- -I'CA) meToamnyecKoe OLeHNBaHMe pe3ynbTaToB UCCnefoBaHNA He6O0b-
LWoro Konnyectsa 06pasLoB AaeT uaen Ans BO3IMOXHOIO paspelleHus 3ajad, B Nepsyro O4epesb,
B 06N1aCTAX Ka4eCTBEHHOW OLeHKW yrnel 1 3almTbl OKpY>XatoLleli cpefbl. PesynbTaTbl, BNeACTBME
Manoro Konuyectsa 06pasLoB, MOryT 6bITb OLEHEHbl TONbKO KBA/MTATUBHO.
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